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Overview 

1st International Conference on Advances in Functional 
Materials (AFM 2015) was held on June 29th - 03rd July 2015, 
at Stony Brook University, Long Island USA. The objective of this 
international event was to present and share up to date 
researches and findings in the field of functional materials 
science. The conference provided a platform for the 
researchers to find global partners for future collaboration. 
More than 1000 abstracts were received from all over the 
world. A large number of participants including scientists, 
engineers, educators and students from all over the world 
attended this event. 
The proceedings of the conference will be published in Elsevier 
journal Materials Today: Proceedings.  
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Symposia 1 

Advances in Multifunctional Composite materials 

• Synthesis and characterization of Composite materials  

• Dielectric, Ferroelectric and Piezoelectric materials 

• Electrostrictive and Magnetostrictive Materials. 

• Shape-memory alloy (SMA), (smart metal, memory metal, memory alloy, muscle wire, 

smart alloy) 

• Theoretical/Modelling/Computer Simulations Of Functional Materials 

• Nano and mesostructured materials 

• Carbon and metal oxide based composite materials 

• Superconducting and magnetic materials 

• Others 
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Synthesis and characterization of the quaternary 
thioaluminogermanates A(AlS2)(GeS2) (A = Na, K) 

Mohammed Al-Bloushi 

Keywords: Thioaluminogermanate; Semiconductor; Mixed position; Anionic Chain;  

 

Abstract  
Novel quaternary thioaluminogermanates Na(AlS2)(GeS2) (1) and K(AlS2)(GeS2) (2) 

were synthesized by solid state reaction of starting materials at 850 ºC. They 

crystalize in tetragonal space group I4/mcm (no. 140) with unit cell parameters, a = 

7.4329(2) Å, c = 5.8352(4) Å for Na(AlS2)(GeS2) and a = 7.8826(2) Å, c = 5.8642(4) 

Å for K(AlS2)(GeS2). The crystal structure comprises of one-dimensional  

[(AlS2)(GeS2)]-  anionic  chains  and  alkali  metal cations filling the square 

antiprismatic voids formed by sulfur atoms. The Raman spectra show characteristic 

GeS4 modes, whereas solid state 27Al NMR results clearly indicate the tetrahedral 

coordination of the aluminum. Both 1 and 2 are semiconductors with bandgap of 3.7 

eV and 3.6 eV, respectively. They decompose above 680 ºC under inert atmosphere, 

sensitive to air and hydrolyze in water. 
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Dextran functionalized surfaces for high resolution label-free biosensors 
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Email of the presenting and corresponding author: saftics@mfa.kfki.hu 

Mode of presentation: poster. Topic: Advances in Biosensors and Biomaterials/Others. 

OWLS (Optical Waveguide Lightmode Spectroscopy) sensor chips coated by dextran layer are 

proposed for various applications (label-free protein detection, cell adhesion studies). The purpose 

of this work is to investigate dextran layers prepared from 100 and 500 kDa molecular weight 

carboxymethyl dextran (CMD) on SiO2-TiO2 based OWLS sensor chip surfaces and Si wafer 

model surfaces, and to demonstrate the stable grafting and wet conformation of the CMD. Several 

deposition methods of the CMD were applied on 3-aminopropyltriethoxysilanized (APTES) and 

3-glycidoxypropyltrialkyloxysilanized (GOPS) surfaces. The efficiency of the surface 

functionalization was evaluated and the layers were characterized by in situ OWLS, AFM, ATR–

IR, XPS, as well as QCM-D measurements. To extend the study towards biosensor applications, 

protein-repellent ability of the grafted CMD layers was also probed and the corresponding layer 

performance and its structure were revealed with unprecedented details. 

Keywords: biosensor, carboxymethyl dextran, OWLS, grafting 
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Ferroelectricity and Ferromagnetism of M-Type Lead Hexaferrite 

  

Guo-Long Tan
*
, Wei Li 

State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, 

Wuhan University of Technology, Wuhan 430070, China 

 

Abstract 

Polarization and related properties in M-type lead hexaferrites (PbFe12O19) is reported 

for the first time. The remnant polarization of the PbFe12O19 ceramic reaches as high 

as 104µC/cm
2
, exhibiting large spontaneous polarization at room temperature.  

Subsequent annealing of the PbFe12O19 ceramics in oxygen atmosphere plays a key 

role on the saturation of its polarization hysteresis loop due to the great enhancement 

of its electric resistance. Two current peaks in I-V curve reveal the switching of 

polarization, which provides an effective evidence for the ferroelectricity of the 

PbFe12O19 ceramics. Its temperature dependent dielectric constant demonstrates a 

colossal change near the vicinity of the transition temperature (518°C) of ferro- to 

papra- phase, which follows modified Curie Weiss law, verifying its relaxor 

ferroelectric characterization.  The ceramics also exhibit strong ferromagnetic 

characterization.  These combined functional responses in PbFe12O19 ceramics 

present an opportunity to create electric devices that actively couple the magnetic and 

ferroelectric orders. 

                                                        
* Corresponding author; Tel: +86-27-87870271; fax: +86-27-87879468. Email address: gltan@whut.edu.cn 
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Structural and magneto-mechanical properties of FeNiGa alloys 

 

S. U. Jen
1
, F. L. Chiang

1,2
, W. C. Cheng

2
, L. Y. Yang

1,2
 and P. L. Pai

1,2
 

 

1. Institute of Physics, Academia Sinica, Taipei, Taiwan 11529, ROC 

2. Dept. of Mechanical Engineering, NTUST, Taipei, Taiwan 106, ROC 

 

     Fe81-XNiXGa19 alloys, with x = 0, 4, 11, 17, 22, and 26 at.%Ni, were made 

from an induction furnace, and then cooled slowly to room temperature.  The 

structural property of each alloy was analyzed x-ray and selected area diffraction 

(SAD) within a plane-view transmission electron microscope (P-TEM) image.  For 

the Fe81Ni19 alloy, it contains the disordered A2 (matrix) and ordered D03 phases, 

while after replacing Fe by Ni, e.g., the Fe64Ni17Ga19 alloy, it contains the 

disordered A2 (matrix), ordered B2, and ordered D03 phases.   All the FeNiGa 

alloys are highly (110) textured.  The magneto-mechanical properties, such as 

the Young’s modulus (E) and the shear modulus (G), were measured as a function 

of a magnetic field (H), respectively, by the impulse excitation technique.    The 

E or G effect is defined as E/E ≣ [ES – Eo]/ES, or G/G ≣ [GS – Go]/GS, 

where subscript S  means the saturation state @H = 3.0 KOe, and the subscript 

o  means the zero-field state.  Moreover, the flexural magneto-mechanical 

coupling coefficient (KE) and the torsional magneto-mechanical coupling 

coefficient (KG) can be calculated from the following definitions: [1 – (KE)
2
]/(KE)

2
 

≣ E/ES and [1 – (KG)
2
]/(KG)

2
 ≣ G/GS.  From the KE vs. x and the KG vs. x 

plots, we found that KE reaches the maximum peak, about 17.9%, and KG = 8.8%, 

when x = 11 at.%Ni.  We also test the hardness (HV) of each alloy.  The 

mechanical yield strength (Y) is defined as Y = (1/3)HV.  The Y vs. x plot shows 

that Y reaches the maximum peak, about 1.73 GPa, when x = 17 at.%Ni, and Y = 

1.42 GPa, when x = 11 at.%Ni.  Thus, from this study, it is concluded that the 

Fe70Ni11Ga19 alloy should be a good functional material for the energy harvesting 

applications. 
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Hybrid catalytic membranes: tunable and versatile materials for fine 

chemistry applications 

Yingying Gu
1
, Clélia Emin

1
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1
, Isabelle Favier 

2
, Montserrat 

Gómez 
2,

 Richard D. Noble
3
, Jorge Macanás

4
, Berta Domènech

5
, Jean-François Lahitte

1
  

1
Université de Toulouse, INPT, UPS, CNRS, Laboratoire de Génie Chimique, France 

2
Laboratoire Hétérochimie Fondamentale et Appliquée, UMR CNRS 5069, Université de 

Toulouse, France 

3
Department of Chemical & Biological Engineering, University of Colorado, Boulder, United 

States 

4
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5
Chemistry Department, Universitat Autònoma de Barcelona, Spain 

E Mail/ Contact Détails : Jean-François LAHITTE, Université de Toulouse, France 
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The aim of this collaborative international work is the synthesis of polymer-stabilized 

metallic nanoparticles (MNP, Au or Pd for instance) inside the functionalized polymeric 

porous membrane in order to develop hybrid catalytic membrane reactors and to test 

them in model metal-catalyzed organic reactions. 

For this issue, a polymeric membrane support (Polyethersulfone on flat sheet or hollow 

fibber form) was functionalized with an ionogenic polymer capable to retain MNP or 

MNP precursors (i.e. poly(acrylic acid), poly(diallyldimethylammonium chloride) or 

poly(ionic liquid)) using an UV photo-grafting method. MNP were then generated inside 

the polymeric matrix by chemical reduction of salts (in situ synthesis) or captured by the 

polymeric matrix after a synthesis in solution (ex situ synthesis)[1-2].  

For the in situ synthesis, small PdNP (mean diameter 3-4 nm) were found to be 

homogeneously dispersed in the polymeric grafted layer. For the ex situ synthesis, AuNp 

were also well dispersed (figure1). No leaching of MNP was detected during filtration 

processes. We observed that the amount of MNP included in the materials and the 

catalytic activity were influenced by the properties of the grafted network, from branched 

to gel-like structure. 
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Fig. 1. SEM image of poly(diallyldimethylammonium chloride) grafted polyethersulfone 

membrane loaded with citrate-stabilized AuNP. 

The catalytic performance of the PdNP catalytic membranes was evaluated using various 

reactions such as chemical reduction of nitrophenol, hydrogenation of (E)-4-phenylbut-3-

en-2-one and Suzuki–Miyaura cross-coupling between 4-nitroiodobenzene and 

phenylboronic acid. The reactions were carried out by filtering solutions containing the 

reactants leading to full conversions within seconds compared to hours in bath reactors. 

The as-prepared catalytic membranes were much more efficient than batch reactors or 

colloidal nanoparticle systems, in terms of reaction time and selectivity. They were 

reusable more than 10 times without significant loss of their catalytic behaviour giving 

metal-free organic products. 

Keywords: Membrane, nanoparticle, catalysis, functionnalisation, photografting 

[1] EMIN, C., REMIGY, J-C., LAHITTE, J-F., 2014. Influence of UV grafting 

conditions and gel formation on the loading and stabilization of palladium nanoparticles 

in photografted polyethersulfone membrane for catalytic reactions C, J. Membrane Sci., 

455, 55-63 

[2] RUIZ, P., MUNOZ M., MACANAS J., TURTA C., PROIUS D., MURAVIEV D.N., 

2010. Intermatrix synthesis of polymer stabilized inorganic nanocatalyst with maximum 

accessibility for reactants, Dalton Trans. 39, 1751-1757 
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Nanoscale phase transformation initiation sites  

in indented bulk of shape memory alloys 

Abbas Amini
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, Chunhui Yang
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A hypothesis is proposed for the solid-state phase transformation initiation and 

propagation in nanoscale bulk under small scale compressive loading during the cyclic 

spherical nanoindentation on NiTi shape memory alloy. At a low loading rate 

(isothermal) setup there is only one interface to propagate, however at a high loading rate 

setup, a jagged depth-load indentation curve concluded in numerous phase transition sites 

in the stressed bulk. The different responses of two setups are explained by the 

reorientation, thermal activation volume, as well as different propagation velocity of 

interface and latent heat exchange rates for two setups. 

Keywords: Shape memory alloy, cyclic loading, phase transition initiation, nanoscale heat 

transfer, nanoindentation 
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Phase selective synthesis of cobalt disulfide on reduced graphene oxide 

for hydrogen evolution reaction 
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Hybrid materials of transition metal dichalcogenides (TMDs) and reduced graphene 

oxide (rGO) have recently received considerable attention as good electrocatalytic 

materials. Among them, CoS2/rGO hybrid material has been expected to have higher 

catalytic ability due to  metallic property of CoS2. Nevertherless, the selective synthesis 

of a single phase of CoS2 has been difficult because the other phase of cobalt sulfides 

such as CoS, Co9S8, Co3S4 and CoS1-x are co-synthesized with CoS2. Here, we present a 

facile synthetic method of single phase CoS2/rGO hybrid material by hydrothermal 

method using GO as the template with cobalt acetate and thioacetamide as precursors. 

We revealed that the other phase of cobalt sulfides including Co3S4 and CoS was co-

syntheiszed without GO, because divalent cations (Co
2+

) and dimer sulfur anion (S2
2- 

)
 
are 

stablized on the GO surface.
1-2

 Futhermore, we measured the hydrogen evolution reaction 

(HER) performace which shows that CoS2/rGO hybrid exhibits a higher electrocatalytic 

activity compare to the multi-phase products synthesized without GO.  

Keywords: electrocatalysis, hybrid materials, hydrogen evolution reaction, cobalt disulfide, 

reduced graphene oxide 

[1] JIANG, X., MA, Y., LI, J., FAN, Q. & HUANG, W. 2010. Self-Assembly of Reduced 

Graphene Oxide into Three-Dimensional Architecture by Divalent Ion Linkage. J. Phys. Chem. 

C., 114, 22462-22465. 

[2] ROUT, C., KIM, B. H., XU, X., YANG, J., JEONG, H. Y., ODKHUU, D., PARK, N., CHO, J. 

& SHIN, H. S. 2013. Synthesis and Characterization of Patronite Form of Vanadium Sulfide on 

Graphitic Layer. J. Am. Chem. Soc., 135, 8720-8725. 
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Microstructures and Properties of Piezoelectric Nanoceramics 

Xiao-Hui WANG 

State Key Laboratory of New Ceramics and Fine Processing, School of Materials 

Science and Engineering, Tsinghua University, 100084 Beijing, China 

Abstract 

There has been great progress in the last decade in the synthesis of nanopowders with 

highly controlled size and size distribution. Meanwhile, the development of an 

unconventional pressureless two-step sintering strategy enabling densification without 

grain growth provides a novel technology suitable for commercial production of 

nanograin ceramics. Combining the best powder synthesis and optimized two-step 

sintering, high-density (1−x)BiScO3−xPbTiO3 (BSPT) solid-solutions with an average 

grain size down to 10 nm were prepared. Here we report the fabrication methods of 

high-density BSPT nanoceramics and the major findings of the size effect on their 

microstructure, phase transition and piezoelectric properties. High-resolution 

transmission electron microscopy revealed that the samples had dense and thin grain 

boundaries. Experimental evidence demonstrated that the polarisations of the BSPT 

nanoceramics were switchable and strong local piezoelectricity is present in 10 nm 

BSPT nanoceramics by APM. However, the local piezoelectric response showed a 

large fluctuation over different regions. Moreover, a significant difference between 

local and macro piezoelectric coefficients was observed. The properties of the grain 

boundary regions are the key factor to understanding the ferroelectric behaviours of 

BSPT nanoceramics.  
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Synthesis	  and	  characterization	  of	  the	  quaternary	  thio-‐
aluminogermanates	  A(AlS2)(GeS2)	  (A	  =	  Na,	  K) 

 
 

Mohammed Al-Bloushi, [a] Bambar Davaasuren,[a] Alexander Rothenberger*[a] 

King Abdullah University of Science and Technology 
Thuwal-Jeddah Kingdom of Saudi Arabia 

 
 

Abstract: Novel quaternary thioaluminogermanates 
Na(AlS2)(GeS2) (1) and K(AlS2)(GeS2) (2) were synthe-
sized by solid state reaction of starting materials at 850 ºC. 
They crystalize in tetragonal space group I4/mcm (no. 140) 
with unit cell parameters, a = 7.4329(2) Å, c = 5.8352(4) Å 
for Na(AlS2)(GeS2) and a = 7.8826(2) Å, c = 5.8642(4) Å 
for K(AlS2)(GeS2). The crystal structure comprises of one-
dimensional  [(AlS2)(GeS2)]-  anionic  chains  and  alkali  
metal cations filling the square antiprismatic voids formed 
by sulfur atoms. The Raman spectra show characteristic 
GeS4 modes, whereas solid state 27Al NMR results clearly 
indicate the tetrahedral coordination of the aluminum. Both 
1 and 2 are semiconductors with bandgap of 3.7 eV and 3.6 
eV, respectively. They decompose above 680 ºC under 
inert atmosphere, sensitive to air and hydrolyze in water. 
 
Keywords:Thioaluminogermanate; Semiconductor; 
Mixed position; Anionic Chain; 
 
Figure 1: The thermal ellipsoid model of K(AlS2)(GeS2) 
showing the a) unit cell projection along [001], b) one-
dimensional anionic partial structure and c) square-
antiprismatic voids accommodating potassium cations. 
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Structural and magnetic properties of X-type Ba2Zn2 Mg2-x Fe28O46  

hexaferrite powder using  citrate gel auto combustion technique 

R. B. Jotania and Amrin Kagdi 

Department of Physics, University school of sciences, Gujarat University, 

Ahmedabad 380 009, India 

Magnesium doped barium zinc hexaferrite with composition Ba2Zn2 Mg2-x Fe28O46 (x = 0.0, 0.4, 

0.8, 1.2, 1.6 and  2.0) have been  prepared using  citrate gel auto combustion technique. The 

prepared  precursors samples sintered at  various temperatures (950 to 1200 C) in order to get 

pure crystalline phase. Structural  and Magnetic properties of Mg doped barium  zinc 

hexaferrites  were  investigated using various experimental techniques.  FTIR spectra of the 

samples (Calcined at 1150 C)  was  recorded at room temperature in mid IR range  show  

stretching of M-O band. XRD is used to check phase purity of prepared samples.  SEM  and 

VSM  measurements  used in order to investigate micro structural and  magnetic  properties.  

Keywords: X-type hexaferrite, Citric acid sol-gel method, FTIR, XRD 
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CORROSION PROTECTION OF LOW CARBON STEEL   

P. P. Deshpande 

Department of Metallurgy and Materials Science    

College of Engineering 

Shivajinagar, Pune- 411005 (M.S.) India  

*E mail- pravinpd@hotmail.com  

 

 

 

ABSTRACT 

Conducting polyaniline -2 wt% nano zinc oxide based  composite was synthesized by chemical  

oxidation technique in ortho phosphoric acid  and the composite was used a pigment for making 

epoxy based paint coating. The composite was characterized by Fourier transform infrared 

spectroscopy and UV-VIS absorption spectroscopy which  revealed the formation of  conducting 

phase  of  polyaniline.  The morphology of the pigment was studied using transmission electron 

microscopy.  

 

Figure 1: TEM Image of PANI- Nano Zn O composite  

 TEM investigations revealed in situ polymerization of conducting polyaniline around nano zinc 

oxide particles as shown in the figure 1. The conductivity of pigment  was measured by four 

probe method and Hall effect measurements were  conducted for calculating charge carrier 

concentration and to  determine the  semiconducting nature of the pigment.  Hall effect 

measurements confirmed the formation of  semiconducting  junction.  The corrosion protection 

aspects of the paint coating on low carbon steel were investigated in aqueous 3.5% NaCl 

solution by potentiodynamic polarization studies, open circuit potential measurements, 

electrochemical impedance spectroscopy, cyclic corrosion testing, salt spray testing and zero 
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resistance ammetry.  Corrosion rate of conducting polyaniline - 2 wt%  nano zinc oxide based  

paint coating in 3.5 % NaCl  was found to be 1.7  mpy which is about 6.3 times lower than that 

of unpainted low carbon steel in same medium  by potentiodynamic polarization studies.   

 

 

 

Figure 2 : Tafel plot -   Conducting polyaniline - 2 wt%  nano zinc oxide based  paint coating in 

3.5 % NaCl   

Open circuit potential measurements, electrochemical impedance spectroscopy, cyclic corrosion 

testing, salt spray testing supported potentiodynamic polarization results.  

 

 

 

Figure 3 : Bode  plot -   Conducting polyaniline - 2 wt%  nano zinc oxide based  paint coating in 

3.5 % NaCl   
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Zero resistance ammetry confirmed that  the paint coating exhibited significant resistance to 

galvanic corrosion in 3.5 % NaCl. Enhanced corrosion protection can be attributed to the 

combined  protection effect due  to the  redox activity of conducting polyaniline, increased 

surface area of conducting polyaniline based pigment for release of dopant and the  P-N junction 

between conducting polyaniline and nano zinc oxide particle  acting  as a  barrier for charge 

transport.  
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Dielectric relaxation of Sr2AlTaO6:  Frequency and time domain approach 
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 The conduction mechanism in dielectric perovskites has been widely investigated by the 
various relaxation processes. Two formalisms are usually employed for relaxation: (i) the dipolar 
(or conductivity) formalism in the frequency domain originating from the motion of permanent 
dipoles, which can be described as a direct relationship between the dielectric constant and the 
admittance. The Cole–Cole or Davidson–Cole or Havriliak–Negami model is used to study the 
dipolar relaxation mechanism in the materials [1-3]. (ii) The electric modulus formalism, which 
uses electric modulus data to obtain a decay function φ(t) in the time domain. The experimental 
data are converted from frequency domain into the time domain by using Fourier transform 
method [4, 5]. The relaxation function φ(t) obtained by time domain method is usually found to 
be a stretched exponential decay function of Kohlrausch-Williams-Watts (KWW) type. 
 We present the effect of correlated hopping motion of charge carriers on the electrical 
conductivity relaxation of the complex perovskite oxide Sr2AlTaO6 (SAT). The Rietveld 
refinement of the X-ray diffraction data at room temperature of SAT synthesized by solid-state 
reaction technique reveals the cubic Fm3m phase. The conductance, capacitance, impedance and 
phase are measured in a temperature range from 303 to 503 K and in a frequency range from 50 
Hz to1 MHz. We have analyzed the conduction mechanism in SAT under frequency and time 
domains. In time domain, the time decay function  φ(t) is obtained from the imaginary part of 
electric modulus by using the Cole-Cole distribution function. The KWW function is used to 
analyse the time dependent behaviour of φ(t). The decreasing trend of φ(t) with increasing 
temperature indicates the strong correlation between the hopping ion and their neighbouring 
ions. The frequency dependent conductivity spectra follow the power law. The power law regime 
is a description of the slowing down of the relaxation process as a result of cooperative effects, 
much in the same way as the KWW function does in the time domain.  
 
[1] Alo Dutta, T. P. Sinha, S. Shannigrahi, Phys. Rev. B 76, 155113 (2007).  
[2] Alo Dutta, T. P. Sinha, B. Pahari, R. Sarkar, K. Ghoshray, S. Shannigrahi, J. Phys.: Condens. 
Matter 20, 445206 (2008). 
[3] P. Kumari, Alo Dutta, S. Shannigrahi, S. Prasad, T. P. Sinha, J. Alloy. Compd. 593, 275 
(2014). 
[4] Alo Dutta, T. P. Sinha, Physica B 405, 1475 (2010). 
[5] C. Bharti, Alo Dutta, T. P. Sinha, Solid State Sci. 14, 920 (2012). 
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Two calcium hydroxyapatites (containing amorphous phosphate phase (ACP-CaHA) and 

nano-structured (nCaHA)) have been prepared by sol-gel synthesis routes. Their 

structural organization respect to hydroxyl groups has been determined by means of 

solid-state NMR, FTIR and Raman spectroscopy. All these spectroscopic techniques 

confirm that the amount of structural –OH groups in nCaHA is significantly higher than 

that from adsorbed water and vice-verse in ACP-CaHA. A precise 
1
H and 

31
P NMR 

signal shape analysis has been carried out for both studied samples using a huge 

experimental dataset ( 4000 points per contour). The 
1
H spin-lattice and spin-spin 

relaxation time measurements revealed the fast spin motion takes place in ACP-CaHA. 

The effect of MAS rate on the 
31

P signal width confirms that the correlation time of this 

motion gets into the time scale of microseconds or even nanoseconds. Such fast dynamics 

can be attributed to the rotational diffusion of adsorbed water molecules. The magnitude 

of the inhomogeneous anisotropic broadening of 1220 ± 20 Hz determined for nano-

structured sample is very close to 1185 Hz that corresponds to the maximum of Gauss 

distribution of dipolar 
1
H–31

P coupling obtained using 
31

P–1
H CP MAS kinetics [1]. The 

dynamics of this interactions runs in the time scale of microseconds and it is much slower 

that in ACP-CaHA.  

We acknowledge funding from the European Community’s social foundation under Grant 
Agreement No. VP1-3.1-ŠMM-08-K-01-004/KS-120000-1756 and the financial support 

to A.P. from the Research Council of Lithuania under project "Postdoctoral Fellowship 

Implementation in Lithuania" (No. 004/102). 

 

[1]. V. Klimavicius, A. Kareiva, V. Balevicius, J. Phys. Chem. C, 2014 (submited). 

AFM2015 - Jun 29 to Jul 3

Symposia 1: Advances in Multifunctional Composite Materials

Advances in Functional Materials

16



Effect of Particle Size and Titanium Content on the 

Fracture Toughness of Particle-Ceramic Composites 
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Through the combination of an intense powder mixing in a planetary mill and 

pressureless sintering process they were manufactured Al2O3-ceramic composites 

strengthened with different amounts of Ti nano-particles (0.0, 0.5, 1.0, 2.0 and 3.0 wt. 

%). They were used three different times (1, 3 and 6 h) for mixing the materials. After 

milling, powders observations in a scanning electron microscopy show good dispersion 

of titanium in the mixture for the three milling times. From these observations it was 

estimated that the size of titanium particles is around 100nm, whereas, Al2O3 presents 

sizes of 1-2m. With these powders they were fabricated cylindrical samples by uniaxial 

pressing using 350MPa. Then samples were sintered at 1500°C during 2h. Resulting 

microstructures observed by optical and scanning electron microscopy, show dense 

composites formed by a fine Al2O3-ceramic matrix with homogeneous immerse 

distribution of titanium nano-particles. The behavior of fracture toughness of the 

composites is directly dependent with the titanium content in the ceramic-matrix. In this 

way as the titanium contents increased, the composites exhibited high values of fracture 

toughness. 

Keywords: Al2O3; Particle size; Ti nanoparticles; Fracture toughness. 
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Synthesis of ZnO nanorods by spray pyrolysis for gas sensing application 
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Abstract 

Hexagonal pillar shaped ZnO nanorods with different sizes have been successfully synthesized by spray p

yrolysis technique (SPT). The equal amount of methanol and water is used as a solvent to dissolve the AR

 grade Zinc acetate for precursor solution. This solution is sprayed on to the glass substrate heated at 350 o

C. The films were characterized by ultra-violet spectroscopy (UV), X-ray diffraction (XRD), field emissio

n scanning electron microscopy (FESEM) and transmission electron microscopy (TEM). The deposition o

f thin films results in a layer comprising well-shaped hexagonal ZnO nanorods with diameter of 90–120 n

m and length of up to 200 nm. The gas sensing properties of these films have been investigated for variou

s interfering gases such as CO2, CO, ethanol, NH3 and H2S, etc. at operating temperature from 30o (room t

emperature) to 450 oC. The results indicate that the ZnO nanorods thin films showed much better respons

e and stability than the conventional materials to H2S gas (100 ppm) at 50 oC.  

     

 

 

 

 

 

  Figure 1: XRD pattern of ZnO thin film 

                                                                                    Figure 2: FESEM images of ZnO nanorods thin film 

Nowadays due to increased threat of international terrorism and their use of toxic chemical attack, societie

s need to pay more attention on protecting their citizens from attack of toxic chemicals, either by accident 

or terrorist act. Therefore fast detection and identification of toxic chemicals is crucial for efficient protect

ion of citizens. Therefore, these nanostructured thin films can be used to test the chemical warfare agents 

(CWA). 
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Abstract: 

 

Metal matrix composites reinforced with graphite particles provide better 

machinability and tribological properties. The present study attempts to find 

the optimal level of machining parameters for multi-performance 

characteristics in turning of Al−SiC−Gr hybrid composites using grey-fuzzy 

algorithm. The hybrid composites with 5%, 7.5% and 10% combined equal 

mass fraction of SiC−Gr particles were used for the study and their 

corresponding tensile strength values are 170, 210, 204 MPa respectively. 

Al−10%(SiC−Gr) hybrid composite provides better machinability when 

compared with composites with 5% and 7.5% of SiC−Gr. Grey-fuzzy logic 

approach offers improved grey-fuzzy reasoning grade and has less 

uncertainties in the output when compared with grey relational technique. 

The confirmatory test reveals an increase in grey-fuzzy reasoning grade 

from 0.619 to 0.891, which substantiates the improvement in multi-

performance characteristics at the optimal level of process parameters 

setting. 

Key words: hybrid mmc; machining; optimization; grey-fuzzy algorithm 
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Mechanically Interlocked Derivatives of Carbon Nanotubes 
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Extensive research has been devoted to the chemical manipulation of carbon nanotubes. 

The attachment of molecular fragments through covalent-bond formation produces 

kinetically stable products, but implies the saturation of some of the C-C double bonds of 

the nanotubes.[1] Supramolecular modification maintains the structure of the SWNTs but 

yields labile species.[2] Here, we present a strategy for the synthesis of mechanically 

interlocked derivatives of SWNTs (MINTs).[3] In the key rotaxane-forming step, we 

employed macrocycle precursors equipped with two recognition units and terminated 

with bisalkenes that were closed around the nanotubes through ring-closing metathesis 

(RCM). The mechanically interlocked nature of the derivatives is probed by analytical, 

spectroscopic, and microscopic techniques, as well as by appropriate control experiments. 

Individual macrocycles were observed to circumscribe the nanotubes through HR-TEM. 

Keywords: Carbon nanotubes, mechanically interlocked molecules, rotaxanes, supramolecular 

chemistry, molecular machinery 

[1] SINGH, P., CAMPIDELLI, S., GIORDANI, S., BONIFAZI, D., BIANCO, A. & 

PRATO, M. 2009. Organic functionalization and characterization of single-walled carbon 

nanotubes. Chem. Soc. Rev., 38, 2214-2230. 

[2] ZHAO, Y.-L. & STODDART, J. F. 2009. Noncovalent Functionalization of Single-

Walled Carbon Nanotubes. Acc. Chem. Res., 42, 1161-1171. 

[3] a) DE JUAN, A., POUILLON, Y., RUIZ-GONZALEZ, L., TORRES-PARDO, A., 

CASADO, S., MARTIN, N., RUBIO, A. & PEREZ, E. M. 2014. Mechanically 

Interlocked Single-Wall Carbon Nanotubes. Angew. Chem., Int. Ed., 53, 5394-5400. b) 

LÓPEZ-MORENO & PÉREZ, E. M. 2014, Pyrene-based Mechanically Interlocked 

SWNTs. Chem. Commun. submitted by invitation to the 2015 Emerging Investigators 

Issue. 
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In this study, a braille block was developed from unsaturated polyester resin to overcome 

the disadvantages of cement-type braille blocks for visually handicapped persons. The two 

braille blocks were compared experimentally. The blocks were fabricated by mixing sand, 

crushed sand, blast furnace slag, unsaturated polyester resin, pigment, hardener, hardening 

accelerator, antifoaming agent, and polycarboxilic-type high-performance water-reducing 

agent. Unsaturated polyester resin hardens considerably slower than cement, and this 

produces many unaesthetic micropores on the exterior. These disadvantages were 

overcome by using the hardener, blast furnace slag, and antifoaming agent. In compression 

tests, the current cement-type braille block showed a strength of 6 MPa. It had a strength 

of 10 MPa when silica fume and high-performance water-reducing agent were added. The 

low compression strength was because the water/cement ratio was 12%, which means that 

the amount of water was inadequate. In contrast, the braille block with unsaturated 

polyester resin showed compression strengths of 91 and 51.7 MPa for the upper and lower 

parts, respectively. The large difference of 40 MPa was apparently caused by the difference 

in porosity. In an adsorption test, the braille block made from unsaturated polyester resin 

showed an adsorption of 0.95%, which is excellent compared to the 11% of the cement-

type braille block. After the unsaturated polyester resin braille block was hardened at room 

temperature, it was alternately exposed to room temperature and sub-zero temperatures 1 

day at a time for 1 week. The strength was then measured and found to be an average of 

46.3 MPa. In brief, a braille block made from unsaturated polyester resin and a cement-

type braille block were compared, and the former showed excellent results in terms of its 

compression strength, adsorption rate, and freeze/thaw resistance. 
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Multiferroic materials, displaying simultaneously ferromagnetism and ferroelectricity, have recently attracted 

growing interest due to their intriguing physical properties and potential applications.
1,2

 In this presentation, we 

show our transmission electron microscopy results of RMnO3 multiferroic materials. Using state-of-the-art 

aberration-corrected annular-bright-field and high-angle annular-dark-field scanning transmission electron 

microscopy, we investigated the structure of multiferroic vortex domains in YMnO3 at atomic scale. Two types 

of displacements were identified among six domain walls; six translation-ferroelectric domains denoted by α+, 
−, +, α−, + and −, respectively, were recognized, demonstrating the interlocking nature of the anti-vortex 

domain. We found that the anti-vortex core is about four unit cells wide. We reconstructed the vortex model 

with three swirling pairs of domain walls along the [001] direction. Two types of 180 degree domain walls, i.e., 

the transverse and the longitudinal domain walls are identified, which is in consistency with the interlock 

between ferroelectric and structural translation domain wall predicted previously.
3
 These wall structures are 

different from the polarization inversion in conventional ferroelectrics. These results
4-6

 are very critical for the 

understanding of topological behaviors and unusual properties of the multiferroic vortex. In addition, we found 

a new ferroelectric phase induced by oxygen vacancy ordering. We proposed a proper structure model and 

examined its correctness.  
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The piezoelectric and ferroelectric properties of functional ceramics can be strongly influenced 

by the orientation growth of grains because the spontaneous polarization and poling efficiency 

are better aligned than in a randomly orientation of grains. The preparation of textured ceramics 

are mainly including template grain growth, hot forging and tape casting methods and so on. 

These methods would result in a big size of oriented grains up to several ten centimeters. This 

ultra large grain would damage the electrical and mechanical properties of the ceramics.  

To examine the effect of electric field on the texture evolution of functional ceramics in sintering 

process, Bi4Ti3O12 powder was synthesized by solid phase reaction route and then their compact 

were sintered and an electric field (dc) was or not was applied to these compacts in the sintering 

period.  The measurement result shows that the density of the samples sintered with electric field 

was obviously lower than that of the sample with normal sintering. SEM investigation illustrate 

that the sample sintered at 1030℃ for 1.5 hr and with the aid of 1.5kv/cm electric field (dc) 

present  stronger oriented crystallization of grains in the direction of parallel with the direction of 

electric field applied. XRD analysis also shows that the intensity of the diffraction peak in the 

direction of parallel with the direction of electric field applied was largely stronger than that of 

the sample in the perpendicular direction for the same lattice face index. This experiment has 

shown that the increase of leakage electric current of the sample at high sintering temperature 

limits the intensity of electric field applied which leads to lower induce effect of electric field.  

This study illustrate that an extra electric field applied in the sintering process is helpful for the 

oriented crystallization of Bi4Ti3O12 ceramics. Especially this technical route would be more 

effective for the preparation of textured ceramics with fine oriented grains when the starting 

powder is prepared by chemical methods and the powder size is in nano-scale.  

Keywords: textured Ceramics, Electric Field, Grain Growth, Sintering. 
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The fabrication of metallic nanostructures on transparent substrates with high 

enhancement factors for SERS remains the focus of much research due to their potential 

integration into Lab on Chip devices, on their own, or as part of multiparameter sensing 

[1, 2]. The enhancement of the electric field for SERS is directly related to the 

morphology of a metallic surface with greater enhancement occurring in surface areas 

with high aspect ratios, or roughness [3]. Here we report a synthesis method to obtain on 

transparent substrates Ag nanorods (NRs) with controllable surface roughness and other 

characteristic morphological parameters (width, length, horizontal and vertical 

separation) in an array format. Three arrays of Ag NRs with different characteristic 

parameters were fabricated from a metal-polymer nanocomposite resist by a three step 

procedure: (i) fabrication of nanostructures (nanorods) by electron beam lithography 

followed by a wet-etch (ii) an in-situ synthesis of metal NPs during a post-bake step (iii) 

non electrochemical metallization of the nanocomposite nanorods [4, 5]. As a means to 

optimize the first step, and thereby control the characteristic parameters of the resulting 

nano-patterns, twelve different electron doses were used, one for each array, as shown in 

Figure 1 (a). Similarly for the third step it was repeated in several iterations with the 

effect of the metallization studied between each by scanning electron microscopy (SEM) 

and optical transmittance measurements. As expected, after each iteration the constituting 

Ag nanoparticles had increased in size, and subsequently surface roughness, 

demonstrating high reproducibility even for the smallest structures. Figures 1a and 1b 
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show the surface morphologies following the 4th and 5th iterations, respectively, whilst 

the optical transmittance measurements show that after the fourth round the plasmonic 

effects for the array with the smallest nanorod features are dominated by the particles on 

the surface of the NRs.  From this thorough study, characterization results have been able 

to be successfully characterized with the parameters of the synthesis process. Finally, 

following on through previous LSPR modelling of other metallic nanostructures [6, 7] 

through Finite Element Method (FEM) simulations, the electric field enhancement factors 

arising in such nanostructures for different roughness (NPs size) have been compared to 

those for smooth Ag NRs with the same morphological characteristic parameters in order 

to see determine the granularity dependence of the SERS signal so as to compare with 

experimental data.  

This method used to fabricate plasmonic nanostructures is a promising technique not only 

to overcome the usual fabrication limits of submicron features by lift-off but also to 

control the roughness of the nanostructures, thereby fine tuning the plasmon energy and 

linewidth and therefore the SERS enhancement. 

 

Figure 1 (a) SEM picture from 12 arrays of NRs with same characteristic parameters but different 

electron doses, after the (i) and (ii) steps of the process. (b) Representative results after 4th and 5th 

metallization rounds (b) and (c), respectively. 
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Structural properties of [N(CH3)4]2Zn1-xCo
x
Cl4 (x=0, 0.5, 0.7, 0.9, and 1) mixed 

crystals by MAS NMR  

 

 Nam Hee Kim
2
, Ae Ran Lim

1, 2,*
  

1
Department of Science Education, Jeonju University, Jeonju 560-759, Korea  

2
Department of Carbon Fusion Engineering, Jeonju University, Jeonju 560-759, 

Korea 

    

Temperature dependences of the chemical shift and spin-lattice relaxation time in the 

rotating frame T1ρ were measured for 
1
H and 

13
C nuclei in mixed crystals of the form 

[N(CH3)4]2Zn1-x CoxCl4 (x=0, 0.5, 0.7, 0.9, and 1). The mixed crystals varied in color 

according to the amount of Co
2+

 ions, whereas the phase transition temperatures 

remained nearly unchanged. [N(CH3)4]2ZnCl4 and [N(CH3)4]2CoCl4 crystals contain 

two nonequivalent types of a-N(CH3)4 and b-N(CH3)4. The two crystallographically 

different ions a-N(CH3)4 and b-N(CH3)4 were distinguished using 
13

C CP/MAS NMR 

spectroscopy. The existence of ferroelastic properties at low temperatures was also 

discussed. The NMR spectrum and T1ρ for x=0.5 and x=0.7 were similar to those for 

[N(CH3)4]2ZnCl4, whereas those for x=0.9 were absolutely different. Additionally, 

[N(CH3)4]2Zn0.1Co0.9Cl4 exhibited the structural properties of both [N(CH3)4]2ZnCl4 

and [N(CH3)4]2CoCl4. 

 

 
 

Figure. Temperature dependences of the 
1
H spin-lattice relaxation time in the rotating 

frame, T1ρ, in [N(CH3)4]2Zn1-xCoxCl4 (x=0, 0.5, 0.7, 0.9, and 1).  
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for CO2 Sensing in Low Power Work Function Sensors  
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Cost-effective and fast CO2 detection is currently in high demand. Solid state sensors can 

meet these requirements with suitable transducing materials. Presently, it is still a 

challenge to develop CO2 sensors based on metal-oxide semiconductors (MOS) for the 

required concentration range. Ceria (CeO2) is most commonly used for the detection of 

CO and O2 and at relatively high operating temperatures [1]. Here, in contrast, we present 

a nanocrystalline ceria-zirconia mixed oxide for CO2 sensing at room temperature. 

Controlled nanoparticle size seems to be necessary to tune the sensitivity towards CO2. 

A microwave assisted synthesis procedure under relatively mild conditions was chosen. 

Compared to precipitation and solid-state methods it is fast and has well-controllable 

synthesis parameters. This is crucial to obtain well-defined nanocrystalline material.  

Capacitive based kelvin probe measurement was used to test the applicability in low 

power consumption field effect transistors (FET). The work function difference vs. a 

vibrating gold reference was monitored with an in-house developed setup using a lock-in 

Besocke kelvin probe at varying concentrations of CO2 (between 400 and 4000 ppm) and 

different relative humidity. The synthesized CeO2 nanoparticles showed a significantly 

higher response than commercial ceria. Furthermore, response time, signal size and 

stability was improved considerably by using a ceria-zirconia mixed oxide.  

Possible reversible adsorption/desorption mechanisms will be discussed based on FTIR. 

Keywords: ceria nanoparticles, microwave synthesis, CO2 detection, kelvin probe 

[1] FINE, G. F., CAVANAGH, L. M., AFONJA, A., AND BINIONS, R. 2010. Metal Oxide 

Semi-Conductor Gas Sensors in Environmental Monitoring. Sensors 10, 6, 5469–5502. 
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Binder-free Si nanoparticle electrode with 3-D porous 

structure prepared by electrophoretic deposition for 

lithium-ion batteries 
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A binder-free Silicon (Si) based electrode for lithium 

ion battery was fabricated in an organic solvent through 

one-step electrophoretic deposition (EPD).  The nano-

sized Si and Acetylene black (AB) particles were bonded 

tightly together to form a homogeneous co-deposited film 

with 3-D porous structure through the EPD process.  The 

3-D porous structure provides buffer spaces to alleviate the 

mechanical stress due to silicon volume change during the 

cycling, and improves lithium ion conductivity by 

shortening ion diffusion length and better ion conducting 

pathway.  Our results demonstrate that the Si nanoparticle 

electrode prepared through EPD exhibits smaller cycling 

capacity decay rate, and better rate capability than the 

electrode prepared by the conventional method (slurry 

coating method). 

 

As shown in Fig. 1, The nano-sized Si and AB 

particles were bonded tightly together to form 

Interconnected macro/micropores which constructed a 3-D 

porous structure.  Compared with EPD electrode, the 

conventional method electrode is much denser; the voids 

between the particles are much smaller.  The EDX 

mapping of the EPD co-deposited film for the elements Si, 

C, Cu (substrate) is shown in Fig. 2.  From these images, 

it is clear that both nano-Si and AB particles are uniformly 

deposited on the Cu foil to form a homogenous co-

deposited film. 

 
To evaluate the cycle ability of the electrode 

fabricated by EPD method and the conventional method, a 

charging and discharging current density of 0.1 C was used. 

As shown in Fig. 3(a), EPD electrode exhibits an initial 

charge/discharge capacity of 2520/3150 mAh·g-1, 

respectively, and a much improved 1st Columbic 

efficiency of 80% as compared with 64% for the 

conventional method electrode.  After 100 cycles, EPD 

electrode exhibits a discharge capacity of 1913 mAh·g-1 

with a discharge capacity retention of 73%.  On the other 

hand, the conventional method electrode only showed a 

discharge capacity of 1121 mAh·g-1 with a discharge 

capacity retention of 49%. 

 

The cycle life of both EPD and conventional 

electrodes at high current densities were shown in Fig. 3(b).  

These cells were first cycled at 0.1 C for the initial 5 cycles, 

then the current density was increased to 1 C and 2 C for 

200 cycles, respectively.  EPD electrode exhibited a 

discharge capacity of 1516 mAh·g-1 at 1 C and 1231 

mAh·g-1 at 2 C after 200 cycles, respectively, while the 

conventional electrode only showed much lower capacities 

of 204 and 14 mAh·g-1 after 200 cycles.  Thus the EPD 

electrodes are much superior to conventional electrode.  

This superiority is attributed to the 3-D porous structure of 

electrode fabricated by EPD method: one is that the 

electrode has a higher specific surface area, resulting in the 

shorter diffusion path for lithium ions and improvement of 

transport between electrode and electrolyte of lithium-ions 

for better rate capability; two is that the higher porosity of 

the electrode, the more void space to accommodate volume 

change of the electrode during cycling, thus more 

mechanically stable of the electrode to enable a longer 

cycle life. 

We demonstrated here that a binder-free Si 

nanoparticle electrode for LIB can be successfully 

fabricated by simper yet versatile one-step EPD process.  

Surface modified nano-sized Si and AB particles are 

bonded tightly together to form a 3-D porous structured 

thin film electrode on copper substrate through the EPD 

process.  Our results demonstrate that with careful control 

of the co-deposition parameter, we can produce EPD 

electrode with much improved electrochemical 

performance, such as higher capacity, longer cycle life and 

better rate capability.  These improvements stem from the 

3-D porous structure of the electrode.  The 3-D porous 

structure of the electrode is beneficial to alleviate volume 

expansion of silicon during the charge and discharge 

processes and facilitate faster transport kinetics of lithium-

ions, which leads to better cycling and rate performances. 
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Fig. 1. SEM images of surface of (a) the electrode 

fabricated by EPD method. (b) the electrode fabricated by 

the conventional method. 

 
 

Fig. 2. EDX images of the electrode fabricated by EPD 

method. 

 
Fig. 3. (a) Discharge capacity versus cycle number plots for 

EPD and the conventional electrode. (b) Long-term rate 

performance of EPD and the conventional method 
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electrode at high current densities. 
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 Abstract: CdS is an important II-VI semiconductor with much optoelectronic application 

including solar cell, Photodiode, LED, Non linear optics heterogeneous photo catalysis. The 

prepared Erbium doped Cadmium Sulphide  nanoparticle samples were characterized by XRD, 

FTIR,EDS and SEM. Optical properties are carried out using UV and PL studies. The size of the 

particles increased as the annealing temperature was increased. The crystallite size varied from 

13.4 nm to 16.7nm as the calcination temperature increased.  Band gap of Er doped CdS increases 

to 5.27 eV and remains constant at higher temperatures, due to the Burstein-Moss effect caused by  

the quantum confinement . While that of undoped CdS nanoparticle is 4.17eV.The UV-Vis 

Absorption spectra show a shift towards 505 nm which is considerably blue shifted relative to the 

absorption of bulk CdS indicating quantum size effect. The Er doped CdS is highly effective and 

can significantly enhance the photo catalytic degradation. 

Key words: A: Semiconductor,  Nanomaterial, Doping, Optical properties, 

PACS: 81.05 Dz; 61.46+w;  61.72.Vv; 43.35.Bf 
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The objective of this work is to assess the effectiveness and practicality of eight analytical tests 

used to observe chemical changes over time of a high-oil, paraffin wax binder used in synthetic 

sports surfaces.  These surfaces are composed of granular composites used in many North 

American Thoroughbred horse racetracks. The mechanical properties of these surfaces do change 

over time which have safety implications for the horses and jockeys.  The binder is a key 

component in equine contact interactions with the surface. One particular racetrack surface was 

studied over a six-year period. This surface did not have anything added to it over this time 

period and samples were taken from the same track location each year. The binder was removed 

from representative samples via solvent extraction and differences in chemical composition was 

determined through oil extraction, differential scanning calorimetry (DSC), gas chromatography 

(GCMS),  Fourier transform infrared spectroscopy (FTIR), optical refraction, X-ray fluorescence 

and gel permeation chromatography (GPS).  Previous work has focused on the temperature-
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dependency of the binder and resulting changes in mechanical properties.  Current work, for 

which this study is a part of, is material chemical degradation over time for these materials.  

 

Keywords: granular composites, synthetic horse racetracks, paraffin wax, degradation 
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ABSTRACT      

Indium oxide (In2O3) nanoparticles were successfully prepared by sol-gel method.  

Nanocomposites of polyaniline (PANI) and Indium oxide (In2O3) have been synthesized using 

in situ polymerization method for different concentrations of nano In2O3 powder. The formation 

of polymer nanocomposite and changes in its structural and micro structural properties of the 

materials were investigated by X-ray diffractometry (XRD) and Fourier infrared spectroscopy 

(FTIR) techniques. The surface morphology of PANI–In2O3 nanocomposite was elucidated using 

Scanning Electron Microscopy (SEM). DC conductivity studies of PANI-In2O3 composites for 

different weight percentage (wt %) show thermally activated behaviour. The conductivity was 

found to increase with the increase in temperature indicating the semiconducting behaviour of all 

the compositions. Maximum conductivity was observed in 30 wt% of In2O3 in polyaniline. A.C. 

conductivity studies reveal increase in conductivity of all the composites with increase in 

frequency. On exposure of the composites to liquefied petroleum gas (LPG), increase in 

resistance was observed with the increase in gas concentration. Maximum sensitivity for gas 

sensing was observed in the composite of 50 wt% In2O3 in polyaniline. 

Keywords: Polyaniline, Indium oxide, nano-crystalline, Conductivity, LPG sensing. 
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Magnesium alloys have been paid attention as lightweight materials in various industrial fields. 

However, their use is limited by poor formability at room temperature which was caused by the 

limited number of slip systems. The texture control plays an important role in plastic workability 

of magnesium. Many studies have been conducted in order to understand the texture evolution in 

magnesium alloys [1]. Two authors reports the characteristics of texture formation deformation 

became clear with an increase of solute content during high-temperature deformation in Al-Mg 

alloys [2]. Therefore it is expected that the similar characteristic appear in AZ magnesium alloys 

with the solute and solvent element replacement relationship at high temperature deformation. In 

this study, three kinds of the AZ magnesium alloy with different solute aluminum concentration 

were experimentally investigated by uniaxial compression under various deformation conditions. 

Three kinds of specimens are AZ31, AZ61 and AZ91 magnesium alloys. Uniaxial compression 

is conducted at 673K and 723K with a strain rates ranging from 5.0×10
-4 

s
-1

 to 5.0×10
-2 

s
-1

. In all 

the deformation conditions, working softening is observed for three types of AZ magnesium 

alloys. The resuts of the texture measurement reveal the main component of texture and the 

sharpness of texture varies depending on the deformation conditions. It is found that texture in 

AZ91 magnesium alloy is sharper than those in AZ31 and AZ61 as in the case of Al-Mg alloys. 

Keywords: High-temperature deformation, magnesium, compression, texture 
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Surface-enhanced Raman spectroscopy (SERS) is a highly sensitive vibrational spectroscopy that allows 

for the detection of analytes at extremely low concentrations.1 In SERS, the Raman signal of the probe 

molecule is amplified through excitation of localized surface plasmon resonances (LSPR) of the 

substrate, usually in the form of metal particles or a roughened metal film. Consequently, the magnitude 

of SERS enhancement is crucially dependent upon the SERS substrate. Many years of research have 

been devoted to creating and optimizing SERS substrates in order to provide the largest enhancement 

possible.2 The fundamental metric for SERS activity is the enhancement factor (EF), which quantifies 

the increase in signal intensity per molecule. Applicable SERS substrates require both high EF and 

excellent spatial reproducibility. However, although high EF up to 108 can be achieved and several 

SERS substrates with signal relatively standard deviation (RSD) less than 7% were reported,3 commonly 

used substrates based on metals, either prepared by corrosion or sol-gel methods, show very poor 

reproducibility with fluctuant EFs that may vary across several orders of magnitudes, which severely 

hinders the applications of SERS. A number of efforts have been made to improve the reproducibility 

of metallic substrates, but the most used techniques, such as electron beam lithography, nanosphere 

lithography, focused ion beam pattering, vacuum evaporation and soft-lithography, are limited by the 

high costs, the enormous difficulties to extend to large scales or complicated preparation steps.4 

Preparation of SERS substrates with both high sensitivity and high reproducibility still remains difficult 

and costly for routine SERS detection. 

 

Here, we introduce a simple method based on ferroelectric lithography (top-down and bottom-up) 

assisted assembly of Ag/Au nanoparticle (NP) arrays to fabricate SERS substrates with excellent Raman 

enhancement and reproducibility. Ferroelectric materials have reversible spontaneous polarization. 

Polarization inversion results in domain patterns with polar surfaces that exhibit surface-bound charges. 

The different domains have surfaces with different electronic properties including electron affinity5 and 

surface potential.6,7 LiNbO3 single crystal is favorable for fabrication of well-organized metal NP arrays 

due to its large polarization existing only along the crystallographic Z-axis. Figure 1(left) shows an 

example of AuNP arrays with the average particle diameter of 30 nm. High reproducible Raman signals 

of H2TMPyP, 5,10,15,20-tetrakis (1-methyl-4-pyridyl) porphyrin attaching onto the ferroelectric-based 

SERS substrate can be achieved up to 108 at the excitation wavelength of 568 nm as shown in figure 

1(right). 

 

  

 
 

 

 
Fig.1(left) AuNP dot arrays on LiNbO3 single crystal fabricated via ferroelectric lithography technique. Raman signals of 

H2TMPyP, 5,10,15,20-tetrakis (1-methyl-4-pyridyl) porphyrin attaching onto the substrate (left) obtained at different 

excitation wavelengths (right). 
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POCOP pincers have been used as ligands to obtain robust coordination/organometallic 

compounds, unfortunately the synthesis of this ligands is not the easiest thus researchers 

use similar but easier ligands to work with. In this paper, we present the synthesis and 

obtaining of composites and organometallic POCOP- Pd(0)/Pd(0) nanoparticles and the 

comparison on their catalytic behavior. The organometallic POCOP-Pd(II) compounds 

were better catalysts, than the composites Pd(0) nanoparticles-POCOP pincers with 80% 

yield compared with a 20% on the better yield of the composites. This might be because 

the nanoparticles does not have good protection from oxidation, before the catalyst 

reaction. Another good result on this materials is that depending on the catalyst 

employed, two different catalytic mechanisms can be applied depending on the material 

used, form the mechanism that uses Pd(II)/Pd(IV) with, organometallic Pd(II)-POCOP 

compounds and composites with Pd(II) nanoparticles with sodium citrate used as 

reductor, as catalysts and, the Pd(0)/Pd(II) mechanism with Pd(0) nanoparticles obtained 

with sodium borohydride as reductor, as catalyst.  

Keywords: POCOP, palladium composites, Susuki catalytic behavior, palladium-POCOP 

organometallic compounds, palladium nanoparticles 
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The thick films of undoped ZnO and Al2O3 - doped ZnO were prepared by screen printing 

technique. AR grade (99.9% pure) Zinc Oxide powder was mixed mechnochemically with 

various weight percentages of Aluminium Chloride (AlCl2) powder ( 0.5, 1, 3 and 5 wt.% ) in 

acetone medium to obtain Al2O3 - ZnO composite material. The prepared materials were 

sintered at 1000
o
C for 12h in air ambience and ball milled to ensure sufficiently fine particle 

size. The films were characterized by different techniques with respect to their crystal 

structure, surface morphology and compositional property by means of X-ray diffraction, 

Scanning Electron Microscope (SEM), Energy Dispersive Spectroscopy (EDAX). The X-ray 

diffraction analysis of pure and Al2O3 - doped ZnO powders shows the polycrystalline nature.  

The surface morphology of the films was studied by SEM.   The final composition of each 

film was determined by EDAX analysis. The gas response of undoped and Al2O3- doped ZnO 

films were studied for different gases such as CO, NH3, H2S,  H2 and Ethanol at operating 

temperature ranging from 50
o
C to 450

o
C. The pure film shows the response to H2S gas 

(500ppm) at 300
o
C while the film doped with 3 wt. %  Al2O3  gives the good response to H2S 

gas at ppb level  at 350
o
C.The  selectivity, response and recovery time of the sensor were 

measured and presented.  

       

Keywords: Thick films, ZnO, Al2O3, H2S gas, Sensitivity,            
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Metal-Salen Polymers for Energy Storage and Conversion 
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Electrodeposition of conducting polymer films at different substrates is widely acknowledged to be 

a powerful tool for surface functionalization, which affords development of novel composite 

materials for energy applications. In this work we describe the preparation of Metal-Salen type 

polymer films – 3D self-structured materials whose morphology and properties can be effectively 

controlled by the composition of Metal-Salen monomers and polymerization conditions – and 

polymer-based composites. Synthesized materials are investigated by means of cyclic voltammetry, 

dc charge-discharge cycling, scanning electron microscopy, and quartz crystal microbalance 

technique. We demonstrate that electrodeposition of Nickel-Salen type polymers into the pores of 

carbon-based materials results in the formation of composites that have up to 100% higher 

volumetric capacity than the original carbon materials. For the first time, we report that thin (~100 

nm) Cobalt-Salen type polymer films show catalytic activity towards oxygen reduction reaction 

(ORR) in non-aqueous electrolytes by shifting the onset potential for the ORR up to as high as +0.4 

V (vs. Ag/AgCl aqueous reference electrode) – the highest ORR potential reported to date – and 

confirm that the process is partially reversible. Finally, we demonstrate that the potential of the 

Nickel-Salen polymer-modified glassy carbon electrode immersed in the inert electrolyte solution is 

shifted by as high as 0.5 V when the electrode is exposed to sunlight. Discovered multiple 

functionalities of Metal-Salen type polymers, including but not limited to fast and reversible charge 

storage, catalytic activity towards ORR, and photoactivity afford a number of interesting 

possibilities in creating new designs for next generation energy storage and conversion systems, 

such as supercapacitors and Li-ion capacitors, Li-air batteries, photovoltaic (Gratzel type) and 

photogalvanic cells, respectively. 

Keywords: Conducting, polymers, energy storage, conversion 
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ABSTRACT 

Zinc Sulphide doped with Gadolinium (ZnS:Gd) quantum dots have various scientific and 

engineering applications in electronics, nonlinear optical devices for communication, and optical 

computers. It is effectively used for detecting cancer cells in human body. The material is an 

excellent light transmission material with high refractive index 2.27 also makes ZnS useful in 

photonic crystal devices that operate in the region from visible to near infrared. ZnS:Gd nano 

materials with an average particle size of 11-50 nm are synthesized by the reaction of zinc 

acetate and hydrogen sulphide by chemical route technique. XRD, SEM, FTIR and EDS 

characterize the samples. The percentage of doping material in the crystal  is confirmed from the 

EDS spectra. The average crystal size of the prepared ZnS nanopowder is determined by XRD . 

Ultrasonic velocity through doped and undoped sample is measured and compressibility is 

computed. The compressibility is found to be increased. Also variation of compressibility of Zn 

S:Gd nanofluid with various grain size have been carried out and found that compressibility 

increases with decrease of particle size. 

 

 Key words: A: Semiconductor, Nanomaterial, Doping, Optical properties 

PACS: 81.05 Dz; 61.46+w; 61.72.Vv; 43.35.Bf 
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Characterization of Magnetorheological Elastomer (MRE) Engine Mounts 
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Abstract. Modern cars have evolved with new requirements, designs and materials 

applications on every components of the automobile. These requirements have led to various 

further developments that can give better options and performance in new cars. The engine 

mounts is one of the most important components which has been continuously improved on 

to meet these new challenges. The use of smart materials is a new field and its applications in 

solving engineering issues especially in automobiles is also carefully been researched into. 

This study aims to apply the behavioral characteristics of Magnetorheological Elastomers 

(MRE)-a class of smart materials in solving engine mounts vibration. An adopted 4-Four 

parameter model of the MRE is used in modelling the behavior of the automobiles engine 

characteristics and the significant improvement it provides when compared to traditional 

passive mounts is presented. The developed equations are compared using well known 

performance criteria of the engine mounts. The performance criteria at low and high 

frequencies shows 50% reduction or isolation of vibration at resonance frequencies of the low 

frequency region and an instantaneous frequency (which is selected) within the high 

frequency range. The improvements noted in these research is an apparent indication that the 

full adaptive nature of the MRE in the area of application such as an engine mounts system 

can be further studied. 

  

Keywords: Engine Mounts, Magnetorheological Elastomers (MRE) Models, Vibration 

Isolation 
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A simple wet chemical method has been successfully used to grow zinc oxide nanorods (ZnO 

NRs). The structural characteristics were investigated through TEM and XRD. The crystal unit 

cell of the nanorods is found to be hexagonal and the size of the ZnO NR ≈27 nm. UV- VIS  

spectrum was used to calculate the band gap of the ZnO NRs. The value of the band gap also 

suggests the confinement effect. The photoluminescence spectrum shows shallow deep level 

visible emission due to various defect states. The interaction as well as the formation of 

bioconjugate of Bovine Serum Albumin (BSA) and Zinc Oxide nanorods is investigated using 

optical spectroscopy. The zeta potential of ZnO NRs and ZnO-BSA biconjugate were 

characterized. UV–VIS and fluorescence spectra show that a spontaneous binding process 

occurred between BSA and Zinc Oxide nanorod. A small red shift (≈4 nm) of the absorption 

peak of BSA is observed due to binding of BSA with ZnO NRs
1
. Zinc Oxide nanorods quench 

the fluorescence emission of tryptophan residues in the structure of BSA. The Stern–Volmer 

quenching constant, the binding constant and the number of binding sites were also calculated. 

 

 

Keywords: ZnO nanorod, protein, photoluminescence spectra, absorption spectra, high resolution 

transmission electron microscopy. 
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This work reports the synthesis and analysis of silver nanoparticles in some of the most common 

thermoplastics currently used by the industry. Silver nanoparticles have many different applications 

due to their particular properties. Their localised surface plasmon resonance confers them a strong 

interaction with visible light, which can be exploited for optical components such as light absorbers 

[1], filters, or colorimetric sensors [2], among others. The enhanced reactivity of the nanoparticles 

can also be used for other applications, such as catalysis or anti-bacteriological action [3]. On the 

other hand, thermoplastics constitute one of the most common materials in modern society, with 

ever-increasing new applications.  

In this work, the synthesis of silver nanoparticles has been produced in some of the most commonly 

used thermoplastics, such as Acrylonitrile Butadiene Styrene (ABS), High Impact Polystyrene (HIPS) 

and Polyetherimide (PEI). The synthesis of the polymer/nanoparticle nanocomposites involves 

different stages. Firstly, the metallic ions of an ionic salt have been dispersed in a suspension of the 

polymer in an organic solvent. Next, different deposition techniques have been used to deposit the 

blend, such as spin-coating or drop-casting. Finally, the reduction of the metallic ions and the 

consequent in-situ synthesis of the nanoparticles have been induced by heating the samples on a 

hot plate at typically 150-240oC. Optical properties and nanoparticle morphology have been 

measured and correlated.  

 

Fig.1. a) Absorbance of thin films of composite revealing the plasmon absorption peak of the silver 
nanoparticles, as well as a different absorbance baseline for each material, b) ABS-Ag NPs composite thin film 
on glass, c) HIPS-Ag NPs composite. 
Acknowledgement: This work is part of the project “Photobioform” (EP/L022192/1) supported under the aegis 
of the Engineering and Physical Science Research Council (EPSRC) through the Programme “Manufacturing 
with Light”. 
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Polymeric vesicles for biomedical applications: View on pH- and size-
controlled diffusion processes 

 
D. Appelhans,a M. Yassin,a,b B. Iyisani,a,b D. Gräfe,a,b J. Kluge,a,b J. Gaitzsch,c B. 

Voita,b 
 

aLeibniz-Institut für Polymerforschung Dresden e.V., Hohe Str. 6, D-01069 Dresden, 
Germany 

bOrganische Chemie der Polymere, Technische Universität Dresden, D-01069 
Dresden, Germany 

cDepartment of Chemistry, University College London, 20 Gordon Street, London 
WC1H 0AJ, United Kingdom 

Email of corresponding author: applhans@ipfdd.de 
 

Over the last years, huge efforts have been undertaken to develop feasible polymer-
based systems for biomedical applications and synthetic biology [1]. Polymeric 
capsules and polymersomes among other have been proven to be promising 
candidates for such purposes. Compared to their biological counterpart, the 
liposomes, the membrane from polymersomes is considerably thicker and shows 
increased mechanical and chemical strength [2]. In this context, our efforts were 
directed to establish pH-stable polymersomes over a broad pH range by the 
incorporation of two different photo-crosslinkable moieties in the membrane. This 
allows us for undergoing reversible switching of polymersome´s membrane to trigger 
the uptake and release of small molecules under various pH values und to squeeze 
out dendritic glycopolymers under shear forces [3-4]. 
For developing even more complex polymeric vesicles usable in biomedical 
applications and synthetic biology, where post-non-covalent conjugation steps and/or 
de-conjugation/displacement steps are required, we will report further progress on 
pH- and size-controlled diffusion processes. Results are presented and discussed in 
respect to pH-dependent (multi-)enzymatic conversion steps [3,5,6] as well as 
enhanced folic acid-tailored uptake of doxorubicin-enclosed polymersomes by folic 
acid-sensitive cells [7]. Furthermore, examples are presented, where non-conjugation 
steps by using adamantane-β-cyclodextrin inclusion complexes were established, to 
perform simultaneously and sequentially pH-controllable modification of the outer 
shell of polymersomes and polymersome´s lumen. Such post-loading events also 
enabled us to carry out pH-dependent displacement steps where surface-tunable and 
versatile polymersomes can be used in future synthetic biology, cell engineering 
processes or lab-on-chip devices. 
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Ferromagnetism and d-wave superconductivity are often regarded as 

incompatible to each other. With no crystalline materials showing the coexistence of 

these two orders, studying their mutual interactions remains restrictive to date. 

However, such studies can be performed on cuprate/manganite heterostructures where 

these two orders are brought into proximity. Here we show the coexistence of 

ferromagnetism and d-wave superconductivity in bulk superconducting YBa2Cu3O7-x 

(YBCO) grown on top of ferromagnetic La0.7Ca0.3MnO3 (LCMO). The coexistence is 

present with MnO2 interfacial termination, but absent with La0.7Ca0.3O interfacial 

termination. The difference originates from distinct energetics of CuO chain and 

CuO2 plane next to LCMO layer at these two interfaces such that the spin-polarized 

electrons transferred from manganites to cuprates are influenced differently. As such, 

the ferromagnetic coupling inside YBCO layer can be sustained by the enhanced 

double-exchange interaction. Our findings demonstrate the far-reaching impacts of 

interfacial interactions to bulk physical properties, and open up a new paradigm of 
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using nanoscale heterogeneity to study the competing quantum orders in correlated 

electron systems. 
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Keggin-type silanol substituted tungstocobaltate [Co
III

W11O40(SiOH)2]
5-

, a new 

polyoxometalate as shown in Fig.1, was synthesized by using Co
III

W11 and TEOS as start 

materials. Then, it was grafted onto SBA-15 by surface condensation reaction between 

SiOH groups as illustrated in Fig.2 to obtain a novel tungstocobaltate-functionalized 

mesoporous hybrid material. The as-prepared hybrid materials were characterized by IR, 

UV-Vis/DRS, XRD, N2 adsorption-desorption and elemental analysis techniques. It is 

shown that [Co
III

W11O40(SiOH)2]
5-

 had been linked on the surface of SBA-15, and  

Keggin unit and the order mesostructure remained intact.   

                          

           Fig.1                                                                       Fig.2 

Furthermore, the catalytic performance of the mesoporous hybrid materials were 

investigated by acetalization of benzaldehyde and 1,2-propylene glycol. It was observed 

that the hybrid samples possessed obviously higher acetal yield (83.0%) than the 

corresponding pure [Co
III

W11O40(SiOH)2]
5-

 compound (59.7%), and can be recycled 8 

times without any apparent loss in catalytic activity and selectivity.  

 

Keywords: tungstocobaltates, mesoporous hybrid materials, synthesis, catalysis. 
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intercalation polymerization and their functional behaviors 
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ABSTRACT 

It is of great importance to develop environmentally-friendly method for the 

preparation of graphene and graphene-contained composites for new functional 

applications. In this presentatin, a one-step method was realized for the preparation of 

graphene/polymer compostes using intercalation polymerization of the monomeric 

molecules in-site the graphite layers. The structural and morphological 

characterizations were performed by X-ray diffraction analysis, transmission electron 

microscopy and field emission scanning electron microscopy. Firstly, the monomeric 

cations formed by monomer and H
+
 tends to be drawn towards the electron-enriched 

zone and to intercalate into the interlayer of graphite. Subsequently, in situ 

polymerizations lead to the graphite’s separating into graphene as a result of the 

exothermic effect and more vigorous movements of the long chain molecules of the 

polymer. The interactions between polymer and graphene were confirmed by Fourier 

transformed infrared spectroscopy as well as Raman spectra.   

As functioanl applications, this report will present the graphene compostes 

hybridized by two kinds of conductive polymers, polyaniline and polypyrrole, and a 

thermal-conductive polymer, polyamide-6. The as-prepared conductive polymer 

compostes showed an even lower conductivity compared to that of the hydrochloric 

acid doped polymer or the graphite, futher demonstrating that there were special 

interactions between polymer and graphene molecules. This can be reckoned that the 

hybridizing structures may be a good way towards new functional design with broad 

adjustable parameters of graphene and its composites. Besides, the graphene/polymer 

compostes exhibited a breakthrough in improvement of microwave absorption and/or 

thermal conductivity. 
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The impact of anisotropic biaxial strain on the ferroelectric properties of thin oxide films 

(20-100nm) are examined using the example of epitaxial NaNbO3 and SrTiO3 films that 

are grown on single-crystalline oxide substrates with different lattice mismatch, leading 

to  compressive and tensile in-plane strain, respectively. Generally, tensile in-plane strain 

leads to an increase of the ferroelectric in-plane transition temperature whereas 

compressive strain tents to decrease the transition temperature. Shifts of the transition 

temperature by several 100K can easily be obtained via this method leading to room-

temperature permittivity of several 1000. Our investigations have shown that the phase 

transition itself and the ferroelectric states of the anisotropically strained films turn out to 

be highly complex. First, the transition temperature depends on the direction of the 

applied electric field which contradicts the concept of a uniform phase transition for a 

given system. Second, all systems, that we examined, showed relaxor properties which 

are usually expected for systems consisting of a mixture of phases. Third, most 

ferroelectric properties strongly depend on the applied electric field. This can partially be 

explained by Rayleigh law, however especially for the tensile strained SrTiO3 terms of 

higher order in the field dependence of the permittivity indicate the strong impact of 

pinning of domain walls and polar regions (e.g. polar nano regions). Finally at elevated 

temperature an anisotropic conductivity is observed. The latter might attributed to domain 

wall conductance. The different observations are discussed in terms of existing models, 

potential application of the different properties will be sketched. 

Keywords: anisotropic strain, thin films, ferroelectrics, high-k material 

AFM2015 - Jun 29 to Jul 3

Symposia 1: Advances in Multifunctional Composite Materials

Advances in Functional Materials

52



 

Synthesis of ZnO nanorods and tripods by hydrothermal route for gas sensor  

 

Ssarik D. Shinde 

KKHA Arts, SMGL Commerce and SPHJ Science College, Chandwad 423101 India 

Email: sarikagotan@rediffmail.com 

 

 

Abstract— ZnO nanostructures with different sizes and shapes (Nanorods and tripods) have been 

successfully synthesized via a simple hydrothermal route, using zinc acetate and 

Cetyltriammonium bromide (CTAB) as the reactants. The thick films of as prepared ZnO were 

prepared by screen-printing technique in desired pattern. The films are characterized by X-ray 

diffraction (XRD), scanning electron microscopy (SEM) and transmission electron microscopy 

(TEM). The gas sensing properties of the materials have been investigated for various interfering 

gases such as CO2, CO, Ethanol, NH3 and H2S etc at operating temperature from 30
o
 (room 

temperature) to 300
o
C. The results indicate that the ZnO nanorod and tripod thick films showed 

much better sensitivity and stability than the conventional materials to ethanol and LPG. The 

ZnO nanostructures can improve the sensitivity and selectivity of the sensors.  

                           

TEM images of ZnO rod  tripod. 

Keywords: Hydrothermal, ZnO nanorods, Tripods, H2S gas sensor. 
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Abstract 

Sandwich panels are a class of composite material fabricated by attaching two thin but stiff skins to a 

thick but lightweight core. They are widely used in structural applications where low density, high 

strength, and high damage tolerance are required. Several of their properties such as low density and 

high damage tolerance are attributable to the core material. The present study focuses on the 

development of an economical lightweight foam employed as the core material for sandwich 

composite panels. Foams are made of perlite particles (expanded siliceous volcanic glass) in a matrix 

of epoxy for a density range of 0.15 to 0.45 g/cm
3
. Compressive tests were conducted on the samples 

and the effect of density variation on compressive strength and modulus investigated. Results show 

that the compressive strength of the newly developed core is comparable to that of Polyurethane and 

Polypropylene closed cell foams but the new material has higher stiffness. Using macroscopic 

observations taken during the test, failure mechanisms of perlite foams under compression were 

studied and the presence of two failure modes was determined for the whole density range.  
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Relaxation processes and their influence on the electret-state stability in titanium-dioxide (TiO2, 

rutile modification) filled high-impact polystyrene (HIPS) films were investigated by means of 

dielectric relaxation spectroscopy (DRS), thermally stimulated depolarization current (TSDC), 

thermally stimulated surface-potential decay (TSSPD) as well as dynamic mechanical analysis 

(DMA) and differential scanning calorimetry (DSC). Three relaxation processes were observed. 

The first process corresponds to the glass-rubber transition, it is present in all samples and has no 

influence on the electret-state stability, no correlation with filler content was found. The second 

process can be related to trap-limited charge-carrier transport that determines the dc 

conductivity. The activation energy of conductivity is calculated by different methods which 

concordantly yield a value of about 1.1 eV. The improvement of charge-storage properties of 

HIPS by adding TiO2 particles is supposed to be caused by formation of deep traps at the 

polymer-filler interfaces. The third process could represent the build-up of quasi-dipolar 

structures in the samples, caused by charge displacement between grain boundaries of the filler 

particles. 

 

Keywords: high-impact polystyrene, titanium-dioxide filler, dielectric relaxation 
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Multi-walled carbon nanotube (MWCNT) may have the potential to provide solutions to 

critical problems in the biochemical field. Here, MWCNT yarns were produced by 

continuously pulling on well-aligned MWCNTs on a substrate, and then MWCNT sheet 

filter was prepared from MWCNT yarns. The efficacy of and anodic MWCNT sheet filter 

was developed to remove and inactivated the vaccinia virus and the botulinum toxin. 

MWCNT sheet filter was applied by the direct current(DC) power, during the removal 

and inactivation of virus and toxin. The MWCNT sheet filter were heated up to 100 ℃ by 

applying DC power of 10 V. We confirmed that the vaccine viruses and the botulinum 

toxin was removed and inactivated over 99 %. Virus and toxin could be effectively 

removed and inactivated by MWCNT sheet filter produced from yarns, as compared with 

other microfilters. 

Keywords: Carbon nanotube yarn, Microfilter, electrochemical, Virus, Toxin. 

[1] VECITIS, C. A., SCHNOOR, M. H., RAHAMAN, M. S., SCHIFFMAN, J. D., & 

ELIMELECH, M. 2011. Electrochemical multiwalled carbon nanotube filter for viral and 

bacterial removal and inactivation. Environ. Sci. Technol., 45, 3672-3679. 
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Structure of interface between matrix alloy and reinforcement particles 

in Al/SiCp + Cgp hybrid composites 
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Presently, the most a new research are focus on the formation of structure and properties 

of functional hybrid aluminium matrix composites. Such composites (e.g: Al/SiCp+Cgp 

or Al/SiCp+GRp) have a better physical, mechanical, and tribological properties in 

comparison with composite materials reinforced by only one type of reinforcements [1-

4]. Due to their beneficial ratio of strength to density and better wear resistance it can be 

used as parts in some vehicles (e.g.: pistons, sleeves, bearings), [5]. The fabrication 

process by the use of mechanical stirring of composite suspension is the one of the most 

economical method for manufacturing of such composite materials and has been used in 

the industrial practice [6].  

Poor wetting and the interaction between liquid Al alloy and ceramic particles are main 

problems during the production of composite suspensions [7,8]. Because properties of 

composite materials depend on the interface microstructure therefore among other things: 

the proper selection of components - particularly the chemical composition of the Al 

alloy matrix and the kind of reinforcement particles - are necessary for to obtaining a 

high-quality composite castings. 

The structure and properties of the interface between the components are the primary 

factor in determining the properties of composite materials, in addition to the properties 

of the matrix and reinforcing phase. The influence of aluminium matrix chemical 

composition and its modification on the interface microstructure in AlSi/SiCp+Cgp hybrid 

composite were presented. High-resolution scanning electron microscope (HR SEM) with 
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an attachment for the chemical analysis EDS in microregions were used for the 

microstructure characterization. 

 Scientific work financed from funds allocated for The National Centre for Research and 

Development as project no. PBS1/B6/13/2012 

Keywords: hybrid composites, stir casting, microstructure, interface 
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G.L.Aswinikumar, V.R.Rajeev*, K.Jayaraj, A.Farook  

Mechanical Engineering Department, College of Engineering Trivandrum, Trivandrum, 
Kerala, India -695016 
*rajeevcet@gmail.com 

Abstract 

In the present study continuous and reciprocating sliding wear test were 

performed on Al-Si(6%-18%)-15%SiCp  composites under similar conditions of 

load, speed and nominal area of contact in order to compare the wear rate for the 

two sliding modes under dry condition. Cumulative wear have been plotted 

against sliding distance for the three developed A319-15%SiCp, A336-15%SiCp 

and A390-15%SiCp composites. It was observed that the pattern of wear is 

similar for continuous and reciprocating sliding but a higher wear is noticed in the 

reciprocating process compared to continuous wear for all the three composites 

investigated. This is due to the enhanced chances of entrapment of wear 

particles in the case of reciprocating process compared to the continuous 

process which in turn cause differing amounts of three body abrasion in the two 

processes by the loose wear debris. Thus higher wear under reciprocating 

condition may be attributed to 3 body abrasive effects. Moreover during 

continuous sliding wear tests using pin-on-disc machine, some of the wear debris 

may flung from the rotating disc by the centrifugal force which during 

reciprocating sliding may entrapped between the sliding surfaces for longer 

times. Hence, higher wear in the case of reciprocating process compared to 
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continuous wear can be attributed to the greater amount of abrasion by the 

entrapped loose wear debris in the reciprocating process. 

Keywords: Composite, Continuous wear, Reciprocating wear, Comparison, 

Three body abrasion. 
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The good swelling property of Hydrogel gives it wide applications such as biosensors, 

drug delivery and tissue engineering. Weiss et al. developed an injectable scaffold by 

grafting silane on HPMC (Hydroxypropylmethylcellulose) leading to a self-cross-

linkable hydrogel (Si-HPMC) without using any toxic chemical catalysts. The hydrogel 

(Si-HPMC) has excellent biocompatibility that makes it a good material for tissue 

engineering but with a low stiffness. Laponites are silicate particles in the form of disc-

shaped crystals of about 25 X 1 nm. In this study, Si-HPMC/Laponite composite 

hydrogel was developed to propose a higher stiffness hydrogel scaffold for tissue 

engineering. The concentration of Si-HPMC was fixed at 2 wt% and the laponites content 

ranged from 0.5 to 5 wt%. The gelation processes and the viscoelastic properties of 

composite hydrogels with different laponites contents were studied by rheological 

methods. Biological investigations have been done with human adipose-derived stem 

cells (hASC) by determining the cell viability in 2D and in 3D. Confocal Laser 

Microscopy allowed us to observe the dispersion of Laponite particles in the composite 

hydrogels, showing there were two continuous parts: red light area and dark area. 

Adsorption experiments suggested that the red light area was the aggregation of 

Laponites caused by HPMC instead of high ionic strength. All the reinforcements that 

we used in this study showed no toxicity in vitro, both in 2D and 3D. After 6 weeks, of 

implantation of the composite hydrogels with human nasal chondrocytes (hNC), 

histological and immunohistological analysis showed the formation of cells nodules 

positively stained by Alcian blue and Masson’s trichrome, suggesting the production of 

an extracellular matrix containing GAG and collagen respectively. 

Keywords: biomaterials, hydrogel, tissue engineering, nano reinforcement. 
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X-ray and neutron scattering on disordered nanosize clusters: 

computational modelling of lead-zirconate-titanate solid solutions  

Johannes Frantti and Yukari Fujioka 

Finnish Research and Engineering, Helsinki, Finland 

 

E Mail : johannes.frantti@fre.fi 

Defects and frequently used defect models of solids are summarized and signatures for 

identifying the disorder from x-ray and neutron scattering data are given. To give 

illustrative examples how technologically important defects contribute to x-ray and 

neutron scattering numerical method able to treat non-periodical solids possessing several 

simultaneous defect types is given for simulating scattering in nanosize disordered 

clusters. The approach takes particle size, shape, and defects into account and isolates 

element specific signals. As a case study a statistical approximation model for lead-

zirconate titanate [Pb(ZrxTi1−x)O3, PZT] is introduced. PZT is a material possessing 

several defect types, including substitutional, displacement and surface defects. Spatial 

composition variation is taken into account by introducing a model in which the edge 

lengths of each cell depend on the distribution of Zr and Ti ions in the cluster. The model 

is applied for computing the scattering from ellipsoid shaped PZT clusters and for 

simulating the structural changes as a function of composition. Two-phase co-existence, 

the so called morphotropic phase boundary (MPB), range is given correctly. The 

composition at which the rhombohedral and tetragonal cells are equally abundant was 

x≈0.51. Selected Bragg reflection intensities and line shapes were simulated. Examples of 

the effect of size and shape of the scattering clusters on diffraction patterns are given and 

the particle dimensions, computed through Scherrer equation, are compared with the 

exact cluster dimensions. Scattering from two types of 180° domains in spherical 

particles, one type assigned to Ti-rich PZT and the second to the MPB and Zr-rich PZT, 

is computed. We show how the method can be used for modeling polarization reversal. 

Keywords: Disorder, neutron scattering, x-ray scattering, ferroelectric, nanocluster 
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Parameters for Improving Titandioxid TiO2 as Photo catalysis material 
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Keywords: Photocatalyst, bandgap engineering, thin film, drug delivery 

 

Titania, especially the rutile-phase, is a very widely used material in Photovoltaic DSSC-cells, as photo-catalyst 

and as transparent conductor. This overview paper summarizes solid-state physics principles which are necessary 

for improving the performance in applications such as water purification devices, self-cleaning surfaces, solar cell, 

and for photochemical water splitting etc. In this overview we describe 1) Band-gap engineering, 2) Searching for 

a suitable substrate 3) Doping with metal ions as three mechanism to improve the properties, see also the general 

overview on metal-ceramic interfaces [1]. All three enhances the photocatalytic efficiency 

The mechanism for both, photovoltaic and photo-catalysts applications, can be divided into light absorption,  

excitation of carriers, carrier mobility, a proper p-/n-junction and finally providing the carriers to the place where 

needed. Photo-catalysis is used for degradation of organic molecules like dust, or bacteria and water splitting. The 

main principle is that the reaction barrier in the excited state is smaller than in the ground state. Engineering can 

lower the band-gap (fig. 1) by applying strain provided by a substrate during thin-film growth [2,3]. Further 

change of the band-gap occurs when nano-particles are used. We examined the minimal achievable particle size as 

2nm, see fig, 2. Depending on the surface curvature [4,5], in fact in most of such cases an increase in band gap 

occurs, nevertheless the improvement is achieved by increasing the interface area and the possibility of drug 

delivery directly into the bacteria [6,7]. Searching for suitable substrates can also increase the carrier 

concentration.    

The largest effect can, however, be achieved by doping with electron donating atoms, mainly rare-earth ions and 

there have been published many papers on this issue: Si-, Al- [8] Nd- [9], Gd- [10], Ta-[11] doping. We 

summarize the findings by new outlines for this important research  

 

[1] W. Wunderlich, Metal-ceramic-interfaces, Metals 2014, 4, 410-427; doi:10.3390/met4030410 

[2] S.Tanemura, W.Wunderlich, et al. doi:10.1016/j.stam.2004.06.002 

[3] W.Wunderlich, et al. J.Cer. Proc.Res.. 5 [4] 343 (2004) NCF8 

[4] W.Wunderlich, N. Hue, S. Tanemura (2004), doi: 10.2240/azojomo0208 

[5] S. Winardi, W.Wunderlich, Langmuir (2009）DOI: 10.1021/la904619x 

[6] T. Bak, et al., doi 10.1021/jp2027862,  

[7] K. Sunada 10.1016/S1010-6030(02)00434-3 

[8] K.V., Baiju et al., doi:10.1016/j.matlet.2006.07.124 

[9] S.A.Moore, et al. doi: 10.1007/s10971-007-1590-2 

[10] K.V. Baiju, et al., doi:10.1016/j.jallcom.2010.06.028 

[11] K.V. Baiju et al. doi:10.1016/j.molcata.2007.06.017 

     
Fig. 1) Band gap as a function of the lattice constants [2]  Fig. 2) Increase of amount of nano-sized Anatase  
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ABSTRACT  

In order to obtain self-assembled films in tailoring surface properties by migrating fluorinated block 

copolymer onto the surface of film and to improve the mechanical and thermal properties of film, 

16-arm and single-arm POSS-based diblock fluoracrylate copolymers are synthesized by 

octakis(dibromoethyl) polyhedral oligomeric silsesquioxane (POSS-(Br)16) and aminopropylisobutyl 

POSS (ap-POSS) initiating atom transfer radical polymerization (ATRP) of methylmethacrylate 

(MMA) and dodecafluoroheptylmethacrylate (DFHM). The obtained POSS-(PMMA-b-PDFHM)16 

and ap-POSS-PMMA-b-PDFHM are proved with narrow distribution of molecular weight (PDI= 

1.310 and 1.148) and high thermal stability (410-420℃). In THF solution, 

POSS-(PMMA-b-PDFHM)16 and ap-POSS-PMMA-b-PDFHM could self-assemble into 200-250 nm 

micelles as POSS/PDFHM core and 70-80 nm PMMA shell. During these core/shell micelles 

self-assembling into films, PDFHM segments and POSS cages are surely competitive migrating onto 

the surface of film in the manner that PDFHM segments are much easy than POSS cages, so as both 

POSS-(PMMA-b-PDFHM)16 and ap-POSS-PMMA-b-PDFHM to produce the typical films as 

fluorine-rich top layer/POSS enriched upper layer/PMMA bottom layer. Comparatively, 

ap-POSS-PMMA-b-PDFHM film is much more rough, fluorine-rich and oleophobicity than 

POSS-(PMMA-b-PDFHM)16 film due to strong migrating of PDFHM segments onto the film surface 

in ap-POSS-PMMA-b-PDFHM. But POSS-(PMMA-b-PDFHM)16 film shows obvious 

higher hydrophobicity. Therefore, ap-POSS-PMMA-b-PDFHM film gains higher water absorption 

and viscoelasticity than POSS-(PMMA-b-PDFHM)16 film.  

 

KEYWORDS：16-arm and single-arm; POSS-based fluoracrylate diblock copolymers; Core/shell 

micelles; Self-assembled film; Surface wetability and viscoelasticity.  
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Fig.1 Synthesis of POSS-(PMMA-b-PDFHM)16 and ap-POSS-PMMA-b-PDFHM 

       

 

 

Fig.2 The self-assemblyed micelles, the film surface, the Surface wetability and viscoelasticity of the 

self-assembled films by POSS-(PMMA-b-PDFHM)16 (left) and ap-POSS-PMMA-b-PDFHM (right)  
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Abstract 

This work presents the preparation process of two batches of poli(trimetylene terephthalate) 

nanocomposites. Both synthesized by means of in situ polymerization with an addition of 

graphene nanoplatelets. The nanoplatelets used were 50μm (EG50) and 500μm (EG500) and a 

comparison of the influence of their size on processing, physicochemical properties,  

morphology and, most importantly, electrical conductivity and barrier properties of thin 

polymer films has been performed. It has been also confirmed that polymer films were 

amorphous, since crystallinity affects both barrier and electrical properties (Fig.1). 

 

Fig. 1 Wide angle X-ray scattering patterns of PTT based  nanocomposites with the same concentration of 

nanofillers (0.5 wt %) submitted to both EG50 and EG500.  

It was clearly found that smaller platelets i.e. EG50 enabled to obtain conductive thin polymer 

films with a nanoplatelet content of 0.3-0.5% wt. However, PTT/0.5EG500 nanocomposite 

proved to be non-conductive (Fig.2).  
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Fig. 1 Broad band electrical conductivity, σ (F) as a function of frequency, F, for nanocomposites 

prepared by in situ polymerization with different fillers: (A) PTT/EG 50, (B) PTT with the same 

concentration (0.5wt.%) of EG50 and EG500.  

At the same time smaller graphene platelets demonstrated a more uniform distribution in the 

PTT matrix, which was confirmed by means of Scanning Electron Microscopy (SEM) and 

Transmission Electron Microscopy (TEM), thus giving the samples in question barrier 

properties in respect to CO2 and O2. Moreover, it has been shown that both EG50 as well as 

EG500 did not have a significant influence on the phase transition temperatures (Tg, Tc, Tm) 

and on the long period (L).  They caused however a slight decrease of crystallinity which is an 

evidence of an anti-nucleating character of those nanoparticles in the PTT matrix.  
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Magnesium has excellent properties, such as low density, high specific strength, and good 

damping capacity. Because of these properties, magnesium has been attracted a lot of interest in 

various industrial parts. It was well-known that magnesium alloys have a good damping capacity 

compared to the other alloys [1]. Also, the damping properties of metals are generally recognized 

to be dependent on microstructural factors such as grain size and texture. However, there are 

very few studies on the relationship between the damping ability and texture of Mg alloys. 

Therefore, in this study, the AZ31 magnesium alloy which was carried out by heat treatment was 

experimentally investigated about the relationship between the texture and damping capacity. For 

damping test and texture measurement, specimens was machined out from commercial AZ31 

magnesium alloy and hot-rolling and heat treatment was carried out. The damping capasity test 

was measured with a flexural internal friction measurement machine at room temperature. 

Texture measurement was carried out on the compression planes by the Schulz reflection method 

and EBSD measurement. It was found that the accumulation of pole density at center decreases 

with an increase of heat treatment temperature and time. Also, damping capacity increases.  

Keywords: Magnesium, damping capacity, texture, high-temperature deformation 

[1] Sugimoto, K., Matsui, K., Okamoto, T. and Kishitake, K., 1975. JIM, 16, 647-655. 
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Fabrication of macroscopic assemblies of carbon nanotubes (CNTs) is critical to realizing these 

materials in new practical applications. Among CNT assemblies, nanotube foams and aerogels 

have gained increased attention in recent years due to their applications in energy absorption 

materials, filtration and separation, sensors, supercapacitors and batteries. Despite this increased 

interest in porous, low-density CNT structures, there are only a few fabrication routes proposed 

for these materials. In this work we introduce a new approach for fabrication of CNT foams by 

stacking aligned sheets of CNTs, continuously drawn from spinnable nanotube arrays, and 

further infiltration of the stacked ribbon assembly with pyrolytic carbon (PyC). Although the 

idea of dry, continuous drawing of CNTs for production of yarns, fibers and aligned sheets has 

been studied before, no study has ever reported synthesis of CNT foam structures by dry 

spinning of nanotubes.  

Microscopy characterizations showed that PyC deposition coated the junctions between 

nanotubes, while increasing surface roughness of CNTs. These morphological changes helped to 

explain the transition from non-elastic behavior to foam-like recovery. Complete shape and 

structural recovery of the foams was observed after 100 cycles of compression testing at 90% 

strain. Dynamic Mechanical Analysis showed no degradation in compressive mechanical 

properties over the large temperature range of -100 to 300 
o
C. 

Alignment of the nanotubes resulted in anisotropic mechanical and thermal behavior of the 

foams. The properties of these anisotropic carbon nanotube/carbon (ACNT/C) foams could be 

tuned for specific applications through altering the PyC coating duration. Samples with longer 

PyC coating duration exhibited much greater compressive strength and energy absorption while 
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having lower thermal diffusivity. Furthermore, the dependence of electrical resistance of the 

foams to applied pressure was investigated in situ for compressive strains up to ~ 90%. Results 

showed that electrical resistance of ACNT/C foams has stable, linear dependency to applied 

compressive strain, making these foams acceptable for use as pressure sensors. 

 

Keywords:  Carbon nanotube, foam, anisotropic, tunable, multi-functional 
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The functionalization of DNA with modified bases that interact with metal ions has potential 

applications in nanoelectronics and molecular materials.[1] This poster describes the site specific 

incorporation of 2-deoxy-6-thioguanosine (tG) bases into a self-complementary oligonucleotide 

sequence, d(T6tG4A6), via solid phase DNA synthesis. Modifications to DNA are routinely 

achieved by the use of commercially available modified-phosphoramidites,[2] or via an additional 

step after oligonucleotide synthesis.[3] We describe here, a method allowing the conversion of 

guanine (G) to thio-guanine (tG), during mid-synthesis of the oligonucleotide. The tG bases are 

able to act as multiple metal binding sites, through the N(7) and S(6) positions, and specifically 

coordinate to Cd2+ forming interstrand S-Cd-N bridges between adjacent nucleobases. The 

binding of Cd2+ ions was investigated to assess the ability of the DNA to assemble 1D 

nanomaterials and the resulting effects on the structure of the double helix.  

Keywords: modified nucleobases, nanoelectronic materials, metal-mediated base pairing 

[1]	   TANAKA, K., TENGIEGIi. A., KATO, T., TOYAMA, N., SHIONOYA, M. (2003). A 

Discrete Self-Assembled Metal Array in Artificial DNA. Science, 299, 1212-1213. 
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review of their synthesis and properties. Bioconjugate Chem., 1, 165-187. 
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Functionally Graded Materials (FGM) are advanced materials, whose properties 

change continuously in a specified direction. These materials combine desirable 

features of their constituent phases; for instance, high temperature resistance typical 

of ceramics with mechanical strength of metals. Usually, graded structures (based on 

FGM concept) are designed considering trial and error techniques or their topologies 

are optimized by using a-priori gradation functions. However, the performance of 

these structures change according to gradation function considered. Accordingly, it is 

a very important issue to find the optimal gradation law for achieving specific 

performances. This work is focused on finding the optimal gradation function of 

mechanical structures by using the topology optimization method (TOM). The TOM 

combines optimization algorithms with the Finite Element Method (FEM) in order to 

maximize a user-defined objective function. For exemplifying the proposed 

methodology, the optimal gradation function of a structure is found, which maximizes 

their resonance frequency while the properties are graded from Cooper to Nickel. 

Several relevant aspects are treated for achieving goals, which includes: (i) the 

Graded Finite Element Concept; (ii) the Continuous Approximation of Material 

Distribution (CAMD); (iii) the Material Projection technique; and (iv) the Modal 

Assurance Criterion. An example is presented to illustrate the method. 

 

Keywords: Functionally Graded Materials, Topology Optimization Method, Material 

Gradation Function, Cu-Ni. 
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ABSTRACT 

The microstructures and mechanical properties of the Cu-Al-Ni shape memory alloys (SMA) 

with addition of different quarternary element, namely, Fe, Mn, Ti, and Co were studied. The 

microstructure variations were characterized and analyzed by means of optical microscopy, field 

emission electron microscopy, and x-ray diffraction. It was found that the morphology of Cu-Al-

Ni SMA changes in terms of martensite phase shape, volume fraction, and distribution associated 

with the existence of different types of precipitates formed with the addition of the fourth 

element. Meanwhile, the mechanical properties were investigated using Vickers hardness and 

shape memory effect test. A large hysteresis and shape recovery were obtained with the addition 

of the fourth element, especially with cobalt, which has recovered 100 % of the original shape 

after heating at 300
o
C which was mainly attributed to the presence of high volume fraction of γ2 

phase. An increase in fracture strain and ductility were obtained with the Fe addition, which was 

attributed to presence of α martensite. The evolution of the transformation temperatures of the 

alloys was studied by differential scanning calorimetry. It was found that the transformation 

temperatures and the thermodynamic parameters were slightly varied due to the addition of the 

alloying element. These changes were mainly linked to the variations of the structure, 

morphology, and existence of the precipitates that were generated after the addition of the fourth 

alloying elements. The main advantage of this work is to enhance the properties of Cu-based 

SMAs and thus reduce its limitation for engineering applications.   
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The low bone mass and altered bone microarchitecture of osteoporotic fracture patients gives 

a high risk of delayed fracture healing and bone non-union. In the aging population of the 

western world of today, this is an increasing problem now and in the future, and a motivation 

to intense research in the field of regulation of bone mass. 

Magnesium and its alloys have been proposed as a novel class of highly bone-active and 

biodegradeable materials. That is, these materials are supposed to temporarily aid the healing 

process of a diseased tissue and then progressively disappear after a certain time of function. 

The use of MgO-paste as bone cement was tested on titanium cylinders implanted into rat 

tibia. The primary evaluation of the effect was made with the retention force (pull-out) test. 

Preimplantation of the MgO-paste into drill perforations of rat tibia increased the retention of 

the titanium implant 6-fold. The force was normalized to the bone-covered area of the 

cylinder (N/mm
2
). The error was expressed as the 95% confidence interval of means (n=10 

bones in each group). The observed difference between 3.46+/-0.71 N/mm
2
 for Ti-cylinders 

implanted with MgO-paste and 0.56+/-0.26 N/mm
2
 for Ti-cylinders implanted directly into 

the bone, is statistically significant (p<0.01).  

The effect of implanted MgO on bone healing was analysed by SEM/EDX and light 

microscopy. The results suggest that the increase of retention force, caused by MgO is due to 

an increased thickness of the compact cortical bone and compact bone surrounding the 

implant, due to anabolic formation of compact bone in the advanced phases of bone 

remodeling. The EDX analysis indicates that the Mg is resorbed from the bone marrow cavity 

within 2 weeks of healing and taken up into the bone mineral phase.  

The advancement of MgO compared to previous materials used as bone cements is the rapid 

adsorption from the bone marrow cavity into bone mineral and its anabolic effect on bone 

tissue resulting in higher bone mass of compact bone. 

Keywords: Bone formation, bone cement, Magnesium, bone healing, osteoporosis 
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When composite structures subjected to thermo-mechanical loads undergo large 

localized deformations, reinforcements can adversely affect their failure properties, e.g., 

durability and fracture toughness. Cracks may nucleate at or near the particle-matrix 

interface. Such detrimental behavior has spurred critical examination of the mechanical 

properties and deformation characteristic of inclusions, resulting in a number of models 

emphasizing failure mechanisms. Until now, we have not been aware of any reports on 

numerical results of multi-polygonal inclusions for thermo-mechanical loads in the literatures. In this 

paper, a new ad hoc finite element method based on the numerical eigenanalysis 

technique is developed to investigate stress intensity factors around the inclusion corners 

of double periodic rectangular inclusions in 0-3 and 1-3 composites. The effects of 

inclusion spacings, material mismatches, temperature changes and thermal expansion 

mismatches on the field intensity factors are discussed in detail. The research results will 

be useful for the life prediction of 0-3 and 1-3 composites subjected to thermo-

mechanical loads and the design of composite materials. 

Keywords: Sharp inclusion, thermo-mechanical stress, corner apex element, unit cell 
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The interaction between superconductor and ferromagnetic ultrathin layers prepared by 

pulsed laser deposition on LaAlO3 substrate was studied in YBa2Cu3O6+d/La2/3Ca1/3MnO3 

superlattices. The superconductor and ferromagnetic layers have (YBCO-20nm/LCMO-

20nm)x20 architecture and were separated by a layer of insulator having a variety of 

thicknesses. A few insulators (SrTiO3, CeO2 and others) were tested in order to 

investigate the tuning of the overall superlattice property. The coexistence of both 

ferromagnetism and superconductivity was observed for most of the samples using zero 

field and field cooling measurements. The critical and Curie temperatures showed to be 

dependent of the insulator thickness, but in different ways for each type of insulator. 

Surface and cross section micrographs showed distinct interfaces and in a few cases 

evidenced lattice mismatch, which may be responsible for unexpected phenomena 

observed in magnetic and electrical measurements. MPMS equipment was used to obtain 

curves of resistance as a function of temperature with applied and no applied magnetic 

field and for different insulating layers and for a much defined thickness colossal 

magnetoresistance was observed. No specific tendency was observed for growing 

insulators thicknesses until 16 nm thick. The critical temperatures as well as the magneto 

phenomena were observed for the resistivity, below critical temperature, depending on 

the chosen lattice architectures. 

Keywords: High temperature Superconductor; YBCO-LCMO Superlattice; YBCO-LCMO 

interaction; Superconductor-Ferromagnetic proximity. 
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Mesoporous structured organo-silica materials are known for their adsorption capacities since 

the 90’s. Indeed, researches are continuously evolving on novel adsorbents with a perfect 

selectivity, a fast uptake process, and a high chemical resistance to a targeted compound such 

as heavy metals or organic pollutants[1]. Then,  in a context of an important growth of 

energetic demand in the next decades, recent works have shown                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

that silica hybrid material could be attractive for the recovery of uranium from acidic 

solutions[2] to be used as nuclear fuel. . Hybrid materials couple inorganic and organic 

properties with a very large specific surface areas, tuneable pore sizes and specific reactivity. 

Tailoring of silica mesoporous materials is based on a soft way: hydrolyse and condensation of 

an inorganic precursor occurs around surfactant that acts as a structuration template. Then 

calcination leads to a silica mesoporous material with a narrow pore size distribution. By post-

grafting method, the surface could be functionalized by complexing compounds leading to 

precise applications[3].  

In our case, we design hybrid materials to extract selectively uranium from acidic solution. In 

order to achieve this goal, it is necessary to choose organic ligands showing a higher affinity to 

uranyl ions than counterions (phosphate, sulphate). The combinations of amido and 

phosphonate groups are well known for their affinity with actinides. We adapt this result to 

design a tridentate ligand. Materials are characterized by CP-MAS NMR (
29

Si, 
13

C, 
31

P), small-

angle X-ray scattering (SAXS), adsorption of nitrogen (BET, BJH methods), TGA and 

elementary analyses. 

Synthetic effluents have been treated in order to demonstrate the selective extraction of 

uranium with these hybrid materials. Results show clearly an efficient extraction capacity, and 

it has been proved that iron in solution does not affect uranium extraction. Also, uranium 

stripping was broached by sulphuric acid solution (3M). Results show a recovery up to 90% of 
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the uranium previously uptakes. Finally, these hybrid materials could be attractive in a near 

future for this application.                   

Keywords: Hybrid mesoporous silica, Uranium, Extraction, acid solutions. 

[1] A. Walcarius et al, Mesoporous organosilica adsorbents: nanoengineered materials 

for removal of organic and inorganic pollutants. Journal of Materials Chemistry, 2010. 

20(22): p. 4478. 

[2] A. Charlot et al., From phosphate rocks to uranium raw materials: hybrid materials 
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Angew Chem Int Ed Engl, 2006. 45(20): p. 3216-51. 

 

AFM2015 - Jun 29 to Jul 3

Symposia 1: Advances in Multifunctional Composite Materials

Advances in Functional Materials

80



A chiral copper(II) complex: Synthesis, crystal structure, ferroelectric 

and magnetic properties 

Guang-Xiang Liu
1,2

, Xiao-Feng Wang
1
, Hong Zhou

1
  

1
 School of Chemistry and Environmental Engineering, Nanjing Xiaozhuang University, 

Nanjing 211171, P. R. China 

2
 State Key Laboratory of Coordination Chemistry, School of Chemistry and Chemical 

Engineering, Nanjing University, Nanjing 210093, P. R. China 

E Mail: njuliugx@126.com; zhouhong@njxzc.edu.cn 

The reaction of phenyl 2-pyridyl ketoxime (PhPyCNOH) with Cu(NO3)2·3H2O in 

methanol results in the chiral trinuclear complex [Cu3(OH)(PhPyCNO)3(NO3) 

(CH3OH)]·(NO3) (1), which has been characterized by elemental analysis, IR spectra and 

single-crystal X-ray diffraction. The structure of 1 exhibits a triangle of Cu(II) ions, 

centered by a triply bridging hydroxo ligand and with three edge-bridging oximate groups 

from the three PhPyCNO
-
 ions. Preliminary variable-temperature magnetic susceptibility 

studies reveal an antiferromagnetically-coupled system showing antisymmetric exchange. 

Complex 1 crystallizes in an acentric space group (P21) which belongs to a polar point 

group, which displays second harmonic generation response and ferroelectric behavior. 

Moreover, complex 1 exhibits interesting magnetic features and the antisymmetric 

exchange interaction has to be taken into account to describe the magnetic behavior of the 

cluster properly. A full magnetic analysis of 1 is in progress. 

 
 

Figure 1. Electric hysteresis loops for a Figure 2. Plots of MT and M as a function of T of 
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pellet obtained from a powdered sample of 

1. 

complex 1. Solid line above the experimental data 

is the theoretical curve derived from the 

Hamiltonian. 

Keywords: Oxime complex, crystal structure, ferroelectric properties, magnetic properties 
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     New metal-mesogenic nanosystems based on mesogenic derivatives of cholesterol and 

its heteroatomic analog thiocholesterol including nanosized silver particles of d=5,0±0,5 

nm and d=2,5±0,5 nm, correspondingly, have been obtained by two-phase chemical 

synthesis. Ordered 1D-, 2D- and 3D-structures including silver nanoparticles were 

formed on different support surfaces by removing of inert solvent from triple 

metal/ligand/solvent system and by cooling of binary metal/ligand system from isotropic 

state to liquid crystalline mesophase [1]. The microstructure and composition of the 

hybrid nanosystems were characterized by FTIR, UV-Vis spectroscopy and transmission 

electron microscopy (TEM). Supramolecular organization of the ligand molecules allows 

us to use the obtained nanoparticles for self-assembling in binary superlattices and for the 

formation of ordered 1D-, 2D-, and 3D nanostructures. The optical properties of 

nanosystems obtained belong to the plasmon absorption of individual silver nanoparticles 

and possess modified plasmonic bands of hybrid nanostructures of naanoparticle 

superlattices. Integrating of silver nanoparticles of exact size and shape and of their 

aggregates of definite morphology with biological molecules and blocks opens new 

perspectives for obtaining of new biocompactable instruments for imaging and sensing of 

biological objects in living organisms and targeted medical therapy.. The work is 

financially supported by RFBR grant 2013-03-00792 a/ 

Keywords: Metal-mesogenic nanosystems, metal nanoparticles, hybrid nanomaterials, optical 

properties 
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Abstract 

Osteoarthritis (OA) is a disease which is characterized by joint pain, swelling and 

stiffness due to wear and tear of articular cartilage and has limited self repair capacity due to 

its avascular and aneural nature. Nanotherapeutics use nanomaterials for various biomedical 

applications such as drug delivery, diagnostics and biosensors. This work focuses on the use 

of gold nanoparticles for enhancing the delivery of chondroitin sulphate (CS)-a drug used in 

the treatment of Osteoarthritis (OA). CS has already shown many benefits in treating 

osteoarthritis. Gold nanoparticles were synthesized and combined with CS. Gold 

nanoparticles were characterized by Transmission electron microscopy (TEM), XRD 

analysis.   Further invitro analyses of this combination of Gold nanoparticles with CS (AuNp-

CS) on primary goat chondrocytes were done by various assays like MTT, Hoescht staining, 

Glycosaminoglycan and collagen studies. Cell viability studies by MTT revealed that Gold 

nanoparticles –CS (AuNp-CS) stimulated cell proliferation. There was increase in cell 

viability observed by Gold nanoparticles-CS than Native CS at same concentration. Similar 

Results were also observed with GAG and Collagen assay. There was 2.18 and 2.05 fold 

increase observed in GAG and collagen production when gold nanoparticles–CS (AuNp-CS) 

was added in combination than native CS. So this study shows that this combination of gold 

nanoparticles-CS stimulates chondrocyte proliferation and enhances Extracellular matrix 

production (ECM). Thus giving us the insight for the applicability of gold nanoparticles as a 

carrier for osteoarthritic drug CS which can hold potential for treatment of disease.  
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The main aim of this paper is to compare the transients of characteristics - of the 

mechatronic system - obtained by exact and approximate methods. At first the torsionally 

or longitudinally vibrating  mechanical subsystems are considered. The mechatronic 

system composed from many continuous mechanical and discrete-continuous 

mechatronic subsystems having the same length and variable cross section, loaded by the 

focused moment was analysed. The main subject of deliberation was to determine the 

flexibility of the mechanical system with constant cross section using the exact and 

approximate methods. Next the comparison method and the correction of approximate 

method were made. Analysing the diagrams of characteristics of confirmed system it has 

been determined that in case of approximate method the resonance frequencies cover 

with those which have been determined with exact method. However the values of the 

characteristic in other areas are different. Therefore there is the mistake of approximate 

method, which in case of studying the single system does not have any influence because 

in resonance areas the characteristic values of the system approach to the infinity. 

However the difference between values of flexibility within two methods has the great 

influence on the result of complex systems. The characteristic of the elementary 

subsystems using the exact and approximate methods has been determined according to 

accepted frequencies and the correction coefficient. The frequencies were chosen from 

the spectrum in which the synthesis of complex systems will be conducted. It was very 

important that the difference of flexibility values in the spectrum was minimal. The 

coefficient of the correction has been determined according to the flexibility values of 

chosen points and it is equal to quotient of flexibility calculated using the exact method 

across the flexibility delivered by using the approximate method. After determination the 

correction coefficient the medium value has been calculated which has been afterwards 

considered in dynamic characteristics correlation. The problems presented in this paper is 

the introduction to the synthesis of torsionally or longitudinally vibrating mechatronic 

systems with assume frequency spectrum.  

Keywords: Analysis, Modeling, Approximate and exact methods, Vibrating shafts, Piezoelectric 
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SnO2@graphene nanocomposite as an advanced anode materials for 

Lithium-ion batteries 
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In recent years, lithium-ion batteries (LIBs) have been extensively applied as an important 

energy-storage device because of their well-known advantages. Very recently, many metal oxides 

have widely investigated as the high-capacity anode material for LIBs, such as Co3O4, TiO2, and 

SnO2, etc. Among these materials, SnO2 is considered as one of the most promising candicate 

due to its abundance, safe lithiation potential and high theoretical capacity (780 mAhg-1). 

However, its practical application is still hindered by fast capacity fading and poor rate capability 

owing to the low conductivity and large volume change in the lithiation-delithiation process. To 

solve the problem, one effective way is the construction of the SnO2@carbon nanocomposties, 

for example, graphene with the large surface area, excellent charge carrier and good mechanical 

properties is a very attractive carbon nanomaterial. Herein, we demonstrate a one-step and in-situ 

chemical route for synthesis of SnO2@graphene nanocomposite starting from SnCl2•2H2O and 

graphene as the raw materials with the assistance of cetyltrimethylammoniumbromide (CTAB). 

The products were characterized by SEM, TEM, XRD, and BET techniques. The resulting 

SnO2@graphene showed uniform morphology and high surface area. Moreover, the SnO2 

nanoparticles were homogeneously anchored onto the surface of graphene nanosheets. 

Additionally, the particle sizes of SnO2 nanoparticles were readily adjusted by varying the 

reaction temperature. More importantly, the nanocomposite exhibited an extremely high storage 

capability and a good retention capacity. After 20th cycle, the discharge capacities are still kept 

as high as 1176 mAhg-1. The excellent electrochemical performance was mainly attributed to the 
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conducting, buffering and protective effects of graphene nanosheets on the SnO2 nanoparticles, 

as well as the uniform morphology and high specific surface area. We believe that the materials 

prepared will have more potential applications in various fields, including the dye-sensitized 

solar cell, sensor, and optical devices. 

Keywords: SnO2@graphene, nanocomposite, In-situ hydrothermal synthesis, Lithium-ion batteries 

[1] ZHANG, H., XU, P., DU, G., CHEN, Z., OH, K., PAN, D. & JIAO, Z. 2011. A facile 

one-step synthesis of TiO2/graphene composites for photodegradation of methyl orange. Nano 

Research, 4, 274-283. 

[2] ZHANG, H., XU, P., NI, Y., GENG, H., ZHENG, G., DONG, B. & JIAO, Z. 2014. In situ 

chemical synthesis of SnO2/reduced graphene oxide nanocomposites as anode materials for 

lithium-ion batteries. Journal of Materials Research, 29, 617-624. 
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ABSTRACT 

Zinc Oxide is an extensively studied group II-VI Semiconductor with optical properties that 

permits stable emission at room temperature having immense application in sensors, field 

emission and photonic devices. It exhibits a wide variety of morphologies in the nano regime. 
XRD, FTIR, EDAX and TEM spectra have been used for characterizing the rare earth element 

Erbium doped Zinc oxide nanomaterial. The percentage of doping material is confirmed from the 

EDAX spectrum. The XRD results indicated that the particle size of nano ZnO: Er is much small 

as compared to that of pure ZnO and decreases with the Erbium loading. XRD has shown that as 

temperature increases, particle size also increases. The UV Absorption spectra showed blue shift 

towards 208 nm due to doping with Er. The peak position of the absorption spectra is shifted 

towards the lower wavelength side or blue-shifted relative to undoped ZnO. The band gap energy 

of Er-doped ZnO nanoparticles at 120 and 200
o
C are determined using Tauc plot and found to be 

in the range 3.321 eV. It was found that energy band gap Eg increases with doping of Er. As 

temperature increases the band gap energy decreases. Doping of Er changed the free carrier 

concentration in the ZnO nanoparticles. The Photo-Luminescence study was carried out on this 

material and observed longer wavelength shift for emission peaks on calcination. The analysis of 

optical properties shows that ZnO: Er is a promising material and has potential application in 

optoelectronic devices. 

Key words: A: Semiconductor, Nanomaterial, Doping, Optical properties, 

PACS: 81.05 Dz; 61.46+w;  61.72.Vv; 43.35.Bf 
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Nowadays, the metal sulfides are attractive electrode 

materials for lithium-ion battery because of their high 

capacity and energy density. However, to the best of our 

knowledge, there are no reports about the electrochemical 

study of CuFeS2 as anode material in Li ion battery 

fields.
[1]

 As a new class of electrode material, CuFeS2 has 

a high theoretical capacity (the specific capacity is 587 

mAh/g and the specific energy is 881 Wh/kg) and a good 

electrical conductivity (10
3
 S/cm at 100 K) 

[1]
. 

This paper firstly reports the study of CuFeS2 spike-

like nanorods as a promising anode material for lithium 

ion batteries. When being evaluated as an anode material 

in traditional carbonate-based (EC/ DEC/ DMC) and 

ether-based (DOL/ DME) electrolytes, we find that the 

type of the electrolytes is the key factor contributes to the 

electrochemical performance. It shows the 

electrochemical reversibility is much better in ether-based 

electrolyte and an outstanding rate capability can be 

obtained at a high rate of 10 C. 

SEM structural study of the prepared CuFeS2 is 

shown in Fig. 1. From the figure, we can see all the 

CuFeS2 nanorods are spike-like and are composed of 

micron-size secondary particles stacked with nanometer-

size primary particles, which is optimal for practical 

usage as electrode materials. From Fig. 1c-d, it could be 

observed that the Cu, Fe and S elements are uniformly 

distributed. 

The XRD patterns of the CuFeS2 powders are shown 

in Fig. 1g with good crystallization. All diffraction peaks 

in the synthetic sample can be indexed to the CuFeS2 

standard card (PDF card No.065-1573) except the two 

little peaks (31.9°, 33.1°) which are ascribed to CuS (PDF 

card No.065-3931). 

Fig. 2a-2b shows the cycling performance of the 

Li/CuFeS2 cells at the current rate of 0.2 C. In Fig. 3a, the 

dramatic capacity decay is observed and the capacity 

retention is 10.1% after 50 cycles (as shown in Table S2). 

However, although a slight decay in capacity occurs upon 

the cells cycling in the DOL/DME electrolyte, no sign of 

severe capacity failure is found. The capacity retention is 

63.0% after 50 cycles. 

  Fig. 2c-2d shows the cycling stability and 

corresponding charge-discharge curves of the Li/CuFeS2 

cell from 0.2 C to 10 C rate (1C = 587mA/g). As seen, the 

discharge capacity of the first cycle at 0.2 C is 585.3 

mAh/g. With cycling, the discharge capacities at the 

current rates of 0.5 C, 1C, 2C, 5C and 10 C are about 415, 

380, 320, 260 and 190 mAh/g, respectively, suggesting 

the rate performance is good. 

In summary, the CuFeS2 spike-like nanorods were 

successfully prepared by a simple hydrothermal method 

and were firstly used as an anode material in LIBs. In 

traditional carbonate electrolytes (EC/DEC/DMC), the 

capacity of the spike-like nanorod CuFeS2 electrode fades 

quickly, but shows a much better electrochemical 

performance in the ether-based electrolytes (DOL/DME). 

The capacity retention cycling in EC/DEC/DMC at 0.2 C 

is 10.1% after 50 cycles, while the other is 63.0% at the 

same condition. And the discharge specific capacity still 

remains about 190 mAh/g at 10 C. Thus, we believe that 

such a facile hydrothermal method could be applied in a 

wide range of fields and the binary metal sulfide CuFeS2 

could be promising anode materials for high-rate lithium 

batteries. 
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 Fig. 1 SEM images of the synthetic CuFeS2 (a, b) and elemental 
mapping of Cu(c), Fe(d), S(e) & superposed one (f), (g) XRD pattern of 

synthetic CuFeS2 compared with the corresponding standard material 
card. 

 
Fig. 2 The cycling performance of Li/CuFeS2 cells performed in: a) 

EC/DEC/DMC. b) DOL/DME current rate of 0.2 C in the voltage range 

of 1-3 V and (c) rate capabilities and (d) voltage profiles of CuFeS2 at 
various current rates from 0.2 C to 10 C. 
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Optical silicones with quantum dots for sustainable lighting 
 

Huanhuan Feng & Joris Sprakel 

Responsive Colloidal Systems Group, Laboratory of Physical Chemistry and Colloid Science, Wageningen 

University 

 

New LED lighting solutions require integration of optical elements for spectral conversion, light diffusion 

and focussing. Under the harsh conditions to which these elements are exposed in close proximity to the 

LED module, most polymer materials exhibit rapid degradation, mechanical failure and discoloration; 

thereby limiting the life time of the LED-based lighting product. Silicones prove to be promising 

candidates being able to withstand the high light fluxes and temperature for hundreds of thousands of 

hours.  

Their efficient application as optical elements requires incorporation of light emitting elements, for 

spectral conversion, and of high refractive index particles for refractive index tuning. In both cases 

however, particles, up to large volume fractions, need to be homogeneously dispersed throughout the 

silicone matrix, to maintain optical transparency.  

In this presentation we highlight our recent work in exploring new pathways to create these optical 

silicones, using a combination of theoretical calculations and experiments. We theoretically predict the 

stability and instability of surface functionalised nanoparticles, using self-consistent field theory, to 

establish design rules for creating homogeneous composites of quantum dots and silicones. We then use 

these design rules to synthesize, coat and surface functionalise quantum dots using simple, yet effective, 

novel methods and show how this can be effectively used to achieve the desired materials.  

 

      

Figure1. The QDs dispersed in silicone with different polymer chain length  

 

Figure2. The protocol of aqueous QDs’ silica coating 
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This paper concerns with the adsorption of bisphenol-A (BPA) by modified zeolites which were 

prepared using an orthogonal experimental design. The preparation process was optimized by the 

defined conditions, i.e., that 10% of cetyltrimethyl ammonium bromide was used as the optimal 

modifier and processing time and temperature were 36 h and 25
0
C, respectively. The adsorption 

equilibrium of BPA onto the modified zeolite fits the Freundlich isotherm with a high correlation 

coefficient 0.996 and was defined by a second-order rate constant (Kv) of 1.07 g/mg
 
h. Furthermore, 

the effects of solution chemical properties on the adsorption of BPA by modified zeolites were 

examined. The result reveals that the best adsorption temperature was 25
o
C, and the optimal pH 

ranged from 5.0 to 10.0. In addition, the adsorption capacity of BPA increased with concentrations of 

HCO3
-
 and decreased with increasing in concentrations of NO3

-
, OH

-
, and Al

3+
 in the test solution. 

Characterization of zeolite. Chemical compositions and BET surface areas of natural zeolite (PZ) 

and CTAB modified zeolite (CTABZ) are summarized in Table 1. The inorganic elemental 

composition of PZ and CTABZ are listed in Table 2. The content of carbon and nitrogen containing 

groups on the surfaces of CTABZ was higher than that of PZ, reflecting that the modifier, CTAB, 

which consists of C, H, N and Br, was attached onto the surface of zeolite. Therefore, after 

modifying, the content of Br element was increase from 0 to 0.94 % (Table 2), and the surface area 

was reduced from 16.39 to 9.78 m
2
 g

-1
 as shown in Table 1, since CTAB occupies a part of zeolite’s 

surface  

Table 1. Surface organic elemental composition and surface areas of PZ and CTABZ 

Adsorbents 
Surface elemental composition Surface area 

(m
2
 g

-1
) C (%) O (%) N (%) 

PZ 10.49 89.51 0.00 16.39 

CTABZ 46.06 51.67 2.27 9.78 

 

Table 2. Inorganic elemental composition of PZ and CTABZ 

Adsorbents 
Elemental composition (%) 

Si Al Na Ca K Br Fe Mg 

PZ 35.54 7.58 2.46 1.77 1.61 0 0.58 0.41 

CTABZ 35.23 7.75 2.00 1.72 1.58 0.94 0.58 0.49 
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Adsorption kinetics and isotherms. The process of adsorption of BPA onto CTABZ could be 

divided into three stages. As shown in Figure 1, the first stage was identified by a fast intake of BPA 

in the initial 30 minutes of the reaction (Table 3), which was followed by a second stage of a sluggish 

approach to equilibrium lasting approximately 210 min, and a final stage characterized by a slight 

inversion approximately after 240 minutes of contact. Sorption data were fitted well to the pseudo 

second-order kinetic model described. A suitable fitness between calculated and experimental data 

indicated that the sorption of BPA by CTABZ follows the pseudo-second-order reaction kinetics (R
2
 

= 0.996) with a rate constant of (Kv) of 1.07 g mg
-1

 h
-1

 (Table 4). The pseudo second-order kinetic 

model can thus be described by Equation 3, where qt is the amount adsorbed at given time, 

2)46.22(07.1d tt qq               [3] 

Equilibrium adsorptions of BPA by CTABZ were analyzed by the Langmuir and Freundlich 

models (Table 4). The Langmuir isotherm showed a deviation from linearity (R
2
= 0.9626). The 

Freundlich isotherm gave a good fit (R
2
= 0.9956). The Freundlich isotherm can thus be described by 

Equation 4 where Ceq is the concentration of adsorbate at equilibrium in the liquid phase, Qm is the 

corresponding amount of adsorbate in the solid phase, and two coefficients, Kf and n, have been 

established.      
19.0

m 47.16 eqCQ            [4] 

 

Table 3. Kinetics of adsorption between 0-30 minutes   

t(min) 1.00  3.00  5.00  10.00  20.00  30.00  

q(mg g
-1

) 17.81 19.13 19.62 19.88 20.73 21.01 

 

Table 4. Adsorption models parameters of BPA by CTABZ 

Pseudo-Second-order kinetic Langmuir isotherm Freundlich isotherm 

Kv 

(g mg
-1

 h
-1

) 
qe R

2
 

Qm 

(mg g
-1

) 

b 

(L g
-1

) 
R

2
 Kf 1/n R

2
 

1.07 22.46 0.999 37.85 0.65 0.963 16.47 0.19 0.996 

 

The effect of solution chemical properties on BPA adsorption by modified zeolite. The effects of 

solution chemical properties on the adsorption of BPA onto CTABZ were examined and discussed 

below. Batch adsorption experiments were carried 4h at 150 rpm and given temperatures (e.g., 25 
o
C).  

Initial BPA concentration. The sorption of BPA onto CTABZ was investigated for the initial 

concentrations from 50 to 200 mg L
-1

 at various temperatures as shown in Figure 2. The adsorption 

capacity of BPA increased from 4.88 to 40.72 mg L
-1

 with increasing the initial concentration from 

50 to 200 mg L
-1

. Higher BPA initial concentration provided the power to overcome the resistance to 

mass transfer from water phase to solid surface, and also had effects on the efficiency and ability of 

sorption. Generally, increase in the initial concentrations would elevate the adsorption capacity until 

a critical initial concentration reaches when adsorbate is quickly saturated in the surface and inter 

layer of the zeolite. 
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Temperature. The adsorption of BPA onto CTABZ was investigated at temperature of 25, 35, 45 and 

55
 o

C. The results of sorption isotherms were illustrated in Figure 2. The results showed that 

adsorption capacity of BPA at 25
 o
C was the largest, and increasing in temperature slightly decreased 

the adsorption capacity. This can be attributed to the exothermic sorption mechanism; that the 

adsorption capacity of BPA by surfactant-modified zeolite and activated carbon was diminished with 

increasing in solution temperatures.
 
Thus, further studies were conducted at temperature of 25

 o
C.  

 

Solution pH. The effect of solution pH on the adsorption of BPA onto CTABZ was investigated at 

the pH range from 2.0 to 11.0. Results shown in Figure 3 indicated that adsorption efficiency of BPA 

onto the CTABZ was good, and the adsorption capacity increased with increasing in solution pH 

ranging from 3-10. However, when solution pH was greater than 10.0, the adsorption capacity 

decreased. The phenomena can be interpreted based on the concept of first and second deprotonation 

equilibriums of BPA, which were occurred at pH 9.6 and pH 11.3, respectively. When solution pH 

was less than 10, the BPA was dissociated to form H
+
 and BPA anions which will be easily bonded 

by the cationic modified CTABZ via the charge neutralisation and thus the adsorption efficiency of 

BPA on CTABZ increased in raising solution pH. While pH was greater than 10, major compound of 

BPA was to be anions and this increased the solubility of BPA and thus leading to the decrease in 

adsorption efficiency of BPA by CTABZ. It is observed that the relative low adsorption capacity of 

BPA was observed when solution pH was less than 5 (Figure 3). Lower pH solutions (higher H
+
 

concentration) intend to exchange cationic ions of the modifiers combined with CTABZ and this 

changes CTABZ to be less hydrophobic on its surface and leads to the decrease in the reactions 

between BPA and CTABZ and thus adsorption efficiency. pH 10 was determined to be the optimal 

pH to adsorb BPA by the CTABZ. 

 

The presence of anions in the test solution. The influence of representative inorganic anions on the 

BPA sorption by CTABZ was investigated and the results are shown in Figure 4. It can be seen that 

the adsorption capacity did not change in the presence of CO3
2-

, SO4
2-

, Cl
-
. However, it increased 

from 21.95 to 23.72 mg L
-1  

with the presence of HCO3
-
, and decreased from 21.95 to 17.78 mg L

-1 

and 21.95 to 11.07 mg L
-1 

respectively, in the presence of NO3
-
 and OH

-  
with their concentrations up 

to 500 mg L
-1

. 

 

The presence of cation in solution. The influence of several inorganic cations in solution on BPA 

sorption by CTABZ was studied and the result is shown in Figure 5. Obviously, the presence of the 

monovalent (K
+
, Na

+
) and bivalent cations (Ca

2+
, Mg

2+
) made no difference to the adsorption 

capacity. However, it decreased from 21.95 to 17.72 mg L
-1 

with increasing in the concentration of 

Al
3+

 up to 500 mg L
-1

. Possible reasons of this would be that solution pH decreased to below 10 

resulting from hydrolyzing reactions of Al
3+

 in aqueous solutions and then adsorption capacity 

decreases as demonstrated in Figure 3.  
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Left: FIG. 1. Kinetics of adsorption. 50 mL of 50 mg L
-1 

BPA solution, 100 mg CTABZ, T=25
 o

C, 

150 rpm. qt, adsorption capacity, t, adsorption equilibrium time (min). 

 

Right: FIG. 2. The effect of BPA initial concentration and temperature on the adsorption capacity. 50 

mL of 50 mg L
-1

 BPA solution, 100 mg CTABZ, 150 rpm. q, adsorption capacity, C0: initial 

concentration. 
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Left: FIG. 3. The effect of pH on the adsorption capacity. 50 mL of 50 mg L
-1

 BPA solution, 100 mg 

CTABZ, T=25
 o
C, 150 rpm. qt, adsorption capacity. 

 

Right: FIG. 4. The effect of anions on the adsorption capacity. 50 mL of 50 mg L
-1

 BPA solution, 

100 mg CTABZ, T=25
 o

C, 150 rpm. qt, adsorption capacity, Ca, the concentration of anions. 
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FIG. 5. The effect of cations on the adsorption capacity. 50 mL of 50 mg L
-1

 BPA solution, 100 mg 

CTABZ, T=25
 o
C, 150 rpm. qt, adsorption capacity, Cc, the concentration of cations. 
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Ferroelectric materials such as barium titanate are widely used in smart structures and 

devices as actuators, sensors, etc. To investigate the material behavior, a condensed 

model for ferroelectric solids with tetragonal unit cells is presented. The approach is 

microelectromechanically and physically motivated, considering discrete switching 

processes on the level of unit cells and quasi-continuous evolution of inelastic fields on 

the domain wall level. To calculate multiple grain interactions, an averaging technique is 

applied [1,2]. Hysteresis loops are simulated for a pure electric and an electromechanical 

loading to demonstrate the influence of a compression preload on the poling and stress-

strain behavior. Further, residual stresses are calculated as a result of switching processes 

and interactions between crystallits. To study the high cycle fatigue damage and to 

predict life time of ferroelectric devices, an accumulation model is proposed based on the 

growth of microcracks [2]. 

Keywords: High cycle fatigue damage, life time prediction, grain interaction, residual stress 

 [1] LANGE, S. & RICOEUR, A. 2014. A condensed microelectromechanical approach 

for modeling tetragonal ferroelectrics. International Journal of Solids and Structures, 

accepted for publication 
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Carbon nanomaterials, due to their unique properties, are one of the most important materials in 

applications including adsorption, separation, energy conversion and storage. Typically carbon 

nanomaterials are synthesized in bulk processes using precursors with low volatility. Bulk 

processes and solid state transformations however always have the disadvantages of restricted 

mass transport and missing reorganizational dynamics so that mainly disordered but also 

heterogeneous products are obtained. A liquid solution route for carbon materials would indeed 

solve many of the above mentioned problems, and nanomaterials other than carbons, such as 

metal nanoparticles, can be synthesized using nucleation and growth mechanisms. However, the 

key-drawback of solution route is that the final carbon structures undergo significant shrinkage 

due to the mass loss and high surface energy.  

Recently we reported on a novel “wet-chemical” synthesis route using inorganic salt melts as 

solvents for the ionothermal synthesis of high surface area and aerogel-like nanocarbons, 

showing superior electrocatalytic activity. The inorganic salt melts act as solvents and porogens, 

where the carbonaceous material mechanically stabilizes against shrinkage. The precursors need 

to be thermally stable, miscible with the salt melt and carbonizable. So far this could only be 

realized using task-specific ionic liquids or acrodam. 

In order to synthesize carbon nanomaterials even more economically and efficiently, we 

introduce herein a salt melt-based carbonization via a combination of hot injection technique with 

ionothermal chemistry, which dramatically expands the number of possible carbon precursors 

down to most simple organic solvents. 10 organic solvents were successfully converted into 

carbonaceous nanomaterials in sometimes surprisingly high yields. Heteroatom containing 

solvents lead to respectively doped carbons with doping level of up to 14 wt.% N and 13 wt.% S. 

Surface areas and pore volumes of solvent carbons are as high as 1666 m
2
 g

-1
 and 2.80 cm

3
 g

-1
. 

AFM2015 - Jun 29 to Jul 3

Symposia 1: Advances in Multifunctional Composite Materials

Advances in Functional Materials

98



More importantly, the solvent nanocarbons are obtained in three different interesting 

morphologies including aerogels, hyper-branches and nanosheets. (Figure 1)  

Converting commonly used organic solvents into carbons directly, this approach opens a new 

synthetic pathway of advanced functional carbon materials with unique nanoscopic 

morphologies, suggesting great importance in the field of nanomaterial synthesis and potential 

applications for energy conversion and storage. A comparison of different carbon precursors will 

be presented and the role of chemical properties in defining the final carbon morphology will be 

discussed. Some preliminary results in electrochemical testing will be presented as well.  

Keywords: ionothermal, hot-injection, carbon nanomaterials, morphology control 

 

Figure 1. TEM images of carbons with three different morphologies. 

[1] DAI, L., CHANG, D. W., BAEK, J.-B. & LU, W. 2012. Carbon Nanomaterials for Advanced 

Energy Conversion and Storage. Small, 8, 1130-1166. 

[2] ELUMEEVA, K., FECHLER, N., FELLINGER, T. & ANTONIETTI, M. 2014. Metal-free 

ionic liquid-derived electrocatalyst for high-performance oxygen reduction in acidic and alkaline 

electrolytes. Materials Horizons, 1, 588-594. 

[3] FECHLER, N., FELLINGER, T. P. & ANTONIETTI, M. 2013. "Salt Templating": A Simple 

and Sustainable Pathway toward Highly Porous Functional Carbons from Ionic Liquids. 

Advanced Materials, 25, 75-79. 
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A pathway to optimize the properties of magnetocaloric 

MnxFe2-x(P1-yGey) for magnetic refrigeration 
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Magnetocaloric materials can be useful in magnetic refrigeration applications, but to 

be practical the magneto-refrigerant needs to have a very large magnetocaloric effect 

(MCE) near room temperature for modest applied fields (<2 Tesla) with small 

hysteresis and magnetostriction, and should have a complete magnetic transition, be 

inexpensive, and environmentally friendly. One system that may fulfill these 

requirements is MnxFe2-x(P1-yGey), where a combined first-order structural and 

magnetic transition occurs between the high temperature paramagnetic and low 

temperature ferromagnetic phase.  We have used neutron diffraction, differential 

scanning calorimetry, and magnetization measurements to study the effects of Mn and 

Ge location in the structure on the ordered magnetic moment, magnetocaloric effect, 

and hysteresis for a series of compositions of the system near optimal doping. The 

diffraction results indicate that the Mn ions located on the 3f site enhance the 

desirable properties, while those located on the 3g sites are detrimental. The phase 

fraction that transforms, hysteresis of the transition, and entropy change can be 

controlled by both the compositional homogeneity and the particle size, and an 

annealing procedure has been developed that substantially improves the performance 

of all three properties of the material. On the basis of these results we have identified 

a pathway to optimize the MCE properties of this system for magnetic refrigeration 

applications. 
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Poly(trimethylene terephthalate-block-tetramethylene oxide) copolymer nanocomposites 

reinforced with carbon nanostructures 

 

Anna M. Szymczyk
1
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2
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2
 

1
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2
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University of Technology, Piastow Av. 19, PL-70310 Szczecin, Poland 

 

The influence of the addition of single walled-carbon nanotubes (SWCNT), graphene 

nanosheets (GNS), and mixtures of both, on the mechanical, thermal and electrical properties 

of poly(trimethylene terephthalate-block-tetramethylene oxide) (PTT-block-PTMO) 

copolymer nanocomposites was studied. The obtained polymer nanocomposites with 

mentioned carbon nanostructures were prepared by in situ polymerization method. It was 

established that the addition of single-wall carbon nanotubes and graphene nanosheets with a 

concentration of not higher than 0.6 wt % to the polyester thermoplastic elastomer (PTT-

block-PTMO) allows obtaining lightweight, electrically conductive composite materials with 

improved thermal stability and improved mechanical properties. The positive hybrid 

(SWCNT+GNS) effect has been observed, for both, improvement in mechanical properties 

and electrical conductivity. 
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Superconducting properties of bulk MgB2 cryo-magnet shaping by Spark Plasma 

Sintering 
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Abstract: 

 

The MgB2 bulk superconductors were shaping by non-conventional “Spark Plasma Sintering-

SPS” process. The obtained material is denser (98 % relative density of the theoretical value) 

than the samples obtained by Hot-Pressing (HP) and/or Conventional Sintering-CS. 

Superconducting properties were measured and the influence of the processing conditions on 

the properties was evidenced. SPS favours shorter elaboration times and produces samples 

with superconducting characteristics enhanced due to better grains connection and 

densification of the bulk material. 

Trapped field higher than 1.4 T has been measured at 20 K for a single disc of bulk MgB2 

with 20 mm diameter and 10 mm thick at a distance of 1.5 mm above the disk surface. On the 

other hand, the feasibility to use the MgB2 in Maglev vehicle has been investigated. Here we 

present preliminary results that show that it presents interesting characteristics. The samples 

were located in a cryostat and cooled down below Tc at 30 mm from a 45 mm NdFeB magnet. 

Their levitation force was investigated between 17 to 35 K. While the magnetic field was 

equal to 0.22T at the minimum magnet-superconductor separation of 13mm, the levitation 

force was in the range of 13 N between 17 K and 32 K at this distance that corresponds to a 

magnetic pressure near 20000 Pa. The results show that, the bulk MgB2 superconductors 

could be a viable variant for magnetic levitation applications and/or as cryo-magnets. 
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Effect of TSI-POSS on thermal property of PU hybrid composites from
molecular simulation combined with experimental results
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Combined with experimental results, molecular simulation approach was applied in elucidating

the structure-thermal property relationship of PU hybrid composites with various concentration

of trisilanolisobutyl polyhedral oligomeric silsesquioxane (TSI-POSS) at molecular level. These

hybrid composites models were characterized by mean square displacement, radial distribution

function and volume-temperature behavior analysis. According to the experimental and

simulation data, the stiff open cage of TSI-POSS linked to the polymer backbones acts as a rigid

node with less mobility and leads to the steric hindrance of polymer chain apparently.

Furthermore, as TSI-POSS concentration increasing, the distance of neighboring chains is

shortened due to the humping cage self-interaction in TSI-POSS fractures and thus, the motion

of the whole chain is retarded, which leads to the Tg increasing and broadens the glass transition

region of hybrid composites.

Keywords: Molecular mechanics, molecular dynamics, POSS, polyurethane,

[1] Rui Pan, Robert Shanks et al.2014. Trisilanolisobutyl POSS/Polyurethane Hybrid
Composites: Preparation, WAXS and Thermal Properties. Polymer Bulletin,71, 2453-2464.

[2] Xueyu Song, Yi Sun et al. 2011. Molecular dynamics simulation of a novel kind of polymer
composite incorporated with polyhedral oligomeric silsesquioxane (POSS). Comput. Mater. Sci.
50, 3282-3289.
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The computer analysis and experimental studies of layered composite 

structural elements in the repair process of railway wagons 

Andrzej Buchacz
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The paper presents a methodology for the selection of composite components, in the 

design of the structure of composite panels. Composite panels are used to repair and 

modify the internal space of the loading of freight wagons. In order to identify the 

strength parameters of composite panels, was conducted a series of studies, which were 

divided into the following steps: 

 identification of the forces acting on the sheathing of a freight wagon during 

normal operation. The simulation of driving the wagon on trackway, include the  

different loads from the load and changing the parameters of the movement - the 

maximum speed and the profile of the track.  

 simulation and experimental studies, which performed the analysis and synthesis 

of layered composites structures. For the synthesis modeling method has been 

applied a methodology of using elementary objects (called Feature or ontologies) 

For this purpose has been developed a method, which is called (Feature Based 

Modeling Composite. 

 simulation and experimental studies of the methods of connecting the composite 

panels to existing construction of the load space , which is made from steel, in 

repaired wagon in most cases corroded. Was conducted research on the, methods 

of joining composite panels including the tabs, assembled and mounted to the 

structural elements with use of bonding and screwing. 

Keywords: Composite Panels, Feature based methods, Railway wagons, Laminates, FEM 
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Micromechanical Modeling of Piezoelectric-Piezomagnetic 

Composites using Computational Piezo-Grains (CPGs) 
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Abstract:  

Accurate micromechanical modeling of particle and fibrous composite samples with large 

number of defects (inclusions, voids, cracks, etc.) using the regular finite elements is very expensive 

because of the mesh-refinement used around each defect. In this work we develop new type of finite 

elements that has two important features: (1) each element can have an arbitrarily polygonal shape to 

mimic the shape of grains in the microscale, (2) each element may contain a defect (void or inclusion) 

embedded in its domain. These new elements are named “Computational Piezo-Grains” (CPGs). CPGs 

can accurately capture the fields around each defect without mesh refinement, since each defect is already 

embedded in a single element (or grain), thus saving a lot of computational time especially when the 

number of defects is very large. In this work, the materials of the matrix and inclusions in the composite 

could be elastic, piezoelectric, or piezomagnetic, thus allowing for variety of composite types and 

configurations to be modelled. Mathematically, the fields in the matrix and inclusion in each grain are 

expressed based on Lekhnitskii formulation.  

 

Keywords: Finite elements; inclusion; composite; piezoelectric; piezomagnetic; Lekhnitskii; Trefftz; 

multiferroic; 
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Electrical Properties of Barium Titanate dispersed Silver Sulphate 
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ABSTRACT 

 

Composite materials obtained by dispersing insulating phase in host silver sulphate offer value 

added properties over the basic material. Silver sulphate, possessing moderate silver ion 

conducting features, when dispersed with barium titanate insulating particles, the electrical 

conductivity is found to increase thereby decreasing activation enthalpy of ion migration. In the 

present work, (100-x) Ag2SO4:(x) BaTiO3 for x=0, 10, 20, 30, 40wt% have been synthesized and 

characterized using complex impedance spectroscopy followed by Arrhenius Plot. We found 

that the conductivity has been increased however the ionic transference number remains 

unchanged.  The optimum composition, 30 Wt% BaTiO3 dispersed in Ag2SO4 is the most 

promising material found out of present study that may be further considered for device 

applications.  

 

Keywords: dispersion, silver sulphate, complex impedance spectroscopy, electrical properties 
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Substitution of formaldehyde in phenolic resins 

with innovative and bio-based vanillin derived compounds 
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Phenolic resins are industrially used in a wide range of applications from commodity and 

construction materials to high-technology aerospace industry. They are mainly produced 

from the reaction between phenolic compounds and formaldehyde. Nevertheless, 

formaldehyde is a highly volatile and hazardous compound, classified as a Carcinogenic, 

Mutagenic and Reprotoxic chemical (CMR). Vanillin is a bio-based and non-toxic 

aromatic aldehyde compound obtained from the abundant lignin resources. Also, its 

aromaticity is very interesting for the synthesis of phenolic resins with high thermal 

stability. However, because of the relatively low reactivity of its aldehyde function 

toward phenolic compounds, it has never been used to synthesize phenolic resins. 

We developed innovative functionalization reactions[1] and designed new bio-based 

aromatic aldehyde compounds from vanillin. Those innovative compounds present 

improved reactivity toward phenolic compounds compared to vanillin. Moreover, they 

have target structures to synthesize highly cross-linked phenolic resins with high 

aromatic densities. We have obtained phenolic resins from substituted vanillin, thus 

without the use of any aldehyde compound classified as CMR. The analytical tests of the 

cured resins confirmed that those bio-based resins exhibit high levels of performance 

with high thermal stability and high rigidity properties. 

Keywords: Phenolic resins, formaldehyde-free, vanillin, bio-based, non-toxic. 
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Abstract 

Citrate -gel processing of SrAl2O4 :Eu
2+

 ,Dy
3+ 

has been carried out  by  varying 

the pH and the fuel ratio(the molar ratio of H3Cit/Al
3+

+Sr
+4

).The best conditions 

for pure monoclinic SrAl2O4 phase formation are achieved at pH of the 

precursors solution equal to 7 and the fuel ratio (at 900C
o
  for 2h in the furnace 

) equal to 3.In addition, calcinations  at higher temperatures (T > 900 C
o
) 

showed that temperature and pH  play an important role in formation of pure 

monoclinic SrAl2O4 phase as  the optimum conditions  is achieved at pH 7 and  

by calcinations at 1250 C
o
 .Photoluminescence properties such as emission 

,excitation ,decay time were examined. The optimum synthesis time has been 

determined, as samples synthesized by microwave at shorter time in 

comparison with conventional processing route. 
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Pest oxidation phenomena is the major drawback of MoSi2 for the applications of this 

material over gas turbine elements. Therefore, addition of Si3N4 does not only eliminate 

the structural disintegration behavior which can only be observed between relatively low 

temperatures (673-873K) but also improves the fracture toughness at elevated 

temperatures. In this study, after giving some significant properties of MoSi2 , effect of 

processing conditions to microstructural morphology and oxidation characteristics at gas 

turbine operating temperatures will be discussed within a composite approach. 

Keywords: Molybdenum Disilicide, Pest Oxidation, Controlled Consolidation Process      
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Magnesium silicide based materials for energy generation and storage  
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Magnesium silicide is continually under investigation as a component of materials for 

thermoelectric generators, cathode material for Li-ion batteries and component of lightweight 

composites. In this paper we present an attractive technological route leading to a nanostructured 

product, which can be further processed to receive porous sinters, dense bodies or lightweight 

composites. The starting materials in all mentioned technologies are elemental powders, possibly 

with fine particle sizes. The proposed self-propagating synthesis bears features of combustion. It 

is completed in a short time and proceeds without melting of the components. Several examples 

are given to demonstrate flexibility of the proposed approach: manufacturing of doped Mg2Si 

dense bodies from pure commercial silicon and recycled Si/SiC powders, in-situ composites 

based on aluminosilicate cenospheres (by-product of coal combustion) and doped Mg2Si, 

nanostructured powder of Mg2Si suitable for battery applications or spraying. Final products are 

characterized in terms of phase composition and structure (XRD, SEM/TEM, EDS), selected 

physical and mechanical properties (density, thermal/electrical conductivity, Seebeck coefficient, 

hardness). It is indicated that the procedure can be further modified to obtain more complex 

(multi)functional materials. 

 

Keywords: Magnesium silicide, synthesis, processing,  thermoelectrics, composites 
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Chemical and imaging surface analysis to improve biomolecule 

immobilization repeatability for on-chip Mach-Zehnder immunosensors 
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Label-free detection of analytes using optical devices based on miniaturized planar 

waveguides functionalized with biomolecules has increased demands for homogeneous 

biomolecule immobilization. In this work, time-of-flight secondary ion mass 

spectrometry (imaging, micro-analysis), X-ray photoelectron spectroscopy (angle-

resolved, normal mode) and atomic force microscopy were employed to evaluate 

effective and homogeneous biofunctionalization of the sensing arm areas of Mach-

Zehnder interferometers [1] and correspondent planar Si3N4 surfaces for the detection of 

bovine κ-casein in goat milk. Surfaces were examined after the sequential steps: 

modification with (3-aminopropyl)triethoxysilane, spotting of -casein solutions, 

blocking with 1/100 diluted goat milk, and reaction with monoclonal anti-casein 

antibodies in 1/100 diluted goat milk. Protein distribution after spotting of κ-casein 

solutions of different concentrations was examined and the concentration provided 
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homogeneous sensing arm coverage was determined. Multi-molecular coverage of 

biosensor surfaces was evaluated. Thicker layer, abundant in glycerides, was observed 

when the κ-casein spotted surfaces were blocked with diluted goat milk, whereas a 

thinner film, rich in amino acids, was found after the reaction with Mabs solution. 

Uniformly immobilized -casein and specifically bonded Mabs were confirmed on the 

sensing arms. A multivariate Principal Component Analysis of ToF-SIMS data resolved 

protein amino acids from milk glycerides, and amino acids characteristic for Mabs from 

those specific for -casein. ToF-SIMS results for spotted planar surfaces formed 3 groups 

that spanned PCA score plot, with well separated data referring to sensing arms after 

spotting, blocking and immuno-reaction.  

Keywords: biosensor, -casein, PCA 

[1] MISIAKOS, K., RAPTIS, I., SALAPATAS, A., MAKARONA, E., BOTSIALAS, A., 

HOEKMAN, M., STOFFER, R. & JOBST, G. 2014. Broad-band Mach-Zehnder 

interferometers as high performance refractive index sensors: Theory and monolithic 

implementation, Opt. Express, 22, 8856–8870 
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Hybrid Metal-Carbon Nanostructures for Spintronic Applications 
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Spintronics is an emerging field of electronics aiming at exploiting the property of the 

spin of the electron in addition to its charge. Information is stored as one of two possible 

orientations (up and down). In principle, manipulating spin is faster and requires far less 

energy than pushing charges around and it can take place at smaller scales. Spintronics 

also offers the possibility to create computer memories that can retain the stored 

information even when not powered. However, fundamental understanding of the control, 

manipulation and detection of the spin of the electron appears to be extremely 

challenging, as scientist from different disciplines have been tackling these problems for 

several years. Moreover, many practical aspects in this area are hindered because of the 

lack of suitable materials. The external decoration of carbon nanotubes with magnetic 

nanocomponents has been proposed for the development of nanoscale spintronic 

applications. In my talk I will present examples of the encapsulation of magnetic 

nanoparticles
 1

 and molecule magnets
2
 within the internal cavities of hollow 1D tubular 

carbon nanostructures such as carbon nanotubes and carbon nanofibers.   

Keywords:  Carbon nanotubes, magnetic nanoparticles, single-molecule magnets, self-

assembly. 

 [1] GIMENEZ-LOPEZ, M., LA TORRE, A., FAY, M.W., BROWN, P.D. & 

KHLOBYSTOV, A.N. 2013. Assembly and Magnetic Bistability of Mn3O4 

Nanoparticles Encapsulated in Hollow Carbon Nanofibers, Angew. Chem. Int. Ed., 52, 

2051 –2054. 

[2] GIMENEZ-LOPEZ, M., MORO, F., LA TORRE, A., GOMEZ-GARCIA, CJ., 

BROWN, P.D., VAN SLAGEREN, J. & KHLOBYSTOV, A.N. 2011. Encapsulation of 

single-molecule magnets in carbon nanotubes, Nature Communications. 2:407 doi: 
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Micromechanical Analysis of Novel Fuzzy Fiber-Reinforced 
Advanced and Smart Composites 
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A novel unidirectional continuous fuzzy fiber reinforced composite (FFRC) and a novel 

short fuzzy fiber reinforced composite (SFFRC) have been proposed and analyzed. The distinct 
constructional feature of these composites is that the uniformly spaced straight or sinusoidally 
wavy carbon nanotubes (CNTs) are radially grown on the circumferential surfaces of the carbon 
fiber reinforcements. Such an advanced fiber augmented with radially grown CNTs is called a 
fuzzy fiber. Micromechanical models have been developed to predict the effective elastic 
properties of these novel FFRC and SFFRC with and without the consideration of an interphase 
between a CNT and the polymer matrix. Such an interphase is the continuum representation of 
the non bonded van dar Waals interaction between a CNT and the polymer matrix. The 
micromechanical analyses reveal that the values of the transverse effective elastic constants of 
the FFRC and the SFFRC are significantly improved over their values without CNTs. Such 
enhancement is attributed to the transverse stiffening of the polymer matrix surrounding the 
carbon fiber by the radially grown CNTs. The non-bonded van der Waals interaction between a 
CNT and the polymer matrix does not affect the in-plane effective elastic coefficients of the 
FFRC and the SFFRC and its effects on the other effective elastic coefficients of the FFRC and 
the SFFRC are also not pronounced. Pronounced effects of the waviness of the radially grown 
CNTs on the values of the effective elastic properties of the FFRC are observed. If the plane of 
the radially grown wavy CNTs is coplanar with the plane of the carbon fiber such that 
amplitudes of the CNTs are parallel to the length of the carbon fiber then the axial effective 
elastic properties of the FFRC are significantly improved while the transverse effective elastic 
properties of the FFRC are decreased as compared to those with straight CNTs. Analytical 
micromechanics models have also been developed to estimate the effective thermoelastic 
properties of the continuous FFRC containing straight CNTs. It is found that the transverse 
effective thermal expansion coefficients of the FFRC are significantly decreased due to the 
radially grown CNTs on the surface of the carbon fiber over their values without CNTs. Effect 
of temperature deviation on the effective thermal expansion coefficients of the FFRC is found to 
be negligible.  

Finally, concept of a novel continuous unidirectional piezoelectric fuzzy fiber reinforced 
composite (PFFRC) comprised of single-walled CNTs and piezoelectric fibers as 
reinforcements embedded in a conventional polymer matrix will be presented. Micromechanical 
analysis has been carried out to estimate the effective piezoelectric and elastic properties of this 
novel smart composite have been estimated. It is found that the effective in-plane piezoelectric 
coefficient and elastic coefficients of the PFFRC are significantly improved over those of the 
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existing 1-3 piezoelectric composite without reinforced with carbon nanotubes. The 
micromechanical analyses reveal that the excellent properties of CNTs can be exploited to 
develop advanced and smart composites for structural applications and high performance smart 
structures, respectively. 
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Abstract: The unconventional Spark Plasma Sintering (SPS) was use to consolidate 

micrometric and submicrometric austenitic stainless steel 316L powders. Samples of various 

shapes (figure below) were in-situ produced in order to perform the mechanical properties 

without additional sample shaping. Process parameters (time, temperature and pressure) were 

varied over wide ranges and the impact of such variations on processed materials was studied 

through the investigation of their microstructures, densities, hardness, and corrosion 

resistance. The results show that, the SPS allows: (i) to control the grain growth and (ii) to 

obtain the high dense samples. The mechanical characterization shows also the enhancement 

of hardness (annealed 145±4 HV; micrometric 209 ±3 HV [1]; submicrometric 390±5 HV) 

with respect to the conventional of the sintered samples. The correlation between processing 

conditions, microstructures generated and mechanical strength behavior using Hall-Petch law 

of the stainless steel are discussed. The corrosion experiments performed in acid medium 

show the similar behavior than annealed or sintered 316L stainless steel. 

 

 

 
 

Figure: Complex shape samples consolidated by Spark Plasma Sintering. 

 

 

 

[1] Marnier G., Keller C., Noudem J., Hug E. "Functional properties of a spark plasma sintered ultrafine-grained 

316L steel". Materials and Design 2014 ; 63 : 633-640 
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In this paper, we report on an easy and precise method to tune refractive index and 

viscosity of an epoxy acrylate based host-guest system. Refractive index tuning plays an 

important role in waveguide development, whereas viscosity adjustment is a critical 

parameter in replication methods such as hot embossing and inkjet printing. In 

combination with previous results presented at the Photonics Europe Conference 2014 [1] 

our latest research established high achievable refractive index differences while 

retaining the specific viscosity needed for replication. Characterization of the expanded 

system with respect to viscosity, refractive index, Abbe number, glass transition 

temperature and optical damping was performed.  

In literature, several different approaches have been shown for tuning the refractive 

index. Carlos et al. reviewed several different inorganic-organic multi-component hybrid 

materials for optical applications which are partly very complex [2]. Plasma-

polymerization of co-polymers is another method which was used to realize thin, scratch-

resistant layers with modified refractive indices [3]. These methods result in high costs 
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for layer thicknesses of more than 1 µm and their thermoset properties which prevent 

further shaping. 

In our research we investigated Syntholux, which was used as matrix polymer and which 

is a commercially available UV-curable epoxy acrylate. Refractive index and viscosity 

tuning was achieved using benzyl methacrylate (BMA). Additionally, phenanthrene was 

used as dopant for further increase of refractive index and as UV-sensitive initiator 

Diphenyl(2,4,6-trimethylbenzoyl)phosphine oxide was used. 

Experimental results showed a direct relation between refractive index and comonomer 

content. Starting at n = 1.55 for pure Syntholux refractive increased to almost 1.57 for 

pure BMA (each measured at 589 nm and 20 °C). Further increase of refractive index of 

approx. 0.01 was achieved due to the addition of phenanthrene. As refractive indices 

were measured at different wavelengths the respective Abbe numbers for the different 

compositions were calculated to a corresponding mean of around 37. In contrast, 

viscosity was seen to sharply decrease with increasing BMA content. At 20 °C the 

viscosity decreased from 46 Pa·s for pure Syntholux down to 4 mPa·s for pure BMA. 

Viscosity measurements were taken in a temperature range of 20 to 80 °C.  

By combining our experimental inferences with previously established results, it is now 

possible to tune the refractive index over delta n = 0.06 while maintaining viscosity. This 

is of great importance and has potential applications in several types of replication 

methods.  

 

Keywords: refractive index, epoxy acrylate, Abbe number, viscosity, waveguide  
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Abstract:  

Complex materials are usually produced by mixing together different distinct 

components, the interactions between which can give rise to unusual optical and 

physical properties of the whole system. Dispersion of particles in anisotropic fluids, 

such as liquid crystals (LC), is an important state of matter, and the behaviors of such 

materials have attracted much research interest in recent decades. 

To synthesize the mesoporous silica hollow spheres, 30.0 g of 0.5 wt.% gelatin 

aqueous solution was added to 50.0 g of 1.0 wt.% PMMA beads (diameter = 100–500 

nm) solution to form a stable colloid solution. After stirring for about 30 min at 40
o
C, 

the PMMA-gelatin colloid solution was poured into an acidified silicate solution at 

pH  4.0. The acidified silicate solution was obtained from simply mixing a sodium 

silicate solution (0.60 g sodium silicate form Aldrich and 30.0 g water) and a diluted 

sulfuric acid solution (0.3 g of 6.0 M H2SO4 and 30.0 g water), followed by pH tuning 

to 4.0 and aging for 4 min. After further stirring for 6 h, the gel solution was 

transferred to a polypropylene bottle and hydrothermally treated at 100
o
C for 1-2 d. 

Filtration, drying and calcination at 500
o
C produced the mesoporous silica hollow 

spheres (denoted as MSPHS). The high-resolution TEM images show wormhole-like 

nanopores distributed on the shell of the MPSHS. The thickness of the shell is about 

15~20 nm. Obviously, the wormhole-like nanopores exist among the interconnected 

silica particulates. 

A novel configuration of MSPHS which will isotropize LCs with random fields 

created by the disordered nanopores in the shell of MPSHS to generate a novel 

MPSHS-LC phase. Based on an analysis of the differential scanning calorimetry 

(DSC) results, the MPSHS-LC phase should have multi-domains due to the 

isotropized LCs around MSPHS. In practice, we used the homogeneous and stable 

MSPHS-LC phase to assemble a transparency-tunable smart window, without using 

any of the critical production conditions for polymer matrix formation in PDLC 

devices.  
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Fig. 1 Photographs of the HSMSs-LC display with an HSMS/LC weight ratio of 4.5 

wt.% at different applied voltages. 
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To date, TiO2 nanotubes (TNTs) have not been extensively studied in spite oftheir good 

chemical, physical and electrical properties. Within the herein study polyimide composite 

dielectrics containing TNTs of 10-12nm diameter and several hundreds of nanometers in 

length were prepared and characterized. TNTs content influence upon composite's 

properties was investigated. The good compatibility between the filler and the polyimide 

matrix is demonstrated via AFM and SEM. Moreover, the composite films exhibited 

flexibility, toughness as well as high thermal stability. The dielectric properties, dielectric 

constant, , and dissipation/loss factor, tan , were investigated via broadband dielectric 

spectroscopy. Dielectric behavior was studied while varying frequency between 10
-2

Hz 

and 10
7
Hz and temperature from -100°C up to 300°C. At moderate temperatures a 

secondary relaxation β was observed while introduction of TNTs decreased the activation 

energy and facilitated the appearance of an additional β1process. At higher temperature 

an α relaxation was visible. The increase of TNTs content raised the values of dielectric 

constant and dissipation factor while the maximum of σ relaxation peak shifted to higher 

temperatures. 

Keywords: TiO2, TNTs based composites, dielectric behavior 
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 Tissue engineering involves the rational design of artificial substitutes for damaged 

tissues and organs. The ultimate goal is to reproduce the 3D anisotropic and hierarchical 

structures of native tissues, such as cardiac muscle and bone, in artificial constructs, which 

remains tantalizingly out of reach. One promising strategy is to create cell-laden hierarchical 

scaffolds, with cells encapsulated inside natural and synthetic polymer matrices with ordered 

microstructures, to template/guide anisotropic cell growth and organization. Introducing “order” 

to otherwise homogeneous scaffolds has become a new focus of tissue engineering. Herein, we 

present an approach to incorporate magnetically responsive nanoparticles into hydrogels and 

introduce anisotropic ordering in the hydrogel scaffolds via magnetic fields.  

 A hybrid nanocomposite material consisting of graphene oxide decorated with iron oxide 

nanoparticles (GO-Fe3O4) has been synthesized through a high-temperature reduction method. 

Subsequent characterization revealed graphene oxide (GO) flakes with highly loaded, 

homogeneously dispersed, uniformly sized magnetite nanoparticles owing to the innately high 

surface area and density of hydrophilic functional groups of GO. In addition, the material was 

shown to be superparamagnetic at room temperature with an appreciable saturation 

magnetization. This nanocomposite can be readily dispersed into aqueous polymer precursor 

solutions, allowing for anisotropic orientation of the GO-Fe3O4 as directed by magnetic field-

induced ordering followed by the in situ crosslinking of polymer chains into a hydrogel network. 

The alignment of the GO-Fe3O4 was retained upon removal of the magnetic field. It is 

anticipated that this novel hybrid nanomaterial will be a biocompatible tissue scaffold suitable 

for the encapsulation of cells and  their improved organization in a 3D environment. Also, by 

virtue of the presence of the highly ordered microstructures within the polymeric matrix, it is 

expected that the material will exhibit anisotropic mechanical reinforcement, in contrast with 
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past work demonstrating enhanced isotropic mechanical properties as a result of the 

homogeneous distribution of nanoparticles. 

 The present work shows the versatility and feasibility of utilizing relatively low magnetic 

fields to control the microstructure of hydrogel matrices to more accurately emulate the 

physiological environment. The concepts elucidated in this work show promise in the field of 

tissue engineering for the creation of complex 3D tissue constructs. 

 

Keywords: Graphene oxide, magnetic nanoparticles, anisotropic ordering, hybrid nanocomposites, 

tissue constructs 
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Nonionic surfactants tend to form aggregates on interfaces, which determine various 

applications in the area of detergency, ore flotation, oil recovery agents, or composite 

materials. Aggregation mechanisms on solid surfaces differs from bulk solution by 

involving additional forces with the surface. Among non-ionic surfactants, amphiphilic 

molecules containing n-CnH2n+1(OCH2CH2)mOH (abbreviated as CnEm) surfactant have 

received particular attention due to their ability to self-assemble in various liquid 

crystalline phases above the critical micelle concentration. The recent intercalation of a 

C10E3 bilayer in a clay mineral resulting to the condensation of a bulk lamellar phase 

points out the link between the packing of the surfactant and its bulk phase state [1, 2]. 

The aim of this work is to study the role of the surfactant state in bulk solution for the 

adsorption onto layered materials, by focusing on the structure and the dynamics of 

aggregates made by several CnEm surfactants. The results obtained with different 

complementary techniques highlight the importance of the bulk phase state for the 

adsorption and the structure of the confined aggregates within the interlayer space of the 

host layered materials.  

Keywords: layered materials, nonionic surfactants, adsorption, aggregation 
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Polymers are essential materials in a wide range of applications in modern life due to 

their excellent properties. Regardless what polymer type, natural or synthetic origin, often 

the material shows excellent bulk properties, like mechanical or chemical resistance; 

whereas the surface properties are not optimal for the final application or challenge the 

material processing. Typical methods used to adjust the surface properties of a certain 

material involve the use of chemical methods or plasma approaches. For some materials 

like polyesters the use of harsh chemicals, like concentrated NaOH, leads to material loss 

which dramatically decreases the mechanical properties and generates irregular surfaces 

[1]. Enzymatic partial hydrolysis of PLLA membranes followed by chemical grafting of 

human serum albumin (HSA) lead to a higher polymer biocompatibility [2]. Recently we 

have developed a new approach to directly enzymatically graft functional molecules to 

PLA films in a single step, which in addition of shorten the reaction steps reduces the use 

of aggressive and/or toxic chemicals. The development of new enzyme variants with 

improved sorption properties  [3,4] and consequently higher activity towards the 

polymers of interest allows extrapolation of these approaches to even more challenging 

polyesters like polyethylene terephthalate (PET). In this presentation the latest 

achievements and industrial applications of enzymatically functionalized technical PET 

materials will be presented 

Keywords: Enzymes, polymer functionalization 
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Wireless microwave electronic devices are widespread and exacerbate the issue of 

electromagnetic interference (EMI). As classical EMI shielding by reflection becomes 

problematic for compact electronic systems, the alternative of shielding by absorption is 

receiving increased attention. This paper presents an approach for shielding by absorption 

based on thin polycarbonate films containing in plane oriented carbon nanotubes (CNT). 

The films were obtained by squeezing the corresponding randomly distributed 

nanocomposites, with concentrations ranging from 0.5 to 5 wt%, in the melt to form 170 

µm thick films with planar CNT orientation due to biaxial flow. For comparison, 

reference 400 µm thick samples without orientation were also prepared. The 

electromagnetic absorption index was calculated based on measured scattering 

parameters. The results reveal that the random nanocomposites have highest average 

absorption in the vicinity of 1wt%. For planar oriented samples the maximum average 

absorption is achieved around 3wt%. Essentially the same level of absorption is achieved 

for an oriented 3wt% composite as a random 1wt% sample and despite its much lower 

thickness (170 µm vs. 400 µm). Moreover, thanks to the reduced thickness for the same 

EM absorption per unit area, the oriented composite contains a comparable weight of 

CNT per unit area (1.28 times the amount in the random composite) despite the three 
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times higher volumetric concentration. In addition to that above 2.5wt% planar oriented 

sample have higher absorption as compared to their corresponding weight percentage 

random composites.  Hence, the planar oriented films are much thinner, lighter, and more 

flexible at the same absorption efficiency. In all cases higher CNT concentration leads to 

less the absorption since reflection is increased due to higher conductivity. The out of 

plane conductivity of the planar oriented samples is lower than for the randomly 

dispersed samples, indicating the expected planar arrangement is indeed achieved.  

 
Keywords: EM Absorption, EMI shielding, Carbon nanotubes, Nanocomposites 
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The selectivity of oxide based resistive gas sensors remains a challenging issue as they 

suffer from low selectivity. Researchers have suggested various ways to overcome this problem 

of cross-sensitivity. Thus it was established that a significant improvement can be reached by 

using mixed metal oxide system [1], by microstructural modification and by the use of dopants 

and catalysts [2] or by controlling the size and the shape of the oxide grains. Among mixed metal 

oxides, the nanocomposite materials and the doped materials are very promising for gas sensor 

applications. Indeed, various authors have reported sensitive and selective gas sensing 

characteristics of composite oxide materials made by different methods [3]. According to our 

knowledge, reports on the NiO-ZnO systems are limited [4] and the literature on Zn doped NiO 

used as gas sensor is very scarce.  

In this work we report for the first time, the synthesis of Ni1-xZnxO nanoparticles and  Ni1-

xZnxO/ZnO nanocomposites at relatively low temperature using corresponding metal malonate as 

single batch precursors. These materials were obtained by thermal decomposition (~ 360°C) of 

the corresponding metal malonate presynthesized by coprecipitation in aqueous solution. All the 

precursors were characterized by ICP-AES, FTIR, and TGA and these analyses confirm the 

structure of the precursors as Ni1-xZnx(OOCCH2COO).2H2O. The presence of mixed phase 

nanoparticles after thermal decomposition of the precursor was confirmed by a combination of 

characterization techniques (SEM, XRD, XPS and ToF-SIMS). The gas sensing properties of the 

synthesized materials were examined using some reducing and oxidant gases showing significant 

changes in behavior in function of the doping. 

Keyword: Nanocomposite, mixed metal oxide, coprecipitation, gas sensor. 
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films   
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Bulk acoustic wave (BAW) gas sensors generally require the use of a reactive layer for 

molecule adsorption. Tungsten trioxide WO3 has been identified for a long time as a high 

potential sensitive layer particularly for NH3, NOX, CO, etc. The exploited principle consists 

in the change of dielectric properties of the film when adsorbing specific molecules. The 

design of such sensors requires the knowledge of the actual properties of the detection film as 

it is directly deposited atop the resonator electrodes, yielding modal dispersion which must be 

accounted for to guaranty the device operation according given requirements. 

In this work, we report the characterization of elastic properties of such material using the 

dispersion behavior of BAW propagating under gratings passivated wich WO3 films of 

various thicknesses. Quartz Cristal Microbalance QCM as well as BAW devices are used in 

that purpose, allowing for the derivation of a reliable data set. WO3 thins films were 

characterized using X-ray diffraction/Rietveld refinement and the samples morphology were 

analyzed by atomic force and electron microscopy. The diffract pattern showed the 

monophasic layers with the same crystallinity and they reveal a pseudo cubic phase (isotropic 

behaviour). We then have measured the piezoelectric coefficient of the resonators allowing 

for fitting the coating elastic properties by model updating. This fit has been first achieved 

using quartz resonators and we have obtained the fitted coefficients (apparent elastic constants 

C11, C12, C44 and mass density).  
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Rare Earth Nanoparticle Generation via Laser Ablation and 

Investigation of its Stoichiometry Change. 
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Rare earth materials are essential to realize many significant industrial applications. 

However, the separation based on chemical solution bring problems such as environmental 

pollution, time consuming process and high prices. In this study, we utilized laser as a 

promising tool for alternative route to effective separating of rare earth materials from 

erbium contained glasses. The ultraviolet nanosecond laser can ablate the glasses and 

generate nanoparticles. The morphological, optical, stoichiometric and spectroscopic 

changes of the nanoparticles were investigated with different laser focal point and power 

intensity. The results show discrepancy of latent heat of elements may cause non-

stoichiometric change with lower laser fluence while the composition was almost 

maintained with high laser fluence. The experimental studies show the stoichiometry was 

also affected by laser-plasma interactions. 

.  

Keywords: Rare Earth Materials, Laser Ablation, Nanoparticles, Stoichiometry 

[1] K. Hiromatsu, D.J. Hwang & C.P. Grigoropoulos. Active glass nanoparticles by 

ultrafast laser pulses. Micro & Nano Letters, 2008, Vol3, No.4, pp.121-124. 

[2] J. Koch,* A. von Bohlen, R. Hergenro d̈er and K. Niemax Particle size distributions 

and compositions of aerosols produced by near-IR femto- and nanosecond laser ablation 

of brass. J. Anal. At. Spectrom., 2004, 19, 267-272.  
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Abstract  

     Polyaniline (PANi) / Barium zirconate (BaZrO3) composites were prepared by insitu polymerization 

with 10, 20, 30, 40 and 50 weight percentage (wt% )of BaZrO3 in polyaniline and characterized by FTIR 

spectra, X-ray diffraction and scanning electron microscopy. Thermally activated behavior was seen in 

DC conductivity measurements, where increase in conductivity with increase in temperature was 

observed. Maximum conductivity was seen in 40 wt% of BaZrO3 in polyaniline. AC conductivity studies 

reveal increase in conductivity of all the composites with increase in frequency. On exposure to LPG gas, 

variation in resistance of the composites was observed. The change in resistance was found to be 

maximum in 40 wt% and 50 wt% of BaZrO3 in polyaniline compared to other composites. 

 

Key words: Polyaniline, Barium zirconate, composites, LPG sensing. 
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Intermediate annealing of warm-rolled sheets and its influence on the texture 

evolution in the rolled columnar-grained Fe-Ga alloys 

Chao Yuan, Xuexu Gao＊, Jiheng Li, Wenlan Zhang, Xiaoqian Bao, Yanli Sui 

State Key Laboratory of Advanced Metals and Materials, University of Science and Technology 

Beijing 100083, China 

 

Abstract: 

The magnetostrictive Fe-Ga sheets were prepared by rolling processes on the <001> oriented 

columnar-grained alloys along the rolling direction, and the texture evolution was investigated. 

During the rolling processes without intermediate annealing processes, the η-fiber texture can be 

inherited from the original <001> orientation of the columnar grains in the hot-rolled slabs. 

However, the η-fiber texture has a strong tendency to cluster in the primary annealed sheets, and 

a strong {001}<130> texture was developed after final annealing processes. Intermediate 

annealing processes, 850 °C for 5 min, on the warm-rolled sheets during rolling processes can 

affect the evolution of recrystallization textures. Strong γ-fiber, {111}<110> and {111}<112>, was 

obtained in the primary annealed sheets with intermediate annealing processes, and sharp Goss 

orientation with magnetostriction above 200 ppm was achieved in the sheets after the final 

annealing processes. 

 

 

 

 

 

 

 

Key words: Fe-Ga alloys; Magnetostriction; Intermediate annealing; Rolling; Texture evolution  
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 BULK NODAL-GAP IN OVERDOPED 0.0 1.9 2 3 7-Y Ca Ba Cu O   THIN FILMS  
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1
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1 

1
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The complex conductivity of overdoped 0.0 1.9 2 3 7-Y Ca Ba Cu O   thin films was 

measured in the Terahertz frequency range using frequency and time domain 

methods. The films were measured in the frequency range of 3 to 100 -1cm  and in 

temperature range of 20 to 300 K. Results show a possible deviation from a pure 

2 2 -wave
x y

d


superconductor, indicated by the existence of an energy sub-gap in 

overdoped 0.0 1.9 2 3 7-Y Ca Ba Cu O   films. Evidence for this sub-gap appears as non-

monotonic behavior of 1( , )T   as a function of frequency followed by a sharp 

decrease at low frequencies, and a dip in the imaginary part of the optical conductivity 

multiplied by frequency, 2 ( , )T  .  The mentioned features were observed at 

energy of about 1.2 meV in 10% Ca doped YBCO thin films.  Our complex 

conductivity spectra are in agreement with the theoretical prediction obtained by 

using a mixed symmetry order parameter within the Born limit, shown by Schürrer et 

al. We suggest that these observations are direct evidence for a nodal gap obtained in 

a 2 2 -wave
x y

d


superconductor and can be theoretically clarified by adding an 

imaginary component as is or 
xyid  to the main 2 2 -wave

x y
d


 order parameter.  
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Developing Nanocomposites Membranes, Targeted Drug Delivery 
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Polymer nanocomposites (PNCs) are polymers reinforced with nanofiller materials which can be organic, 
inorganic compounds or metals. These PNCs exhibit unique properties that are completely different from the 
analogue composites with larger particles such as stiffness, toughness, heat distortion, temperature and 
mold shrinkage and show a significant enhancement in thermal, electrical, mechanical, physical, optical, 
flammability and gas-barrier properties according to their applications [1-3].  
 
Polymer nanocomposites (PNC) membranes are the future for the global packaging industry. This is due to 
the presence of nanoparticles in the polymer matrix which improve the packaging properties of the PNC 
membranes such as: flexibility, gas barrier, temperature/moisture stability, mechanical stress, chemical 
stability, recyclability, dimensional stability, heat resistance, and optical clarity. [4-5] 
 
In this talk, the work which has been conducted by the Biomedical Polymer Nanocomposites, Hydrogels and 
tissue Engineering research group at the American University in Cairo (AUC) on PNCs will be presented. A 
special focus on designing novel membranes with controlled porosity and permeability will be discussed. In 
addition, the effect of nanofiller material and weight percentage on the PNC membrane’s properties (e.g. 
mechanical, chemical, physical, and electrical) will be highlighted.  
 
Moreover, the latest results on preparing different silver nanoparticles-based combinatorial therapies and 
evaluating their cytotoxicity on MCF-7 breast cancer cells will be presented. These results highlight that 
combining DOX and Ag/polymeric nanocarriers (NCs) at very low doses probably induced a synergic 
anticancer effect on MCF-7 cells. To the best of the authors’ knowledge, this is the first time to report on 
these significantly higher cytotoxic effects of lower doses of DOX on MCF-7 cells. [6] 
 
More recent results on Electrospun nanofibers and nanocomposites as Nanoscaffolds for wound dressings 
and antibacterial applications as well as tissue regeneration will also be presented.  
 
References 
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Proper selection of reinforcing components allows to designed material properties of 

composite materials. In the case of the materials for application in tribolosystem, not only  

the friction coefficient and degree of the wear of friction partners, but is also important 

dimensional stability at elevated temperatures. The thermal dimensional stability of the 

composite material is very often referred to as one of the advantages of these materials 

compared to the unreinforced matrix material [1-5].  

An example of operation at elevated temperature may be a connection piston and the 

cylinder sleeve in the air compressors. In the cycle sized test measurement system is 

charged for 1 hour at 300 ° C 

The main objective of the research carried out was to evaluate the behavior of the cast 

composite material under a temperature change in the heating and cooling cycles similar 

to the operating conditions. The test specimens were in the form of rings cuted from the 

sleeve casted into a mold of 80 mm diameter. The skin layer of cast has been removed  

by turning. To the surface of the samples were welded K-type thermocouple (insulated 

wire 2 x 0.50mm 740 type GH, ABB). Before the cycle thermal loads were measured 

diameter of the samples - five measurements with an accuracy of 5 μm for each point. 

The test cycle consisted of heating the sample to 250 ° C, annealing them at this 

temperature for one hour and cooling in a stream of flowing air 230 m
3
/h. After 

completion of the test samples was again measured diameters in designated areas. As the 

dimensional stability criterion adopted changes to the dimensions of the rings before and 

after four cycles of thermal loads. The data obtained allowed to estimate the basic 

characteristics of descriptive statistics composite castings diameter change after four 

cycles of temperature changes. Analyzing the changes in the diameters of samples 
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measured at 20 ° C after four cycles of temperature changes in the range of 20-250 °C 

can be concluded that the test composite materials have greater dimensional stability 

compared to the unreinforced matrix material: 

Scientific work financed from funds allocated for The National Centre for Research and 

Development as project no. PBS1/B6/13/2012 

Keywords: hybrid composites, thermal cycles, dimensional stability 
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Amyloidosis is the hallmark symptoms of neuro-degenerative and degenerative diseases 

which are known as Alzheimer’s disease, Parkinson’s disease, type II diabetes and cardiovascular 

diseases 
1, 2

. The source of amyloidosis is amyloid proteins, which existed from 1D structures to 3D 

structures under physiological conditions. These amyloid proteins have insoluble characteristic which 

proteins are not easily degraded in spite of external environment conditions. Using this insoluble 

characteristic, amyloid proteins have been developed as the functional materials with biocompatibility 

such as conductive nanowires and drug delivery components.  

For the usage of the functional materials, structural stability of amyloid proteins is important. 

Typically, hydrogen bonds have been recognized as a crucial agent for amyloid protein stability 

through several computational and experimental studies. However, role of the aromatic characteristic 

such as phenylalanine residue has also been recognized as the main source of amyloid fibrils. For 

example, experiment study of Aβ amyloid fibrils with aromatic residue mutation study was conducted 

to reveal the aggregation and formation tendencies. Furthermore, location of amyloid proteins, which is 

known as the polymorphic characteristic, varies the structural morphologies and their characteristic. 

Here, we found the function of aromatic residue location on the Aβ and hIAPP fibrils through 

the material properties using molecular dynamics simulations (MD). Through the MD simulation and 

analysis, not only the increased material characteristic of amyloid proteins affected by aromatic residue 

can be revealed, but the different material behavior also can be observed. Our study provides the 

importance of aromatic residue on amyloid fibrils for the utilization of functional materials. 
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Abstract 

Osteoarthritis (OA) is a disease which is characterized by joint pain, swelling and 

stiffness due to wear and tear of articular cartilage and has limited self repair capacity due to 

its avascular and aneural nature. Nanotherapeutics use nanomaterials for various biomedical 

applications such as drug delivery, diagnostics and biosensors. This work focuses on the use 

of gold nanoparticles for enhancing the delivery of chondroitin sulphate (CS)-a drug used in 

the treatment of Osteoarthritis (OA). CS has already shown many benefits in treating 

osteoarthritis. Gold nanoparticles were synthesized and combined with CS. Gold 

nanoparticles were characterized by Transmission electron microscopy (TEM), XRD 

analysis.   Further invitro analyses of this combination of Gold nanoparticles with CS (AuNp-

CS) on primary goat chondrocytes were done by various assays like MTT, Hoescht staining, 

Glycosaminoglycan and collagen studies. Cell viability studies by MTT revealed that Gold 

nanoparticles –CS (AuNp-CS) stimulated cell proliferation. There was increase in cell 

viability observed by Gold nanoparticles-CS than Native CS at same concentration. Similar 

Results were also observed with GAG and Collagen assay. There was 2.18 and 2.05 fold 

increase observed in GAG and collagen production when gold nanoparticles–CS (AuNp-CS) 

was added in combination than native CS. So this study shows that this combination of gold 

nanoparticles-CS stimulates chondrocyte proliferation and enhances Extracellular matrix 

production (ECM). Thus giving us the insight for the applicability of gold nanoparticles as a 

carrier for osteoarthritic drug CS which can hold potential for treatment of disease.  
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Platinum complex of indole-7-carbaldehyde thiosemicarbazone Pt(L)(PPh3) which possess significant 

cytotoxicity towards cancer cell lines was encapsulated in nanolipid carrier (NLC) prepared by melt-

emulsification technique. Larger particles size and increasing loading efficiency were obtained when 

the drug amount in formulation was increased. Larger particle size of higher amount of Pt(L)(PPh3) 

revealed that direct participation of platinum complex in the formation of NLC, as in agreement with 

the result of loading efficiency. The zeta potential of the Pt(L)(PPh3) loaded nanolipid is lower than the 

unloaded nanolipid, could be attributed by neutralization effect from the complex and increase with the 

increasing amount of Pt(L)(PPh3). From MTT assay evaluation, Pt(L)(PPh3) loaded nanolipid exhibited 

lower toxicity rather than free drug for 24, 48 and 72 hours of treatment, showing slower release of 

Pt(L)(PPh3) from the lipid matrix. The study suggested that the nanolipid could be a promising carrier 

for Pt(L)(PPh3) to lower its toxicity and enhancement of the therapeutic efficacy in the anti-cancer 

treatment. 

 

Keywords: Platinum Complex, nanolipid carrier, encapsulation, slow release, anti-cancer 
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Bio-inspired design of the structure and mechanics of interfacial materials 
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Biomaterial covers a range of materials that are expressed by genetic information and play 

functional roles for the biological system such as DNA origami, cytoskeleton network, bone, silk 

and wood. These materials have fascinating mechanical and biological functions built up from 

simple basic material building blocks. Such ability to synergistically integrate multiple advantages 

in materials goes far beyond our current understanding of using synthesizing engineered materials. 

While it is known that the specific structure of an interface plays an important role in defining its 

mechanical properties, less clear is whether or not there exist universal scaling laws that govern 

the structural evolution of a very broad range of natural interfaces that lead to its biological 

functions. Here we show that cooperativity of interacting elements, causing great strength with 

synergistic material use, is a key concept that leads to the exceptional mechanical property of 

many natural materials. By translating this insight gained from the study of natural materials such 

as spider web, cocoon, mussel thread or cytoskeleton network to engineered materials such as 

composites composed of graphene and other polymers, we demonstrate an engineering paradigm 

that facilitates the design of multifunctional materials starting from the molecular level. To 

generalize our findings, by utilizing the integrated combination of experimental characterization, 

mathematical modeling, massive computational calculation and advanced additive manufacturing, 

we illustrate the concept to realize materials of functions by design. 
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The materials possessing the simultaneous existence of more than one ferroic order 

(termed as ‘multiferroics’) are of specific interest due to the possible technological 

applications in transducers, magnetic field sensors, and multiple state memories etc. [1]. 

Doping of  Bi
3+

 nonmagnetic ion at Co site in Co2MnO4 series of AB2O4 spinel family of 

compounds where structurally A and B occupies the tetrahedral and octahedral positions 

respectively, have shown the promising feature of multiferroicity [2,3]. Crystal structure 

and magnetic structure of  Co2MnO4 is scarcely studied by employing neutron 

diffraction(ND) technique. In this work, the results on the ND studies of BixCo2-xMnO4   

(x = 0, 0.05, 0.10, 0.15) are presented, which clearly signifies the phase purity of the 

samples and low temperature ND study of the compounds show onset of ferrimagnetic 

ordering. ND study was carried out on powder samples at the National Facility for 

Neutron Beam Research (NFNBR), Dhruva Reactor, Mumbai (India). ND patterns were 

recorded at room temperature (300K) and at 2.9K. The Reitveld Refined room 

temperature ND pattern of polycrystalline samples of BixCo2-xMnO4  showed that the 

samples are phase pure and exhibit cubic crystal structure (space group ‘Fd-3m’). The 

low temperature (at 2.9 K) ND pattern of the BixCo2-xMnO4 series clearly indicated the 

emergence of new superstructure peak and enhancement in the structural Bragg peak,  

depicting the ferrimagnetic ordering in the series. These additional peaks have been 

refined for magnetic structure. This analysis will further augment in understanding the 

multiferroic behavior in the Bi doped Co2MnO4 compound.     

Keywords: Multiferroics, Neutron diffraction, Magnetization 
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Abstract 

A protocol to synthesise monodisperse mesoporous silica microparticles via a microfluidic jet 

spray-drying route is reported. The first example used CTAB as the templating agent, with 

microparticles demonstrating highly ordered hexagonal mesostructures of surface areas from 

~ 900 up to 1500 m
2
/g and pore volumes from ~ 0.6 to 0.8 cm

3
/g. Highly ordered mesoporous 

silica microparticles were produced even at a relatively low drying temperature of 92 C. The 

uniform particle size could be varied from ~ 60 to 100 µm by changing the initial solute 

content, or changing the drying temperature. The ratio of the surfactant (CTAB) and silica 

(TEOS), and the amount of water in the precursor affected the degree of ordering of 

mesopores by promoting either the self-assembly of surfactant-silica micelles or silica 

condensation in the evaporation-induced self-assembly. The spray-dried microparticles 

showed a comparable controlled release performance with that of MCM-41 particles 

(Waldron et al., 2014). In the second example, large (~ 50 µm) and uniform SBA-15 

microspheres were produced using amphiphillic Pluronic block co-polymer F127 as the 

surfactant. The size, morphology, and mesostructure of particles can be controlled from inlet 

drying temperature, initial solute content, hydrolysis time of the precursor, and the choice of 

solvent. The particles produced at 160 °C exhibited long-range ordering and were ~ 50 % 

larger than those generated at 120 °C due to a faster evaporation rate. Increasing hydrolysis 

time of the precursor solution allowed more cross-linking of silica, resulting in hollow, 

“bowl-like” particles. The use of water instead of ethanol as a solvent resulted in disordered 

“worm-like” mesostructure due to the slower evaporation rate. Analyses via SAXS and TEM 

indicated that the mesostructures were still mobile immediately after spray drying, 
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confirming the so-called “wet-pocket” phenomenon that determined the final mesostructures 

(Waldron et al., accepted). 

 

Keywords: spray drying; silica microparticles; mesoporous; uniform size 
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ABSTRACT: Lithium substituted 0.95[0.94(Bi0.5Na(0.5-x)Lix)TiO3-0.06BaTiO3]-0.05CaTiO3 

materials include the polar rhombohedral R3c and weakly polar tetragonal P4bm phases. On 

increasing lithium content, the (R3c/P4bm) phase ratio decreased, while the rhombohedral 

and tetragonal lattice distortions remained the same. The temperature corresponding to the 

shoulder in the dielectric permittivity shows no clear shift with respect to lithium substitution, 

due to the rhombohedral distortion remaining constant. Electrical poling produced an increase 

of the rhombohedral phase fraction, together with a rise of the rhombohedral and tetragonal 

distortion. This confirmed the occurrence of a phase transition from the weakly polar to the 

polar phase during electrical poling. Four peaks found in the current-electric field (I-E) loops 

are related to reversible electric field-induced transitions.  As a consequence of a reversible 

transition induced by an alternating electric field, competitive energy densities with those of 

lead-based and lead-free bulk ceramics recently developed was obtained, indicating bismuth-

based perovskites as potential lead-free systems for energy storage applications.  

 

KEYWORDS: ferroelectrics, polarization, dielectrics, energy storage.  
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Microspinners: Controlling Rotational Frequency in Self-Phoretic 
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Autonomous micron scale swimming devices are a class of active materials which show 

directed propulsion at low Reynolds numbers, giving translational displacements far 

exceeding that of Brownian motion without the need for external actuation. Such devices 

use catalytic decomposition of dissolved fuels by spatially separated inert and active 

sections to generate motion by phoretic or bubble release phenomena.  

 

Here we consider spherical Janus particles with one hemisphere coated in Platinum which 

produce motion by decomposing hydrogen peroxide.  In usual conditions these devices 

have been shown to produce a thrust vector orientated away from their active cap.  

However a small increase in rotational diffusion rate as fuel concentration increases 

above that expected for pure Brownian diffusion has also been reported, thought to be 

caused by physical imperfections in the hemispherical cap generating angular velocity 

(Howse et al. 2007). Extending this idea, here we control the active cap shape using a 

glancing angle metal deposition method described by Pawar et al (Pawar & Kretzschmar 

2008). Specifically we look at the effect of breaking the active hemisphere symmetry to 

unbalance the propulsive force and generate an angular velocity.  Recently, rapidly 
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spinning particles have been shown in a range of applications such as causing cell 

apoptosis (Domenech et al. 2013) and directing nerve growth through generation of sheer 

forcers in the microfluidic environment (Wu et al. 2011), however, deploying these 

phenomena is currently limited by a reliance on external fields to generate well controlled 

spin, motivating this study to develop an autonomous alternative. 

Our results demonstrate that tilting colloidal crystals on a planar surface between 0 and 

80
o
, with respect to the directional platinum vapor results in propulsive Janus particles 

with average rotational frequencies tunable from 0.25 up to 2.62 Hz.  Simple geometrical 

analysis shows that the cap symmetry is broken due to shadowing effects of neighboring 

particles in the crystal lattice. This is confirmed by repeating the experiment at sparse 

colloidal coverage, where particles show low angular velocity at all tilt angles. 

 

While autonomous micron scale spinning devices have been previously reported by 

random self-assembly of two or more Janus particles, the resulting angular velocity was 

not well controlled (Ebbens et al. 2010) Consequently this work extends the potential to 

investigate and deploy many interesting driven rotational phenomena.  

 

Keywords: Active matter, nanotechnology, colloids, Janus. 
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Surface-energy induced formation of bismuth nanowires at room temperature 

Mingzhao Liu 

Center for Functional Nanomaterials, Brookhaven National Laboratory, Upton, NY 11973 

 

Bismuth nanowire is a material of many intriguing electronic properties but remains a challenge 

for scalable and high quality fabrication. In this talk I will present a novel catalyst-free and 

template-free technique to grow single crystalline bismuth nanowires in high yield, through 

spontaneous release of surface energy by embedded nanometer-sized bismuth domains. The 

discovery starts from the unexpected formation of vertical bismuth nanowires array over a 

continuous vanadium film held at room temperature, during thermal evaporation of bismuth in 

vacuum, a technique conventionally reserved for thin film fabrication. Responsible for this novel 

technique is a previously unknown nanowire growth mechanism that roots in the mild porosity of 

the vanadium thin film. Infiltrated into the pores, bismuth forms nanometer-sized domains, 

which carry excessive surface energy that continuously expels them out of the vanadium matrix 

to form nanowires. The simplicity of the technique and the universality of the mechanism open a 

new avenue for the growth of nanowire arrays of a variety of materials, which I will discuss in 

the later part of this talk.  
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Atomic-Scale Study of Precipitate in Photorefractive KTaO3  
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*Corresponding. Tel.: +86 24 23971850. E-mail: xuyb10s@imr.ac.cn (Y.B. Xu).  

Perovskite KTaO3 oxide is a prototype photorefractive crystal 
widely used in doping of photorefractive crystals. In addition, recent 
studies have revealed novel intriguing prosperities in KTaO3 as incipient 
ferroelectricity and superconductivity [1]. Particularly, the performance 
of KTaO3 and related crystals are dramatically affected by corresponding 
defects and purity of KTaO3, which is still an obstacle for optimizing 
photorefractive property of KTaO3 related materials, since the volatile 
potassium tend to loss and thus impure precipitates forms. For example, 
the general formed tantalum-rich K6Ta10.8O30 secondary phase with 
tetragonal tungsten bronze structure greatly blocks the promising 
applications of KTaO3 crystal [2]. However, the precipitate 
configurations and corresponding interface structures of the K6Ta10.8O30 
secondary phase are still elusive, which impact the preparations of low 
defect density crystals. In this work, K6Ta10.8O30 precipitates in KTaO3 
crystal was systematically investigated by aberration-corrected scanning 
transmission electron microscopy (STEM). Orientation relationships 
between K6Ta10.8O30 and KTaO3 and atomistic structures of K6Ta10.8O30 
and corresponding interface structures were determined at the atomic 
level.  

Figure 1(a) is a bright-field image of KTaO3 crystal with K6Ta10.8O30 
precipitates exhibiting different configurations featured with stark square 
and lamellar appearances, as marked with two arrows.  

Figure 1(b) and Figure 1(c) are HAADF-STEM images of the fine 
interface structures. The interface between a square precipitate (yellow 
arrow in Figure 1(a)) and KTaO3 was characterized with atomic scale 
facets probably along high index planes. Corresponding orientation 
relationship is: K6Ta10.8O30 [001] // KTaO3 [001] and K6Ta10.8O30 (310) // 
KTaO3 (100). Figure 1(c) is the magnified HAADF-STEM image of 
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precipitate with lamellar shape marked with green arrow in Figure 1(a). 
The interface between this precipitate and KTaO3 is completely straight 
with well defined crystallographic planes, yet another specific orientation 
relationship was identified: K6Ta10.8O30 [310] // KTaO3 [001] and 
K6Ta10.8O30 (001) // KTaO3 (100). This interface is terminated by TaO2 
plane of KTaO3 crystal. This structure information will be useful for 
growing perfect KTaO3 and related crystals and help to understand the 
impurity induced performance depression. 

Figure1. (a) Low-magnification of bright-field TEM image taken along 
the [001] direction of KTaO3 crystal. (b) High resolution of 
HAADF-STEM image of KTaO3 crystal and K6Ta10.8O30 precipitate taken 
along [001] direction of K6Ta10.8O30. (c) High resolution of 
HAADF-STEM image of KTaO3 crystal and K6Ta10.8O30 precipitate taken 
along [310] direction of K6Ta10.8O30. 
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LiMxMn2-xO4 with different doping cations was prepared via a batch hydrothermal 

synthesis process at supercritical water conditions. The structure, morphology and 

electrochemical performance of LiMxMn2-xO4 were characterized by X-ray diffraction, 

scanning electron microscope and charge and discharge test, respectively. The effects 

of doping ions and doping rate on the structure, morphology and electrochemical 

performance of the material were investigated. The results showed that: the cyclic 

performance of doping material improved in different degrees. Compared with material 

doping with Al and Fe, the material doping with Co has better performance: it has 

uniform particle size, good dispersity and stable electrochemical performance. The 

material doping with Co has initial discharge capacity of 111.7mAh/g at 1C discharge 

rate, capacity retention rates is 87.2% after 200 cycling. With the increasing of doping 

amounts, the stability of the material increased and cycle performance improved, but 

the capacity decreased as the active material Mn
3+

 is replaced by Co
3+

, and the 

dispersity get worse as particle size reduced, overmuch doping may lead to other 

secondary phase generate. So the amount doping of 5% is optimal value. 

Keywords: supercritical hydrothermal; doping; LiMxMn2-xO4; cyclic performance 
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The main goal of this work is to determine isotropy (anisotropy) of the samples which 

were manufactured from C/PPS pellets with random orientation. Image processing 

analysis of the samples was done to detect the orientation of the pellets on the surface 

area. Image was transformed into binary map which was discretized on facets with 

rotating abscissa with length of N pixels. The evaluation of the frequency of detected 

peaks depending on the angle of the abscissa was done and isotropy of the material was 

confirmed. Then mechanical characteristics of the samples were analytically calculated 

with the modification of classic lamination theory for randomly reinforced composites 

according to [1]. FE simulation of the tensile test was done in software ABAQUS with 

material characteristics obtained by the analytical calculation. Verifying tensile tests 

based on ASTM D3039 were done on specimens cut from flat plates in both longitudinal 

a transversal direction [2]. Tests were done on TIRA 2300 universal test machine with 

clamped jaws and evaluated. Isotropy which was confirmed from image processing 

analysis has not been fully confirmed from the verifying tensile tests due to great 

dispersion in measured values. Future work will focus on the tests with bigger group of 

specimens and measuring G modulus using ultrasound methods. 

Keywords: image processing, FEM, experiment, random orientation, thermoplastic composite 
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Functional polymer surfaces on performance materials 
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This abstract is preferably meant for an oral presentation in Symposium 2 “Advances in 
Thin Films”. 

Modifications aimed at adding (stimulus-triggered) functionality to surfaces have enabled 

many new applications such as self-cleaning, self-replenishing, self-healing, thermal 

regulation, energy scavenging and anti-(bio)fouling. Nature appears to be an 

inexhaustible source of inspiration as many biological species display remarkable surface 

structures and chemistry, enabling extraordinary properties. Some of the most famous 

examples of such surfaces are the super-hydrophobic lotus leave and the water-repellent 

butterfly wing, the hydrodynamic drag-reducing shark skin as well as the super-adhesive 

gecko foot.  

Surface functionality tuning is typically achieved by chemical functionalization/ 

modification, by surface patterning/roughening or particle self-assembly, or by deposition 

of smart coatings. As a result, wettability, weldability, friction, conductivity, optical 

absorption, printability and adhesion, a.o., can be adjusted. Depending on the targeted 

utilization, modifications can be reversible or permanent.  

Nowadays, the demand for surfaces with new functional properties is becoming more and 

more prominent in many industrial branches. This trend is expected to increase in the 

future. The most targeted functionalities are: (i) easy-to-clean, self-cleaning and anti-

microbial material surfaces, (ii) self-healing surfaces (iii) environment-responsive sensors 

and actuators and (iv) surfaces exhibiting defined tribological and/or mechanical 

properties. Developments and competencies needed to realize the realization and 

production of these novel surfaces will be discussed, supported by relevant examples 

from academia and the performance polymer industry. 

Keywords: Self-cleaning, self-healing, sensor, tribology, performance polymer surfaces 
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Fibre cement board is one of famous construction products that can be used as an internal/external 

wall as well as materials for roofing. However, over the past two decades, the use of asbestos fibres 

has been forbidden in the production of fibre cement board in many of developed country, those 

carcinogenic fibres are still used in many of developing countries. This research attempts to find the 

cheap and accessible materials and fibres as an asbestos replacement in the production of fibre 

cement board. 

In this research, waste Kraft pulp  and which gained from waste cardboard in corporation with two 

polymeric fibres; acrylic and polypropylene fibres which are normally used in fabric industry, were 

used as two different alternatives for asbestos fibres in the production of fibre cement board. In 

both groups, nano silica were used as additives. 

Mechanical and physical characteristics of specimens were tested and analysed according to 

relevant standards.  

The results showed that the specimens made out of waste cardboard and acrylic fibres could meet 

the standard’s requirements and have adequate potential to be used as an alternative of asbestos. 
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Mixed-valence complexes have attracted great interest because of the understanding of 

intramolecular electron transfer events and conductivity, and electric dipole moment of 

their solid state. These complexes have great potential for a functional unit in the field of 

molecular electronics. Recently, composites of functional metal complex and carbon 

materials such as SWNT and graphene have been studied for the application of 

electronics and sensor; however, there has been no report of composites consisting of 

mixed-valence complexes as building block. Thus, it is important to evaluate the mixed-

valence states of the complexes on carbon materials surfaces. Here we report synthesis of 

dinuclear ruthenium complex containing two cyclometalated Ru bridge and pyrene 

anchors to a SWNT, HOPG, or graphene surface, and investigated the composite 

formation between carbon materials and the ruthenium complex through noncovalent - 

interactions of pyrene anchors. The mixed-valence Ru complex was attached on these 

surfaces strong enough to measure the electrochemical measurements. After the SWNT 

composite formation, the composite was deposited on a Pt electrode by simple solvent 

evaporation. This complex/SWNT-modified showed two reversible oxidation waves at 

Epox = -0.32 and 0.16 V in CH3CN (0.1 M TBAPF6), which can be assigned to the 

Ru(II/III) oxidation of the ruthenium complex attached on SWNTs. The oxidation 

potentials of the composites are consistent with those in solution, indicating conservation 

of the electrochemical properties of the binuclear Ru cores on carbon nanotube surface. 

Details of adsorption behaviors of complex to carbon materials surface and electronic 

properties of composites will be discussed at the meeting.Keywords: Mixed-valence 

complex, single walled carbon nanotube, HOPG, gaphene, composite. 
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The coupling of magnetic and electric fields due to the constitutive behavior of a material is 

commonly denoted as magnetoelectric (ME) effect. The latter is only observed in a few 

crystal classes exhibiting a very weak coupling, mostly at low temperatures, which can 

hardly be exploited for technical applications. Much larger coupling coefficients are ob-

tained at room temperature in composite materials with ferroelectric and ferromagnetic 

constituents. The ME-effect is then induced by the strain of matrix and inclusions convert-

ing electrical and magnetic energies based on the piezoelectric and magnetostrictive effects. 

In this paper, the theoretical background of nonlinear constitutive multifield behavior as 

well as the Finite Element (FE) implementation are presented. Nonlinear material models 

describing the magneto-ferroelectric or electro-ferromagnetic behaviors are presented. Both 

physically and phenomenologically motivated constitutive models have been developed for 

the numerical calculation of the nonlinear magnetostrictive and ferroelectric behaviors. On 

this basis, the polarization in the ferroelectric and magnetization in the ferromagnetic re-

spectively magnetostrictive phases are simulated and the resulting effects analyzed. Numer-

ical simulations focus on the prediction of local domain orientations and residual stress 

going along with the poling process, thus supplying information on favorable electric-

magnetic loading sequences. Goals are to improve the efficiency of ME coupling and to 

reduce damage associated with the poling process. Further, the developed tools enable the 

prediction of the electromagnetomechanical properties of smart multiferroic composites 

and supply useful means for their optimization. The resulting final state of a poling simula-

tion can be implemented as a starting condition for approximate linear simulations and 

multifield homogenization procedures. 

Keywords: Multiferroics, magnetoelectric effect, ferromagnetics, ferroelectrics, homogenization. 
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The water splitting efficiency of InVO4 powders synthesized by the 

hydrothermal process with various In/V molar ratio  
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Hydrogen is an important green energy. It is clean and contains high energy (285.8 

J/mol). The production of hydrogen with photocatalysis is a potential technology. In this 

study, InVO4 has been chosen as a photocatalyst to split the water into hydrogen. By 

controlling the synthesis conditions such as the compositions, the ammonia contains, 

synthesized time, pH and temperature to study the formation of the surface features and 

crystalline phase and the efficiency for the water splitting. 

Hydrothermal method has been used to prepare InVO4 catalysts. The control 

parameters of hydrothermal method include the composition ratio of In/V to 1:1; the 

ammonia contains of 0.5g and 1g,; hydrothermal time 1hr、2hr、4hr、8hr,; pH value 5, 

and hydrothermal temperature 160°C、180°C、200°C、220°C. The catalysts were 

characterized by FE-SEＭ and XRD to determine the structure of the catalysts,  and GC 

for analyzing the water splitting efficiency. When the addition amount of urea is 0.5g and 

hydrothermal process is 4hr , there is a maximum concentration of hydrogen 113.9 

μmole/g‧cat in water splitting; while increasing the amount of urea addition to 1g, the 

catalysts forms byproducts (NH4)2V6O16 and the reactivity decreases than that of the 0.5g 

ammonia addition, but this crystal form can also be used as catalysts for the production of 

hydrogen. Due to the literature search, this results haven’t been reported before. This new 

crystal catalyst can maintain the hydrogen concentration of 94.7 μmole/g‧cat in the water 

splitting reaction. This study concludes that the best preparation conditions for the pH5 

hydrothermal temperature 200°C, while its 4hr hydrogen concentration 113.9μmole / 

g‧cat. In addition, the byproducts (NH4)2V6O16 could also possess the efficiency of 

hydrogen production in this reaction. 

Keywords：Hydrothermal synthesis, Photolysis, Hydrogen production, urea, InVO4, 

(NH4)2V6O16 
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 We report on synthetic chemistry using mesoporous boron nitride material under high-pressure and high-

temperature (HPHT). Mesoporous boron nitride was synthesized using mesoporous carbon as hard template. The 

synthesized mesoporous BN material has BET surface area of ~ 600 m
2
/g, pore volume of 0.66 cm

3
/d and pore size 

of ~ 5.2 nm. It was observed that upon HPHT treatment, the amorphous boron nitride was transformed completely 

into cubic bororn nitride  (cBN) nanocrystals at a pressure of 14 GPa and temperature of 1300 
o
C for 3 h. The 

synthesized cBN nanocrystals have average size of ~ 50 nm as confirmed by TEM and SEM. Further optimization 

of synthesis conditions, it was observed that cBN could be synthesized even at lower pressure of 10 GPa and 

temperature of 1000 
o
C for 30 min. Further, lowering pressure and temperature, however, hexagonal BN was 

synthesized. All the materials were characterized by X-ray diffraction, Raman, TEM, and SEM. 
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Hydrothermal synthesis of ZnO under supercritical conditions from zinc-containing 

solution (or solution directly) is an environmentally safe process. Two reaction steps 

are involved, zinc hydroxide sol formation and dehydration from the sol. However, 

little is known about the underlying mechanism. In this study, experiments were 

conducted to investigate the effects of process parameters on particle size, and the 

molecular dynamics simulations were performed to investigate the structural and 

thermodynamic changes for the hydrolysis process of zinc acetate, i.e., Zn(CH3COO)2, 

in supercritical water (SCW). ZnO particles with an average size of 10 nm can be 

produced, and the products are characterized with XRD, FE-SEM, TEM and FT-IR. 

Our simulation results show that Zn(CH3COO)2 is prone to aggregate in SCW. On 

average, one Zn
2+

 ion is coordinated with five CH3COO
-
 species and one H2O 

molecule, forming an octahedral configuration. Whereas more water molecules were 

found to be able to bind Zn
2+

 in the interface of SCW and the Zn(CH3COO)2 clusters. 

The total potential energy of each system decreases after the hydrolysis of 

Zn(CH3COO)2, suggesting it is a thermally favorable process in SCW. The reaction 

product of OH
-
 is observed to incorporate into the amorphous Zn(CH3COO)2 cluster 

and CH3COOH is found to be in the SCW phase. Our results provide a general 

theoretical framework to the hydrothermal synthesis in SCW. 

 

Keywords: Zinc oxide, Supercritical water, Hydrothermal synthesis, Molecular dynamics 

simulation 
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 Perovskite oxides of general formula ABO3 have been the subject of extensive 

investigation in recent years. Its ideal structure is cubic, where O ions lie on the face 

centres and the B cation lies at the centre of O octahedra. When the octahedrally 

coordinated B-cation is occupied by two kinds of B and B cations, it forms double 

perovskite oxides of general formula A2BBO6. These perovskite oxides possess very 

high values of dielectric constant and are widely used in memory devices based on 

capacitive components. The physics underlying the observed dielectric effect in these 

materials can be extracted by its optical conductivity analyses.  

 

 It is well known that the linear response of any perovskite oxide to an external 

electromagnetic field with a small wave vector is measured through the complex 

dielectric function ε(ω). The optical dielectric functions of the perovskite oxides are 

calculated by density functional theory (DFT) in its generalized gradient approximation. 

The calculated results have been compared with the observed experimental data [1-4]. 

The DFT band gaps are found to be 1.63 eV and 1.71 eV for cubic and tetragonal phases 

of BaTiO3 (BT) respectively. While the dispersion of the bands is in reasonable 

agreement with photoemission measurements, the calculated band gap is well below the 

measured optical band gap of 3.3 eV (cubic BT). In order to address these discrepancies, 

we have calculated the electronic and optical properties of BT accounting for 

quasiparticle effects within the GW approach, and for electron-hole attraction by solving 

the Bethe-Salpeter equation [3]. Quasiparticle effects open the BT band gap significantly. 

The experimental optical spectra are compared with the theoretical results obtained from 

electronic energy band calculation and the density of states of the systems. The role of 

electronic band structure to understand the optical properties of double perovskite oxides 

[5-7] will also be presented.  

 

[1] S. Saha, T. P. Sinha and A. Mookerjee, Phys. Rev. B, 62 (2000) 8828. 
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Condens. Matter, 14 (2002) 3849. 

[3] S. Sanna, C. Thierfelder, S. Wippermann, T. P. Sinha and W. G. Schmidt, Phys. Rev.  

B,  83 (2011) 054112-1. 

[4] T. P. Sinha, A. Dutta, S. Saha, K. Tarafder, B. Sanyal, O. Eriksson and A. Mookerjee, 

Physica B, 407 (2012) 4615. 

[5] Alo Dutta and T. P. Sinha,  Solid State Commun.,150 (2010) 1173. 

[6] Alo Dutta, T. P. Sinha and S. Shannigrahi, Phys. Rev. B, 88 (2013) 075129-1. 
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For application in integrated sensors or devices, functional materials are used in the form 

of thin films. Ferroelectricity and many other properties of multiferroic materials, such as 

the magnetocrystalline anisotropy, are strongly related to the material crystal structure. 

Because fundamental physics of multiferroic materials is rich, theoretical studies are of 

great importance, since it is extremely difficult to understand the intrinsic material 

properties using only experimental data.  An example of multiferroic material having the 

potential to revolutionize electronic industry is the rhombohedral double-perovskite 

Bi2FeCrO6 (BFCO) owing to its good ferroelectric and magnetic properties at room 

temperature that were both theoretically predicted by ab-initio calculations [1] and 

experimentally demonstrated on epitaxial thin films [2]. To complement these studies, 

theoretical investigations have been performed in order to analyze the spin-orbit coupling 

(SOC) effects on the magnetic and ferroelectric properties of BFCO. Using first-

principles density functional theory (DFT) calculations within the VASP package, 

investigations were performed for both collinear and non-collinear spin structures of 

BFCO, respectively. Exchange and correlation effects were treated using the local density 

approximation plus Hubbard potential, on the different possible high spin (HS) and low 

spin (LS) states of the ferromagnetic (FM) and ferrimagnetic (FiM) spin arrangements.  

In the case of collinear spin calculations without SOC, the existence of four competing 

phases (FMHS, FMLS, FiMHS and FiMLS) with distinct electronic and magnetic 
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properties was found, in agreement with recent published theoretical results [3]. The 

FiMHS state was found to be the most stable, with a total magnetic moment 

|MBFCO|~2B/cell, and a computed spontaneous polarization of Ps=79.1 [C/cm2] in 

agreement with reported data [1]. When SOC was considered, the calculations also 

showed the existence of the above four stable states, FiMHS remaining the most stable 

state. It was found that magnetization is somewhat higher, namely |MBFCO|=2.005 B/cell, 

when the total magnetization vector is parallel to the direction (1 1 -2). It was also shown 

that, the obtained magnetizations does not have a preferred direction in the HS states, but 

show deviation from the direction (1 1 1) in the LS states, due to structural distortions, 

with energy minimized in the direction ~(2 1 1). Spontaneous polarizations computed for 

optimized structures using the Berry-phase method, were found to be slightly higher 

when SOC is considered, namely Ps~81.5 [C/cm2] for FiMHS.  

Additionally, comparing the Fe-O and Cr-O bond lengths in the FeO6 and CrO6  

octahedra, it was found that the Cr-O bonds and Cr3+  magnetic moments have non-

significant changes (smaller than 0.7% of the bond length) when SOC is considered, 

while Fe-O bonds and Fe3+  magnetic moments exhibit substantial changes (up to 6.9% of 

the bond length).  

Keywords: multiferroic, DFT, spin-orbit coupling, distortions 
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Condensed Matter, 24, 096001-1-13. 
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Due to their special electromechanical properties, nowadays ferroelectric materials are 

widely used in many technical applications, mostly as actuators or sensors. Advantages 

compared to other smart devices are the extremely fast reaction times in a range of µs – 

ms and large actuation forces. Influences of temperature and heat flux due to 

electrocaloric and thermomechanical effects are mostly neglected in models, although 

they may have a non-negligible impact on issues like phase transitions, domain wall 

motion or reliability and lifetime. 

In this paper, the theoretical background and the Finite Element (FE) implementation of a 

micromechanically and physically based constitutive model are presented. In addition to 

the nonlinear ferroelectric behavior and the evolution of damage in terms of microcrack 

growth, the model considers the mutual nonlinear coupling of thermal and 

electromechanical fields. The numerical calculations reveal switching processes in 

ferroelectric and associated heating or cooling, enable the prediction of crack initiation 

e.g. at electrode tips in stack actuators and demonstrate the hysteresis characteristics of 

mechanical, electrical and thermal fields. 

Keywords: ferroelectrics, electrocaloric effects, domain switching, damage, crack growth 
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The effectiveness of cancer treatment by radiation along with chemotherapeutic drugs is 

frequently limited due to its toxicity to the normal tissue.  Identification of the possible chemo-

sensitizer that could leads to the protecting normal tissue along with sensitizing the cancerous 

tissue.  Green tea polyphenols, the second largest beverage has strong anticancer and antitumor 

potential. Present study aimed to evaluate the radio-modulatory potential of green tea 

polyphenols nanoparticles in murine splenocytes and wistar rat. In-vitro studies were done using 

primary rat splenocytes culture and effect of radiation on ROS, DNA damage, protein expression 

and apoptosis were studied. For In-vivo studies rats were pretreated with green tea polyphenols 

nanoparticles for 15 days followed by irradiation (5Gy). Micronuclei formation, hematopoietic 

stem cells survival, level of antioxidant enzyme and protein expression was studied during the 

post-irradiation period.  Green tea polyphenols NPs significantly decreased the radiation induced 

ROS, DNA damage and apoptosis in murine splenocytes. Meanwhile in in-vivo results it reduces 

the radiation induced micronuclei formation, apoptosis besides modulating the level of 

antioxidant enzymes. The radio -protective nature of green tea polyphenols nanoparticles at 

molecular level was found to be due to decreased expression of NF-kB and its downstream genes 

p53, p21 and Bax, cytochrome-c, iNOS by scavenging free radicals in in-vitro studies. However 

in case of in-vivo system the reduction in the radiation induced apoptosis was found to be due to 

it interference in the expression of NF-kB. The interference in the radiation induced NF kB was 

found to be protective in nature as lower the levels of the p53, p21 and Bax, cytochrome-c, 

iNOS. These protective effects of green tea polyphenols NPs on radiation induced damage can 

be ascribed to the modulation of NF-kB induced gene expression. In conclusion, green tea 

polyphenols NPs are promising to be used as radio-mitigators or radioprotectors in clinical 

settings.  
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MicroRNAs (miRNAs) are key regulators of a wide range of cellular processes, 

and identified as promising cancer biomarkers. However, for the diagnostic 

application of miRNAs, there is still urgent need for the research of sensitive and 

specific miRNA assays especially in real samples, which still remain a challenge due 

to the low abundance and short length of miRNAs. Electrochemical biosensors have 

attracted tremendous research interest for their advantages of high sensitivity, low 

economy/time cost and portability. Whereas, the signal/noise ratio of miRNA 

electrochemical biosensors is often limited by mass transport and the surface 

crowding effect at the water-electrode interface. Recently, our study showed that the 

subuliform surface of nanotip electrodes at about 100 nm dimension could help to 

regulate the oligonucleotide self-assembling and improve the recognition [1]. 

In this work, we applied the gold nanotip electrode for highly sensitive miRNA 

detection based on the electrocatalytic reaction between Ru(NH3)6
3+

 absorption and 

Fe(CN)6
3-

 amplification. Figure 1 showed the principle of the electrocatalytic miRNA 

detection based on a gold nanotip electrode. Firstly, Ru(NH3)6
3+

 stoichiometrically 

bound to the phosphate backbone of single DNA probes through electrostatic 

interaction, and thus generate a redox current signal, which would be then increased 

when miRNA hybridized to the probes and adsorbed more Ru(NH3)6
3+

. Fe(CN)6
3-

 will 

dramatically amplify the electrochemical signal by regenerating reduced Ru(NH3)6
3+

.  

After the single strand capture probe was immobilized onto the nanotip 

electrodes, cyclic voltammetry was exploited to characterize the electrocatalytic effect 
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in the 10 μM Ru(NH3)6
3+

 solution, and an obvious electrocatalytic reductive current 

was observed in the presence of the 4 mM Fe(CN)6
3-

. Results showed that the unique 

surface morphology and dimension of the nanotip electrode obviously improved the 

catalysis by facilitating the Ru-Fe reaction and decreasing the background signal. 

Scanning electron microscopy (SEM) was used to characterize these electrodes with a 

tip end in the nanometer scale (< 100 nm).(Fig 2A) 

 

 

Figure 1. schematic illustration of electrocatalytic detection of miRNA based on a 

gold nanotip electrode. 

 

 

Figure 2. (A) SEM image for bare gold nanotip electrode. (B) Cyclic voltammogram 

of single strand DNA modified nanotip electrode in RuHex / K3Fe(CN)6 system. 

Keywords: microRNA, nanotip electrode, electrocatalysis  
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Molecule spintronics devices (MSDs) are expected to be capable of harnessing the 

controllable transport and magnetic properties of molecular device elements and can 

revolutionize computer logic and memory. A MSD is realized by placing magnetic 

molecule(s) between the two ferromagnetic electrodes. Recent experimental studies 

exhibited that some magnetic molecules yielded unparalleled strong exchange couplings 

between the two ferromagnets, leading to interesting magnetic and transport properties in 

a MSD. Further growth of MSDs will be governed by gaining an in-depth understanding of 

the molecule induced exchange coupling, and its impact on MSD’s switchability, functional 
temperature range, stability etc. However, the large size of MSD systems and unsuitable 

device designs are the two biggest hurdles in theoretical and experimental studies of 

magnetic attributes produced by molecules in a MSD. This paper theoretically studies the 

MSD systems by performing Monte Carlo simulations (MCS). The effect of magnetic 

molecule induced exchange coupling was studied at different temperature using continuous 

MCS. For these studies MSDs were represented by a 3D Ising model. Our MCS shows that 

thermal energy strongly influenced the molecular coupling effect in a MSD. We studied the 

effect of a wide range of molecule-metal electrode couplings on the fundamental properties 

of MSDs.  
 

A Monte Carlo Study of Magnetic Tunnel Junction Based Molecular 
Spintronics Devices 
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In this study, the template synthesis of metal phthalocyanine:fullerene composite 

nanotubes is realized and compared with its bulk heterojunction counterpart. Metal 

phthalocyanine:fullerene composite nanotubes have been synthesized from the solution 

concentration of 5 mg/ml via the template-assisted method of immersion and spin 

coating. HRTEM images show that metal phthalocyanine (p-type) nanotubes synthesized 

by immersion technique were first produced which led to the infiltration of fullerene (n-

type) of spin-coated. If compared to the metal phthalocyanine:fullerene bulk 

heterojunction, metal phthalocyanine:fullerene composite nanotubes show a wider band 

absorption and the peak absorption was shifted to the longer wavelength. This could be 

due to the improved interaction between small molecules and fullerene at their interfaces. 

The enhanced absorption that portrayed by composite nanotubes was supported by the 

quenching of intense peak in photoluminescence spectrum. Owing to the quenching, the 

photo-induced charge transfer and charge carrier dissociation in the composite nanotubes 

is better than in the bulk heterojunction.      

Keywords: template, metal phthalocyanine, fullerene, composite nanotubes 
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Domain wall motion can be modelled as a rigid body moving in dissipative medium 

under the action of the effective potential W(𝑙). From this model it is possible to 

derive the dispersion relationships.  An analytical expression for the effective 

potential is found assuming that the dielectric permittivity depends on the electric 

field strength as ε ∝ 1/(α + βE2). Multidomain configuration and polarization 

hysteresis can be taking account through the effective field approximation Eeff ≡

E + κP(E). An analytic expression is found for the dependence of permittivity on the 

electric field strength that reproduces its hysteretic behaviour. Minor loop under 

subswitching alternating electric field are simulated and they are compared with 

experimental data obtained from PZT thin films. Loses due to point defect are 

simulated considering defects as perturbation of the effective potential. 
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Potable ground water is an important environmental issue faced by our planet now-a-days. 

Chromium, one of the heavy metals, is generated from a wide range of anthropogenic sources in 

effluent streams. A variety of methods and materials have been developed for environmental 

remediation of chromium from wastewater. The present study is focused to assess the chromium 

level in groundwater of Madurai Kamaraj University area, which is mainly used for drinking 

purpose and also demonstrates the feasibility of Cr removal in these ground water samples by the 

synthesized PANI/Fe3O4 nanocomposites. The US Environmental Protection Agency (EPA) has 

recommended a maximum limit of 0.1 mg L
-1

 for total chromium in drinking water to reduce 

human exposure to toxic chromium.  

 

The Fe3O4 nanoparticles were prepared by microwave irradiation technique, followed by the 

synthesis of PANI/Fe3O4 nanocomposites by in-situ polymerization. The prepared samples were 

analyzed using XRD, FTIR, SEM, TEM and TGA for their structural, morphological and 

topological studies. The XRD revealed a decrease in intensity of the composite compared to bare 

magnetite due to the amorphous coating of aniline polymer. But the crystal phase of magnetite 

core is well maintained even after polymerization. The broad peaks around 20-30° are ascribed 

to the polymer chain of PANI. The combination of magnetite with polymer is also verified with 

FTIR. The characteristic bands of Fe-O vibrations are assigned to 574-580 cm
-1 

for the bare and 

treated samples. The nanocomposites exhibit C=N, C-N and C-H stretching vibration modes. 
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The SEM analysis showcases the formation of aggregated nanospheres overlapped with each 

other.TEM image shows coarse surface indicating the magnetite core and shell structure of 

PANI. The thermal stability of the composite was further investigated by thermo-gravimetric 

analysis(TGA).  

 

The next phase of the work reports the use of Fe3O4/PANI nanocomposite in treating the ground 

water samples. The untreated and treated groundwater samples were further analysed by atomic 

absorption spectroscopy(AAS) to measure the Cr content. The Cr content is found to be 

decreased dramatically after the treatment with Fe3O4/PANI from 0.295 mg L
-1

 to 0.190 mg L
-1

 

and 0.144 mg L
-1

 respectively. This aforementioned analysis confirms the removal of chromium 

successfully from the ground water samples and will open up new avenues in the preparation of 

hybrid nanocomposites for environmental remediation. 

 

Keywords: Magnetite, in-situ polymerization, polyaniline nanocomposites, ground water, Cr removal. 
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Abstract:  
 

Mesoporous silica SBA-15 having pore size (~8 nm) was prepared using Pluronic P123 

triblock copolymer followed by its surface modification with 2 wt.% of 3-

aminopropyltriethoxysilane (APTES). The Au (1-10 wt.%) impregnation led to the formation of 

homogeneously dispersed Au nanospheres of size 5-6 nm, and nanorods of length 90-180 nm 

(and width 6-9 nm) throughout the APTES-modified SBA-15 without any distortion in the long 

range ordering of mesochannels. It was found that increasing amount (1-10 wt.%) of Au loading 

followed by calcination at 350 
o
C resulted in change of spherical morphology to rod like Au 

nanostructures beyond 5 wt.% loading. The surface area (664 m
2
/g) and pore volume (1.33 

cm
3
/g) of bare SBA-15 were significantly reduced to 292 m

2
/g and 0.6031 cm

3
/g for Au 

nanosphere, and 457 m
2
/g and 0.7677 cm

3
/g for Au nanorod dispersed SBA-15, respectively, due 

to partial filling of mesopores. The catalytic activity of APTES-modified SBA-15 for the 

reduction of m- and p-dinitrobenzene is abruptly enhanced, after optimum amount (4-10 wt.%) 

of Au dispersion following a pseudo first order kinetic law that exhibited the best yield and 89 % 

selectivity for m-phenylenediamine and 81% for p-nitroaniline formation, respectively. 
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Abstract 
It is a simple fact that all electrical and electronic devices emit electromagnetic (EM) signals. These 

devices and communication instruments are more widely used in the modern society. Nowadays, it has 

been remarked that the electromagnetic pollution originated from the electromagnetic waves spreading 

out from the electronic devices which are become daily-life necessity in modern era brings many 

damaging effects on the human health, communication and environment. Research studies related to the 

developing of electromagnetic interference (EMI) shielding materials have been increased considerably 

for minimizing such damaging effects of EM waves and providing data security in the communication 

industry and the confidential issues in the military applications. Light weight EMI shielding materials are 

needed to protect the workspace and environment from radiation coming from computers and 

telecommunication equipment as well as for protection for sensitive circuits. An effective shielding could 

be conventionally achieved by metals, or metal-based materials. Polymer composites have recently 

attracted much interest because of their light weight, resistance to corrosion, flexibility and processing 

advantages.  

 

In this study, structural and physical properties of flexible polymer nanocomposite films including novel 

type magnetic nanoparticles were investigated in detail. Thermoplastic polyurethane (TPU) and “carbon-

magnetic nanoparticles” were used as matrix material and functional nano filler in the nanocomposite film 

structure, respectively. The new type functional fillers were formed via the decoration of magnetic 

nanoparticles (Fe3O4), synthesized by the reflux method, onto a carbon template, carbon nano fiber 

(CNF). Flexible films consisting of various amounts of nano filler were prepared via solution casting 

method. Micro-structural features, physical properties and EMI shielding effectiveness of the 

nanocomposite films were characterized by the scanning electron microscopy (SEM), X-Ray diffraction 

(XRD), dynamic mechanical analysis (DMA) and vibrating sample magnetometer (VSM) methods. 

Microwave absorption performances of the films will also be concluded depending on the compositional 

parameters and the structural properties of the samples. 

  

Keywords: EMI shielding; polymer film; nanocomposite; carbon related materials 
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Investigation of intermolecular interactions between fluorene-based 
conjugated polymers using the dispersion-corrected DFT 
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Alternating triphenylamine-fluorene, TPAFn (n=1-3), and fluorene-oxadiazole OxFn 

(n=1-3) conjugated copolymers are important components of novel high-efficiency multi-

layer organic light-emitting diodes (OLEDs).[1,2] In this work, we investigate the 

intermolecular interactions between the various combinations of monomers of OxFn-

TPAFn (n=1-3) copolymers using the dispersion-corrected density functional theory 

(B97D) method. The monomer combinations are taken with and without the presence of 

long alkyl chains in order to study the effect of side-chains on the polymer backbone 

intermolecular interactions. The dispersion effect is determined by comparing the 

structures of the interacting monomers with those in vacuum. In addition, we calculate 

intermolecular distances, energy gaps and binding energies of monomer dimers 

corresponding to different pairings of OxFn-TPAFn (n=1-3) monomers.  Our results 

show that the combination of OxF3-TPAF2 monomers exhibits the highest binding 

energy, closest intermolecular distance, and the best matching in chain length among the 

all the combinations of OxFn-TPAFn (n=1-3) monomers. Experiments have shown that 

OxF3-TPAF2 combination gives the best performance for OLEDS made of OxF-TPAF 

polymer layers. 

Keywords: Conjugated Polymers, Interfacial Interactions, Dispersion Corrected DFT 

[1] Lin Ling and Jolanta B. Lagowski, 2013, “DFT Study of Electronic Band Structure of 
Altenating Triphenlamine-flourene copolymers,” Polymer, 54, 2535-2543. 
[2] Lin Ling and Jolanta B. Lagowski, 2010, “Electronic Band Structure of Alternating 
Fluorene-Oxadiazole Conjugated Copolymer – A 1D Solid-State DFT Study,” J. Mol. 
Struc. (Theochem), 944, 146-155.  
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Multifunctional materials based on continuous macroscopic fibres of carbon nanotubes combined 

with polymers and inorganics. 

 

Juan J. Vilatela, IMDEA Materials Institute, Madrid, Spain 28906 

 

 
 

   
 

 

 
We report on the synthesis of kilometers of continuous macroscopic fibers made up of carbon nanotubes (CNT) of 

controlled number of layers, ranging from singlewalled to multiwalled, tailored by the addition of sulfur as a catalyst 

promoter during chemical vapor deposition in the direct fiber spinning process. The progressive transition from 

single-walled through collapsed double-walled to multiwalled is clearly seen by an upshift in the 2D (G′) band and 

by other Raman spectra features1. Through control of CNT structure and orientation in the fibre we obtain fibre 

strengths > 1GPa/SG and modulus >60GPa/SG and composite reinforcement levels beyond the rule of mixtures. 

 

These fibres are good electrical conductors, chemically resistant and have a specific surface area in excess of 

100m2/g. They are thus ideal to host large amounts of additional phases within the fibre itself, such as liquids, 

polymers and inorganics. The ingress of foreign liquids produces reversible changes in electrical resistance due to 

modest fibre swelling2 and to the effect of the medium on the probability of electron tunnelling between adjacent 

CNTs, setting the basis to use this materials as a liquid sensor3.  

 

We then show examples of hybrids materials where the fibres are combined with either polymers or inorganics. In 

the case of polymer matrices, we show how the large fibre surface induces fast nucleation of crystalline lamella and 

the formation of a transcrystalline layer. The CNT fibre/inorganic materials is characterised in terms of interfacial 

charge transfer processes. A few examples of application of these materials in energy management are presented.  
 

 

(1)  Reguero, V.; Alemán, B.; Mas, B.; Vilatela, J. J. Chem. Mater. 2014, 26, 3550–3557. 

(2)  Qiu, J.; Terrones, J.; Vilatela, J. J.; Vickers, M. E.; Elliott, J. A.; Windle, A. H. ACS Nano 

2013, 7, 8412–8422. 

(3)  Terrones, J.; Elliott, J. A.; Vilatela, J. J.; Windle, A. H. ACS Nano 2014, 8, 8497–8504. 
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Size control and photoluminescence enhancement of Mn2+-doped ZnS 

nanoparticles synthesized by AOT- reverse micelle modified by compressed 

CO2 
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Abstract 

 

Uniform Mn2+-doped ZnS nanoparticles with reduced surface defects and improved optical 

properties have been synthesized in a system of AOT-reverse micelle modified by compressed 

CO2.  This process utilized sub-critical CO2 at relatively low pressure of 20-60 bars at constant 

temperature of 400C and adjustment of dopant ratio value (W). Physical characterization was 

carried out using UV-vis, XRD and TEM. Compared with the conventionally prepared 

Mn2+doped ZnS, the particles synthesized by the modified reverse micelle method produced 

particles with mean particle diameter of 2 - 3 nm and significant enhancement of optical 

properties at 600 nm wavelength. The ZnS:Mn2+ particles also exhibited a narrow band size 

dependent excitation emission, indicating dissolvement of CO2 into the micelle solution and 

effective surface modification, thus producing high photoluminescence (PL) efficiency of 41% .  

 

Keywords: Mn2+-doped ZnS, reverse micelle, sub-critical CO2, photoluminescence 
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Tuning the nanostructure of highly functionalized silica using 

amphiphilic organosilane 

R. Besnard, J. Cambedouzou, G. Arrachart, and S. Pellet-Rostaing 
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romain.besnard@cea.fr 

In the context of solid-phase extractants, the organically functionalized silica should have 

a high density of functional groups with a satisfying homogeneity and accessibility. 

These requirements are usually difficult to obtain with conventional approaches. 

Nanoporous silica-based materials with a densely functionalized surface have recently 

been prepared from organosilane amphiphile molecules.[1] Based on their amphiphilic 

properties, such organosilica precursors could be hydrolyzed to spontaneously give 

structured materials without requiring further addition of external surfactant.  

The aim of our study was to develop 

suitable “all-in-one” approach using 

condensable surfactant precursors either 

for preparation of hybrid materials. 

Recently, we described the self-

assembly of a simple amine (amino-

undecyl-triethoxysilane) as a model, 

leading to hybrid organic-inorganic 

materials of hexagonal and lamellar 

structure.[2]  

The mechanism of organization will be 

described as function of catalyst 

involved in sol-gel process, silica precursor (TEOS) adding and aging temperature. The 

study shows that the structure of such amino@silica material is enhanced by the presence 
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of cohesion agent like carbon dioxide for instance which can be released to unzip bilayers 

for the grafting of functional group and extraction of ions.  

The method was extended on similar amphiphilic precursors with different functional 

groups which modify the amphiphilic behavior and the final structure.  

Extraction tests on such materials exhibit a very high extractant capacity and without any 

degradation of the structure. This study presents a very promising result for hybrids 

materials used for solid-liquid extraction. 

Keywords: hybrid materials, highly functionalized silica, bilayers, mesostructured materials, 

SAXS experiment. 

 [1] ZHANG, Q., ARIGA, K., OKABE, A., AIDA, T. 2004. J. Am. Chem. Soc., 126, 

988–989. 

[2] BESNARD, R., CAMBEDOUZOU, J., ARRACHART, G., DIAT, O., and PELLET-

ROSTAING, S. 2013. Langmuir, 29, 10368-10375. 
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Photophysic Simulations of THz Wave Generator Originating From 

Infrared NLO Material SnGa4Se7 

Wen-Dan Cheng*a, Chen-Sheng Lin b , Hao Zhang c 

State Key Laboratory of Structural Chemistry, Fujian Institute of Research on the 

Structure of Matter, Chinese Academy of Sciences, Fuzhou 350002, P. R. China.  

a cwd@fjirsm.ac.cn, b cslin@fjirsm.ac.cn , c hzh@fjirsm.ac.cn  (cwd@fjirsm.ac.cn) 

Mid/far infrared nonlinear optical crystal can be used to produce a source of terahertz 

(THz) radiation by different frequency generation. For the generation of THz radiation 

based on the photonic way, it is strongly dependent on the optimal nonlinear optical (NLO) 

crystal with wide infrared wavelength converge. Ptotophysical properties of a new infrared 

NLO crystal SnGa4Se7 obtained by our group [1] are investigated in order to consider it as 

a generation of THz radiation source. The measured and calculated infrared spectra show 

the wide transparent regions in the mid-infrared (MIR) zone up to 25μm and 33 μm for 

SnGa4Se7 powder and single crystal, respectively. The second harmonic generation (SHG) 

conversion efficiencies and the laser-induced damage thresholds (LIDTs) are about 3.8 

times and 4.6 times of that of AgGaS2 at the same particle size, respectively. The 

measurements of the SHG intensities depending on particle size of SnGa4Se7 show that it 

is a phase matching material. The calculated energy band structure and density of states 

show that the compound is an indirect bandgap material with the gap of 2.588 eV. The 

micro-mechanism studies indicate that the NLO response mainly originates from the 

charge transfer of Se2- to Ga3+ ions, and mixed with some amount of charge transfers from 

Se2- to Sn2+ for this material. The SnGa4Se7 material appearing these characteristics will 

be fit for the NLO crystal producing THz radiation source. 

Keywords: THz generator, metal chalcogenides, DFT calculations 

[1] LUO, Z.-Z., LIN, C.-S., CUI, H.-H., ZHANG, W.-L., ZHANG, H., HE, Z.-Z., CHENG, 

W.-D. 2014. SHG Materials SnGa4Q7 (Q = S, Se) Appearing with large conversion 

efficiencies, high damage thresholds, and wide Transparencies in the mid-infrared region, 

Chem. Mater. 26, 2743−2749. 
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Lead-free Relaxor Ferroelectrics for Electrocaloric Cooling 

Gunnar Suchaneck, Gerald Gerlach 

TU Dresden, Solid State Electronics Lab, 01062 Dresden, Germany. 

E Mail/ Contact Détails (Gunnar.Suchaneck@tu-dresden.de) 

Since the electrocaloric (EC) effect possesses a maximum near the ferroelectric-

paraelectric phase transition, EC research is mainly focused on materials with a first-

order phase transition. However, polar-domain related and dielectric losses make the 

temperature change of adiabatic heating larger than that of adiabatic cooling. This is not 

suitable for devices subjected to repeated thermodynamic cycles. 

In this work, we consider an alternative approach: EC device operation at high electric 

fields E above the temperature Tm of the maximum dielectric permittivity. Here, the EC 

response is determined by the steepness of the electric compliance, d/dT, with  as the 

dielectric permittivity, while dielectric losses are comparably low. Above Tm, relaxor 

ferroelectrics exhibit a much larger d/dT than classical ferroelectrics. This is attributed 

to polar nanoregions not present in the ordinary paraelectric phase. At large fields (E > 5 

MV/m), the Devonshire equation of electric state in relaxors yields a much steeper E-

field dependence of the EC effect, TEC  E
4/3

, than in ferroelectrics, TEC  E
2/3

. For 

example, at 25 MV/m, a ca. 50% higher TEC of (Ba0.6Sr0.3Ca0.1)TiO3 occurs compared to 

ordered Pb(Sc0.5Ta0.5)O3. The latter was already used in an EC demonstrator device. 

We discuss materials design strategies for lead-free relaxor EC materials based on 

stability and distortion of crystal structures with respect to a maximum of d/dT. 

Different thermodynamic cycles (Carnot, Brayton, Ericsson, Stirling and Olsen) will be 

analyzed for EC device application. Thin film EC devices show the most promising 

properties when operated with higher cycle frequency employing lower thin film thermal 

relaxation times. 

Keywords: Electrocaloric cooling, relaxor ferroelectrics, materials design 

AFM2015 - Jun 29 to Jul 3

Symposia 1: Advances in Multifunctional Composite Materials

Advances in Functional Materials

183



Dielectric Relaxation Study of Diethanolamine with Triethanolamine at 

Melting Points Using Time Domain Reflectometry 
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2
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The dielectric relaxation study of diethanolamine with triethanolamine binary mixture have been 

determined over the frequency range of 10 MHz to 20 GHz, at 15, 20, 25, 28, and 30
o
C using 

time domain reflectometry (TDR) method for 11 concentrations of the system. The present work 

reveals molecular interaction between same multi-functional groups [−OH and –NH2] of the 

alkanolamines (diethanolamine and triethanolamine) using different models (Such as Debye 

model, Excess model, Kirkwood model and Bruggeman model). The dielectric parameters viz. 

static dielectric constant (0), dielectric constant at high frequency (∞) and relaxation time () 

have been obtained with Debye equation characterized by a single relaxation time without 

relaxation time distribution by the least squares fit method. The values of static dielectric 

constant increases up to their melting points and then it decreases with increasing temperatures. 

This behavior of the static dielectric constant indicates the change of phase from semi-solid to 

liquid state of the system. At the melting points, the values of relaxation time suddenly drop 

down. 

Keywords: Dielectric properties, Excess properties, Kirkwood properties, TDR 
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Abstract: Cold spray is an additive technology that is capable of dense coating for 

surface repair or protection in the aerospace industry. It uses a high pressure (40 to 50 

bar) preheated (to 1000°C) gas stream (nitrogen or helium) to accelerate the 

microparticles (40 to 60 µm) via a converging-diverging nozzle to supersonic speeds 

(600 to 800 m/s)  and impact the particles onto the substrate. The micro-particles will 

then plastically deform and bond with the substrate. Although preheat temperatures as 

high as 1000°C are used, the gas rapidly cools as it expands in the diverging section of 

the nozzle. Hence, the dwell time of the particles in contact with hot gas is brief, and the 

temperatures of the solid micro-particles at impact remain substantially below the initial 

gas preheat temperature. Therefore, unlike current thermal-based method such as welding 

and plasma spray, cold spray minimises the residual thermal stresses and surface 

oxidation of the coatings.  

Ti6Al4V is a commonly used aerospace metal alloys due to its high specific strength, 

high toughness, high thermal stability, and high corrosion resistance along with other 

excellent properties. However, deposition of good quality Ti6Al4V coatings on aerospace 

alloys via cold spray is a challenge because of the high hardness of Ti6Al4V particles 

(350 HV). The window of deposition for particles depends on the critical particle 

velocity, which is highly influenced by the particle hardness. It is difficult to plastically 

deform micro-particles with high hardness like Ti6Al4V and bond them to the substrate 

surface with a high adhesive strength. Part of hard particles might also rebound away.  
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This work investigates the cold sprayed Ti6Al4V coatings on Ti6Al4V substrates. The 

effect of cold spraying on the microstructure and mechanical properties of the Ti6Al4V 

coatings is systematically investigated. The coating thickness and surface roughness are 

measured using surface profilometry. The microstructural characteristics of the coatings 

are analyzed using optical microscopy, scanning electron microscopy and X-ray 

diffraction. The hardness and modulus of elasticity of the coatings are measured using 

micro- and nano-indentation.  

 

Keywords: High-pressure cold spray, Ti6Al4V coating, Ti6Al4V substrate, Microstructure, 

Mechanical properties  
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For decades, silicon carbide (SiC) has been studied knowing that this material has high 

electron velocity, high critical electric field and high thermal conductivity. As a 

consequence, SiC, especially 4H-SiC polytype, is a very attractive material for power 

applications. Moreover, SiC is very stable in many chemical etching solutions even at 

high temperatures and hence, is highly promising for harsh environment sensors or 

devices. Electrochemical etching is known to be an efficient technique to form porous 

regions in SiC substrates [1]. This material shows remarkable and very specific 

properties. It can be used as active material for ultraviolet light emitting diodes and 

chemical or physical sensors. In addition, porous semi-conductors exhibit low electrical 

conductivity compared with the bulk, even for low porosities. As a consequence, porous 

SiC layer is an interesting alternative as passivation in high-power SiC devices or as an 

isolating substrate under RF devices. In this communication, we present an overview of 

our work in the field of SiC electrochemical etching (experimental setup description, 

influence of anodization parameters such as current density, electrolyte composition, or 

UV lighting, on porous SiC morphology). In addition, we emphasize on the electrical 

performances of such material in DC or RF. 

Keywords: Porous SiC, electrochemical etching, electrical characteristics 

[1] SHOR, J.S., GRIMBERG, I., WEISS, B.‐Z. & KURTZ, A.D. 1993. Appl. Phys. Lett., 

62, 2836- 2838. 
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Microstructure and mechanical properties of Ti6Al4V coatings deposited 
using high-pressure cold spraying process 
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Abstract: Cold spray is an additive technology that is capable of dense coating for 

surface repair or protection in the aerospace industry. It uses a high pressure (40 to 50 

bar) preheated (to 1000°C) gas stream (nitrogen or helium) to accelerate the 

microparticles (40 to 60 µm) via a converging-diverging nozzle to supersonic speeds 

(600 to 800 m/s)  and impact the particles onto the substrate. The micro-particles will 

then plastically deform and bond with the substrate. Although preheat temperatures as 

high as 1000°C are used, the gas rapidly cools as it expands in the diverging section of 

the nozzle. Hence, the dwell time of the particles in contact with hot gas is brief, and the 

temperatures of the solid micro-particles at impact remain substantially below the initial 

gas preheat temperature. Therefore, unlike current thermal-based method such as welding 

and plasma spray, cold spray minimises the residual thermal stresses and surface 

oxidation of the coatings.  

Ti6Al4V is a commonly used aerospace metal alloys due to its high specific strength, 

high toughness, high thermal stability, and high corrosion resistance along with other 

excellent properties. However, deposition of good quality Ti6Al4V coatings on aerospace 

alloys via cold spray is a challenge because of the high hardness of Ti6Al4V particles 

(350 HV). The window of deposition for particles depends on the critical particle 

velocity, which is highly influenced by the particle hardness. It is difficult to plastically 

deform micro-particles with high hardness like Ti6Al4V and bond them to the substrate 

surface with a high adhesive strength. Part of hard particles might also rebound away.  
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This work investigates the cold sprayed Ti6Al4V coatings on Ti6Al4V substrates. The 

effect of cold spraying on the microstructure and mechanical properties of the Ti6Al4V 

coatings is systematically investigated. The coating thickness and surface roughness are 

measured using surface profilometry. The microstructural characteristics of the coatings 

are analyzed using optical microscopy, scanning electron microscopy and X-ray 

diffraction. The hardness and modulus of elasticity of the coatings are measured using 

micro- and nano-indentation.  

 

Keywords: High-pressure cold spray, Ti6Al4V coating, Ti6Al4V substrate, Microstructure, 

Mechanical properties  
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Gold Wire-networks : Particle Array Guided Evaporation Lithograpy  

Saifullah Lone, Jiaming Zhang, Ivan U. Vakarelski, & Sigurdur T. Thoroddsen 

High-Speed Fluids Imaging Laboratory, Division of Physical Sciences and 
Engineering, King Abdullah University of Science &Technology (KAUST), Thuwal 
23955-6900, Saudi Arabia. Email Saifullah.lone@kaust.edu.sa,  

We exploited the combination of dry deposition of monolayer of 2D (two dimensional) 
templates, lift-up transfer of 2D template onto flat surfaces and evaporation lithography 
[1] to fabricate gold micro- and submicron size wire networks. The approach relies upon 
the defect free dry deposition of 2D monolayer of latex particles [2] on patterned silicon 
template and flat PDMS-substrate to create square centered and honey-comb wire 
networks respectively. The process is followed by lift-up transfer of 2D latex crystal on 
glass substrate. Subsequently, a small amount of AuNP-suspension is doped on top of the 
transferred crystal; the suspension is allowed to spread instantaneously and dried at low 
temperature. The liquid evaporates uniformly to the direction perpendicular to glass 
substrate. During evaporation, AuNPs are de-wetted along with the movement of liquid 
to self-assemble in-between the inter-particle spaces and therefore, giving rise to liquid-
bridge networks which upon delayed evaporation, transforms into wire networks. The 
approach is used to fabricate both micro- and submicron wire-networks by simply 
changing the template dimensions. One of the prime motives behind this study is to 
down-scale the existing particle array template-based evaporation lithography process to 
fabricate connected gold wire networks at both micro- and  submicron scale. Secondly, 
the idea of combining the patterned silicon wafer with lifted latex particle template 
creates an opportunity to clean and res-use the patterned wafer more often and thereby, 
saving fabrication time and resources. Finally, we illustrated the validity of this approach 
by creating an easy and high-speed approach to develop gold wire networks on a flexible 
substrate with a thin deposited adhesive. These advances will not only serve as a platform 
to scale up the production, but also demonstrated that the fabrication method can produce 
metallic wire networks of different scale and onto a variety of substrates.  

Keywords: Dry Deposition, Lift-up, Doping, Evaporation, Self-Assembly, Wires  
 
[1] VAKARELSKI, I. U., CHAN, D.Y. C., NONOGUCHI, T., SHINTO, H., & 
HIGASHITANI1, K. 2009. Assembly of Gold Nanoparticles into Microwire Networks Induced 
by Drying Liquid Bridges. PRL, 102, 2009, 058303- 058303-4 

[2] KHANH N. N., & YOON J. K. B. 2009. Facile Organization of Colloidal Particles into Large, 
Perfect One & Two-Dimensional Arrays by Dry Manual Assembly on Patterned. J. AM. CHEM. 
SOC., 131, 14228–14230. 
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Fatigue Crack Arrest via Electrochemical Crack Infiltration 

Konstantin Dolgan, David E. Hall, Henry E. Cardenas 

The aim of this work was to alter the structure of a fatigue crack so as to slow or arrest crack growth.  

Nickel was electroplated onto the crack surfaces of ASTM A36 steel that had been machined into ASTM 

E399 Compact tension specimens. Prior to treatment, fatigue cracks were developed using an R ratio of 

zero.  During the plating operation the cracks were held open at 95% of the load utilized during fatigue 

cycling.  A Watt’s plating bath was utilized for a 1-hour electrodeposition period.  Upon returning the 

specimens to cyclic loading the arrest of fatigue cracks was observed.  The arrest state was maintained 

for several tens of thousands of cycles.  It was also found that reapplication of the treatment was 

repeatedly effective at re-inducing crack arrest. In many cases the specimens behaved as if the crack 

was removed and only the chevron notch of the specimen remained.  This called into question whether 

the crack re-initiation life was dominated by the treated crack or by the notch from which the original 

crack had initiated. The prediction of crack re-initiation is a key question that was explored. This answer 

is vital for determining how frequently a treatment needs to be repeated in order to maintain cracks in 

an arrested state.   Subsequent analysis revealed that a power law relationship existed between the 

number of cycles required to re-initiate a crack and a modified version of the stress intensity factor.   

This new factor was altered to reflect the intended electroplating dosage.  Future work will build on the 

success of these findings by examining electrodeposition candidates that will provide enhanced 

corrosion resistance coupled with effective crack arrest properties.   
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Removal of Zn
+2

 from aqueous solutions onto polypyrrole modified reticulated vitreous 
carbon electrodes 
Vanessa Villela, Jucelânia Tramontina,
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Industrial activities are the most important sources of environmental contamination by heavy 
metals, the removal of which from dilute aqueous effluents is a relevant concern. Materials such 
as reticulated vitreous carbon (RVC) have been employed as porous electrodes obtaining high 
conversion rates.

1,2
 On the other hand, during the last decade, there has been widespread 

interest in conducting polymers such as polypyrrole, both for academic purposes and for 
potential applications.

3
 The aim of this work is to investigate removal of Zn

2+
 from aerated 

sulfuric-sulfate synthetic solutions through electrochemical reduction at polypyrrole coated RVC 
electrodes. It must be emphasized that 16 mg L

-1
 is the lowest initial concentration of Zn

2+
 

reported in the literature
4
 while in the present study it is 10 mg L

-1
. The electrochemical cell was 

a conventional three-electrode assembly, the working electrodes being either 60 or 100 ppi 
RVC prisms of approximately 1.0 cm x 1.0 cm x 1.5 cm, either bare or polypyrrole modified, 
fixed to a graphite rod using a conducting graphite paint. The PPy films were electrodeposited 
on the RVC surface and electroreduced to PPy

0
 before use. Samples containing 10 mg L

-1
 in 

K2SO4 0.1 mol L
-1

 were prepared from a 1000 mg L
-1

 ZnSO4 stock solution in sulfuric medium. 
Reduction of Zn

+2
 was then carried out at -1.10, -1.40 and -1.50 V vs. SCE, under stirring, 

between 60 to 90 minutes, in aerated solution, at several pH values. Monitoring of Zn
+2

 decay 
was carried out by anodic stripping voltammetry using a model 303A polarograph from EGG. An 
aliquot of the sample was electrolyzed at a hanging mercury drop electrode, the anodic stripping 
peak current being used to determinate the Zn

+2
 ion concentration. 

Figure 1. Linear voltammetry in sulfuric-sulfate solution at pH 4.8 containing Zn
+2

 10 mg L
-1

. a) 

RVC electrode and b) RVC/PPy
0
 modified electrode scanned between 0.000 and -1.750 V vs. 

SCE, under stirring. Scan rate 0.020 V s
-1

. 

 
The highest Zn

2+
 removal value found is 79.6 % at 100 ppi RVC/PPy

0
 electrolyzed for 90 

minutes at -1.1 V and pH 6.5. The removal efficiency depends on the electrodeposition potential 
and the RVC porosity, the reduction reaction being a mixed mass transport-kinetic controlled 
one. The higher overpotential needed for the H2 evolution reaction to occur in the experimental 
condition favors zinc deposition even at low pH values. The proposed procedure presents 
practical interest in the development of flow systems for removal of low heavy metals 
concentration from effluents. 
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Novel reflection-type optical fiber methane sensor based on a no-core 
fiber structure 
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Early detection of methane concentration in coal mine is particularly important. A novel 

and simple reflection-type optical fiber methane sensor based on a no-core fiber structure 

is reported. Cryptophanes A/polysiloxane is used to form methane-sensitive film on the 

surface of no-core fiber by automatically dip-coating technique. The dip-coating solution 

was composed by 600 μmol cryptophane A, 1 g siloprene K1000, 0.2 g siloprene cross-

linking agent K11 and 15 mL dichloromethane. The nickel reflecting layer was plated on 

the end of no-core fiber by electroless deposition method, the other end of no-core fiber 

was spliced with SMF-28 optical fiber. Both thickness and refractive index of the 

sensitive film were measured by using F20-UVX thickness meter. The result showed that 

the film thickness was about 300 nm and the refractive index reduces 0.01 with 

increasing 1% methane concentration. The sensing experiments indicated that the peak 

wavelength of reflection interference spectra showed a significant blue-shift linearly with 

the increase in the methane concentration from 0 to 3.5%(v/v), and the sensitivity was 

about 1.5 nm/% CH4 and the minimal detection limit for methane gas was confirmed as 

approximately 0.2 % for 5 cm sensing region, which agreed well with that of numerical 

simulate by OptiFDTD software. Compared with the other optical fiber methane sensors, 

this fiber sensor has simple structure, lower cost, better sensitivity and selectivity.  

Keywords: methane sensor, supra-molecular, cryptophanes A, thin film, refractive index 

[1] AMIR, H. K., PAUL, C. H. L., NABLY, M., BEHRAAD, B. 2012. Highly Sensitive 

Supra-molecular Thin Films for Gravimetric Detection of Methane. Sensors and Actuator 

B-Chemical, 161, 954-960. 
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Preparation of nanostructured NiO by hydrothermal for H2S gas 

sensor 

Gotan H. Jain 

      KKHA Arts, SMGL Commerce and SPHJ Science College,                      

    Chandwad- 423101, India    

 ail : gotanjain@rediffmail.com,   Contact Détails :+919423474476 

A hydrothermal process was used for the synthesis of nanostructured NiO with and 

without capping reagent (surfactant). All reagents were purchased from Sigma-

Aldrich and used as received. First, 0.1 M of the Nickel Chloride (NiCl2) a precursor 

of Nickel was dissolved in 20 mL of deionised water-ethanol (1:1 volume ratio), a 5 

M NaOH solution was prepared in deionised water for maintaining pH of the reaction, 

a 0.2 M Thioglycerol, a capping reagent, solution was prepared in isopropyl alcohol 

with constant stirring to make clear solution. Then these prepared homogeneous 

solutions (25 ml each with surfactant and without surfactant) were transferred in 50 

ml capacity autoclaves with Teflon liner by uniform heating at 200 
o
C for 15 h. These 

reaction mixtures were heated at a rate of 5 
o
C min

−1
. After completion of the 

reaction, it was cooled to room-temperature and powdered samples were collected by 

centrifugation. Powdered sample was thoroughly washed with deionised water and 

ethanol. Samples were dried at 80 
o
C for 12 h. The materials were characterized by 

XRD, UV, SEM and TEM techniques. The thick films of these materials were 

prepared by screen printing and proposed for gas sensor applications. The gas sensing 

performance of NiO thick films (with and without surfactant) was tested to H2S, LPG, 

H2, NH3, Ethanol, CO, CO2, and O2, at the operating temperature ranging from 100 
o
C 

to 450 
o
C, they showed maximum response to H2S for 10 ppm gas concentration.             

Keywords: Hhydrothermal, Nano NiO, Thick film, H2S.  
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Surface modification by a graded carbon thin film for better 

tribological and anti-oxidation properties 
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Abstract 

An ultra-thin film of carbon using filtered cathodic vacuum arc technique with a graded structure 

in the top layer (≤ 1.5 nm) of a cobalt surface is evaluated for its tribological and anti-oxidation 

properties. A unique approach of embedding carbon in the top layer of a cobalt surface with a ion 

energy of 90 eV using filtered cathodic vacuum arc technique (FCVA) was established in our 

previous studies [1,2]. Even though the embedded layer was less than 1 nm, it exhibited excellent 

tribological and antioxidation properties. Hence, looking at the potential of the above developed 

method and the scope of further improvement, the present study is undertaken whereby the main 

objective is to embed carbon into the cobalt surface using different ion energies.  

Two different ion energies of 60 eV and 90 eV respectively are used in succession to achieve 

carbon embedding in the top layer of the cobalt surface. The developed technique showed 

promising results in terms of tribology and anti-oxidation, demonstrating its potential to be used 

in the surface modification of different surfaces such as the magnetic media for higher areal 

densities. 

Auger electron spectroscopy (AES) and transmission electron microscopy are used to 

characterize the graded layer in terms of its thickness and chemical composition. Ball-on-disk 

wear tests are conducted on the bare cobalt and modified cobalt surface to characterize the wear 

resistance. The modified cobalt surface with the graded structure showed a low coefficient of 

friction of ~ 0.2 when compared to the bare cobalt surface (~ 0.7). AES analysis on the modified 

surface showed a significant improvement in the oxidation resistance of the surface when 

compared to the bare cobalt surface.  

Key words: Nanotribology, surface modification, cobalt, anti-oxidation, carbon 

[1]. ABDUL SAMAD, M., RISMANI, E., YANG, H., SINHA, S. K., & BHATIA, C. S. 2011. Overcoat free 

surface modification for lower magnetic spacing and improved tribological properties for higher areal densities, 

Tribology Letters, 43(3) p.247-256  

[2]. ABDUL SAMAD, M., YANG, H., SINHA, S. K., & BHATIA, C. S. 2011. Effect of carbon embedding on the 

tribological properties of magnetic media surface with and without a perfluoropolyether (PFPE) layer, Journal 

of Physics D: Applied Physics, 44 
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Abstract 

In this work, thermally oxynitrided Zr thin films on Si have been produced. The thickness of 

the produced films was approximately 12 nm. This nanometre-scaled film was applied as gate 

dielectric in metal-oxide-semiconductor-based devices. Physical and electrical properties of 

the films on Si have been systematically investigated. Simultaneous oxidation and nitridation 

of sputtered Zr thin films on Si was performed in N2O environment for 5 min at 500–1100
o
C 

in order to optimize the oxynitride properties. The atomic microscopy force results indicated 

that the surface root-mean-square roughness of the sample increased with the increasing 

oxidation and nitridation temperature. Positive effective oxide charges were revealed in all 

investigated oxides. The electrical results showed that the sample oxidized and nitrided at 

700
o
C had the highest breakdown field, owing to its lowest positive effective oxide charge, 

interface-trap density, and total interface-trap density.  

 

Keywords: Nanometre film; high-κ gate dielectric; metal-oxide-semiconductor 
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Functional films of granular metal-carbon for sensing applications  
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This contribution demonstrates the benefits of thin granular metal-carbon systems as 

strain sensing thin films. These materials consist of metal clusters of nanometer scale 

embedded in a matrix of carbon. The clusters are electrically insulated from each other, 

i.e. the conduction is hindered by barriers and may be influenced strongly by applying 

strain. We are able to demonstrate gauge factors of 20 to 30 in some metal-carbon 

systems [1], that is a tenfold sensitivity compared to common strain gauge materials. In 

addition, the temperature coefficient of resistivity (TCR) is small and adjustable, if Ni as 

a metal is used. Thin films of this composition are deposited by means of sputtering 

technology onto several substrates as steel, polymers, ceramics and glass, allowing the 

construction of different sensors. Fig. 1a gives an impression of the films microstructure. 

Some atomic layers of graphite like carbon surround nickel clusters, which are insulated 

from each other. Pattern definition is the next step to design a grid of adequate resistance 

with small tolerances, length and overall dimensions. Laser ablation by means of an 

ultrafast-pulsed (< 10 ps) laser beam with a wavelength of 355 nm is an appropriate 

method. The process can be adjusted to remove just the thin film from the polyimide as 

shown in Fig. 1b or from some other substrate materials. 

 

Fig. 1:    (a) Transmission electron 
micrograph of a nickel-carbon composite.  
(b) The pattern definition is performed 
with an ultrafast-pulsed laser system. The 
photograph shows an example of a grid 
on polyimide. 
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The results of prototypes with these foil strain gauges on force transducers and load cells 

in a Wheatstone bridge circuit are discussed.   

An innovative technological approach for pressure sensors is presented as well. 

Membrane and sensor body are based on the ceramic material ZrO2 stabilized with Y2O3 

yielding very good mechanical properties. Due to the ceramics inherent electrical 

insulation and the use of granular metal-carbon thin films a simplified set-up is feasible. 

The membrane carries a highly sensitive layer that is structured to a Wheatstone bridge 

just by some laser cuts. Electrical contacts are securely bonded directly on the sensor 

layer without the need for contact layers. We further demonstrate a construction and 

assembling technique of the complete pressure sensor including threat and housing. Raw 

results and signals processed by means of an embedded electronic are discussed.  

 

Keywords: metal carbon thin film, pressure sensor, force sensor,  

LASER structuring, strain gauges  
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In the last years nanotechnologies have proved to be extremely promising for the 

development of new functional materials for technological applications of great 

importance, such as in the energetical, biological and environmental sections [1]–[4]. 

Metal oxides are widely used for environmental and energy applications, including self-

cleaning surfaces, sensors, generation of hydrogen through the photo-electrolysis of 

water, lithium batteries and the third generation photovoltaics (e.g. Dye Sensitized Solar 

Cell (DSSC) and solid state solar cells). It has been shown that the properties of these 

materials are strongly dependent on the size of the clusters and their nanometric 

morphology. TiO2 and ZnO are two of the mainly studied oxides, due to their low cost, 

versatility, availability, low toxicity and chemical stability [5]–[7]. Thin films are 

produced mainly by sol-gel methods and different types of Chemical Vapor Deposition 

(CVD) and Physical Vapor Deposition (PVD) [8]–[11]. Despite the developments made 

in this field, it is difficult to find a deposition method that allows making films with 

precise control of the morphology, the chemical structure and the porosity. Another open 

challenge is to point out a process that is easily reproducible on a large scale, allowing a 

production at industrial level and cost containment. 

We propose an innovative deposition process (Supersonic Plasma Jet Deposition), that 

allows to realize thin films with a hierarchically structured morphology and a controlled 

chemistry. The innovative idea is to separate the process of synthesis of the material in 

the gas phase, starting from a precursor that interacts with a cold plasma, and the process 

of growth of the film, that will happen in a supersonic jet. In this way the control of the 

stoichiometry and the control of the morphology are decoupled, and they could be 

optimized independently. In this communication we present the deposition technique and 
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the characterization of chemical, morphological and electric properties of ZnO, TiO2 and 

Zn/TiO2 thin films realized. The peculiar properties of these films make them suitable for 

applications in solid state solar cell devices and lithium batteries. 

 

Keywords: Functional, template, materials, edition, solar cell (Maximum Five) 
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Jet Source for energetic applications 
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In the last years nanotechnologies have proved to be extremely promising for the 

development of new functional materials for technological applications of great 

importance, such as in the energetical, biological and environmental sections [1]–[4]. 

Metal oxides are widely used for environmental and energy applications, including self-

cleaning surfaces, sensors, generation of hydrogen through the photo-electrolysis of 

water, lithium batteries and the third generation photovoltaics (e.g. Dye Sensitized Solar 

Cell (DSSC) and solid state solar cells). It has been shown that the properties of these 

materials are strongly dependent on the size of the clusters and their nanometric 

morphology. TiO2 and ZnO are two of the mainly studied oxides, due to their low cost, 

versatility, availability, low toxicity and chemical stability [5]–[7]. Thin films are 

produced mainly by sol-gel methods and different types of Chemical Vapor Deposition 

(CVD) and Physical Vapor Deposition (PVD) [8]–[11]. Despite the developments made 

in this field, it is difficult to find a deposition method that allows making films with 

precise control of the morphology, the chemical structure and the porosity. Another open 

challenge is to point out a process that is easily reproducible on a large scale, allowing a 

production at industrial level and cost containment. 

We propose an innovative deposition process (Supersonic Plasma Jet Deposition), that 

allows to realize thin films with a hierarchically structured morphology and a controlled 

chemistry. The innovative idea is to separate the process of synthesis of the material in 

the gas phase, starting from a precursor that interacts with a cold plasma, and the process 

of growth of the film, that will happen in a supersonic jet. In this way the control of the 

stoichiometry and the control of the morphology are decoupled, and they could be 

optimized independently. In this communication we present the deposition technique and 
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the characterization of chemical, morphological and electric properties of ZnO, TiO2 and 

Zn/TiO2 thin films realized. The peculiar properties of these films make them suitable for 

applications in solid state solar cell devices and lithium batteries. 

 

Keywords: Functional, template, materials, edition, solar cell (Maximum Five) 
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Surface modification by a graded carbon thin film for better 

tribological and anti-oxidation properties 
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Abstract 

An ultra-thin film of carbon using filtered cathodic vacuum arc technique with a graded structure 

in the top layer (≤ 1.5 nm) of a cobalt surface is evaluated for its tribological and anti-oxidation 

properties. A unique approach of embedding carbon in the top layer of a cobalt surface with a ion 

energy of 90 eV using filtered cathodic vacuum arc technique (FCVA) was established in our 

previous studies [1,2]. Even though the embedded layer was less than 1 nm, it exhibited excellent 

tribological and antioxidation properties. Hence, looking at the potential of the above developed 

method and the scope of further improvement, the present study is undertaken whereby the main 

objective is to embed carbon into the cobalt surface using different ion energies.  

Two different ion energies of 60 eV and 90 eV respectively are used in succession to achieve 

carbon embedding in the top layer of the cobalt surface. The developed technique showed 

promising results in terms of tribology and anti-oxidation, demonstrating its potential to be used 

in the surface modification of different surfaces such as the magnetic media for higher areal 

densities. 

Auger electron spectroscopy (AES) and transmission electron microscopy are used to 

characterize the graded layer in terms of its thickness and chemical composition. Ball-on-disk 

wear tests are conducted on the bare cobalt and modified cobalt surface to characterize the wear 

resistance. The modified cobalt surface with the graded structure showed a low coefficient of 

friction of ~ 0.2 when compared to the bare cobalt surface (~ 0.7). AES analysis on the modified 

surface showed a significant improvement in the oxidation resistance of the surface when 

compared to the bare cobalt surface.  

Key words: Nanotribology, surface modification, cobalt, anti-oxidation, carbon 
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Abstract: 

Tetragonal tungsten bronze ferroelectrics are currently studied for the elaboration of new 

multifunctional materials. Recent studies on Ba2LnFeNb4O15 (TTB-Ln) bulk ceramics 

demonstrate that these materials display the spontaneous formation of a magnetic phase of 

Barium hexaferrite within the TTB phase during the ceramic processing, producing a novel 

multiferroic composite at room temperature [1]. Using bulk ceramic as targets, TTB-Ln thin 

films have been obtained by radiofrequency magnetron sputtering and they displayed dielectric 

permittivities comparable to bulk ceramics [2]. The main objective of our study is to investigate 

the physical properties of thin films of TTB-Ln grown by pulsed laser deposition (PLD) in order 

to optimize their multiferroic properties. 

Epitaxial thin films of Ba2LnFeNb4O15 (Ln = Eu, Sm, and Nd) have been successfully obtained 

using many substrates by PLD. Among of those substrates we have used SrTiO3:Nb STO:Nb 

(100), MgO (100) and Gd3Ga5O12 GGG (100) in order to study the effect of the substrate on the 

structural and functional properties. The optimum conditions of deposition have been 

established, which are Ts ≈ 750°C and PO2 ≈ 7.5 mTorr. The surface morphology and structural 

properties were investigated. The thickness of all thin films was estimated to be about 380 nm. A 

structure of grains having diameters of 100 nm was observed. The lattice parameters have been 

estimated to be around a ≈ 12.422 Å and c ≈ 3.921 Å which are slightly smaller than those 

observed in the bulk [1], indicative of a compressive stress buildup in the films during the 

deposition. Ferroelectric macroscopic P-E hysteresis loops have demonstrated the existence of a 

spontaneous polarization at room temperature in TTB-Ln thin films. The measured remnant 
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polarization in the Ba2EuFeNb4O15 thin films deposited on STO:Nb (100) is 0.46 μC/cm2, only 

slightly smaller than the remnant polarization in the bulk reported to be 0.6 μC/cm2 [1]. An 

investigation of the microscopic electromechanical properties of the studied thin films showed 

the existence of a piezoelectric signal and of piezoelectric hysteresis loops, which confirm the 

ferroelectric behavior of the prepared thin films. 

Keywords: thin film, pulsed laser deposition, multiferroic 
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Mixed matrix membranes incorporated with ZIF-12 for improved 

polymeric gas separation membranes: Synthesis and characterization 
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Gas separation using membranes has been extensively studied because it is considered to 

be one of the most energy-efficient separation processes. Among candidate materials for 

membrane fabrication, polymers remain the most practical and economical choice. The 

demand for the development of new polymeric materials for gas storage and gas 

separations has been rapidly increasing. Metal organic frameworks (MOFs) have recently 

gained considerable attention as promising nanoporous materials for gas storage and gas 

separation applications due to their exceptional physical and chemical properties such as 

high porosity, large surface area, a wide range of pore sizes, high gas uptake capacities, 

and good chemical and mechanical stability. As a subfamily of MOFs zeolitic 

imidazolate frameworks (ZIFs) not only exhibit the advantages of MOFs but also have 

exceptional high thermal and chemical stability. Studies on ZIF membranes with supports 

have shown promising gas separation properties for various gas pairs. ZIFs are built by 

connecting metal clusters (mainly Zn or Co) through functionalized imidazole linkers. 

Because of the organic linkers presented in ZIF structure, it is believed that ZIFs can 

achieve better affinity and interaction with polymeric materials [1]. Polyetherimide (PEI) 

is a promising polymeric membrane material because of its outstanding physical, thermal, 

and chemical stability. In additional, PEI membrane could be easily fabricated because it 

is soluble in solvents such as N-methyl-2-pyrrolidone (NMP) and N,N-

dimethylacetamide (DMAc).  

In this study, the preparation of polyetherimide (PEI)/ZIF-12 nanocomposite membranes 

were studied in different nanoparticles compositions (0-5-10-15-30 wt. %). The 

membrane morphologies were observed by the scanning electron microscopy (SEM). 
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Thermal properties of membranes were determined by thermogravimetric analyses 

(TGA). The gas permeabilities of PEI/ ZIF-12 nanocomposite membranes were measured 

for H2, CH4 and CO2 pure gases at 35ºC and the selectivities of all membranes were 

calculated. 

ZIF-12 nanoparticles were prepared by a modified recipe reported by Wang et al. [2]. The 

phase structure of the ZIF-12 sample was confirmed by the powder X-ray diffraction 

patterns. The characteristic peaks of the as-prepared ZIF-12 particles are in good 

agreement with good crystallinity in the literature [2-3]. The newly synthesized ZIF-12 

nano-particles with a particle size of ~200 nm were compatibly incorporated in PEI 

membranes as novel mixed matrix membranes (MMMs).  

Keywords: Metal–organic frameworks, polymer membranes, ZIF-12, gas separation. 
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Undoped ZnO thin films were deposited on sodocalcic glass substrates by the spray 

pyrolysis technique. Atomization of the starting solution was carried out by ultrasonic 

excitation. The effect of the water content in the starting solution on the structural, optical, 

and morphological properties of the films was studied. All films showed mirror-like finish 

with good adherence on the substrate. A preferential (002) growth was observed in the 

films, although the increase in the water content leads to a slight increase in the (101) peak 

intensity.  From photoluminescence measurements at room temperature it was found that, 

as the water content in the starting solution increases, both the UV and the green emission 

increase at a constant substrate temperature; at high substrate temperature increases, the 

green PL peak intensity shows an increase, reaching a maximum at 425 °C. Surface 

morphology changes slightly with water content variation in the starting solution, since 

films deposited with low water content show hexagonal shaped grains with round edges 

and a wide distribution in the average size; whereas well defined rod-shaped grains are 

present in films manufactured from a starting solution with high water content.  

 

Keywords: Thin Solid Films, Zinc Oxide, Spray Pyrolysis, Semiconductor Oxide. 
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conductive electrodes, and its application to GaN-based lateral-type 
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Gallium nitride (GaN) based light-emitting diodes (LEDs) have gained much attention, 

especially for solid state lightings. There are many applications including automotive 

headlights, various types of displays, and indoor/outdoor lightings [1]. In spite of various 

applications, further enhancement regarding the efficiency and power of LED is required 

to replace conventional lighting systems. This can be achieved by improving the 

performance of transparent conductive electrodes (TCEs) in the way of increasing the 

current injection and current spreading while maintaining high optical transparency. 

Significant efforts have been made to overcome this challenge for many years. A 

materialistic approach for solving the problem has led to the development of various 

TCEs. Indium-doped tin oxide (ITO), in particular, has been widely used as TCEs for 

GaN based LEDs [2]. But the indium is a rare earth and light absorption material which 

lowers the light extraction efficiency. Therefore, a novel TCE with both high optical 

transparency and low cantact resistivity is highly demanded as a breakthrough for high 

performance LEDs. 

Accordingly, our group has developed the novel field assisted method of producing a 

wide bandgap TCE having both high optical transparency and low cantact resistivity [3-

4]. Field assisted electrical breakdown process (EBD) was used for wide bandgap 

materials such as silicon oxide. After EBD process, a conductive filament is formed in 

the TCE layer which improves the current injection while maintaining the optical 
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transmittance. Consequently, we applied this novel method to GaN based lateral-type 

LEDs, and their electrical and optical characteristics will be presented at the conference. 

Keywords: Gallium nitride (GaN), light-emitting diode (LED), transparent conductive 

electrodes (TCE), electrical breakdown process (EBD) 
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Hierarchical Cassie states on superhydrophobic micropillar arrays 
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Control over the wettability properties of a surface is a matter of high importance in 

microfluidics, fog harvesting, self-cleaning materials or anti-biofouling coatings. In the 

present work we follow a strategy to modify wetting behavior of patterned surfaces by 

decorating with colloids. Flat-top SU-8 photoresist micropillars with different diameters 

and surface fractions were prepared by means of photolithography. After silica coating 

following the Stöber reaction the arrays were decorated in a Langmuir trough with 

monolayers of hexagonally arranged polystyrene particles. The final step was the 

hydrophobization of the surfaces under chemical vapor deposition of a fluorosilane. 

Mono- and multilayers of particles were prepared in order to reduce the roll-off angle and 

the contact angle hysteresis on the micropillars. This effect is attributed to the overhangs 

in which air pockets are entrapped between micropillars and the interstitials of the 

particles. The stabilization of the Cassie state by a particle layer is also evaluated by 

reducing the size, thus contact of particles in an oxygen plasma chamber. The Cassie 

states, the pinning of droplets and the transition to the Wenzel state were imaged by laser 

scanning confocal microscopy. A hierarchy of Cassie states was observed. 

Keywords: Superhydrophobicity, Patterned surfaces, Colloids, Confocal microscopy 
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Quorum quenching and matrix degrading enzymes in multilayer 

coatings prevent bacterial biofilm formation on urinary catheters   
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Bacteria that grow in complex biofilm communities embedded in a self-produced 

extracellular polymeric matrix are a global health concern. When these microorganisms 

colonize indwelling medical devices they cooperate through a quorum sensing 

mechanism and form well-established biofilms that resist antibiotic treatments and 

cause difficult to treat infections. Despite the recent advances in antimicrobial research, 

efficient antibiofilm strategies for control of bacteria adhesion and proliferation on the 

surfaces of medical devices are still needed. In this study, quorum quenching acylase 

and exopolysaccharide-degrading -amylase enzymes were deposited on silicone 

urinary catheters in a layer-by-layer fashion in order to investigate their potential to 

prevent bacterial biofilm formation. The assembling of the hybrid multilayer coatings 

on the catheter surface was achieved by alternate deposition of negatively charged 

enzymes and positively charged polyethylenimine. The hybrid coatings simultaneously 

interfered with the bacterial quorum sensing and degraded the biofilm polysaccharide 

matrix, enhancing up to 30 % the inhibition of Pseudomonas aeruginosa biofilm 

formation when compared to the enzymes applied individually on the silicone material.  

Furthermore, the dual-species biofilm occurrence (Pseudomonas aeruginosa and 
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Escherichia coli) on silicone urinary catheters was significantly reduced under dynamic 

conditions in an in vitro catheterized bladder model. The developed antibiofilm coatings 

did not cause toxicity on the human fibroblasts cell line (BJ-5ta) over seven days and 

thus constitute a viable alternative to control bacterial biofilms on urinary catheters.  
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Membranes are ideal microarrays where different and complementary functions can be 

accommodated, taking the privilege to combine surface and bulk transport in a unique 

layer. Here, the fabrication of outstanding electrically responsive membranes is discussed 

together with their ability to work as humidity sensors and microclimate regulators. 

Designated nano-assembly approaches have generated highly ordered microporous 

membranes, which support electrical charge pathways. A pH-assisted build up has 

deposited functional carbon nanotubes in hybrid networks, while pendant chemical 

moieties have directed nanotubes stratification and aggregation, resulting in a different 

number of interconnections and quality-electrical charge pathways. An electrical current 

passage of the order of mA is measured at very low voltages through better-quality 

nanotubes networks, while a variation of the electrical resistance up to 28% can be 

detected as a response to severe changes in the surrounding environment. Assisted proton 

diffusion with resulting doping effect by water is envisioned as a potential mechanism for 

the responsive behavior. Also, the nanotubes moieties are identified as transport 

regulators due to their different ability to interact with water molecules through 
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donor/acceptor interactions, thus yielding modular moisture exchange. These membranes 

are candidate to provide attractive solutions to the construction of ultra-smart devices. 

Keywords: Smart membranes, sensors, carbon nanotubes, layer-by-layer, electrical conduction  
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Nanostructured thin films for solar selective absorbers and infrared 

selective emitters. 
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Engineering of the optical functions of surfaces and thin films is becoming critical for 

many applications, especially for renewable energy technologies. Selective solar 

absorbers are key elements of all existing solar thermal systems. Solar thermal panels and 

Concentrated Solar Power (CSP) systems aim at producing heat and electricity. In both 

technologies, a surface receives the solar radiation and the material is designed to have 

the highest optical absorptivity of the solar radiation in the visible wavelength range 

where the solar intensity is the highest. It also has a low emissivity in the infrared range 

in order to avoid radiative losses. Infrared emitter materials are used in the domain of 

thermophotovoltaics (TPV) and more recently for solar thermophotovoltaics. In both 

cases, an accurate control of the optical function of the infrared emitter material is 

mandatory for TPV conversion efficiency. Current material solutions usually consist in 

depositing interferential thin films or cermet materials for solar absorbers [1] [2] and in 

materials patterned with expensive microtechnology techniques for TPV [3]. Structured 

surfaces consisting in 2D photonic crystals have been proposed [4] because they present 

interesting properties compared to interferential solutions as high acceptance angle for 

absorption and directionality for infrared emission. Even if processes for low cost 

production are being investigated [5], most realizations still use expensive lithography 

paths needed for structuring materials at nanoscale. 

This work presents a low cost pathway to realize 2D nanophotonic crystals with tunable 

cut-off wavelength. They are realized with refractory materials able to sustain high 

temperatures like molybdenum. Fabrication process mechanisms are detailed. These 

nanostructured materials have a dual function as selective solar absorber and/or selective 
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infrared emitters. Optical properties are investigated by spectrophotometry in the visible 

and infrared ranges at room temperature. Very high absorptivity is obtained with more 

than 95% absorption in the visible range. The cut-off wavelength can be tuned in the 1 to 

2 micron wavelength range. In addition, infrared emissivity is investigated at high 

temperatures. This novel pathway for producing low cost nanostructured tunable 

selective absorbers and emitters provides new opportunities for solar absorption in 

Concentrated Solar Power, Solar Thermophotovoltaics, Solar Thermo-Electrical 

Generators and for infrared emission control in thermophotovoltaic technologies. 
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Development of materials having an ability to restore their function in response to 

destructive impacts is nowadays one of most rapidly growing fields in the modern 

material engineering.  Polymeric materials and coatings with the features to heal 

their integrity or to recover their protective function autonomously are of great 

interest in counteracting and combating diverse deterioration processes like 

fatigue, corrosion, wear etc.   

Embedding of micro-, submicro- or even and nanocontainers in the coating 

matrix is today most frequently used approach to impart to this coating one or 

several specific feedback active features. Depending on the type of the active 

ingredient loaded in containers, on their size and morphology, coatings with the 

properties aimed at various kinds of self-recovering may be prepared.  

In this contribution, we present the preparation of organic coatings with self-

lubricating function. A key element of these is the lubricant filled organic/inorganic 

submicrocontainers prepared via emulsion route on the basis of oil-in-water 

Pickering emulsions. 

Morphology, size and surface charge of containers filled with several lubricants 

as well as the efficiency of their enclosure were investigated using modern 

experimental methods such as dynamic light scattering (DLS), Zeta-potential 

measurements, scanning electron microscopy (SEM), transmission electron 

microscopy (TEM), thermogravimetric analysis (TGA) etc. 

The befits of new containers based self-lubricating coatings in comparison with 

common ones were shown by means of tribological measurements revealing at 

least 20% reduce of friction coefficient for the former.    
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Stimuli-responsive hydrogels have numerous applications in drug delivery, tissue 

engineering, and sensing [1]. Layer-by-Layer (LbL) assembly performed via alternating 

adsorption of polymers at surfaces enables fabrication of films on almost any substrate, 

with nano-scale control over film composition, structure, and properties [2]. The stimuli-

triggered behaviors of these systems are provided by functional groups not involved in 

covalent binding [3-5]. Ultrathin multilayer-derived hydrogels have been investigated for 

responsiveness by varying chemical composition, assembly routes, and charge balance, 

rather than internal organization. The absence of studies on hydrogel architecture is due 

at least partly to the difficulty of controlling the structural organization of randomly 

chemically linked networks. Another challenge is the inability of conventional probes to 

resolve internal structure at the nanoscale. This lack of knowledge prevents rational 

design of surface nanogels. In the present study, we demonstrate tunable swelling of 

ultrathin hydrogels via controlled internal structure. The hydrogel films are composed of 

pH-sensitive poly(methacrylic acid) (PMAA) networks produced by chemical cross-

linking of PMAA layers within hydrogen-bonded LbL templates [6]. We have produced 

highly swollen hydrogels, swelling to almost twenty times the original dry thickness at 

pH=7.5, from well-stratified ‘spin-assisted’ templates. Analogous films created by 

conventional LbL ‘dipping’ exhibited a three-fold smaller swelling. Neutron reflectivity 

measurements of these films as-grown, after cross-linking, and in contact with pH-

controlled buffer solutions have provided the crucial structural information needed to 

comprehend how their swelling behavior relates to layer quality and interdiffusion. 
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Biofilms are bacterial communities embedded in a self-produced polymeric matrix 

that commonly grow on urinary catheters. This mode of growing is regulated by a 

quorum-sensing (QS) system, a unique mechanism of communication that bacterial 

cells use through the secretion and uptake of small hormone-like molecules, called 

autoinducers. Due to their innate resistance to the immune system and low 

susceptibility to antibiotics, the microbial biofilms are difficult to treat and are a 

major factor in the morbidity and mortality of most infectious diseases. Methods by 

which the initial stages of bacterial attachment and biofilm formation can be restricted 

or prevented are therefore needed. This work is about the creation of alternative 

strategies to coat silicone urinary catheters and thus control P. aeruginosa biofilm 

formation. The developed integrated technological platform is comprised of: i) a 

quorum quenching enzyme, previously shown to be able to degrade and thus scramble 

the P. aeruginosa signals and delay the process of biofilm formation, and ii) 

nanoantibiotics, commonly used antibiotics to which bacteria has developed 

resistance that once transformed into nanospheres regained their ability to kill and 

eradicate P. aeruginosa biofilms. The functionalization of the urinary catheters was 

achieved with a layer-by-layer technique by alternate deposition of the enzymes and 

nanoantibiotics. The coating prevented the biofilm formation on the catheters, 

measured both under static and dynamic conditions in an in vitro catheterized bladder 

model. Moreover, by measuring the minimum biofilm eradication concentration, the 

quorum-quenching enzyme was found to increase the susceptibility of P. aeruginosa 

biofilm to the nanoantibiotics. This work underscores the potential of such combined 

treatment/coatings in preventing and eradicating biofilms at the same time avoiding 

the development of resistance mechanisms. 
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Thin films can be considered as ideal cases for the design of improved bulk magnets [1]. 

Magnetite (Fe3O4) is attracting much interest in the last years due to its robust 

ferrimagnetism down to nanometer thickness, good electrical conductivity and presumed 

half-metal character. In particular, Fe3O4 films have been tentatively used in spin-valves 

and spin-LEDs. Fe3O4 presents a low-temperature metal-insulator transition, the Verwey 

transition (TV) which has also been proposed for spintronic applications. An open 

question is to what extent the preparation of Fe3O4 films can affect their detailed 

magnetic properties, such as the magnetic anisotropy axis. This information is required to 

efficiently apply Fe3O4 films in spintronic applications. 

Most of studies dealing with bulk and Fe3O4 thin film systems show room temperature 

(RT) in-plane <110> magnetic easy axis. By contrast, we show in this work the 

preparation of pure stoichiometric Fe3O4 thin films with RT easy axes along the in-plane 

<100> directions [2], i.e. rotated by 45º respect to previous studies. 

Fe3O4 films have been grown by ablation from a sintered hematite target using a 

nanosecond infrared (IR) laser at 1064 nm and a substrate temperature of 750 K [3]. 

Single crystal substrates of SrTiO3, MgAl2O4 and MgO have been used. All films 

consisted of stoichiometric Fe3O4 and presented a Verwey transition at TV=115-118 K. 

AFM2015 - Jun 29 to Jul 3

Symposia 2: Advances in Thin Films 41

 Advances in Functional Materials



RT in-plane hysteresis loops were measured by vectorial-MOKE as a function of the 

direction of the applied magnetic field in the 0-360º range with an angular step of 5º. For 

all epitaxial films under study, the highest coercivity and remanence are found at 0, 90, 

180 and 270º, thus orthogonal to each other, while the lowest coercivity values are found 

between them. This results in a well-defined four-fold symmetry indicative of biaxial 

magnetic anisotropy [2]. In order to verify this result, ferromagnetic resonance (FMR) 

experiments have been carried out at 9.4 GHz frequency. The angular dependence of the 

in-plane resonance field at RT for the Fe3O4 layers proves that the easy axes are indeed 

the in-plane <100> directions. 

All angular studies here shown in addition to spin-polarized low-energy electron 

microscopy experiments demonstrate easy-axis orientation along in-plane <100> 

directions, i.e., differing from that of bulk magnetite or films prepared by other 

techniques, and thus demonstrating the possibility of tuning the easy axis orientation. 
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ε-Fe2O3 is a metastable intermediate phase of iron (III) oxide, between maghemite (γ-Fe2O3) and 

hematite (α-Fe2O3). Epsilon ferrite has been investigated essentially because of its ferrimagnetic 

ordering
 
with a Curie temperature of circa 500 K [1]. However, given its orthorhombic crystal structure 

that belongs to the non centrosymmetric space group Pna21, it should exhibit ferroelectric behavior 

along with magnetoelectric coupling of the two orders (potentially making it one of the few room 

temperature multiferroic materials) [2,3]. Moreover, the material is characterized by strong magnetic 

anisotropy, resulting in a ferromagnetic resonance (FMR) frequency in the THz range in the absence of 

magnetic field and at room temperature. This is of particular interest given its potential use in short-

range wireless communications (e.g. 60GHz WiFi) and ultrafast computer non-volatile memories [4-6]. 

Due to its metastable nature, ε-Fe2O3 needs to undergo size confinement in order to be stabilized: that 

is the reason why it has been mainly synthesized by sol-gel as nanoparticles embedded inside a SiO2 

matrix. Recently however, deposition of epitaxial thin films of ε-Fe2O3 on SrTiO3 (111) was demonstrated 
[7]; in this case the stabilization is thought to be due to both epitaxial strain and interface interaction 

between the substrate and the film.  

We report the growth by Pulsed Laser Deposition of epitaxial thin films of ε-Fe2O3 and ε-AlxFe2-xO3 on 

different single crystal substrates, and the study of the influence of aluminum doping on the structural, 

magnetic and dielectric properties. In particular, we focused our attention on the effect of Al inclusion 

inside the ε-Fe2O3 lattice, which should result in the improvement of the electric properties, given the 

ferroelectric nature of the isostructural AlFeO3, and lowering of the FMR frequency due to non-magnetic 

nature of Al. Electric and magnetic properties were probed both macroscopically and locally through 

ferroelectric measurements/vibrating sample magnetometer and piezoelectric/magnetic force 

microscopy (PFM – MFM), while measurements of the ferromagnetic resonance were conducted by 

direct FMR probing and through THz light absorption. 
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The exchange bias effect [1] usually refers to the exchange coupling between a 

ferromagnetic (FM) material and an antiferromagnetic (AF) or ferrimagnetic material.  In 

this work, we investigate the effects of post deposition magnetic field annealing on 

modifying the magnetic properties of NiO (~ 30 nm)/Co90Fe10 (~ 20 nm) bilayers 

prepared by using a dual-ion beam sputtering deposition technique [2].  The top NiO 

layer consisted of fcc structure while the bottom Co90Fe10 (at%) layer consisted of hcp 

structure, as characterized by XRD and TEM.  The NiO/Co90Fe10 bilayer exhibited soft 

magnetic property with a coercivity, Hc ~ 10 Oe, as characterized by VSM.   The post 

deposition magnetic field annealing processes (at different applied field (1-3 kG) and 

temperatures (up to 400 C) under vacuum) were carried out in order to set the exchange 

bias coupling between AF NiO and FM CoFe.  Results have shown that the NiO/Co90Fe10 

bilayer exhibited similar soft magnetic properties under Happ.= 3 kG at 300 C for 1 

hour.  However, with further increasing the annealing temperature to 400 C, an 

enhanced Hc (~ 550 Oe) with no observed loop shift was measured for an annealed 

NiO/Co90Fe10 bilayer.  Our results indicate that the magnetization reversal mechanism 

was affected strongly by exchange coupling between the Co90Fe10 and NiO layers and by 

modified spin structures as they are aligned during the field annealing processes. 

Research was supported by Ministry of Science and Technology (MOST) of Taiwan and 

NSERC of Canada. 
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Abstract 

Surfaces with optical activity were produced in large area by combining bottom-up and 

top-down material synthesis.  

In a previous work, surface nanopatterning was realized by colloidal lithography which 

consists in a dry-etching process with argon ions using colloidal crystals as sacrificial 

templates, the incidence angle was varied and the azimuthal angle remained constant [1]. 

Silica sub-micron particles produced by sol-gel synthesis were assembled in triangular 

arrays by Langmuir-Blodgett technique to produce the colloidal template [2]. Then, the 

template pattern was transferred onto the underlying substrate by dry-etching.  
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The novelty of this work is the fabrication of optically active surfaces by production of  

chiral patterns. Chiral anisotropy was introduced in the material during the etching 

process by using oblique incidence and changing the azimuthal angle. The etched 

material presented screw-shaped pillars and it showed circular dichroism and circular 

birefringence in the visible range and near infrared. The anisotropic active materials were 

characterized by scanning electron microscopy (SEM), confocal microscopy, polarimetry 

and Fourier transform infrared spectroscopy (FTIR). Finally, thin films of gold of 10 to 

30 nm were deposited on top of the pillars in order to enhance the optical activity by 

plasmon resonance: circular dichroism and circular birefringence present both an 

amplitude enhancement and a red shift after deposition of the gold layer. These trends are 

amplified at oblique polarimetric measurement. 
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In this paper, Mn-doped CeO2 diluted magnetic semiconductor were prepared by the sol-gel 

method. The magnetic and structural properties were studied. The magnetic measurements of 

Mn-doped CeO2 clearly indicate the ferromagnetic behavior, and the Curie temperature of the 

samples is above room temperature. The magnetization saturations were 0.11 μB/Mn, 0.53 

μB/Mn and 0.56 μB/Mn for samples with 1%, 3% and 5% of Mn, respectively. We attribute 

this ferromagnetic state to the presence of dilute localized magnetic moments inside the 

semiconductor matrix. In fact, within the accuracy of our measurements, X-ray diffraction 

data reveal the formation of single-phase structurally isomorphous CeO2, indicating there are 

not any secondary phases of Mn substituted for Ce in CeO2 host. Furthermore, our analysis 

on the optical absorbance measurements and Raman scattering shows a change in the band 

gap and an increase in the oxygen vacancies. As the content of Mn increases, the crystallite 

size and the optical band gap decrease, but the ferromagnetic behavior increase. 

 

Keywords: Mn-doped CeO2, Diluted magnetic semiconductor, Sol-gel method, Room 

temperature ferromagnetism 
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Abstract.  
We synthesized series of thin layers of cobalt on semiconductor, conductor and insulator 
substrates, using thermal heating process, under a pressure of 10-7mbar. The incident beam 
strikes the substrates under normal and oblique incidences within a home-made design. The 
thickness ranges from 18 to 400 nm. To investigate the static magnetic properties, the 
hysteresis loops are performed by means of Physical Property Measurement System (PPMS) 
with Quantum Design Instrument and Alternating Gradient Field Magnetometer (AGFM). 
The zero-field magnetic structure has been investigated by Magnetic Force Microscopy 
(MFM), using a Veeco 3100 apparatus. To investigate the dynamic magnetic properties, and 
particularly the magnetic anisotropy in Co/Si films, we used Brillouin Light Scattering (BLS) 
experiments, using a (2x3)–pass tandem Fabry-Perot interferometer, and Ferromagnetic 
Resonance (FMR) technique. All the films are polycrystalline and exhibit a hexagonal close 
packed (hcp) structure, with the <0001> texture. Many films are under stress. The easy 
magnetization axis lies in the plane of the film whatsoever is the substrate nature. Coercivity 
is very sensitive to surface roughness, stress and crystallite size. In Co evaporated on glass, 
coercivity evolution versus thickness follows a t-n Néel law, symptomatic of Bloch domain 
motion. MFM images reveal well-defined stripe patterns, mainly for the thickest films. Good 
agreement is found between the experimental and the calculated spectra in the BLS 
measurements (fig.1).This satisfactory accord was obtained by fitting the magneto-crystalline 
anisotropy field Ha, assumed to be uniaxial (Ha = 2Ku/Ms with 𝐾𝐾𝑢𝑢  the uniaxial anisotropy 
constant).  From FMR spectra (derivative of the absorption power vs. applied magnetic field 
H) for the perpendicular configuration, and specifically from the position of the peak 
(corresponding to the resonant field value) we computed the uniaxial magnetocrystalline 
anisotropy constant 𝐾𝐾𝑢𝑢 (fig.2).  Values of Ku greater than 7 x 106 erg.cm-3 were found for the 
Co/Si thin films, evaporated under normal incidence. In the obliquely evaporated Co thin 
films, anisotropy field Ha (and magnetic anisotropy constant Ku) has been improved 
comparative to Co thin films evaporated at a normal incidence. Ku
 13 x 10

 value as high as 
6 erg/cm3

 

 has been measured. All these results and others will be presented and 
discussed. 

Keywords: Thermal evaporation; Co thin films; magnetization; anisotropy factors;  
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Fig.1. Examples of BLS spectrum for applied magnetic field H = 5 kOe, and Damon-Eschbach mode frequency 

versus applied magnetic intensity field. 
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Fig.2 Example of experimental FMR spectrum, recorded at a frequency of 6 GHz, and Frequency evolution 

versus magnetic field. 
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Structure, optical, and magnetooptical properties of magnetic silicide Fe3Si and Fe5Si3 
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Fe/Si nanostructures are attractive materials for spintronics due to combination the magnetic and 

semiconductor properties. The formation of Fe silicides in the interface may decrease the required 

characteristicks of the material. Here we report the results of the in situ optical and magnetooptical properties 

for the MBE grown single crystalline Fe3Si and polycrystalline Fe5Si3 films on Si(111) substrate. The high 

resolution TEM and XRD of Fe3Si( 27nm)/Si(111)7x7 have shown the epitaxial film. The Fe3Si film has 

saturation magnetization 875 Gauss and single axis anisotropy Ha=26 Oe.  The Fe5Si3 is unstable in the bulk 

and has been obtained by thermal evaporation of (Fe/Si)n multilayer film with subsequent heating at 700K, its 

crystal structure has been confirmed by the XRD spectra. For both films we have measured the spectral 

dependence of complex refraction index n+ik and the magnetooptical Fogt parameters by the home-made 

magnetoellipsometr in the photon energy 1.5-4.9 eV. For both silicides magnetooptical spectra contain several 

resonanse peaks found by gaussian decomposition of the spectra. We have carried out ab initio band band 

structure calculation for both silicides. The spin-polarised density of states reveals several intraband excitation 

for the spin up and spin down bands. There is a qualitative agreement between calculated intraband excitation 

energies and gaussian peaks in the magnetooptical spectra. 

 
Keywords: Spintronics, magnetic multilayers,  molecular beam epitaxy, magnetoellipsomet 
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Unprecendented tuning of the in-plane easy axis in (100) magnetite films 
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Thin films can be considered as ideal cases for the design of improved bulk magnets [1]. 

Magnetite (Fe3O4) is attracting much interest in the last years due to its robust 

ferrimagnetism down to nanometer thickness, good electrical conductivity and presumed 

half-metal character. In particular, Fe3O4 films have been tentatively used in spin-valves 

and spin-LEDs. Fe3O4 presents a low-temperature metal-insulator transition, the Verwey 

transition (TV) which has also been proposed for spintronic applications. An open 

question is to what extent the preparation of Fe3O4 films can affect their detailed 

magnetic properties, such as the magnetic anisotropy axis. This information is required to 

efficiently apply Fe3O4 films in spintronic applications. 

Most of studies dealing with bulk and Fe3O4 thin film systems show room temperature 

(RT) in-plane <110> magnetic easy axis. By contrast, we show in this work the 

preparation of pure stoichiometric Fe3O4 thin films with RT easy axes along the in-plane 

<100> directions [2], i.e. rotated by 45º respect to previous studies. 

Fe3O4 films have been grown by ablation from a sintered hematite target using a 

nanosecond infrared (IR) laser at 1064 nm and a substrate temperature of 750 K [3]. 

Single crystal substrates of SrTiO3, MgAl2O4 and MgO have been used. All films 

consisted of stoichiometric Fe3O4 and presented a Verwey transition at TV=115-118 K. 
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RT in-plane hysteresis loops were measured by vectorial-MOKE as a function of the 

direction of the applied magnetic field in the 0-360º range with an angular step of 5º. For 

all epitaxial films under study, the highest coercivity and remanence are found at 0, 90, 

180 and 270º, thus orthogonal to each other, while the lowest coercivity values are found 

between them. This results in a well-defined four-fold symmetry indicative of biaxial 

magnetic anisotropy [2]. In order to verify this result, ferromagnetic resonance (FMR) 

experiments have been carried out at 9.4 GHz frequency. The angular dependence of the 

in-plane resonance field at RT for the Fe3O4 layers proves that the easy axes are indeed 

the in-plane <100> directions. 

All angular studies here shown in addition to spin-polarized low-energy electron 

microscopy experiments demonstrate easy-axis orientation along in-plane <100> 

directions, i.e., differing from that of bulk magnetite or films prepared by other 

techniques, and thus demonstrating the possibility of tuning the easy axis orientation. 

 

Keywords: Thin films, magnetite, spintronics, magnetic properties  
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Effect of Changed Structure as well as Composition on the Behaviour of Sn(Se,Te)         

Compound Semiconductor Thin Films and  Schottky Diodes for Solar Cell Applications 
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ABSTRACT 

There has been a great motivation to achieve new material types and fabricate electronic 

devices which show unusual properties in the field of energy generation and transformation. The 

recent investigations in this area are directed towards the development of cost-effective, non-toxic and 

abundant materials, the chalcogeide materials have emerged as a convenient choice in the regard. IV-

VI chalcogenide semiconductors have exhibited flexibility to possess varied bandgap energies 

(bandgap tailoring) which allowed the materials to tap different regions of the solar spectrum. These 

Devices have achieved highest energy conversion efficiencies among the thin film technologies 

(above 20%). Further, Sn(S,Se,Te) chalcogenide thin films have been reported to possess the optical 

and electrical properties suitable for applications for solar harvesting. These have also been reported 

to be used in infrared LEDs/Detectors, fast switches and optoelectronic Devices. 

Comparative analysis of some Sn(Se, Te) compound semiconductor thin films and schottky 

diodes have been made. SnSe used as primary material has transformed to SnSe2 on changing its 

structure from orthorhombic to hexagonal. It, however, attained SnTeSe (Orthorhombic) composition 

on replacement of some of the Se atoms with Te. Films of all the three types of materials have been 

deposited at different substrate temperatures and changed thickness. These were then characterized on 

the basis of their structural, morphological, electrical and optical properties. The grain size of SnSe 

films increased on its transformation to SnTeSe as well as SnSe2. The electrical as well as optical 

analysis of the films showed that the bandgap and resistivity decrease for SnSeTe, the same however 

increase for SnSe2. Further, the conductivity type remained p-type for SnSeTe but changed to n-type 

for SnSe2 films. The Schottky Barrier Diodes of the deposited films were formed and their 

characteristics studied for the temperature dependent current-voltage (I-V) and capacitance-voltage(C-

V) behaviour. The current voltage characteristics of Al/n-SnSe2 Schottky diodes demonstrated better 

diode parameters (ideality factors, barrier heights and breakdown voltage) in comparison Ag/p-SnSe 

and Ag/p-SnSeTe Schottky Diodes. Further, the ideality factors decreased and barrier heights 

increased with increase in temperature in all types. The temperature dependence of the barrier heights 

and ideality factors has been explained on the basis of “barrier inhomogenities” existing over the 

metal-semiconductor interface. Further, there have been variations between the theoretically 

generated data (on the basis Gaussian Distribution Function) to that from the experimental results 

which indicated the possibility of the existence of tunneling current component existing in the current 

transport of the Schottky Diodes. The breakdown voltages of all the three types of undertaken diodes 

were increased with decrease in temperature and provided negative temperature coefficient and 

depicted soft breakdown due to ‘Defect Assisted Tunneling’ phenomenon existing over the Schottky 

interface. 
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Hydrogen treatment has been reported to enhance green emission in ZnO thin films [1]. 

Due to high diffusivity at elevated temperatures hydrogen is claimed to form interstitial 

and substitutional defects in ZnO which tend to act as shallow donors [2], leading to an 

increase in the localization of excitons. However, the effect of the preliminary ZnO thin 

film growth conditions on the emission efficiency is not well understood. Here, we report 

the results of our systematic study on optical properties of ZnO thin films grown on 

quartz substrates via pulsed laser deposition in different conditions and subsequently 

annealed in H2 atmosphere. One series of ZnO/quartz films was deposited at 600C at 

oxygen partial pressure 2x10-4mbar while another series was grown at room temperature 

in very high vacuum (~10-7mbar) without oxygen supply.As the deposition conditions 

vary the films exhibit different structural and optical properties after hydrogen annealing. 

The PL measurements revealed red-shift and significant increase of the intensity for the 

samples prepared at room temperature without oxygen. The study shows that the 

deposition conditions play an important role in controlling green emission intensity of 

ZnO thin films. 
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The printed metal nanoparticles should be sintered to have high electrical conductivity. The 

electrical conductivity of metal electrode is affected by grain size and porosity. The printed metal 

nanoparticles have the porosity inherently. The change of resistivity of laser-sintered silver 

nanoparticles with porosity was examined with various beam intensities. A 532-nm continuous 

wave laser was irradiated onto inkjet-printed silver lines on a glass substrate. As laser intensity 

increased, porosity and resistivity decreased. At very high laser intensity, porosity begins to 

increase and resistivity of silver nanoparticles did not decrease any more. When porosity effect 

was removed from the measured resistivity, the resistivity of silver is the same as that of bulk 

silver. Because of the porosity increase of printed metal nanoparticles at high laser intensity, the 

resistivity of printed metal nanoparticles cannot reach the specific resistance of bulk silver.  

Keywords: Silver nanoparticles, Inkjet printing, Laser sintering, Porosity, Resistivity 
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We improved the performance of the organic light-emitting diodes (OLEDs) by combing 

both MoO3 hole injection layer (HIL) and MoO3 doped hole transport layer (HTL) to 

improve both the hole injection and transport efficiency. Comparing with the OLEDs 

with only MoO3 HIL or MoO3 doped HTL, the OLEDs with both MoO3 HIL and MoO3 

doped HTL showed superior performance in driving voltage, power efficiency, and 

stability. Based on the typical NPB/Alq3 heterojunction structure, the OLEDs with both 

MoO3 HIL and MoO3 doped HTL showed a driving voltage of 5.4 V and a power 

efficiency of 1.4 lm/W for 1000 cd/m2, and a lifetime of around 0.8 hour with an initial 

luminance of around 5000 cd/m2 under room temperature in air without encapsulation. 

While the OLEDs with only MoO3 HIL or MoO3 doped HTL showed a little higher 

driving voltage of 6.4 V or 5.8 V and lower power efficiency of 1.2 lm/W or 1.3 lm/W 

for 1000 cd/m2, and shorter lifetime of around 0.3 hour or 0.5 hour with an initial 

luminance of around 5000 cd/m2 under room temperature in air without encapsulation. 

Our results demonstrate clearly that combing both MoO3 HIL and MoO3 doped HTL is a 

simple and effective approach to simultaneously improve both the hole injection and 

transport efficiency in the OLEDs, and thus results in further improvements in the driving 

voltage, power efficiency, and stability of the OLEDs. 

Keywords: OLEDs, MoO3, hole injection, hole transport, doped, 
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Nowadays, solar industry becomes the fastest growing industry due to the rising demands 

to solve energy crisis and environmental problems. Organic photovoltaic (OPV) devices, 

as one of the most promising technologies offering low-cost, light weight and flexible 

solar cells, have attracted more and more attentions. One major limitation to OPV devices 

is the insufficient light absorption, which lies in two-folds: 1. the narrow absorption 

spectrum of organic semiconductors, which merely spans a few hundred nm, unable to 

fully cover the solar spectrum. 2. the limited optimal thickness of active layer (<110 nm), 

which is only capable to absorb less than 80% of incident photons with higher energy 

than the absorber’s band gap. Here, we report our recent work on a ternary organic 

polymer system to address the aforementioned issues. High efficiency for thick-film 

devices has been realized by combining poly(3-hexylthiophene) (P3HT), which can 

maintain high charge carrier mobility with thick film and polythieno[3,4-b]-thiophene-co-

benzodithiophene (PTB7) which has shown high PCE. Grazing incidence X-ray 

scattering techniques have been employed to investigate the ternary morphology: grazing 

incidence wide-angle X-ray scattering (GIWAXS) for molecular level ordering and 

grazing incidence small-angle X-ray scattering (GISAXS) for nano-scale ordering.  

Keywords: OPV, ternary, morphology, GIWAXS, GISAXS 
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The phthalocyanines [Pc] are a class of planar aromatic organic compounds that have hetero-

aromatic π system and readily form complexes with many groups and transitions metals. The 

versatility, architectural flexibility, non-toxicity and ease of processing make them eligible for 

use in microelectronics and also in nano-technology.  

The present paper discusses the optical and electrical characterizations of Silicon Phthalocyanine 

dichloride thin films. It is observed that the electrical and optical properties of phthalocyanines 

are critically dependent on film morphology, which in turn is determined by preparation 

parameters such as deposition rate, substrate temperature and post deposition annealing. The 

direct optical transition takes place in these films. The optical energy gap remains unaffected due 

to annealing both in air and vacuum. For longer wavelength greater than 800nm, the film 

becomes transparent. The film also shows anomalous dispersion. 

 The variation of thermal activation energy with thickness and annealing temperature is studied. 

An Arrhenius plot shows two linear regions. Activation energy decreases with increase of 

annealing temperature in vacuum. By optimizing the growth conditions, the applicability of this 

halogenated metal phthalocyanine as active layer in organic semiconductor thin film devices can 

be improved.  

Keywords: Phthalocyanines, optical properties, optical band gap, thermal activation energy 
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It has been observed a considerable improvement of the integrated emission intensity 

from silicon nanostructures which are coupled with a thin film of nanostructured noble 

metal particles (Biteen et al., 2007; Walters et al., 2010). This enhancement is due to the 

surface plasmon of the metal particles. The fabrication of coupled silicon-metal 

nanostructures could be a possible solution for the manufacture of multiple luminescent 

devices based silicon, because the enhancement provided by the noble metal particles 

makes the silicon efficient enough to be a suitable material to built a wide range of 

luminescent artifacts.  

However, to get luminescence enhancement from the surface plasmon is not a simple 

task. To achieve the enhancement is necessary condition to set the plasmon into 

resonance. The resonance frequency of the system depends of multiple factors among 

which are: size and volume of the noble-metal nanoparticles, the dielectric constant of the 

medium and the distance between silicon nanoparticles and metal particles (Jain et al., 

2007).  

For this conference, our work presents a controlled method for depositing a coupled 

silicon-gold structure (Si-Au structure). The Si-Au structure shows a PL Enhancement of 

87% compared with the silicon nanoparticles without coupling. We use Remote Plasma 

Enhanced Chemical Vapor Deposition (RPECVD) for depositing the silicon quantum 

dots (SQDs) and the dielectric made of silicon nitride (NH3) used to separate gold 
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nanoparticles (AuNPs) from the SQDs. Meanwhile, the AuNPs were deposited by 

sputtering.  

We carried out three major characterizations: A) Ultraviolet–visible spectroscopy, using a 

double beam PerkinElmer Lambda 35 spectrophotometer to find the plasmon location of 

the AuNPs. B) Excitation with a Kimmon He-Cd laser beam with a wavelength of 325nm 

and a power of 25 mW to obtain the PL curves from all deposited structures. And C) 

High-Resolution Transmission Electron Microscopy (HRTEM) using a JEOL JEM-

2010F FasTEM microscope equipped with a GATAN digital micrograph system for 

image acquisition (version 3.7.0) to analyze the density and distribution of both silicon 

and gold nanoparticles.  

There are some common methods for attaching a layer of AuNPs that use colloidal 

solutions as sources of gold (Wu et al., 2011; Lim et al., 2007). Unlike these methods, 

ours offers several advantages such as: a dry deposit that allows its adaptation to the 

techniques commonly used in the manufacture of microchips. Meanwhile, AuNPs density 

is uniform over the entire film, which allows a PL Enhancement all over the surface and 

not only in certain areas. Finally, the gold target used for Sputtering is solid and reusable, 

therefore, is a more economical source of gold than the gold salts required to formulate 

the colloidal solutions. 

 

Keywords: PL Enhancement, RPECVD, Plasmonic Structure, Silicon Quantum Dots. 
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Silicon containing layer on Ti-46Al-8Ta alloy for hot corrosion protection. 

Kinetic studies of layer deposition. 

Rubacha
1
, Godlewska

1
, Mars

1
, Mitoraj

1
  

1
 AGH University of Science and Technology, Faculty of Materials Science and Ceramics, Al. A. 

Mickiewicza 30, 30-059 Krakow, Poland 

e-mail address: rubacha@agh.edu.pl, contact phone: +48 126174787 

Titanium alloys have been extensively investigated for many years as potential 

lightweight structural materials. They are characterized by low density, high Young modulus and 

good resistance to oxidation at moderate temperatures. One of their important drawbacks is 

insufficient oxidation resistance at elevated temperatures (800-900
o
C), especially in contact with 

mineral deposits (hot corrosion). In spite of numerous coating systems investigated, the 

satisfactory protection against hot corrosion has not been attained. The objective of this work was 

to develop a novel technological route and assess the growth kinetics of a silicon-rich layer on the 

surface of a Ti-46Al-8Ta (at. %) alloy belonging to 4th generation of titanium alloys based on 

intermetallic phases. The silicon-containing coating was deposited on a Ti-46Al-8Ta (at%) alloy 

in a two-step process, comprising physical and chemical vapour deposition (magnetron sputtering 

and pack cementation, respectively). The kinetics was determined by coating thickness 

measurements as a function of deposition time.  The good-quality coating was about 40 µm thick 

and consisted of silicide phases with different composition and stoichiometry. To evaluate the 

protective properties of the coating, the samples were contaminated with NaCl or Na2SO4 and 

oxidized in thermal cycling conditions in air at 800
o
C. Reaction progress was followed by 

thermogravimetric measurements. Post-exposure examination included scanning electron 

microscopy (SEM) with energy dispersive X-ray analysis (EDS/EDAX) and X-ray diffraction 

(XRD). Significant improvement in hot corrosion resistance was noted for the coated samples 

compared with the uncoated reference.  

Keywords: hot corrosion, intermetallics, pack cementation 
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Overview of superhydrophilic, photocatalytic and anti-corrosive properties 

of TiO2 thin films doped with multiwall carbon nanotubes and deposited on 

316L stainless steel 
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In this work, a coating is developed to prevent the corrosion of stainless steel. The 

coating is based on TiO2 material. The TiO2 is known for its photocatalytic activity and 

superhydrophilicity. These two properties of TiO2 provide the “easy-to-clean” property. 

Indeed, superhydrophilicity induces a very low contact angle between TiO2 and water leading 

to the formation of a water film at the surface of the material. The photocatalytic activity, 

responsible for the pollutant decomposition, is explained by the excitation of the 

semiconductor under UV light leading to the formation of electron-hole pairs. 

The combination of these three properties (anti-corrosive, photocatalytic and 

superhydrophilic) allows to develop a material with low fouling and with a reduced corrosion. 

The final material, that can be set in inaccessible places, has so a longer lifetime. 

Multiwall carbon nanotubes (MWCNTs) are electrical conductors and their introduction 

in TiO2 could increase the conductivity of photogenerated electrons. MWCNTs can prevent 

the corrosion by driving the electron, photogenerated by UV, from the TiO2 to the stainless 

steel. These electron can so slow down the oxidation process by keeping a low potential. 

Moreover, the incorporation of MWCNTs can modify the superhydrophilicity of TiO2. 

Finally, the photoactivity can be improved by reducing the electron-hole recombination rate. 

MWCNTs play a role in electron transfer and allow to decrease the recombination of electron-

hole pairs.  

Two sol-gel syntheses were studied in alcohol and water respectively. In the alcoholic 

medium, monolayer films are obtained by dip-coating on stainless steel substrate. In some 

cases, those films are calcined at 400°C. The thermal treatment allows to crystallize TiO2 in 

the anatase form but induces an oxidation of the stainless steel. In the aqueous synthesis, 

monolayer films are obtained by dip-coating stainless steel substrate too. The TiO2 shows 

already the anatase structure at room temperature. 

The characterizations of the samples have confirmed the presence of nanotube in the 

aqueous synthesis and in the alcoholic synthesis (calcined and no-calcined films). 

TiO2 alone induces a decrease of the corrosion due to its photogenerated electron and by 

simple barrier effect. Introduction of MWCNTs enhances the anti-corrosive property of TiO2 

by reducing the corrosion potential and corrosion current. The best samples are the aqueous 

samples. 

For both synthesizes, the films without MWCNTs are superhydrophilic but the contact 

angle increases with the incorporation of MWCNTs. The superhydrophilicity is lost with 

MWCNTs introduction. 

When MWCNTs are introduced, the improvement of photocatalytic activity is higher in 

the case of aqueous synthesis than in the case of alcoholic synthesis. The aqueous synthesis 

leads to more active photocatalysts than the alcoholic synthesis. 
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Prevention of biofouling can be achieved by applying antifouling coatings or 

technologies that are biocidal in nature or can deter settlement or adhesion of biofouling 

in some way. Polydimethylsiloxane (PDMS) has shown great potential as an antifouling 

material in marine applications. Antifouling capabilities can be improved by infusing the 

Polydimethylsiloxane (PDMS) with a lubricant, such as silicone oil, as demonstrated by 

Howell et al. [1]. However, over time the infused lubricant is lost due to environmental 

conditions and needs to be replenished. Here, we present a solution for the replenishment 

of the lubricating medium using a microfluidic network in PDMS. This dynamic 

microfluidic network containing fluid inlets was assessed on its ability to replenish 

lubricant under controlled lubrication loss rate conditions. In addition, the effects of 

potentially biocidal nanomaterial additives (silver, carbon, and titanium) to the silicon oil 

were investigated. Results demonstrate the enhanced antifouling capabilities of this novel 

combined approach over standard PDMS coatings. 

Keywords: Biofouling, biomimetic, rapid prototyped, marine, nanoparticle 
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Strict environment regulations and human health protection have put considerable pressure on the paint 

industry to reconsider the current paint trends. Apart from that to maintain the adhesion of the paint to the 

metal substrate under environmental exposure is a key performance which can be used to evaluate the 

capability of the paint system. Interfacial chemical reaction involved in the establishment of paint adhesion, 

in the suppression of corrosion processes, and in the degradation and loss of paint adhesion have been 

extensively studied using modern surface analytical technique In the current study, the best performing 

hybrid systems were prepared by blending an acrylic polyol resin (A) with an epoxy polyol resin (E) in 

ratio of 90 wt%:10 wt% respectively which was earlier published in the journal of adhesion [1]. In this 

hybrid system, TiO2 pigment have been introduced using different Pigment Volume Concentration (PVC) 

to obtain a Critical Pigment Volume Concentration (CPVC) by performing corrosion resistance test and 

mechanical test.  The dry film thickness of the paint was maintained within the range of 40 m to 80 m. 

The panels were allowed to cure under ambient air condition for one week prior to testing. The correlation 

between electrochemical impedance spectroscopy, acid resistance test and adhesive properties of the paint 

to the metal substrate has been studied and analyzed extensively until a clear correlation between adhesion 

and Electrochemical Impedance spectroscopy studies established for the above said paint systems. From 

the Electrochemical Impedance Spectroscopy, the paint system consist of 30% PVC has portrayed a high 

coating resistance and low coating capacitance. Apart from that this paint system also has shown a good 

acid resistance property up to 360 hours.   

Keywords: Hybrid coating; Paint adhesion; Corrosion protection; Adhesion; EIS; Mild steel panel 
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Abstract 

In this study, acrylic-silicone (AS) coatings containing SiO2 nanoparticles at various 

concentrations have been successfully prepared with the assistance of ultrasonication process. 

The surface morphology and the effect of the ultrasonication process in introducing the nano 

fillers into the acrylic-silicone matrix were evaluated by Field Emission Scanning Electron 

Microscopy (FESEM). The chemical structures of AS/ SiO2 nanocomposite were examined via 

Fourier trans-form infrared (FT-IR) spectroscopy and the mechanical property of the blend has 

been carried out by using pull-off  tester and adhesion tester (Cross Hatch- Cutter). The 

wettability of the surface was examined by measuring the water contact angle (CA).  

Electrochemical Impedance Spectroscopy (EIS) was used to investigate the anti-corrosion 

properties of the developed nanocomposite coatings on pre-treated cold rolled mild steel 

panel. The results indicated that the incorporation of SiO2 nanoparticles in acrylic-silicone 

matrix improve the wetting properties and make the surface able to consider as hydrophobic 

with CA up to 97° when it exist at 1 wt.%. Also, the addition of SiO2 nano fillers leads to 

superior anticorrosive performance when it present as 1, 3, 5 or 8 wt. %. 

 

Keywords: coatings, corrosion, nanocomposite, hydrophobic coatings, silicone, acrylic. 
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Decomposition, precipitation, chemical ordering and surface segregation in nanolayered 
intermetallics have been modeled at the atomistic scale using hybrid  Monte Carlo – 
Molecular Statics (MC/MS) algorithms. Three particular results are reported: (i) The 
discontinuous transformation from “in-plane” to “off-plane” L10 variant in [001]-oriented 
FePt nano-layers previously presumed by “rigid-lattice” Ising-model-based MC simulations 
and then observed experimentally now modelled  with Analytic Bond-Order Potentials 
(ABOP) dedicated to FePt; (ii) The configuration of the eutectic mixture of Ag and Cu 
precipitates in nano-layered Ag-40at.%Cu modelled with many-body potential derived for 
Ag-Cu within the Second-Moment-Approximation; (iii) Kinetics of  “order-order" and surface 
segregation processes modelled by means of Semigrand Canonical Monte Carlo (SGCMC) 
and Kinetic Monte Carlo (KMC) simulations in B2-ordering stoichiometric A-50at.%B thin 
films mimicking NiAl. The SGCMC simulations provided equilibrium vacancy concentration 
and atomic configuration in the films with B-atom termination of both free surfaces achieved 
at high temperatures by the generation of an antiphase boundary. KMC simulations 
implemented with the SGCMC-determined equilibrium vacancy concentration revealed very 
slow relaxation of the films towards equilibrium configuration.  
 
Keywords: intermetallics, nanolayers, atomistic modelling 
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One of the challenges today is the constantly growing demand for energy. A significant amount 

is used for industrial and private cooling applications. Therefore new cooling devices with a 

higher efficiency are needed. Solid-state cooling cycles relying on magnetic field induced phase 

transitions have been proposed [1]. Promising materials are Heusler alloys such as Ni-Co-Mn-X 

(X=Ga, In, Sb, Sn) which show an inverse magnetocaloric effect with a structural and magnetic 

phase transition between a ferromagnetic austenite at high temperature and a weak magnetic 

martensite at low temperature. Additionally to high external magnetic fields, the transformation 

can also be induced by the application of mechanical stress. This can be achieved by the 

deposition of a magnetocaloric thin film on a ferroelectric substrate. Thin films are of particular 

interest since their high surface to volume ratio allows fast heat transfer and high cycling 

frequencies which leads to higher cooling power using less material. 

We present first results on sputter deposited epitaxial Ni-Mn-Ga-Co thin films on ferroelectric 

Pb(Mg1/3Nb2/3)0.72Ti0.28O3 (PMN-PT) substrates. Temperature dependent texture and magnetic 

measurements show the magnetic and structural phase transition in the material. By applying an 

electric field at the ferroelectric PMN-PT substrate we can induce the martensitic transformation 

in Ni-Mn-Ga-Co electrically which changes the magnetization significantly. This work is 

supported by DFG through SPP 1599 www.FerroicCooling.de. 

Keywords: magnetocaloric, thin film, Ni-Mn-Ga-Co, Heusler, PMN-PT 
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Effect of Annealing to Oxidation State of Sr2FeMoO6  
Double Perovskite Film 
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Sr2FeMoO6 double perovskite films have been investigated by means of extended X-ray 
fine structure (EXAFS) and X-ray absorption near-edge spectra (XANES). The films 
were deposited on a SrTiO3 substrate with different annealing temperatures. Fe K- and 
Mo K-edge XANES were measured to determine the oxidation state modification due to 
an annealing at 1173 K, compared to the case of annealing at 973 K, as shown in Fig. 1. 
It is observed that the oxidation state becomes more deficient for a lower annealing 
temperature, indicating less number of unoccupied Fe states with decreasing Mo 
coordination number. From the Fourier transform spectra, it has been found that the films 
also have intense binding of O to Fe than Mo. Ordering degree of Fe and Mo ions in 
Sr2FeMoO6 films is found to strongly correlated to the oxidation state. 

 

Figure 1. Fe K-edge absorption spectra measured for Sr2FeMoO6 films at different 
annealing temperatures.  

 

Keywords: double perovskite, oxidation state, EXAFS, XANES 
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Abstract 

 

The transmission fluxon waves and plasmon waves are considered on Planar Superconducting 

Multilayer Films (PSMF). The Josephson array defectivity is considered with the frustration 

parameter. The number of states in these models shows a wide variety of critical behavior as a  

function of the frustration f (0<f<1). In particular, the phenomenon of stimulation of 

superconductivity (growth of Tc(n)) is expounded and specific dependence on the number of 

oxide evaporated layers and their thickness is obtained. In addition, the movement and vibrations 

of fluxons in Josephson junctions is accompanied by stimulated emission in the range up to 10 

THz. Using RVB model, one can estimate the maximum values of the upper critical field Hc2 

and Tc(n) for the metal oxide ceramics Yba2Cu3O(7-d), (YBCO) thin films deposited on 

LaAlO3 substrates is observed. According to estimate of the superconducting loop for area 

S=100 mm
2
, Hc2=0.1 Oe. For a mean granule size of  0.7 10

-6 
m in LaSrCuO, Hc1=0.2 Oe. From 

nonlinearity of magnetization low-temperature isotherms in weak fields, the magnetic field 

penetrates first into the intergranular space Hc1<1 Oe, then into the superconducting granules 

(Hc1>100 Oe) 
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In the aerospace industry new design concepts offering weight savings are high in demand. In 

the recent generation of aircrafts (e.g. Airbus 350 XWB, Boeing 787), composite materials have 

shown new perspectives in terms of structural efficiency and performance. Due to the 

increasing amount of composite materials used in the aircraft structure, new corrosion concepts 

have to be developed. Composite materials with carbon fibres can induce galvanic corrosion 

when attached to an aluminium structure. In order to avoid this kind of galvanic corrosion, 

titanium alloys have to be used in aerospace. However, it is well-known in aerospace industry 

that titanium materials exhibit critical issues in regard to long-term stable adhesion. Reflecting 

this, the surface treatment is the most important step to ensure durable joints. 

Within this work, the anodisation of TiO2-nanotubes in a fluoride-containing electrolyte is used 

as a pre-treatment of the titanium alloy Ti6Al4V. Using this anodising process, the surface area 

could be enlarged, compared to the initial surface after the alkaline etching 

As shown within this work, the TiO2-nanotube anodising leads to an oxide layer that features an 

amorphous structure. The exposure of the amorphous TiO2-nanotubes under hydrothermal 

conditions (40 °C and 100 % rh) revealed that the TiO2-nanotubes are instable. At these 

conditions, the TiO2-nanotubes crystallise to the TiO2 modifications anatase and rutile. This 

process is initiated by the rearrangement of TiO6 octahedrons, due to the interaction between 

the water molecules and the OH groups of the different TiO6 octahedrons. Nevertheless, the 

resultant adhesion properties are not affected by the described instability of the nanotubes 

under hydrothermal conditions. Due to the reaction of the oxide OH groups with the organic 

molecules of the coating, the OH groups are not available for the interaction with the water 

molecules and hence, the rearrangement of TiO6 octahedrons cannot be initiated. 

The investigations show that in principle the TiO2-nanotubes can be used as pre-treatment of 

Ti6Al4V. However, if the Nanotubes are not covered by an organic coating, a crystallisation 

process takes place at hydrothermal conditions.  
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The magnetic Co deposited on the CVD-grown pristine p-type single graphene film/SiO2 and 
on the CVD-grown Nitrogen-doped n-type graphene film/SiO2 nanostructures have been 
fabricated, respectively. The composition, structure and magnetic properties of these 
nanostructures are investigated by the XRD, Raman, XPS and HRTEM and SQUID 
experiments. It can be found that the Co nanoparticles are formed on the surface of the single 
layer graphene, which is demonstrated by XRD and SEM measurements. On the other hand, 
the XPS result reveals the existence of bivalent Cobalt ions. The Raman spectroscopy shows 
the enhanced disorder effects and the large red shift of the 2D peak after the Co deposition 
process. These results confirm that the Co is embedded into the graphene film as well. With 
the temperature decreasing, the G peak is stiffened and sharpened for the pristine single 
graphene film. In contrast, hardly temperature dependence can be found for the G peak of the 
graphene film after Co deposition. This phenomenon indicates the inhomogeneous local 
disorder effect induced by the Co atoms embedded in the graphene film. Moreover, the larger 
disorder effect induced by the Co deposition can be found for the single graphene film with 
higher original vacancies, illustrating the possibility for the formation of the Co atom-vacancy 
complexes, which can contribute the local magnetic moment in graphene. On the other hand, 
with the carriers of the graphene film changed from p-type to n-type by Nitrogen doping, the 
interplay between the local magnetic moment and the itinerant π carriers in graphene film 
have been investigated by magneto-transport measurements. The formation of the magnetic 
Co nanoparticles and the magnetic Co atom-vacancy complexes in graphene offers a 
possibility for the graphene-based spintronic device application.  
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When growing GaN-based epitaxial layers on a sapphire substrate, there is inherently bowing 

largely due to difference in lattice constants and thermal expansion coefficients [1]. In the 

present work, we report the influences of grid-patterned sapphire substrate realized by laser 

treatment on the structural and optical properties including bowing characteristics of GaN-based 

epitaxial layers. The sizes and depths of grid patterns (GPs) fabricated on sapphire substrates 

were manipulated by changing laser power. The spacings between adjacent GPs were 1, 2, and 3 

mm. After realizing the GPs on a substrate, the InGaN/GaN light-emitting diode (LED) 

structures were grown by Thomas-Swan vertical-metal-organic chemical-vapor deposition. A 

conventional InGaN/GaN LED (C-LED) without the GPs was prepared as a reference. The 

optical and electrical properties of the LED samples were evaluated by photoluminescence (PL) 

and electroluminescence (EL) mapping spectroscopies for the entire substrate. The amount of 

bowing for the LEDs with respect to the grid spacings (GSs) of 1 (GS1-LED), 2 (GS2-LED), and 

3 mm (GS3-LED) were measured to be 100.05, 100.43, and 101.59 um, respectively, which were 

significantly improved compared to that of the C-LEDs (108.06 um). From the PL mapping 

results, the standard deviations in wavelength with respect to the main peak for the GS1-LED, 

GS2-LED, and GS3-LED were evaluated to be 1.02, 1.38, and 1.06 nm, respectively. These 

deviations are relatively smaller than that of the C-LED sample (2.04 nm) indicating that the 

uniformity was effectively enhanced using the laser treatments. Also, the emission wavelength 

for all the GS-LEDs was blue-shifted compared to the C-LED (445 nm) at room temperature 

mainly due to the strain relaxation caused by the decrease in initial bowing.  

Keywords: Initial bowing, laser treatment, InGaN/GaN LEDs 
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Zinc sulphide (ZnS) multilayer films were prepared by chemical bath at 80 °C on glass 

substrates. In order to grow ZnS multilayer films with different thickness, the films were 

deposited at different times and the chemical process was repeated two consecutive times 

with fresh solutions used for every deposition. After complete chemical bath deposition     

10 nm of cooper was deposited by sputter technique. The films were annealed for 20 min at 

200 °C in air. 

The films obtained were structural, optical and electrical characterized. Homogeneous ZnS 

thin films with amorphous structure were obtained, The optical band gap was determined 

by UV-Vis absorption around 3.6 eV for ZnS films and 3.1 eV for ZnS:Cu films. The 

electrical resistivity on the ZnS showed values greater than 100 MΩ, and for ZnS:Cu films 

the electrical resistivity varied in the range from 10 and 37 MΩ, it decreasing with the 

deposition time and number dip increase for ZnS films. These characteristics obtained in 

the amorphous ZnS:Cu thin films make them a suitable candidate for device and 

optoelectronic device applications that require low processing temperature. 

 
 
Keywords: ZnS:Cu, thin films, chemical bath deposition, amorphous films 
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Carbon nanotubes modified with gold nanoparticles in biosensing 

Nikos G. Tsierkezos, Uwe Ritter 

Ilmenau University of Technology, Department of Chemistry, Ilmenau, Germany 

E Mail: nikos.tsierkezos@tu-ilmenau.de 

Pristine and nitrogen-doped multi-walled carbon nanotubes were fabricated and modified 

with gold nanoparticles possessing different diameters. The fabricated nanotubes, further 

denoted as MWCNTs/AuNPs and N-MWCNTs/AuNPs, were initially characterized 

using [Fe(CN)6]
3-/4-. Within the two different types of films probed, N-MWCNTs/AuNPs 

reveals improved response towards [Fe(CN)6]
3-/4- due to nitrogen that is incorporated into 

the structure of nanotubes and enhances their electro-catalytic activity. The findings 

exhibit that the electrochemical response of films enhance with their decoration with 

AuNPs. Thus, the response of MWCNTs/AuNPs and N-MWCNTs/AuNPs is improved 

for about ~40% and ~20%, respectively, upon modification. N-MWCNTs/AuNPs with 

AuNPs possessing various diameters (5, 14, and 35 nm) were applied for simultaneous 

analysis of ascorbic acid, uric acid, and dopamine. The findings reveal strong dependence 

of films’ response on AuNPs diameter. It was recognized that onto N-MWCNTs/AuNPs 

(14 nm) greater separation between oxidation waves of biomolecules occurs permitting 

thus their simultaneous analysis in a single experiment [1].  

Keywords: carbon nanotubes, gold nanoparticles, electrochemical biosensors  

[1] TSIERKEZOS, N.G., SZROEDER, P., RITTER, U. 2014. Voltammetric study on 

pristine and nitrogen-doped multi-walled carbon nanotubes decorated with gold 

nanoparticles. Microchim. Acta, 181, 329-337. 
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Zeolite Impregnated Polysulfone Membrane for the Removal of Metals 
in Wastewater 

Yılmaz Yürekli  

Celal Bayar University, Bioengineering Department, 45140, Manisa/ TURKEY  

yilmazyurekli@gmail.com / +90-2362012454 

In this study, separation capabilities of zeolite nano-particles added polysulfone (PSf) 

membranes against metal ions (Pb2+ and Ni2+) were determined under dynamic conditions 

by using dead-end stirred cell. Zeolite nano-particles were synthesized using 

conventional hydrothermal method [1]. X-ray diffraction (XRD), scanning electron 

microscopy (SEM) and energy dispersive X-ray (EDX) analysis revealed that the 

synthesized nanoparticles are pure NaX zeolite with particle sizes around 200 nm and 

Si/Al ratio is 1.24. According to the results obtained from batch adsorption experiments 

at 25˚C, the maximum adsorbed amount of lead and nickel ions were determined as 443 

and 279 mg/g respectively. Water hydraulic permability of the PSf membrane was 

increased from 23 to 45 L/m2.h.bar with the addition of NaX-nanoparticles indicates that 

hydrophilicity of the membrane was improved which was proved by FTIR-ATR and 

water contact angle measurements. Filtration results revealed that the increased amount 

of NaX-nanoparticles from 0 to 5 w% (PSf to PSf5) in the membrane increased the 

adsorbed amount of metal from 0.2 to 0.8 mg for the filtration of nickel in which the 

initial feed concentration was 500 mg/L and transmembrane pressure was constant at 1 

bar. When the NaX content of the PSf membrane was increased to 10 w% (Psf10), the 

adsorbed amount of nickel was almost twice than it was achieved with PSf5 membrane. 

The maximum adsorbed amount of metals have been achieved as 56 and 110 mg/g for 

nickel and lead ions respectively at the end of 60 min filtration of 100 mg/L feed 

solutions at 1 bar. As a conclusion, with the addition of NaX-nanoparticles both hydraulic 

permeability and adsorption capacity of the PSf membrane was improved.  

Keywords: NaX-nanoparticles, membrane filtration, metal ions removal 

[1] ZHAN B.Z., WHITE M.A., LUMSDEN M., MUELLER-NEUHAUS J., 

ROBERTSON K.N., CAMERON T.S., GHARGHOURI M., 2002. Control of particle 
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size and surface properties of crystals of NaX zeolite, Chem. Mater. 14, 3636–3642. 
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Piezoelectric thin film layer integrated microdiaphragm for the 

dynamic sensing viscosity and density of liquid for bio applications 

Hye Jin Kim1, 2, Jinsik Kim1, Myung-Sic Chae1, 2, Yong Kyoung Yoo1, 3, Gangeun Kim1, 

2, Dahye Jeong1, Jung Ho Park2 and Kyo Seon Hwang1 

1Center for BioMicrosystems, Korea Institute of Science and Technology, Seoul 136-791, 
Korea 

2Department of Electrical Engineering, Korea University, Seoul 136-713, Korea  

3Department of Electrical Engineering, Kwangwoon University, Seoul 139-701, Korea 

kshwang@kist.re.kr/ Kyo Seon Hwang 

A microdiaphragm sensor have been grown up as a promising sensor in bio 

applications [1]. A resonant frequency of microdiaphragm sensor would be changed by 

loaded materials such as biomolecules [2, 3]. And detecting the resonant frequency was 

the principle of detecting biomolecules with microdiaphragm. Many variables such as a 

spring constant, damping ratio, loaded mass, and a loading position of the mass can affect 

to the changes of resonant frequency. To detect the changes of resonant frequency with 

more efficiency, higher sensitivity and accuracy, the integrated dynamic actuating layer 

of microdiaphragm was needed [4].  

Here, we introduced a piezoelectric layer of lead zirconate titanate (PZT; 

Pb(Zr0.52Ti0.48)O3) embedded microdiaphragm resonating sensor for detecting viscosity 

and density of human blood. The effective mechanical factors are analyzed to change the 

resonant frequency of microdiaphragm. The acting of microdiaphragm with integrated 

PZT acting layer was also confirmed with the analysis. The microdiaphragm has uniform 

resonant frequency in (1,1) and (2,2) modes without any loading of biomolecules by PZT 

acting layer. The microdiaphragm with dynamic actuating layer has hundreds kHz range 

of resonant frequency with microdiaphragm which has dimension of 500μm by 500μm. 

Viscous solutions of mixture with glycerol and deionized water were prepared to verify 

the basic characteristics of microdiaphragm with a viscosity and density in the range from 

1 to 1414 cP and 0.998 to 1.263 × 103 kg/m3, respectively. The solution was injected at 
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the bottom side of the microdiaphragm and the changes of resonant frequency was 

occurred by the loading of viscous solution. The resonant frequencies decreased 

according to the density and viscosity of liquid in the both (1,1) and (2,2) modes. The 

sensitivities of density (range: 0.998 ~ 1.146 × 103 kg/m3) of microdiaphragm were 

respectively 28.03 Hz/kg·m-3 and 81.85 Hz/kg·m-3 in (1,1) and (2,2) modes. The full 

width of half maximum had been changed with the viscosity of liquid and the liquid has 

viscosity-range from 1 to 8.4 cP. The microdiaphragm with PZT actuating layer can 

measure the density and viscosity of a liquid within the ranges of density and viscosity of 

blood as generally known as 1.060 × 103 kg/m3 and 3–4 cP. The microdiaphragm sensor 

were also demonstrated with a real human serum. The mixture of human serum and 

deionized water was also used to verify the suitability of measuring the viscosity and 

density of human blood. The sensitivity of viscosity and density were also similar with 

human blood serum as simulant viscous solutions. 

Consequently, the PZT layer embedded microdiaphragm resonating sensor could be 

actuated and detected the liquid in various density and viscosity range and even the 

human blood serum. We hope that the microdiaphragm sensor could be used for early 

diagnosis of diseases associated with the physical properties of blood. 

 

Keywords: Piezoelectric layer, diaphragm sensor, viscosity and density of blood, resonance 

frequency 

[1] Ioana Voiculescu, Anis Nurashicin Nordin, 2012. Acoustic wave based MEMS 

devices for biosensing applications. Biosensors and Bioelectronics, 33, 1-9. 

[2] Shaokang Li, Wei Ren, Xu Lu, Zhuo Xu, Zhongyang Cheng, Xiaofeng Chen, Peng 

Shi, Xiaoqing Wu and Xi Yao, 2011. Ferroelectric Thin Film Diaphragm Resonators for 

Bio-Detection. Ferroelectrics, 410, 145-151. 
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[3] Guo-Hua Feng, Zhi-Dian Lin, 2013. A droplet-based piezoelectric concave 

diaphragm biosensor with self-enhancing functionality for label-free detection of protein-

ligand interactions. Sensors and Actuators B : Chemical, 182, 809-817. 

[4] Yang Xin, Zhimin Li, LeVar Odum and Z. -Y. Cheng. 2006. Piezoelectric diaphragm 

as a high performance biosensor platform. APL, 89, 223508. 
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2 mol% Mn-doped zinc phosphate used as irreversible thermal sensor 
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Over the past few decades, research on phosphors based thermometry systems are 

becoming increasingly important in different fields: engineering,
 
nanosciences, etc.

1
 

The temperature dependence characteristics of the thermographic phosphors can be 

evaluated by a spectral and/or a temporal modification of the phosphorescence 

emission. Within the different thermometric phosphors, Zn3(PO4)2 doped by phosphor 

activator can be used as an irreversible thermographic sensor.  Three allotropic 

monoclinic forms with notations: α, β, γ exist for the anydrous compound. For Mn-

doped Zn3(PO4)2 compound, the phase transitions between these allotropic forms are 

associated with a change of the mession spectrum due to a modification of the Mn
2+ 

ions coordination. Indeed, the main visible emission of this phosphor dopant 

corresponds to a 
4
T1  

6
A1 transition, which is strongly dependent on the ligand field 

and the coordination number. The relationship between the annealing temperature and 

the phosphorescence  was established combining X-ray diffraction and luminescence 

spectroscopy. Thus, the evolution of the compound chromaticity versus thermal 

history was fully interpreted and then evaluated in regard of the potentiality of the this 

compound to be used as a thermographic phosphor. 

     Keywords: Thermal sensors, Luminescence, Pigment, Orthophosphate 

 [1] Aldén, M.; Omrane, A.; Richter, M.; Särner, G. Prog. Energy Combust. Sci. 2011, 

37, 422–461. 
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Infrared microscopy: time-resolved chemical mapping in light-emitting 
electrochemical cells 

MJ Jafari1, J Liu2, I Engquist2, T Ederth1,*  

1Division of Molecular physics, IFM, Linköping University, SE-581 83, Linköping, Sweden.  

2 - ping, Sweden. 

Email / Contact Details : Jafari (mohja@ifm.liu.se), Ederth (ted@ifm.liu.se)  

 

Infrared microscopy is a practical tool for chemical mapping of samples, based on 

imaging of molecular vibrations of sample components, and with rational measurement 

and evaluation times. The infrared spectrum reveals composition and molecular bonding 

at a resolution of a few micrometers, and infrared microscopy can be used for 

quantitative evaluation of material density changes caused by, for example, diffusion or 

chemical reactions. Polymer light-emitting electrochemical cells (LECs) are solid-state 

devices, which generate light from an electrical current. These are two-terminal devices 

with an organic/polymer semiconductor with mobile ions between electrodes. Infrared 

microscopy is a promising method for mapping structural changes in polymer films, and 

in particular to obtain a deeper understanding about ion mobility and doping-dedoping 

processes in LECs. Results: A MEH-PPV/PEO/KCF3SO3 active layer was coated 

between planar electrodes, and IR images of the device were captured under forward 

bias, demonstrating ion diffusion in the active layer, and  doping  and formation of a p-n 

junction in the MEH-PPV polymer, and subsequent dedoping at zero bias. 

Conclusion: We show that infrared microscopy is a robust tool for in-situ 

characterization of organic materials and chemical reactions in soft active layers.   
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Synthesis of Novel Chemosensors based on Xanthene Molecules and its 
Functionalized Platform 

Jongwoo Jeong1, Haksoo Kim1, Jiyong Hwang1, Chang-Soo Lee2 and Young-A Son1,* 

1Department of Advanced Organic Materials Engineering, Chungnam National 

University, Daejeon 305-764, South Korea 

2Department of Chemical Engineering, Chungnam National University, Daejeon 305-

764, South Korea 

E Mail :  yason@cnu.ac.kr 

We report the design and synthesis of a novel chemosensor rhodamine-based indicator 

for selective detection of hazardous cation. Sensing behavior toward various metal ions 

was investigated by UV-Vis and fluorescence spectroscopy. The indicator exhibited 

highly selective and sensitive colorimetric and ‘‘turn-on’’ fluorescent responses toward 

Al3+ cations based on the ring-opening mechanism of the rhodamine spirolactam. The 

obvious change from colorless to pale pink upon the addition of Al3+ could make it a 

suitable “naked eye” indicator for Al3+. More significantly, the sensor displayed a 

remarkable colorless to yellowish green fluorescence switch in the presence of Al3+ 

cations. Finally, we proposed a reversible ring-opening mechanism (OFF–ON) of the 

rhodamine spirolactam induced by Al3+ binding and forming a 1:1 stoichiometric 

complex of CS- Al3+ which is supported by the material studio theory calculations.   

Keywords: rhodamine 6G, phenyl semicarbazide, Fluorescent Chemosensor, molecualr 

modeling. 

[1] D.MAITY, D. KARTHIGEYAN, T.K.KUNDU, AND T.GOVINDARAJU. 2013. 

Sensors and Actuators, B 176, 831 (2013). 
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Ultra-responsive soft matter from strain-stiffening hydrogels 

Paul H. J. Kouwer 

Radboud University, Institute for Molecules and Materials, Heyendaalseweg 135,  

6525 AJ Nijmegen, the Netherlands  

E Mail: p.kouwer@science.ru.nl  

The stiffness of hydrogels is crucial for their applications. Nature’s hydrogels become 

stiffer as they are strained. This stiffness is not a constant but increases when the gel is 

strained. This stiffening is used, for instance, by cells that actively strain their environment 

to modulate their function. When optimised, such strain-stiffening materials become 

extremely sensitive and very responsive to stress. Strain-stiffening, however, is unexplored 

in synthetic gels since the structural design parameters are unknown. We uncover how 

readily tuneable parameters such as concentration, temperature and polymer length impact 

the stiffening behaviour. Our work also reveals the marginal point, a well-described, but 

never observed, critical point in the gelation process. Around this point, we observe a 

transition from a low-viscous liquid to an elastic gel upon applying minute stresses. Our 

experimental work in combination with network theory yields universal design principles 

for future strain-stiffening materials. 

Keywords: Responsive soft matter, hydrogels, mechanical properties, cytoskeleton & ECM 

 

[1] JASPERS, M., DENNISON, M., MABESOONE, M. F. J., MACKINTOSH, F. C., ROWAN, 
A. E. & KOUWER, P. H. J. Ultra-responsive soft matter from strain-stiffening hydrogels, Nat. 
Commun. 2014, doi: 10.1038/ncomm6808. 

[2] KOUWER, P. H. J., KOEPF, M. LE SAGE, V. A. A., JASPERS, M., VAN BUUL, A. M., 
EKSTEEN-AKEROYD, Z. H., WOLTINGE, T. SCHWARTZ, E., KITTO, H. J., 
HOOGENBOOM, R., PICKEN, S. J. NOLTE, R. J. M., MENDES, E. & ROWAN, A. E. 
Responsive biomimetic networks from polyisocyanopeptide hydrogels, Nature 2013, 493, 651. 

[3] DENNISON, M., JASPERS, M., KOUWER, P. H. J., STORM, C., ROWAN, A. E. & 
MACKINTOSH, F. C. Critical behaviour in the elastic response of hydrogels, arXiv, 2014, 
1407.0543. 
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Study on the CMC/PLA composite foam as wound packing materials 

Yoon Jin (Kim)1, Jung Nam (Im)1, Tae Hee (Kim)1, Song Jun (Doh)1  

1Korea Institute of Industrial Technology, 143 Hanggaul-ro, Ansan, South Korea, 426-

910  

wolfpack@kitech.re.kr 

Carboxymethyl cellulose(CMC)/poly(lactic acid)(PLA) composite foam was obtained by 

lyophilization of PLA-dispersed CMC solution and post-treatment. The aim of the study 

was to prepare CMC/PLA composite foams and to investigate the liquid handling 

properties and their applicability to wound packing materials. Structural analyses were 

performed through SEM, FT-IR, DSC and so on. The mechanical properties were 

analyzed by measuring compressional strength and compression recovery. The liquid 

handling properties were studied by liquid absorption measurement under a certain 

pressure condition. As the proportion of PLA increased, the compressional strength and 

recovery increased while the liquid absorption capacity decreased. Gamma ray radiation 

process was introduced after the foam manufacturing as means of controlling bio-

degradabilty and sterilization. The degradation period decreased with increasing amount 

of the radiation. However, the mechanical properties were not affected by the amount of 

the radiation significantly.  

Keywords: Carboxymethyl cellulose, Foam, Liquid handling properties, wound packing, acid 

treatment 
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The use of electrodes in the process of register physiological signals is very important for 

medical and research areas. Actually exists a variety of electrodes according to the use or 

the requirements of the biosignal that need to be registered. However, many electrodes 

are still based on Ag/AgCl which is very problematic for registers where the patient 

require stay in movement or for long term monitoring due to the aging process.  

With the discovering of conductive polymers, the possibilities of use have reached the 

development of monitoring electrodes which have growth in the last years. However, the 

fabrication process for many of them are still expensive in their production by the 

specialized equipment reducing the chances for massive production. In this wok have 

been proposed the fabrication of conductive polymer electrodes based on PPY with an 

effective and lowcost fabrication process which have been demonstrated excellent results 

in compare with a typical Ag/AgCl electrodes. The PPY electrodes fabricated were also 

used after months of its first use to probe their capability of be a reusable electrode. ECG 

and impedanciometry registers are reported. 

The potential of uses can be expanded to EOG, EEG, TENs, or another medical purpose 

where an skin electrode are required without the limitation of shape and size cause the 

electrodes proposed can be designed to be rigid or flexible according to the application 

requirements. 
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Polyetheretherketone (PEEK) has been used as an alternative to metallic implants for 

orthopaedic and active medical implant applications, e.g. Eon spinal cord device. PEEK has 

shown neither cytotoxicity nor mutagenicity in vitro. Surface properties playing the most 

important role in cell adhesion are: surface hydrophilicity, morphology, roughness, energy, 

charge, and chemical composition. Plasma treatment has been previously used to modify polymer 

surface to improve its biocompatibility [1, 2]. 

In our recent work, we have investigated the use of Ar plasma etching to structure the 

PEEK surface in order to enhance adhesion of mouse fibroblast (L929) and human osteoblast (U-

2 OS). We present a novel way of PEEK modification resulting in asymmetric samples with two 

different types of the surface plasma activated and gold sputtered. The objective of this study was 

to investigate the effect of the interface between plasma activated and gold coated PEEK on 

adhesion and spreading of cells. The surface properties of pristine PEEK and its modified 

counterparts were studied by different experimental techniques: XPS spectroscopy and 

goniometry which were used for characterization of surface chemical structure and polarity, 

Further, AFM microscopy was employed to study the surface morphology and roughness of the 

interface created on PEEK. The biological response of the two model cell lines seeded on 

untreated and plasma treated PEEK matrices was quantified in terms of the cell adhesion, density, 

and metabolic activity.Cell spreading and morphology were assessed by SEM microscope. 

Plasma treatment leads to the ablation of the polymer surface layers. Despite of the fact 

that the plasma treatment proceeds in inert Ar plasma, the oxidized degradation products are 

created on the polymer surface which contribute to increased hydrophilicity of the plasma treated 

polymer. Cell adhesion measured on the interface between plasma activated and gold coated 

PEEK was the higher the gold layer on the sample was thicker. 
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Polyvinyl alcohol (PVA) is a semicrystalline synthetic polymer, which is soluble in water 

and slightly soluble in ethanol. It is tasteless, odorless, has good mechanical properties, a 

high ability to form films and a good compatibility and biodegradability in human tissues 

and fluid. PVA is known as an aliphatic polymer with a carbon chain backbone with 

hydroxyl groups attached to methane carbons, where the hydroxyl group can interact with 

different types of ions, including other organic compounds and even metals, this expands 

the implementation are of PVA to biomedical and electrical engineering.  In the same way  

zinc oxide nanoparticles are used in different applications due to their easy fabrication; 

environmentally friendly nature, and non-toxic synthesis route, ZnO nanoparticles can 

provide a better option for various biological applications. Recent studies about PVA, focus 

on the synthesis via sol gel route, this process is a method for producing solid materials 

from small molecules, and involves the conversion of monomers into a colloidal solution 

(sol) that act as the precursor for an integrated network (gel) of either discrete particles or 

network polymers. This method has improved the synthesis of hybrid materials based on 

PVA. Many of these hybrid materials focus on the synthesis and characterization of PVA 

with silica nanocomposites among others, using sol-gel technique.  

Here we report the synthesis of a PVA hydrogel polymer with zinc oxide nanoparticles by 

the sol-gel method. The hydrogel was chemical, optical and thermal characterized in order 

to evaluate its potential applications in the biomedical area. We evaluated the PVA 

concentration with a constant TEOS: ethanol and ZnO nanoparticles concentrations.  

Compared with PVA, PVA-ZnO hydrogel composite exhibit remarkable improvement in 

the chemical and optical properties and thermal stability.  

Keywords: PVA, ZnO nanoparticles, sol gel process, hydrogel 
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Carboxymethyl cellulose(CMC)/poly(lactic acid)(PLA) composite foam was obtained by 

lyophilization of PLA-dispersed CMC solution and post-treatment. The aim of the study 

was to prepare CMC/PLA composite foams and to investigate the liquid handling 

properties and their applicability to wound packing materials. Structural analyses were 

performed through SEM, FT-IR, DSC and so on. The mechanical properties were 

analyzed by measuring compressional strength and compression recovery. The liquid 

handling properties were studied by liquid absorption measurement under a certain 

pressure condition. As the proportion of PLA increased, the compressional strength and 

recovery increased while the liquid absorption capacity decreased. Gamma ray radiation 

process was introduced after the foam manufacturing as means of controlling bio-

degradabilty and sterilization. The degradation period decreased with increasing amount 

of the radiation. However, the mechanical properties were not affected by the amount of 

the radiation significantly.  

Keywords: Carboxymethyl cellulose, Foam, Liquid handling properties, wound packing, acid 

treatment 
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Architecture Design of Dynamic Networks with Shape-memory Effect  
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Shape memory polymers (SMPs) are a promising class of intelligent materials which can 

respond to appropriate external stimuli (such as pH, light, electricity, heat etc.) by 

changing from a temporary shape to a permanent shape. To achieve a SMP, more 

attention is focused on the design of the molecular switch, actually, the architecture of the 

netpiont is also very important for the shape-memory effect. Recently, the dynamic 

networks draw tremendous attention of researchers for their triggerable and reversible 

nature. In present work, Diels-Alder reaction, hydrogen bonding and metal-ligand 

coordination have been chosen to construct dynamic networks, the crystallization 

behavior, dynamic thermal mechanical behaviors and shape-memory effects of dynamic 

networks have also been addressed[1, 2].  

Keywords: Dynamic network, shape-memory, hydrogen bonding, D-A reaction, metal-ligand 

coordination 

 [1] XIAO, L.P., WEI, M., ZHAN, M.Q., ZHANG, J.J., XIE, H., DENG, X.Y., YANG, 

K.K., AND WANG, Y.Z. 2014. Novel triple-shape PCU/PPDO interpenetrating polymer 

networks constructed by selfcomplementary quadruple hydrogen bonding and covalent 

bonding, Polymer Chemistry, 5, 2231-2241 
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The ability to vary emittance (ε) of spacecraft surfaces is a vital if uncelebrated requirement for 

spacecraft  thermal control. Here, we describe fabrication and performance of thin-film, flexible, 

variable- ε (V-E) IR-electrochromic skins having a conducting polymer/-Au/-microporous 

membrane (CP/Au/μP) base and unique ionic liquid electrolyte (IonEl).  A unique, patented 

device design yields no barrier between the active, electrochromic CP surface and the external 

environment, except for a thin, IR-transparent semiconductor/polymer film that lowers solar 

absorptance (α(s)) and protects from atomic-O/far-UV. Use of the IonEl requires special methods 

to activate the skins. Typical performance includes tailorable ε variations (0.19 to 0.90), Δε 

values of > 0.50 (highest reported thus far for functional V-E materials, to our knowledge), α(s) 

< 0.35, cyclability of >10,000 cycles. Extended space durability testing and continuous light/dark 

cycling over > 7 months under space conditions (< 10
-5

 Pa vacuum, far-UV) show excellent 

durability. Other data show resistance to solar wind, atomic-O, electrostatic discharge (ESD) , 

micrometeoroids. These lightweight, inexpensive, advanced polymeric skins represent the only 

technology that can work with micro- (< 20 kg) and nano- (< 2 kg) spacecraft; this will 

eventually allow for much greater flexibility in their design, potentially “democratizing” the 

entire space industry.  

 

 

KEYWORDS 
 

conducting polymer, applications, microporous, polymer membrane, spacecraft, thermal, control, 

variable, emittance   
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Electroactive polymers (EAPs) have recently showed promising potential in 

various applications especially for electromechanical conversion such as low-frequency 

actuation, for instance micropumps or long stroke actuators. These polymers reach large 

strain response to an electric field, making them good candidates as low frequency active 

actuators. Fluorinated terpolymer P(VDF-TrFE-CFE/CTFE), which has been investigated 

in this study, is considered as a semi-crystalline polymer possessing the highest level of 

conversion from electrical to mechanical energy thanks to its excellent dielectric 

permittivity (εr ~ 50) and high mechanical modulus (~ 200 MPa). However, significant 

electrical field should be required (E > 100V/µm) to obtain high strain level (> 2%). In 

this work, fluorinated terpolymer P (VDF-TrFE-CFE) was plasticized with (2-ethylhexyl) 

phtalate (DEHP). Such an organic modification of the terpolymer enables a 28 fold 

increase of the electrostrictive strain under low applied electric field as well as a 233 fold 

increase of the mechanical energy compared to the neat polymer [Sensors and Actuators 

A 207, 25– 31(2014), Patent application FR1353537, 04/18/2013]. Indeed, this simple 

chemical doping allows to benefit the exceptional properties of the terpolymer at an 

electric field of 5.5 times lower than the one of the pure terpolymer. In addition, the 

proposed modification has a reduced effect on the dielectric strength of the EAP with 

respect to conventional inorganic/organic composites. Furthermore, the process is 

relatively cheap, industrially used and could potentially break a technological lock as the 

performance recorded at low electric field are greater than any conventional electroactive 

polymer.  

Keywords: Electrostrictive polymer, soft actuators, materials, relaxor ferroelectric 
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Poly(ionic liquids) (PILs) and ionic gels made thereof constitute an increasingly sought-after 

category of materials, as they are expected to replace leakage-prone liquid electrolytes in future 

energy storage devices, and other electroactive materials. 

In this communication, we will present a novel methodology, involving an initial Atom Transfer 

Radical Polymerization (ATRP) step, which provides an easy access to a broad range of PILs 

from a common monomeric precursor. We will show how the introduction of an anionic 

functional group on the ATRP initiator is enough to mediate gel formation at low concentrations 

in water through electrostatic interactions and demonstrate that the incorporation of additives 

along the polymer backbone helps optimizing ionogel properties in various solvents.
[1]

 Finally, 

we will illustrate the potential of the ionogels as materials for energy storage devices through 

studying their rheological behaviour, electrochemical stability, diffusion and ionic conductivity. 

Keywords: Poly(electrolytes) • ionic gel • supramolecular interactions  • rheology• electrochemistry 
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Conducting polymers are reactive dense gels whose composition -reactive polymer 

chains, ions and water- mimic the intracellular matrix of biological cells. The gel 

reactions shift its composition and the related properties mimicking similar functions 

from biological organs. Devices driven by those reactions (artificial muscles, smart 

membranes, batteries or electro chromic windows etc.) can sense any physical or 

chemical variable acting on the chemical equilibrium or on the reaction rate. The sensing 

ability of conducting polymers arises from their reactive nature, through the unique 

electrochemical reaction. This work is a first time report on the reactive sensing ability of 

an electroactive polymer (polyaniline) other than polypyrrol. A polyaniline/silk  hybrid 

microfibrous mat was fabricated through electrospinning  followed by in-situ chemical 

polymerization. The sensing characteristics were studied as a function of the working 

conditions: applied current, electrolyte concentration and temperature in aqueous acidic 

solution. The chronopotentiometric responses were studied by applying square electrical 

currents   for a specified time.   Inside the reversible range the chronopotentiometric 

responses change with (sense) the reaction variables: electrolyte concentration, pH, 

temperature and driving current. The potential of the materials, or the consumed electrical 

energy, for a constant reaction time follow the linear or semi logarithmic relationships 

with each of the experimental variables - electrolyte concentration, temperature or driving 

electrical current -predicted by the electrochemical kinetics. Thus, the conducting 

polymers are the sensors of the working conditions which is a general property. Since the 

input and output signals (current and potential) are simultaneously sent and received back 

through the same two connecting wires as natural muscles do, conducting polymers can 

mimic the permanent feedback communication between brain and biological muscles.  
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Electroactive polymers (EAPs) have recently showed promising potential in 

various applications especially for electromechanical conversion such as low-frequency 

actuation, for instance micropumps or long stroke actuators. These polymers reach large 

strain response to an electric field, making them good candidates as low frequency active 

actuators. Fluorinated terpolymer P(VDF-TrFE-CFE/CTFE), which has been investigated 

in this study, is considered as a semi-crystalline polymer possessing the highest level of 

conversion from electrical to mechanical energy thanks to its excellent dielectric 

permittivity (εr ~ 50) and high mechanical modulus (~ 200 MPa). However, significant 

electrical field should be required (E > 100V/µm) to obtain high strain level (> 2%). In 

this work, fluorinated terpolymer P (VDF-TrFE-CFE) was plasticized with (2-ethylhexyl) 

phtalate (DEHP). Such an organic modification of the terpolymer enables a 28 fold 

increase of the electrostrictive strain under low applied electric field as well as a 233 fold 

increase of the mechanical energy compared to the neat polymer [Sensors and Actuators 

A 207, 25– 31(2014), Patent application FR1353537, 04/18/2013]. Indeed, this simple 

chemical doping allows to benefit the exceptional properties of the terpolymer at an 

electric field of 5.5 times lower than the one of the pure terpolymer. In addition, the 

proposed modification has a reduced effect on the dielectric strength of the EAP with 

respect to conventional inorganic/organic composites. Furthermore, the process is 

relatively cheap, industrially used and could potentially break a technological lock as the 

performance recorded at low electric field are greater than any conventional electroactive 

polymer.  
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Shape memory polymers (SMP) have attracted a certain attention as smart materials. They have 

potential to store a deformed shape and recover their original shape by the application of an 

external stimulus such as heat, electricity, light, magnetic field, etc. The various advantages of 

SMPs, which are structural versatility, low manufacturing cost, easy processing and high elastic 

deformability above transition temperature, have caused a great interest among researchers.
[1, 2]

  

The versatility of SMPs led to their usage in different application areas such as; civil, electrical 

and aerospace engineering, automobile, textile and medical industries.  

Among various types of polymers, epoxy shows shape memory capability in addition to its 

outstanding mechanical properties. When monomers and also carbon-based fillers are added to 

the neat epoxy, better shape memory properties of the composites may be obtained due to their 

effects in soft and hard segments of the composite. Monomer addition causes toughness and 

lower transition temperature since they act as soft segments in the composite structure. Carbon-

based fillers such as carbon nanotubes (CNTs), carbon black (CB), carbon nanofibers, etc. 

should contribute to hard segments of the composite and actuate the shape memory behavior 

through the electrical triggering mechanism. In literature, the studies on the effect of both 

monomer and carbon filler together on the properties of epoxy-based systems are limited.
[3]

   

The aim of this study is to prepare SMP composites using epoxy as the matrix material, low 

molecular weight additive (monomer) and separate/hybrid fillers of CB and CNTs. It is also 

aimed to characterize the composites and the neat material in terms of their shape memory 

(shape recovery and fixity), mechanical (tensile and impact), thermal properties and morphology.  
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Neat epoxy matrix and monomer added epoxy matrix were prepared as follows: epoxy and 

curing agent were degassed individually, mixed for 25 mins, the matrix was poured into molds 

and cured at room temperature for 1 hr, 90°C for 17 hrs and 130°C for 3 hrs. Monomer was 

added to epoxy resin prior to mixing. The composite specimens were prepared through solvent 

assisted sonication method. Carbon-based fillers were mixed with acetone and ultrasonicated, 

afterwards epoxy was added to the mixture and ultrasonication was continued. Acetone was 

removed by heating the mixture for 6 hrs in total at 60°C and 65°C. The mixture was vacuumed 

and mixed with the curing agent, then same steps was followed as in the matrix preparation.  

Impact strength of the neat epoxy improved and glass transition temperature lowered with the 

addition of monomer. Shape recovery and shape fixity of the composites containing both 

monomer and the filler together or separately had the values in the range between 97-99 %.  

Lowest recovery time of 88s was obtained for the composite containing 15% monomer, 1% CB 

and 0.5% CNT together.  

Keywords: Shape memory polymer, composite, epoxy, carbon black, carbon nanotubes 

[1] LUO, X., MATHER, P.T. 2010. Conductive Shape Memory Nanocomposites for High Speed 

Electrical Actuation. Soft Matter, 6, 2146-2149. 

[2] YU, K., ZHANG, Z., LIU, Y., LENG, J. 2011. Carbon Nanotube Chains in a Shape Memory 

Polymer/Carbon Black Composite: To Significantly Reduce the Electrical Resistivity. Applied 

Physics Letters, 98, 074102-1,3. 

[3] SENGOR, I. 2013. Shape Memory Polymer Composites Containing Carbon-Based Fillers. 

M.Sc. Thesis, Middle East Technical University, Ankara, Turkey.  
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Electroosmosis, one of the four electrokinetic effects, describes the movement of a liquid or 

condensed vapor relative to a stationary charged surface (as in a capillary). Here, we report 

electroosmotic water vapor transport (WVT) across very thin, flexible, functionalized conducting 

polymer (CP) microporous (μP) membranes at a very high rate. Both passive and active (6 VDC 

applied, power <1 W∙m
−2

) WVT are reported, the latter for the first time. WVT occurs with 

simultaneous, effective blocking of chemical warfare (CW) agents. Initial active 

liquid||membrane||liquid interface studies demonstrated WVT rates of >1.7 × 10
−5

 g∙mm
−2

∙s
−1

, vs.  

the highest prior reported values of 5 × 10
−6

 g∙mm
−2

∙s
−1

. Subsequent vapor||membrane|| vapor 

interface studies using industry-standard methods, ASTM E96B Upright Cup (“WVT”), ASTM 

F2298 (“Dynamic Moisture Permeation Cell”) , ASTM F1868 (“Sweating Guard Hotplate”),  

yielded WVT values of 2564.4 g∙m
2
∙d

−1
 (passive) and 3706.7 g∙m

2
∙d

−1
 (active), to be compared 

with the highest (passive) prior reported value, 984.8 g∙m
2
∙d

−1
. More than 20 different membrane 

configurations, porosities and types were studied, including membranes containing CP with 

impregnated enzymes. Efficient blocking of CW agents GB, HD, VX is also reported. 

Membranes also passed all industry-standard durability tests, e.g. ASTM D2261 (Tearing), 

ASTM D5034 (Breaking), ASTM D3886 (Abrasion), ASTM F392 (Gelbo Flex). Incorporation 

into “smart” soldiers’ garments was demonstrated. Proposed mechanisms of enhanced WVT and 

CW agent blocking in the membranes are presented. 

 

Keywords: Electroosmotic; Transport; Smart; Microporous; Membrane; Conducting; Polymer; 

Functionalized 
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Drug delivery systems based on controlled release under an electrical stimulus offer the promise 

of new treatments for chronic diseases that require periodic and precise doses of medication. 

Electroactive materials obtained from the dispersion of an electroconductive polymer into a 

hydrogel matrix are suitable for drug delivery systems, particularly, in implantable and 

transdermal devices. In this work, composite hydrogels were prepared by the individually 

entrapment of amoxicillin-loaded polyaniline or amoxicillin-loaded polypyrrole into 

polyacrylamide networks. The drug release profile from composite hydrogels under electrical 

stimulation showed that the antibiotic molecules can be subsequently released (or sustained) in 

response to application (or removal) of the electrical stimulation. Drug delivery was associated to 

the electrochemical reduction of the electroconductive polymer, which causes changes in the 

charge density of the particles, with the concomitant volume contraction and synergistically 

release of noncovalently bonded amoxicillin molecules.  

 

Keywords: Electrically controlled drug release, electroactive polymer 

AFM2015 - Jun 29 to Jul 3

Symposia 3: Advances in Polymers and Ceramics 24

Advances in Functional Materials



Piezoresistive NBR-Polypyrrole composites prepared by swelling 
method 
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Composite material of acrylonitrile butadiene rubber (NBR) and polypyrrole was 

prepared by in situ polymerization of pyrrole swollen in NBR film. The polymerization 

was carried out by immersing the swollen NBR films in a solution of copper(II) 

perchlorate hexahydrate. The material produced had strain at break similar to original 

NBR and has potential strain sensing application piezoresistive properties. Only small 

shifts in the onset temperature of the major exotherm are observed indicating that the 

miscibility is limited in this blend at room temperature however scanning electron 

microscope images fractured surface show no granular morphology. In order to know the 

piezoresistivity response films were subjected to cycling loading uniaxial tensile up to 

22% strain. The composite responds with an increase in electrical resistance when 

stretching it at each cycle and then resiliently returns to resistance values close to the 

original value by removing the stretching effort. Recovery of electrical resistance quite 

close to the initial values for each cycle was achieved. This can be related to maintenance 

of the elastic properties without actually plastic behavior. A linear resistance change 

response was obtained by deforming up to 20% elongation and this linear piezoresistive 

effect is maintained over 100 cicles. Our group is currently studying optional material 

composites with piezoresistive properties [1]. 

Keywords: piezoresistive material, polypyrrole, elastomer, swelling 

[1] DEL CASTILLO-CASTRO, T., CASTILLO-ORTEGA, M. M. ; ENCINAS, J. C., 

HERRERA FRANCO, P. J., CARRILLO-ESCALANTE, H. J. 2012. Piezo-resistance 

effect in composite based on cross-linked polydimethylsiloxane and polyaniline: potential 

pressure sensor application. Journal of Materials Science, 47, 1794-1802. 
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Crystallization induced self-assembly of amphiphilic copolymer based 
on poly(p-dioxanone) controlled by solvent mixing and its application in 

electrospun nanofiber 
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The crystallization of the core forming blocks of the crystalline-coil copolymer in 

selective solvent, which result in nanostructures with very unique anisotropic 

morphology, have attracted great attentions because their potential application in 

controlled delivery of pharmaceutics and bottom-up design of hierarchical assemblies.  

We have been particularly interested in the amphiphilic crystalline-coil copolymer 

using poly(p-dioxanone) (PPDO) as core forming crystalline block, which can form nano 

particles in aqueous medium with very special “star anise”-like morphology.[1-3] The 

temperature dependent phase transition and morphological evolution suggested that the 

formation mechanism of the “star anise”-like nano particles is a hierarchical assembly 

process from flake-like nano particles.[4,5] However, there is still requirement to deeply 

understand the kinetic process of nano particle formation in order to develop a simple 

solution protocol for preparing of nano particles with controlled morphology. 

In this work, we developed a very facile strategy for nanofabrication of polymeric 1-D 

nanomaterial by controlling the nano particle morphology of PPDO containing block 

copolymer in mixed solvent depending on the sequence and rate of solvent mixing. DMF 

is a good solvent for both PPDO and PEG blocks, while water is a selective solvent for 

PEG block. Therefore, when adding water into the DMF solution of PPDO-b-PEG 

copolymer, the PPDO blocks of the copolymer may self-assemble and crystallize because 

of the change in solvent quality. We used two different ways to accomplish solvent 

mixing: quickly pouring or slowly dropping water into DMF solution of the copolymer 
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under stirring. The copolymer could form “star anise”-like, “chrysanthemum”-like and 

sphere-like nano particles at different solvent mixing conditions, which could be 

attributed to stepwise aggregation-crystallization mechanism and simultaneously 

aggregation-crystallization mechanism, respectively owing to the different rate of solvent 

mixing.  

Nanofibers from poly(lactic acid) (PLA) homopolymer and PPDO-b-PEG copolymer 

with different phase separation morphologies depending on the crystallization induced 

self-assembly of PPDO-b-PEG were therefore prepared by single spinneret 

electrospinning. Mixing solvents with different composition were used for controlling the 

crystallization of PPDO block and therefore the phase separation in obtained nanofibers. 

Keywords: Crystallization induced self-assembly, nanofabrication, electrospun nanofiber, 

PPDO-b-PEG copolymer 
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The objective of the presented work is to develop novel porous, near-net shaped foam structures 

for personalized bone replacement materials allowing the ingrowth and differentiation of human 

mesenchymal stem cells (hMSCs). The so-called freeze-foaming process offers the possibility to 

achieve mainly open porous and interconnected sponge-like structures without any CO2-producing 

pore formers or similar volatile whole PU-scaffolds. Furthermore, the near-net shaping feasibility 

of these Freeze Foams allows to foam for instance, the inner contours of additive manufactured 

(AM) ceramic scaffolds which are then combined in a co-sintering step to a single personalized, 

complex 3D-structure. As results, ceramic biomaterials, in this case hydroxyapatite (HAp) and/or 

zirconia (ZrO2), probably allow the osteogenic differentiation of hMSCs on the detection of 

alkaline phosphatase and collagene-1 on the one hand. Foamed as a hybrid mixture on the other 

hand, achieved ZrO2/HAp composites exhibit significantly increased compressive strength whilst 

biocompatibility is retained. Within an oral presentation the author wants to show the potential of 

this novel bone replacement structures as possible next generation bioceramics/-composites used 

as personalized implants which allow an adaption according to the needs of customers.  

Keywords: Freeze Foaming, Additive Manufacturing, Bioceramics, Bone Replacement Material, 

Personalization 
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Abstract  
The layer of molluscan shells consists of structure of highly organized calcium 

carbonate crystals, which provides remarkable strength and toughness compared to pure 
mineral calcium carbonate. It has been known that the organized biomineral is controlled by 
1~5% organic templates. Here, we successfully produced a recombinant acidic protein in E 
coli, which are expected to be involved in the control of calcium carbonate biomineralization. 
Calcium carbonate binding properties of the recombinant were investigated, and it was tried 
to regulate the morphology in calcium carbonate crystallization. As a result, rosette-like 
spherical calcite mesocrystals were uniformly obtained, and possible mechanism was 
suggested based on the evolution of the crystal morphology. From this study, we expect that 
the recombinant protein can regulate in vitro biomineralization for the production of calcium 
carbonate with superior mechanical properties. This study can give potential to understand 
biomineralization mechanism and to fabricate marine-inspired notable materials. 
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The organic photopolymer is ideal for volume holographic storage due to its high 

diffraction efficiency, not post-processing, simple preparation method and cheap cost et 

al. The phenanthrenequinone doped poly(methyl methacrylate) (PQ/PMMA) 

photopolymer is able to effectively inhibit the shrinkage by unique fabrication method, 

and attract more attentions among numerous polymers due to its high thicknesses with 

millimeter even centimeter magnitudes. In this paper, the PQ/PMMA polymer and doped 

ones are prepared. Its high optical response properties can obtained through dark 

enhancement process after recording. Furthermore, it is demonstrated that PQ/PMMA 

polymer can be used in fast recording using nanosecond pulse inputs with wavelength of 

532nm. 

Keywords: photopolymer, holographic memory, dark enhancement effect, nanosecond pulse 
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Organometallics for Opto-electronic Device Applications 
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Conjugated organometallics have emerged as a new class of novel materials for opto-

electronic (O-E) devices such as solar cells (SCs), light-emitting diodes (LEDs), and 

memory devices. In this context, Pt(II) poly-ynes and bis(ferrocenylethynyl)s are widely 

investigated in our laboratory (Chart 1). Pt(II) poly-ynes provide very efficient light 

emission from the triplet exited state. The long-lived triplets promote charge generation 

and enhance efficiency of the O-E devices. The redox-active ferrocene moiety facilitates 

long-range intra-molecular electronic communication in bis(ferrocenylethynyl)s. Inter-

chain interactions, interaction parameters and structure/property relationships in Pt(II) 

poly-ynes and bis(ferrocenylethynyl)s will be discussed. 
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Chart 1. Pt(II) poly-ynes and bis(ferrocenylethynyl)s  

Keywords: Pt(II) poly-ynes, , bis(ferrocenylethynyl)s, opto-electronic,  structure/property 
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Memristors represent the fourth type of two-terminal elemental components, completing 

the classical set of electronic passive elements, they are predicted to revolutionize  in the 

near future the current approaches in computer electronics architecture, moreover they 

are indicated as the first brick to create neuromorphic devices and artificial intelligence. 

Polyaniline (PANI) was already used to produce organic memristive systems composed 

by conducting polymers realizing a solid electrolyte heterojunction and used for the 

realization of systems imitating synaptic learning. However in this case the memristive 

response being linked to ionic charge transfer through heterojunction results slow. 

Memristive properties based on local rearranging of charges in order to induce a faster 

switching between the high resistance state (HRS) and the low resistance state (LRS) will 

allow to spread their use without changing the peculiar properties of these organic 

memristors. For this purpose ferric chloride can be used as oxidizing agent and, at the 

same time as doping agent that allows a shift from HRS and LRS. The bi-stability in the 

electrical response, i.e. the ability to have two states with low/high conductivity 

(high/low resistivity) is due to the bi-stable oxidation state of the PANI and iron, it can be 

supposed that in the electric field the equilibrium between polyaniline in the emeraldine 

form and iron (III) is changed producing polyaniline in the pernigraniline form and iron 

(II) whose conductivity is strongly influenced. The huge on/off ratio that can exceed 

5*105, makes practically feasible a soft memristive device based on this composition. 

Moreover multiple analyses on the system shows presence of both short term 

neuroplasticity (STP) and long term neuroplasticity (LTP) making the material able to 

“learn” by experiencing a feature typical of neuronal systems. 
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Superabsorbent hydrogels (SH), which is a class of hydrogel with high water absorption 

performance, can absorb and retain up to ca. 1,000 g of water per gram of dry sample. In 

recent years, SH incorporating polysaccharides has been widely studied, because 

itappears as a viableecologically economically alternative. 

Color removal from effluents polluted with dyes of textile industries has been considered 

a challenge due to the difficulty of treating such wastewaters by conventional methods. 

SH based on polysaccharides may be used as an ecological and economical alternative 

for removal of some aqueous solutes.As SH possesses ionic functional groups, it can 

absorb ionic dyes, such as methylene blue (MB), from wastewaters. In other words, in the 

same way that SH absorbs water, molecules of different sizescan be absorbed by and 

retained in its 3D structure.  

Sodium alginate is a polysaccharide of relatively low cost. The sodium alginate is 

obtained from alginic acid. There are several possible arrangements of chains segments 

of alginic acid because it contains two different kinds of monomers having carboxylic 

groups. These segments are designated as L-mannuronic and L-guluronic acid. The 

carboxylic groups in alginate are expected to play an important role in the water 

absorptionpower of SH.  

This work aimed at investigating an alternative method for removal of dyes from an 

aqueous environment using a reasonably priced and biodegradable SHbased on sodium 

alginate and N’,N’-dimethylacrylamide (DMAAm). In such a hydrogel, sodium alginate 

is the key constituent acting as a pillar for polymer network. DMAAm was used owing to 

its good gel-forming capacity. To prepare SH, sodium alginate was vinyl-modified for 

introduction of covalent cross-links and subsequently cross-linked/polymerized with 

DMAAm. Althoughsodium alginate shows a remarkable gelation in aqueous solution in 
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the presence of some divalent cations, we used a covalent approach to prepare SH, 

because the cross-links are stable with time, preserving the gel properties. The main idea 

was introduce alginate into SH as a key constituent, serving as a support on polymer 

network. In other words, if its chains break, the whole hydrogel unmakes. 

The potential applications of SH were demonstrated by determining their water transport 

profile and ability to remove color from aqueous solutions. Power law and Weibull 

equations, which are swelling-based models, were used for treating the experimental data. 

Alginate-based SH showed high efficiency of water absorption.  For expermentis of color 

removal, dry SH was immersed intothe solutions of MB. In all cases, SH became blue 

while the solution became almost colorless. This phenomenonwas accomplished by an 

increase in the volume of SH, indicating that the removal of dye is driven by swelling.  

 

Keywords: Alginate, Hydrogel, functionalization, wastewater, swelling.  
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Abstract 

The use of alternative geopolymer binders from industrial waste products, namely palm 

oil fuel ash (POFA), fly ash (FA) and ground granulated blast furnace slag (GGBS) to 

wholly replace conventional ordinary portland cement and the effect on the use of 

processed quarry waste, alternatively known as manufactured sand (M-sand) as fine 

aggregate replacement in the development of compressive strength of POFA-FA-GGBS 

based geopolymer mortar was investigated. The variables investigated include the 

quantities of replacement levels of M-sand with normal sand and the different proportion 

of POFA, FA and GGBS. The alkaline solution, water, and curing condition remained 

constant. The results show that the silica rich POFA and FA increased the rate of strength 

development of the mortar and an average of 76% of the 28-day compressive strength 

was found at the age of 3-day. Based on the compressive strength, the use of 100% M-

sand shows a comparable strength as that of mortar prepared with mixes of 100% normal 

sand. The particle size of fine aggregates play significant role in the strength development 

due to the filling and packing ability. The use of industrial waste materials such as 

POFA-FA-GGBS and M-sand as binders and fine aggregate respectively could be viable 

alternative to conventional concrete that could lead to sustainable geopolymer material. 

Keywords: Geopolymer binder, palm oil fuel ash, fly ash, ground granulated blast furnace 

slag, geopolymer mortar, manufactured sand 
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Bio-based polymers obtained by a 

polymerization of biomolecules are 

indispensable for establishment of 

sustainable green society[1,2]. Conventional 

bio-based polymers such as poly(lactic acid)s 

have a worse hand comparing to 

commodity-type plastics in terms of the 

balance of cost with performance in materialization. Development of high-performance 

biopolyimides should be effectual on overcoming this problem because higher 

performance plastics circulate in higher price than biological matters such as food 

additives.  

Here we produce an aromatic monoamine 4-aminocinnamic acid from glucose by 

using metabolically engineered E. coli[3]. Quantitative photodimerization of 

4-aminocinnamic acid generated diacid- and diamino biomonomers, both of which had 

functionalized a rigid -truxillate structure and then were used to synthesize series of 

aromatic polyamides (Figure 1). These aromatic polyamides and polyimides were 

processed into highly-transparent plastic films with thermal stability and mechanical 

performance as high as super engineering plastic films, in spite of amorphous structures. 

Combined photolysis and hydrolysis efficiently degraded them into the monomers, 

which we recover and re-polymerize into the polyamides/polyimides.. 
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Figure 1: Photodimer of biomolecules usable 
as an aromatic diamine biomonomer for 
polyimides 
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Cellulose is one of abundant renewable biomaterials in the world. Over 100 billion tons of cellulose is produced per 
year in nature. In nature, cellulose is produced from plants by biosynthesis, forming microfibrils which in turn 
aggregate to form cellulose fibers. Using new effective methods these fibrils can be disintegrated from the fibers to 
nanosized materials, so called cellulose nanocrystal (CNC) and cellulose nanofiber (CNF), which can be a new building 
block of new materials. The CNC and CNF have extremely good strength properties, dimensional stability, thermal 
stability and good optical properties on top of their renewable behavior. The bio-based one dimensional CNCs and 
CNF are versatile materials since it can be applied in many different fields, for example, new lightweight composite 
materials to be used in transport, electronic applications but they can also be used in food, cosmetics, medicine, 
packaging and many other applications.  

This presentation reports recent advancement of cellulose nanocrystals and cellulose nanofibers, followed by their 
possibilities as well as challenges for renewable active materials. Natural behaviors, extraction, modification of 
cellulose nanocrystals and fibers are explained and their synthesis with nanomaterials is introduced, which is necessary 
to meet the technological requirements for smart materials. Also, its possibilities and challenges for smart materials are 
addressed.   

 

Keywords—Renewable material; cellulose; active materials; smart materials 
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The application of the thermo-reversible Diels-Alder (DA/rDA) reaction to the realm of furan 

polymers is of great potential for the preparation of a wide variety of novel mendable and 

recyclable macromolecular materials based on renewable resources [1]. Furthermore, the use of 

vegetable oils (VO) for the synthesis of monomers and polymers is the focus of many studies, 

and this interest lies on the carbon–carbon double bonds that are present in most of the fatty acid 

chains, notoriously known as active sites for chemical substitution and functionalization [2]. As 

part of an ongoing study that deals with the concurrent exploitation of furans and VO for the 

synthesis of macromonomers, to be further polymerized via DA reactions with bismaleimides, 

the use of epoxidized linseed oil and tung oil were previously reported [3]. Based on the same 

principles, we describe here the thiol-ene modification of castor oil (CO) and its aminolysis 

reaction for the insertion of furan moieties, aimed at the preparation of renewable 

macromonomers to be polymerized with bismaleimides in thermally reversible systems. FTIR 

analysis showed the successful insertion of furan moieties into CO, and its thermo-reversible 

polymerization with a commercial aromatic bismaleimide, as shown by the increase, followed by 

a drastic reduction, of the viscosity of the medium at 65 
o
C and 110 

o
C, respectively. This  

ongoing study represents a significant contribution to the preparation of polymers from 

renewable resources using the concepts of click-chemistry. 

Keywords: Furan, Vegetable oils, Click-chemistry, Diels-Alder polymerization. 
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ABSTRACT 

 

Waste biomass species such as woody remnants, agricultural leftovers, food processing wastes, 

and forestry by-products are comprised of the combinations of several polymeric constituents. 

That is, the macromolecular polymeric ingredients such as cellulose, hemicellulosics and lignin 

that are the most abundant natural polymers in the world are mixed in different ratios in waste 

biomass materials.   

 

In this study, we tried to isolate the macromolecular polymeric ingredients from waste biomass 

species such as sunflower seed shell and hazelnut shell. For this purpose, biomass samples were 

treated in sequential extraction procedures using various chemical reagents, and the individual 

polymers were isolated.    

 

The polymeric ingredients were then characterized considering the physical and chemical 

properties, and compared with the parent materials from which they were isolated. The results of 

proximate and ultimate analyses as well as SEM (Scanning Electron Microscopy) micrographs, 

FTIR (Fourier Transform Infrared Spectroscopy) spectra of the isolated ingredients were 

interpreted. In addition, thermal reactivities of the materials were also regarded applying DTA 

(Differential Thermal Analysis) and TGA (Thermogravimetric Analysis) techniques.   

 

It was concluded that each of the isolated polymers has quite different characteristics. For 

instance, functional group distributions which play significant role on the surface characteristics 

differ considerably. Besides, SEM images revealed the difference in morphologies of the 

polymers that lignin has very amorphous but strong structure, while cellulosics have cylindrical 

and highly ordered texture. On the other hand, thermal analysis profiles showed that cellulosics 

are likely to become decomposed easily by thermal effects, while lignin resists against the 

thermal decomposition, and the thermal reactivity of each polymer takes part in the apparent 

characteristics of the parent material.           
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Vegetable oil based biodegradable polymers have drawn the attention of academia 

and industry in recent years because of their non-petroleum origin, renewability and eco-

friendly nature. A good number of seed oils have been used in the synthesis of various 

polymeric resins like polyester, epoxy, polyurethane and polyester amide which are used in 

paint, coating, adhesives etc.[1,2,3] The use of non-edible oil as raw materials for polymer 

synthesis is considered more important as they donot put pressure on the food-chain. 

Ceiba pentandra L. locally known as kekabu or kapok belongs to the Malvaceae 

family is a drought resistant tree cultivated in Southeast Asia, Malaysia, India and Sri 

Lanka. Kapok seed is found to contain 25% of oil. The present work describes the 

biodegradation studies of alkyd resin synthesized from kapok seed oil. 

The oil from kapok seed is subjected to glycerolysis reaction by reacting with 

glycerol at 2350
 C (± 50 C) in presence of PbO catalyst. The monoglyceride thus formed 

was reacted with phthalic anhydride to synthesize the alkyd resins.[4] The product was 

characterized by FTIR and 1H NMR. The physico-chemical properties like acid value, 

iodine value, drying properties were evaluated. The resins have also been tested for thermal 

stability, chemical resistance and pencil hardness. Biodegradability of the synthesized alkyd 

resins is tested by broth culture technique using Pseudomonas aeruginosa and Bacillus 

subtilis strains.[5] The SEM images revealed biodegradation of the resin materials. The 
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results indicate the possibility of synthesis of biodegradable alkyd resins from a renewable 

natural resource, for use in surface coatings, paints etc. 

 

Keywords: Ceiba pentandra, Biodegradability, Alcoholysis-polyesterification, Alkyd resin. 
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Abstract 

Bioplastic fertilizer (BpF) composites produced by processing Poly (hydroxybutyrate-co-

valerate) (PHBv) using supercritical processed or extrusion and it can be processed controlled 

by formulation and temperature through extrusion method.The aim of this study, to produced 

Bioplastic fertilizer (BpF) composites for slow released fertilizer control by blending. NPK 

fertilizer blends with bioplastic composites and oil palm biomass to produced bioplastic 

fertilizer (BpF) composites at 150ºC processing temperature for 3 to 5 min using twin screw 

extruder. Thermal and biodegradation study of BpF composites was investigated. Soil burial 

study of BpF composites were collected after 4 weeks and followed until 16 weeks and 

morphological properties of BpF were determined. Results obtained in this study showed 

thermal stability of the BpF composites shifted towards the lower temperature, which 

indicated that the presence of EFB fibre made PHBv little thermally unstable than neat PHBv. 

Biodegradation study showed that 98% weight loss  after 16 weeks completed in soil. 

Scanning electron microscopy showed that compounding of PHBv between the EFB fibre and 
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NPK fertilizer evidence of poor bonding and weak interfacial adhesion at the interface. BpF 

composites product for slow release fertilizer expected to have wide potential applications in 

agriculture and horticulture activities. 

 

Keywords: Biodegradable plastic; oil palm biomass; fertilizer; Bioplastic composites. 
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Hydrogels are 

three-dimensional 

network structures 

obtained from a 

class of synthetic 

and/or natural polymers which can absorb and retain significant amount of water. The 

hydrogels have been used extensively in various biomedical applications such as drug 

delivery, cell carriers and/or entrapment, wound management, and tissue engineering. 

Sacran is a cyanobacterial-polysaccharide extracted from Aphanothece sacrum and 

contains 11 % of sulfate group, 22 % of carboxyl group, and about 250 % of hydroxyl 

group to sugar residues [1]. Moreover sacran has a very high molecular weight of 29 

Mg/mol and then a super-absorbent property to induce an anti-inflammatory activity 

[2].  We prepared the physical hydrogel made by following method; 1) 0.5 % sacran 

solution was dried at 60 oC for 12 h to create the thin film (about 50 m). 2) The film 

was heated at 70, 80, 90,100, 120,  and 140 oC for 2 hours. 3) The film was then 

immersed into pure water to form anisotropic hydrogels (this phenomenon was 

specifically observed in sacran but not in other polysaccharides). The swollen degree of 

the gels to the dry weight was controlled from 20 to 800 times by the heating 

temperature of the film at 70-140 oC. The following properties of the hydrogels were 

evaluated: structural orientation, mechanical properties, swelling ratio, and anisotropy in 

pure water and other aqueous solution with various compositions. 
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PLA is one of the polymers deriving from renewable sources that has been extensively 

investigated in the last years. Conceived to be used in the packaging industry, its 

durability is supposed to be rather limited. However, in view of the possible application 

in other industrial fields (houseware, mobile phones, automotive) the rate of degradation 

becomes an important issue. As an alternative to the bulk modification (conventional or 

nano additivation) we have investigated the possibility to protect the materials though the 

use of hybrid organic-inorganic coatings derived by sol-gel reactions. The composition of 

the coatings can be formulated against a specified environmental stress and allows some 

flexibility and the technology of deposition can be quite simple (spin or dip coating). In 

this work, we present data concerning the thermo-oxidative degradation of coated PLA 

samples and some preliminary results on photo-oxidative degradation. 

Keywords: Hybrid organic inorganic coatings, , degradation, PLA, durability, thermoplastics. 
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The mixture of natural and synthetic polymers is a simple and practical way of producing  

new materials with useful properties. Films formed by blending two or more polymers 

usually have physicochemical properties different from those of the initial components. 

Furthermore, since the synthetic polymers are easily obtained and have low production 

costs, the mixture of natural and synthetic polymers may improve the cost-performance 

ratio of the resulting films.  

In this work extruded films of polypropylene, one of the most widely used synthetic 

polymer and chitosan, a biodegradable polymer, were prepared. The effect of chitosan in 

the mixture was analyzed as a function of thermal, mechanical and morphological 

properties using Polypropylene-graft-maleic anhydride as a compatibilizer and glycerol 

as a plasticizer.  
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Scarcity of pure water worldwide is dramatically affecting the economic development of 
Third Countries but also the industrial growth of others. Towards the water recycling and 
reuse, new technologies are to be developed, such as Advanced Oxidation Process (AOP). 
Indeed, electrochemical processes are of high interest since they are very efficient in the 
degradation of refractory pollutants that cannot be eliminated by conventional techniques. 
They allow the in situ generation of highly reactive and non-selective •OH radicals through 
water oxidation that induce thus the total mineralization of pollutants.  
Boron Doped Diamond (BDD) electrodes are currently used for this purpose. One of our 
objectives was to prepare electrodes at lower cost keeping the same efficiency towards the 
electrochemical degradation of pollutants. TiOx Magneli phases have shown their ability to 
play this role and are now developed in our team as porous electrode membrane material. Our 
aim would be to couple ultrafiltration (UF) and depollution of solutions to enhance system 
performance toward the degradation of persistent emerging pollutants like pharmaceutical 
residues. 
Several strategies are thus being developed: (i) synthesis of TiOx powders of various 
compositions, (ii) preparation of pellets from these powders and (iii) elaboration of porous 
tubular membranes from the selected formulation. The challenge in this work is to find out the 
Magneli phase but also the required additives that will lead to the electrode material with the 
highest electronic conductivity, largest over potential window but still chemically and 
mechanically resistant to be designed as tubular porous membranes. 
Textural, structural and electrochemical properties of the powders, pellets and tubular 
membranes were determined as a function of the formulation of the Magneli TiOx powders 
and the thermal treatment applied. TiOx membranes are characterized by an open porosity 
around 40 vol.% and a mean pore size diameter of 200 nm. As a preliminary study, pellets 
were examined in terms of electrochemical degradation of a model dye and behavior after 
many cycles of utilization. The next step will be the UF of polluted solutions under current 
with the optimized porous TiOx membrane and the characterization of recovered water.  
 
 
Keywords: AOP, Magneli TiOx, Ultrafiltration, Electrochemistry 
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play this role and are now developed in our team as porous electrode membrane material. Our 
aim would be to couple ultrafiltration (UF) and depollution of solutions to enhance system 
performance toward the degradation of persistent emerging pollutants like pharmaceutical 
residues. 
Several strategies are thus being developed: (i) synthesis of TiOx powders of various 
compositions, (ii) preparation of pellets from these powders and (iii) elaboration of porous 
tubular membranes from the selected formulation. The challenge in this work is to find out the 
Magneli phase but also the required additives that will lead to the electrode material with the 
highest electronic conductivity, largest over potential window but still chemically and 
mechanically resistant to be designed as tubular porous membranes. 
Textural, structural and electrochemical properties of the powders, pellets and tubular 
membranes were determined as a function of the formulation of the Magneli TiOx powders 
and the thermal treatment applied. TiOx membranes are characterized by an open porosity 
around 40 vol.% and a mean pore size diameter of 200 nm. As a preliminary study, pellets 
were examined in terms of electrochemical degradation of a model dye and behavior after 
many cycles of utilization. The next step will be the UF of polluted solutions under current 
with the optimized porous TiOx membrane and the characterization of recovered water.  
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A simple, handy, reusable and inexpensive air- and water-purification unit including a one-

end sealed porous amorphous-silica (a-silica) tube coated with TiO2 photocatalyst layers 

has been developed. The porous a-silica layers were formed through outside vapor 

deposition (OVD). TiO2 photocatalyst layers were formed through OVD or vacuum 

impregnation onto a-silica layers surface (Figure 1)1. Developed porous TiO2-coated a-

silica glass tubes have been evaluated for the air- and water-purification activity by using 

of acetaldehyde gas and methylene blue solution, respectively. The tubes also have been 

assayed for the tube filtering feature against Escherichia coli (E. coli) solution used as one 

of the typical bacteria size species or Q phage also used as typical virus size species and 

compared with the feature of porous a-silica tubes alone. The tubes removed E. coli 

completely from the aqueous suspension which contained 106 CFU/mL of E. coli without 

UV irradiation. The porous TiO2-coated a-silica glass tube with UV-C lamps reduced Q 

phage amount in the suspension successfully from 109 to 103 PFU/mL. Therefore, the tubes 

has great potential as compact air-purification, water-purification, and disinfection units. 
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Fig. 1. The fabrication method for the porous TiO2-coated a-silica glass tube by the OVD 

method and a SEM image of the tube. (a) Fine a-silica particles synthesized by hydrolysis 

of SiCl4 were deposited on a Si3N4 rod target with a diameter of 6 mm. (b) TiO2 particles 

synthesized by hydrolysis of TiCl4 were deposited onto the porous a-silica glass layer. (c) 

A one-end sealed porous tube was obtained by pulling out the rod target from the soot body. 

(d) A high-magnification Secondary Election Image of cross-section of stacked TiO2 layers 

over a-silica layers. 
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1Engineering Division, New York University Abu Dhabi, Abu Dhabi, United Arab 

Emirates.  
2International Centre for Diffraction Data, Newtown Square, Pennsylvania, United States. 

* Presenting  and corresponding author   

Email : sachin.khapli@nyu.edu / Phone : +971 56 749 1980  

We report a versatile method for the fabrication of hierarchically structured porous films 

from a wide variety of metal oxide, mixed metal oxide, and metal carbonates through a 

non-vacuum, spray-based deposition technique. Our method consists of evaporation of 

CO2-enriched water microdroplets (diameter ~ 3 µm) containing dissolved organic salts  

on superheated substrates (T = 120°C) at atmospheric pressure. A novel supercritical CO2 

(sc-CO2) based nebulization technique is used to generate microdroplets with control 

over droplet size and composition. A variety of porous scaffolds with 1-3 micron sized 

pores are generated because of the enhanced coffee ring effect during the evaporation of 

gas-enriched microdroplets. Subsequent sintering of the scaffolds is shown to generate 

nano-sized pores in the walls of the porous scaffold, creating a dual hierarchy of pore 

sizes (~50 nm & 1-3 µm). We demonstrate the fabrication of such hierarchically porous 

films for a wide variety of ceramic materials such as CaCO3, ZnO, CuO, Co3O4, Co-

doped ZnO, and Ag2O.  We also demonstrate the formation of thin films consisting of a 

newtork of nanowires from these materials by tuning the deposition conditions. Novel 

morphologies are also obtained through the application of Ostwald ripening process after 

deposition. For example, thin films consisting of a network 2-dimensional crystals of 

CaCO3 that are one unit cell thick are obtained through this procedure. We report the 

influence of various process parameters on the morphology of films and provide a 

mechanism for their formation based on the results of extensive characterization using the 

techniques of scanning electron microscopy, optical and Raman microscopy, atomic force 

microscopy, photoluminescence measurements, and X-ray diffraction. Our process 
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utilizes sc-CO2 and hence provides a sustainable, green process platform for processing a 

wide variety of ceramic materials. It is also advantageous for the fabrication of mixed-

oxide and carbonate films since several pre-cursor materials could be co-dissolved and 

precipitated from a single source stream, thereby increasing the chemical uniformity in 

the final structures. Unlike the conventional, template based methods, our method is 

amenable to scale-up by assembling arrays of spray nozzle heads to coat on wide-format, 

roll-to-roll, moving surfaces. The resulting hierarchically structured films with interesting 

morphologies can lead to improved performance in applications that require high specific 

surface area, such as catalysis, sensors, solar cells, fuel cells, electrodes with improved 

properties, and biocompatible scaffolds for promoting cell adhesion. We demonstrate the 

utility of our technique through the application of CaCO3 scaffolds in tissue engineering 

(Khapli et al., 2014) and the applications of ZnO films with strong near band edge (NBE) 

emission in optoelectronic devices.   

Keywords: Hierarchically porous materials, nanowires, two-dimensional crystals, calcium 

carbonate, zinc oxide 
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Nanofibers/ Microporous KEVLAR®  films for separator technology  

Chi Ho (KWOK), Chenmin (LIU), Ning (TU) 
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The Nano and Advanced Materials Institute Limited (NAMI), Hong Kong 
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Separator for lithium-ion batteries, being a porous membrane sandwiched between 

electrodes of opposite polarity, which allow the Li+ ions to flow but preventing the direct 

contact of electrodes. Today, a variety of polymers have been used. Materials such as 

polypropylene (PP) and polyethylene (PE) films are commonly used as microporous 

separators. More recently, some aromatic polyamides (i.e. polyparaphenylene 

terephthalamide) are being used to develop separators for battery purpose. Owing to 

their special structure-property relationship, these fibers provide an outstanding 

strength-to-weight property, which is suitable for battery application. 

Electrospinning has been regarded as the most effective and versatile technology to 

develop nanofibers with controlled morphology and dimension from polymeric 

materials. In this study, we will make use of DuPont KEVLAR®  to develop separators for 

lithium ion battery. The separator can be produced by 1) electrospinning to form fibrous 

film or 2) phase separation technique to develop polymeric film. By controlling the 

electrospinning parameters, such as solution concentration, flow rate, spinning distance 

and applied voltage, nano-scaled KEVLAR®   fibrous films have been produced (Figure A). 

On the contrary, by controlling the concentration of the phase separation material, 

microporous KEVLAR®  films have also been produced (Figure B). In addition, their 

batteries and the key performance parameters for both separators will be discussed. 

 

Figure Scanning electronic micrographs of KEVLAR® separator used in lithium ion 

batteries. Separator prepared by (a) electrospinning and (b) phase separation technique. 

Keywords: Separator, electrospinning, phase-separation, lithium battery 
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A new synthesis scaffolds route with sol-gel bioactive glass and addition of 
porogen agents for bone tissue regeneration 
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 The use of biomaterials capable of generating a biological response has been one of the 

biggest progresses in regenerative medicine, due to their ability to support growth stimulation 

and damaged tissue regeneration. In this context, ceramics – and particularly bioactive glass, 

were the subjects of multiple studies because of their known capacity to promote strong bonds 

between the tissues and the implant. Since the discovery of bioactive glass in the 1970s, various 

in vitro studies confirmed a high compatibility, osteoconductive and osteoinductive properties of 

this material. 

 The addition of porogen agent techniques for the synthesis of scaffolds  is an interesting 

procedure because several types of porogen agents can be used. 

  The aim of this present work was to obtain scaffolds using four porogen agents: two 

types of paraffin, (I): paraffin 1 with average size  608,5 µm until 993,3µm, (II): paraffin  2,with  

size 1,929mm until  2,307mm, (III): wax, with size 9,272µm until 204µm and (IV): CMC 

(carboxy methyl cellulose), with size 27,74µm  until 382µm. 

  This study  prepared  and characterized scaffolds  sol-gel bioactive glass 100S more 

porogen agents. Bioactive glass 100S (100% SiO2)  was proposed  in order to obtain only the 

porosity of the porogen agents. The calcium and phosphorus are silicate network modifiers and 

enhance material porosity. The scaffolds were submitted to different treatment temperatures: 

700, 800 and 900°C to evaluate the effects that a change in treatment temperature can have on 

their crystallinity . 

The porogen agents were characterized using scanning electron micrographs (SEM). The 

scaffolds were characterized using micro-computed tomography (µCT), scanning electron 

micrographs (SEM), infrared spectroscopy (FTIR) and X-ray powder diffraction (XRD).  
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The results showed that the development of these scaffolds is possible and succesful. 

Three-dimensional interconnected porous structures were obtained.  These can be considered 

potential biomaterials for bone tissue regeneration. 

Keywords: Biomaterials, bioactive glass, porogen agents, sol-gel 
 

AFM2015 - Jun 29 to Jul 3

Symposia 3: Advances in Polymers and Ceramics 57

Advances in Functional Materials



Functionalized oligomers and block copolymers synthesis using 

Catalytic Chain Transfer Polymerization  

André Mortreux, Thomas Chenal, Marc Visseaux,  

UCCS,  Unité de Catalyse et Chimie du Solide, UMRCNRS 8181, Université Lille1, 

ENSCL, BP 90108 59652, Villeneuve d’Ascq Cedex France 

andre.mortreux@ensc-lille.fr  

Since the seminal work on ethylene oligomerization and polymerization using 

magnesium dialkyles and lanthanidocene Cp*2LnCl2Li(OEt2)2 based catalysts [1], the use 

of CCTP as a tool for the synthesis of narrow distribution controlled synthesis of 

oligomers and polymers has attracted much attention in the last two decades [2]. Using 

dialkyl magnesium as starting main metal reagent, one of the major interests of this living 

transfer process using ethylene as the substrate is to provide higher molecular weight 

polyethylenyl Mg(PE)2 Grignard reagents of well controlled chain length leading by 

further functionalization to  the synthesis of end-capped functionalized oligomers of 

narrow molecular weight distribution. The aim of this communication will be to present 

some of our results in this field, including a straightforward procedure for the catalyst 

synthesis, allowing a rapid screening of different cyclopentadienyl ligands on the 

lanthanide and their effect on the reactivity and selectivity in the ethylene polymerization 

and transfer reactions [3], as well as applications in the synthesis of block copolymers.  

 

Special attention will be given to the synthesis of high molecular weight fatty alcohols 

which may compete with the ALFOL process, and allows to synthesize in high yield 

perfectly linear alcohols of the UNILIN
®

 range, up to C50 with a polydispersity of 1.1.  

Keywords: ethylene, functionalization, chain transfer, catalysis, coordination  

[1] PELLETIER, J.F., MORTREUX, A., OLONDE, X., BUJADOUX, K.1996. Synthesis 

of new dialkylmagnesium compounds by living transfer ethylene oligo- and 

polymerization with lanthanidocene catalysts, Angew.Chem., 35, 1854-1856. 

[2] VALENTE, A., MORTREUX, A., VISSEAUX, M., ZINCK, P. 2013; Chemical  

Reviews, Coordinative Chain Transfer Polymerization, 113 (5), 3836-3887.  

[3] CHENAL, T., MORTREUX, A., VISSEAUX, M. 2013. Method for preparing 

dialkylmagnesium compounds and use thereof, PCT Appl. WO2013/014383-A1 

AFM2015 - Jun 29 to Jul 3

Symposia 3: Advances in Polymers and Ceramics 58

Advances in Functional Materials

https://scifinder.cas.org/scifinder/references/answers/A964E889X86F350ACX1C43CB9F60C54BD6A3:A9656B4DX86F350ACX19247990347D04F7FC/178.html?nav=eNpb85aBtYSBMbGEQcXR0szUzMnEJcLCzM3Y1MDROcLQ0sjE3NLSwNjE3MXAxM3czRmoNKm4iEEwK7EsUS8nMS9dzzOvJDU9tUjo0YIl3xvbLZgYGD0ZWMsSc0pTK4oYBBDq_Epzk1KL2tZMleWe8qCbiYGhooCBgYEZaGBGCYO0Y2iIh39QvKdfmKtfCJDh5x_vHuQfGuDp517CwJmZW5BfVAI0obiQoY6BGaiPASianVsQlFqIIgoAP9Q7VQ&key=caplus_1996:565987&title=U3ludGhlc2lzIG9mIG5ldyBkaWFsa3lsbWFnbmVzaXVtIGNvbXBvdW5kcyBieSBsaXZpbmcgdHJhbnNmZXIgZXRoeWxlbmUgb2xpZ28tIGFuZCBwb2x5bWVyaXphdGlvbiB3aXRoIGxhbnRoYW5vY2VuZSBjYXRhbHlzdA&launchSrc=reflist&pageNum=4&sortKey=ACCESSION_NUMBER&sortOrder=DESCENDING
https://scifinder.cas.org/scifinder/references/answers/A964E889X86F350ACX1C43CB9F60C54BD6A3:A9656B4DX86F350ACX19247990347D04F7FC/178.html?nav=eNpb85aBtYSBMbGEQcXR0szUzMnEJcLCzM3Y1MDROcLQ0sjE3NLSwNjE3MXAxM3czRmoNKm4iEEwK7EsUS8nMS9dzzOvJDU9tUjo0YIl3xvbLZgYGD0ZWMsSc0pTK4oYBBDq_Epzk1KL2tZMleWe8qCbiYGhooCBgYEZaGBGCYO0Y2iIh39QvKdfmKtfCJDh5x_vHuQfGuDp517CwJmZW5BfVAI0obiQoY6BGaiPASianVsQlFqIIgoAP9Q7VQ&key=caplus_1996:565987&title=U3ludGhlc2lzIG9mIG5ldyBkaWFsa3lsbWFnbmVzaXVtIGNvbXBvdW5kcyBieSBsaXZpbmcgdHJhbnNmZXIgZXRoeWxlbmUgb2xpZ28tIGFuZCBwb2x5bWVyaXphdGlvbiB3aXRoIGxhbnRoYW5vY2VuZSBjYXRhbHlzdA&launchSrc=reflist&pageNum=4&sortKey=ACCESSION_NUMBER&sortOrder=DESCENDING
https://scifinder.cas.org/scifinder/references/answers/A964E889X86F350ACX1C43CB9F60C54BD6A3:A9656B4DX86F350ACX19247990347D04F7FC/178.html?nav=eNpb85aBtYSBMbGEQcXR0szUzMnEJcLCzM3Y1MDROcLQ0sjE3NLSwNjE3MXAxM3czRmoNKm4iEEwK7EsUS8nMS9dzzOvJDU9tUjo0YIl3xvbLZgYGD0ZWMsSc0pTK4oYBBDq_Epzk1KL2tZMleWe8qCbiYGhooCBgYEZaGBGCYO0Y2iIh39QvKdfmKtfCJDh5x_vHuQfGuDp517CwJmZW5BfVAI0obiQoY6BGaiPASianVsQlFqIIgoAP9Q7VQ&key=caplus_1996:565987&title=U3ludGhlc2lzIG9mIG5ldyBkaWFsa3lsbWFnbmVzaXVtIGNvbXBvdW5kcyBieSBsaXZpbmcgdHJhbnNmZXIgZXRoeWxlbmUgb2xpZ28tIGFuZCBwb2x5bWVyaXphdGlvbiB3aXRoIGxhbnRoYW5vY2VuZSBjYXRhbHlzdA&launchSrc=reflist&pageNum=4&sortKey=ACCESSION_NUMBER&sortOrder=DESCENDING


The controlled/living radical homopolymerization of multivinyl 
monomers: toward single chain cyclized polymers  
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The ability to control the homopolymerization of multivinyl monomers (MVMs) has 

always been a challenge. However, our initial studies has demonstrated a kinetically 

controlled strategy can be utilized to control both the gelling point and the 

macromolecular architecture in the homopolymerization of MVMs without the need for a 

diluted reaction condition1, 2. Here, we present the homopolymerization of acrylate based 

MVMs can be kinetically controlled via Cu0-mediated controlled/living radical 

polymerization in the presence of additional CuII, which enables the efficient regulation 

of chain propagation, intramolecular cyclization and intermolecular crosslinking. The 

gelation was effectively delayed over ca. 50% monomer conversion in the concentrated 

polymerization system ([M] = 40.9 wt %), which is far higher than the Flory–Stockmayer 

theory3 predicted. Moreover, directed by this kinetically controlled strategy, novel single 

chain cyclized polymers were formed by this one-pot self-assembly reaction due to the 

promotion of intramolecular cyclization and the suppression of intermolecular 

crosslinking (Fig 1)4. This facile method opens a new avenue to the design and synthesis 

of a broad range of novel single chain cyclized polymeric materials. 

AFM2015 - Jun 29 to Jul 3

Symposia 3: Advances in Polymers and Ceramics 59

Advances in Functional Materials



 

Figure 1 (a) Illustration of the formation of the single chain cyclized polymer structure. 

The intramolecular cyclization is promoted due to the small kinetic chain length and the 

high local vinyl concentration near the active centre. (b) Evolution of the monomer 

conversion and pendant vinyl conversion. Ca. 15-20% of pendent vinyl groups were 

reacted even at the onset of the reaction with a very low yield (< 5%). (c) GPC trace of 

the poly(bis(2-acryloyl)oxyethyl disulphide) showing the unimodal peaks typically at 

initial stages (<6 h) and multimodal peaks appearing later. (d) Schematic representation 

and degradation profiles of the poly(bis(2-acryloyl)oxyethyl disulphide) using reduction 

of tributylphosphine (Bu3P). 

Keywords: Controlled/living polymerization, multivinyl monomers, single chain polymers, 

cyclized polymers 
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High coercive CoFe2O4 powders for technological permanent magnet 
applications 
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Rare earth-based permanent magnets (RE-PM) are used in a large number of nowadays 

technological applications. The rapidly increasing market of emerging technologies (wind 

turbines, electric vehicles…) demands increased amounts of this type of magnets [1,2]. 

This demand in combination with the strategically geographical distribution of RE 

(especially critical for heavy RE elements) make necessary the search of alternatives to 

these PMs in as many applications as possible.  

NANOPYME (“Nanocrystalline PMs based on Hybrid Metal-Ferrites”) is a European 

project (with multidisciplinary participation of 11 institutions) that addresses the design 

and development of high quality PMs based on ferrites, with no REs content and with a 

larger energy product, (BH)max, compared to currently used ferrites [3]. Implementation 

of these new materials in the PM market will require low cost and efficient processing 

routes. High energy ball milling is a long tradition technique used in the synthesis and 

refinement of magnetic materials. One of its main disadvantages is the relatively long 

milling time (1h – tenths of hours) required to achieve adequate magnetic properties 

through an optimized microstructure.  

In this work authors will show the possibility of obtaining a fourfold increase in 

coercivity for isotropic cobalt ferrite (CoFe2O4) powders with a mean grain size of 10 nm 

by using milling times as short as 1.5 – 6 minutes in contrast with previous studies [4].  

CoFe2O4 powders were prepared by sol-gel followed by heating at 900ºC in air. X-ray 

diffraction showed the presence of exclusively spinel CoFe2O4 phase. The resulting mean 

grain size was 80 nm. This powder was used as starting material for milling experiments 
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following two different routes: dry milling in air and milling with oleic acid as surfactant 

media (followed by removal of the surfactant). 

Starting material showed a coercivity (Hc) of 0.9 kOe, a saturation magnetization (Ms) of 

74 emu/g and a remanence (Mr) of 31 emu/g. Dry milling of this powder for only 1.5 min 

has led to powders with a high coercivity Hc=4.1 kOe, Ms=64 emu/g and Mr=39.5 emu/g. 

This combination of magnetic properties results in a remanence ratio of 62% and 

(BH)max=11 kJm-3 [5]. 

Surfactant-assisted milling of the starting material for 6 min results in a more 

homogeneous microstructure with a mean grain size of about 10 nm and top values 

Hc=4.1 kOe, remanence ratio of 64% and (BH)max above 13 kJm-3.  

The achieved large coercivity is due to a combination of a fine microstructure and the 

stress anisotropy and pinning effects induced on the particles during the milling process. 

The excellent combination of magnetic properties makes of these isotropic powders good 

candidates for PM applications. 

 

Keywords: Nanocomposites, magnetic materials, permanent magnets, functional materials  
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Fabrication and Characteriztion of Superparamagnetic 
Maghemite/PMMA Nanofibrous Composite 
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Abstract: Over the years, the utilization of engineered magnetic composites has been growing, 
particularly in areas of remediation and water treatments. Also, this development cause to 
elevate public attention. In this study, PMMA nanofiber was selected to be used as the matrix. 
PMMA was dissolved in three diverse solvents which were Acetone, THF and DMF, to obtain 
fine PMMA nanofiber. In due course, the PMMA-DMF unwraps to be the best objective 
polymer solution among the three solvents, with its impressive defect-free surface morphology 
results. Meanwhile, production of Maghemite nanoparticles using Massart’s procedure showed 
the average diameter of 6 nm, as observed using transmission electron microscopy (TEM). 
After that, Maghemite nanoparticle was mixed with a prepared polymer solution in order to 

fabricate Maghemite/PMMA nanofibrous Composite. Furthermore, the investigation of the 
morphology and structure of the composite was carried out by using field emission scanning 
electron microscopy (FESEM), Energy-dispersion X-ray spectroscopy (EDX), Fourier 
transform infrared spectrometer (FTIR), and X-ray diffraction (XRD). The results indicate the 
tremendous presence of Maghemite, both in and on the composite’s surface. In addition, the 
distribution eas homogenious which concluded that the composite can be utilized in the 
sustainable applications. 

Keywords: Electrospinning, Maghemite, PMMA, Nanofiber, Composite 
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Supercritical Carbonation Conditions without Alkali Activators and 
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The mechanical properties of non-cement mortars that were fabricated without alkali 

activators and composed of fly ash (FA) produced from fluidized bed boilers mixed with 

fused waste slag (FWS) were investigated. Although the specimens were only made with 

the addition of distilled water, the high pH (pH > 13) of the slurry, which was caused by 

the hydration of the FA, caused the geopolymerization reactions of the FWS to occur and 

create the non-cement mortar. It was found that non-cement mortars mixed with FWS 

and fabricated without alkali activators can achieve compressive strengths of over 20 

MPa. The compressive strength of the specimens that contained 20 wt% of FWS was the 

highest. This is because of the formation of geopolymers in these specimens that 

enhanced their compressive strength. The compressive strength of the other specimens 

decreased with increasing FWS content. It is thought that the formation of reaction 

products through carbonation may cause volume expansion inside the specimen, which 

produces extra cracks, and therefore, the compressive strength is reduced. The 

carbonation rate of the specimens after undergoing the supercritical carbonation process 

decreased with increasing FWS content. The maximum carbonation rate after the 

carbonation process was 4.75%. 

Keywords: Geopolymer, non-cement mortar, fly ash, fused waste slag, compressive strength 
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New substituted P-N ligands such as [2-Di-tert-butylphosphino-2′-(N,N-dimethylamino) 

biphenyl] (DTBP), [2-Diphenylphosphino-2′-(N,N-dimethylamino)biphenyl] (DPP),                 

[2-Dicyclohexylphosphino-2′-(N,N-dimethylamino)biphenyl] (DCHP) and 4-

(Dimethylamino) phenyldiphenylphosphine (DAPDP) were investigated for different  ATRP 

(atom transfer radical polymerization) systems (i.e. ATRP, AGET ATRP and ATRP using 

oxidation without any additive) using MMA (methyl methacrylate), BMA (butyl 

methacrylate) and styrene with EBriB (ethyl-2-bromoisobutyrate) as an ATRP initiator at 80 

oC in toluene. The effect of catalytic system on different ATRP methods was studied 

systematically. Most of the polymerizations with these ligands were well controlled with 

linear increase in the average molecular weight (Mn) with monomer consumption and 

conversion reached over 90% without any complications. In the case of DTBP, experimental 

molecular weights matched the theoretical values very well and the molecular weight 

distributions were found narrower (<1.2) compared with other ligands. Furthermore, the most 

active catalyst (FeBr3/DTDB) was used successfully for polymerization of MMA at 50 ppm 

of catalyst loading. The PMMA synthesized using FeBr3 was characterized by MALDI-TOF-

MS for the first time.  
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Polyurethane Copolymers 
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Abstract 

Soft blocks in segmented  polyurethane (PU) copolymers have diverse interactions with each 

other and also with urethane hard segment due to variable compatibilities between them. 

Incorporation of two different soft blocks provides more flexibility in controlling extent of phase 

separation, size and shape of the phase domains and offers new possibilities for tuning the final 

properties of such materials. Coarse grained computer simulations were carried out to elucidate 

the phase behaviors and morphologies of  segmented di- and tri-block polyurethanes. The 

copolymers modeled are comprised of polytetramethyleneoxide (PTMO) or 

polyhexylethylcarbonate (PHEC) and polydimethylsiloxane (PDMS) or polyisobutylene (PIB) 

soft blocks with PU hard block containing diphenylmethane diisocyanate (MDI)-urethane 

repeating unit. We demonstrate that different morphologies from homogeneous to complete 

microphase separated one are attainable by varying the composition and the chain lengths of the 

blocks. The relatively hydrophobic soft blocks such as PIB and PDMS favor better phase 

separation than the relatively hydrophilic PHEC and PTMO in studied polyurethane copolymers. 
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Highly water soluble nanostructured Boron Nitride for 

anticancer drug delivery   

Bikramjeet Singh, Gurpreet Kaur, Paviter Singh, Akshay Kumar* 

Department of Nanotechnology, Sri Guru Granth Sahib World University, Fatehgarh Sahib-

140406 Punjab, India 

 

Abstract 

Highly water soluble nanostructured Boron Nitride (BN) has been successfully synthesized by 

reduction of Boric Acid (H3BO3) in presence of ammonia. It is a relatively low temperature 

synthesis route, nanoparticles were synthesized at 700C. This method can be used for large 

scale production of nanostructured BN. The synthesized nanoparticles have been characterized 

by X-ray diffraction (XRD), scanning electron microscopy (SEM) and differential thermal 

analyzer (DTA), Fourier Transformed Infrared Spectroscopy (FTIR). Particle size analyzer was 

used to find the approximate size of the particles. XRD analysis confirmed the formation of 

single phase nanostructured Boron Nitride with compressive strain in crystal structure. SEM 

analysis showed that the particles are spherical in shape. DTA analysis showed that the phase is 

stable upto 900 C. These particles are highly soluble in water although traditional BN is 

insoluble in water. Solubility of these particles make it useful as anticancer drug carier. 

Keywords: Boron Nitride, nanoparticles, water soluble, scanning electron microscopy.    
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Abstract 

Recently, Fiber Reinforced Polymer (FRP) wrapping technique has been used as an alternative to retrofit 

concrete members especially in columns. FRP based on natural fibers are new materials used in wrapping 

technique and are an alternative to synthetic fibers. The ability of natural fibers based FRP (bio-composites) as 

an element to wrap concrete columns was studied in this study. This research is a laboratory experiment 

conducted on the performance of concrete columns subjected to axial compression loading. Many samples of 

plain concrete cylinders were prepared for testing which consists of unwrapped samples, samples wrapped with 

glass FRP, and samples were wrapped with Kenaf FRP. Then, the results from tests and a confinement 

theoretical model will be surveyed. 

Keywords: Confined concrete column, Natural fiber, Bio-composite, Compressive strength  
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Advances in Energy Storage and Conversion Devices 

• Lithium, Sodium, Magnesium and potassium Ion Batteries 

• Electrochemical Supercapacitors 

• Fuel Cells 

• Solar Cells 

• Photocatalytic and electrochemical water splitting 

• Artificial photosynthesis 

• Advances in electrolyte and electrolyte additives for energy storage devices 

• Computational modeling and simulation for energy storage and conversion devices 

• Others 
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Abstract 

 
Dry polymer electrolytes such as Solid Polymer Electrolytes (SPE), Composite Polymer 

Electrolytes (CPEs) etc. in thin / flexible film form show tremendous technological potentials to 

develop All-Solid-State electrochemical power sources viz. rechargeable batteries in any desired 

shapes/ sizes including mini/ micro batteries. Such batteries, based on Li+ -ion conducting dry 

polymer electrolytes and Li-metal electrode are being manufactured at a large scale and have 

captured ~ 70% of commercial market worldover. However, Lithium polymer batteries have 

recently reported to encounter several safety and environmental issues. The reason identified for 

this has primarily been the use of Lithium chemicals i.e. Li+ -ion complexing salt and Li –metal 

electrode in these batteries. Also, these chemicals are very toxic, less environment friendly, very 

reactive, difficult to handle in open ambience, low natural abundance, very expansive etc. Hence, 

the need for non-lithium chemical based polymer electrolytes and electrodes are being felt very 

strongly these days. 

As an attempt in this direction, this paper reports investigations on non-lithium chemical based 

dry Solid Polymer Electrolyte (SPE) : [PEO: (CH3COO)2Zn] in which high mol. wt. polar  

polymer PEO has been used as host and Zinc Acetate (ZnA) as complexing salt. SPE films of 

varying salt concentration have been hot press cast. The salt- concentration dependent 

conductivity measurements at room temperature identified SPE film: [95 PEO: 5 ZnA] as 

optimum conducting film with σrt ~ 1.22 x 10-7 S/cm which also appeared to have superior 

mechanical flexibility. In order to evaluate the suitability of this SPE film in All-Solid-State 

battery application, ion transport behavior has been characterized in terms of some basic ionic 

parameters viz. ionic conductivity (σ), total ionic (tion) and cationic (t+) transference numbers, 

activation energy (Ea). These ionic parameters have been experimentally determined using 

different ac/dc techniques. The characterization of materials properties has also been done with 

the help of SEM/XRD/ FTIR/DSC techniques.   
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Designing of F- ions conductors: correlation between the 

composition/structural features and ionic conductivity 
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Alternative technologies to replace Li-ion batteries using for example Na+, Mg2+ or Cl- 

ions are investigated. Recently F- ions batteries have been proposed [1] but one of the key 

features is the design (composition, structures, morphologies and sintering) of the solid 

electrolytes. Among the most interesting and performing F- ionic conductors, the 

Tysonite structure (LaF3, SG : P-3c1) have been largely quoted. The aliovalent (Ca2+, 

Sr2+, Ba2+) cations partial substitution for La3+ to create anionic vacancies have been 

explored for many years but the occurrence of solid solutions, the relationships between 

the chemical composition, the structural features and the ionic conductivity remain 

unclear. Several solid solutions (R1-xMxF3-x, R= La, Ce, Sm and M= Ba, Ca, Sr) have been 

prepared by solid-state route and quenching at high temperatures allow obtaining pure 

phases and determining the solubility limits. The variations of cell parameters and atomic 

positions in this series have been accurately determined on the basis of XRD-data 

analysis. F- NMR investigations lead to identify the various F1/F2/F3 local environments 

which vary with the compositions. The sintering of ceramics with compactness around 

95%, allow determining accurately the ionic conductivities by the complex impedance 

method. Finally the chemical compositions have been optimized to design the best F- 

ionic conductors and the key role of the Tysonite network has been brought to the fore. 

 

Keywords: Fluorides, Tysonite-type, XRD, F- NMR Ionic conductivity 
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Photocatalytic water splitting has been a subject of considerable interest as a source of 

alternative energy. Titanium dioxide based catalysts are a popular choice because of their 

abundance and low cost. Although promising in concept, hydrogen generation rates, in 

the current state of the art, are not high enough for commercial viability. Despite the 

abundance of experimental studies on the subject, there are only few computational 

studies, which are essential to understand the mechanistic aspects of the phenomena 

involved. In our study, we employ Molecular Dynamics to establish a nanoscale, all 

atomistic model to capture the mechanistics of the interfacial interactions such as radial 

distribution functions, diffusion coefficients, adsorption angles and residence times of 

water with the catalyst surfaces. We study four different surfaces, Anatase (101) and 

Rutile (110) forms of Titanium Dioxide, each with and without adsorbed Platinum atoms. 

Additionally, we use the kinetic Monte Carlo method to model the decomposition 

reaction. The highlight of our model is the large scale: we have simulated systems as 

large as 30nm x 30nm x 3 nm for about 4 ns.   

Keywords: Photocatalysis, water splitting, atomistic, Molecular Dynamics 
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First-principles determination of the K-conductivity in the low 
temperature modification of KAlO2 
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1Physical Sciences & Engineering, King Abdullah University of Science and Technology, 
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Fast ion-conducting materials are indispensable for new generation energy storage and 

power devices. In many novel ion-conducting structures the computational effort to 

identify pathways is very high. The tiling method proposed by Blatov and coworkers [1] 

is a viable alternative to molecular dynamics, allowing to suggest models of the pathway 

system in crystal structures. It allows to avoid time-consuming simulations, however, the 

method can lack reliability because of its dependence on crystal structure features and a 

set of empirical parameters. 

We undertake a critical review of the results obtained with the tiling method for the low-

temperature modification of KAlO2. Using first-principles simulations, we calculate the 

potential barriers of the ionic migration between voids in the structure of KAlO2 with 

local framework distortions and compare the results with those of the tiling method. 

The calculations were carried out with the VASP package using a plane-wave basis set in 

conjunction with projector augmented wave pseudopotentials [2]. We use the Perdew–

Burke–Ernzerhof functional [3], a cut-off energy of 400 eV, and a Γ-centered Monkhorst-

Pack grid of 10x6x4 k-points to obtain fully converged structures and free energies. 

KAlO2 has a diamond-type framework so that the voids are connected with each other by 

channels of simple shape. We analyze the pathways along the three unit cell vectors by 

using density functional theory. We find that the tiling method not taking into account 

framework distortions suffers from low accuracy, as reflected by wrong potential 

barriers. A significant drop in the potential barriers (up to 40%) is noticed as a result of 

the framework relaxation, accompanied by a widening of the channel bottlenecks, which 

is favorable for ion migration.  
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The potential barriers of the shortest symmetry-inequivalent (elementary) channels are 

found to determine the pathway characteristics. It would be beneficial for the criteria 

proposed in ref. [1] for determining the ability of the elementary channels to conduct ions 

to include estimates of the potential barriers (activation energy). We demonstrate that 

knowledge of the potential barriers associated with all the elementary channels enables an 

estimation of the potential barrier for diffusion through a channel of any complexity and 

length. 

Keywords: fast-ion, potential, barrier, tiling, polarization 
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Novel renewable energy converter concept for solar and hydrogen 
hybridization. 
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The context of this work is the need for new solutions to overcome the problem of 

intermittency linked to most renewable energies, especially solar. Both photovoltaic and 

solar thermal technologies (concentrated or not) are facing this challenge which prevents 

them from delivering a controlled power output able to follow the demand 

(dispatchability). The current trend to overcome this intermittency issue it to implement 

an energy storage which can be based on batteries for photovoltaics or molten salts for 

concentrated solar power [1]. In both cases, it provides the ability to deliver electrical 

power without sun, but the complexity of systems is increased and the flexibility is still 

limited. Thermal technologies offer the possibility of hybridization by producing heat 

with solar energy and also with different types of fuels. This approach is investigated 

within Hybrid Concentrated Solar Power technologies [2]. This type of approach is 

promising but is still based on the combination of two conventional technologies and is 

also limited in terms of operational temperature and efficiency. 

The objective of this work is to propose and describe a new concept of energy converter 

able to realize the hybridization of two types of renewable energies to obtain an annual 

capacity factor of almost 100%, thanks to a high solar concentration and 

micro/mesocombustion of hydrogen or biogas. A high temperature range of 600°C to 

more than 1300°C is targeted to benefit from a high Carnot limit, far higher than current 

technologies operating below 550°C. 

This work presents the design of hybrid converters able to operate in the two main modes 

consisting in solar concentration and internal combustion, and also in the hybrid mode. 
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The size of these novel converters is within a few centimeters in order to concentrate the 

heat and achieve very high temperatures. They are designed to be used with the same 

strategy as concentrated photovoltaics with high solar concentration and solar tracking, 

the difference being that they will operate with the conversion of solar or chemical 

energies into heat, followed by a thermal to electrical conversion. The latter one can be 

achieved by thermoelectrical conversion [3] or thermophotovoltaic (TPV) conversion [4]  

[5], both of them having higher efficiencies at high temperatures. 

Multiphysical modelling is used to investigate solar absorption in the converter as well as 

internal heat source by catalytic combustion. The work explores the converter 

temperatures, uniformities, thermal fluxes in three modes: solar, combustion, hybrid. An 

in depth analysis is provided on the following points: designs able to operate in both 

modes, reduction of thermal losses, improvement of temperature uniformity which is 

important for the thermal / electrical conversion efficiency. This analysis is presented for 

different input powers coming both from solar concentration and internal combustion. A 

particular focus is done on the impact of the solar receiving surface and its selective solar 

radiation absorption properties [6]. 

Finally this work presents the prospects for the realization of these novel converters 

called HRC for Hybrid Renewable Converters and also for their integration in a full 

system. Used with a TPV solar cell, this converter concept introduces the possibility of 

Hybrid TPV called HTPV which will provide much more flexibility than recent solar or 

conventional TPV technologies. 

The advancement over previous work is mostly related to the proposal of a small device 

able to hybridize two types of energies corresponding to renewables. Another major 

change with respect to the state of the art is the small size of the hybrid converter 

allowing high heat concentration. The proposed designs allow achieving very high 

temperatures from 600°C to more than 1300°C, far higher than the current operational 

temperatures in the Concentrated Solar Power systems. This new concept and technology 

provides a very efficient hybridization pathway with the possibility to create installations 

at different scales.  
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Atomic Layer Deposition for On-Chip Supercapacitors 
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Further success in development and miniaturization of remote, wearable and implantable 

electronic equipment is greatly related to advances in energy sources. Besides batteries, 

the supercapacitors are gaining reasonable attention as temporary energy storage in 

microdevices, especially when high power densities are needed [1]. Unfortunately, 

standard, active carbon material based supercapacitors are difficult to integrate into 

silicon chip due their fabrication process. Silicon based supercapacitor electrode would 

be a great advantage, and porous silicon (PS) with a large surface area looks as a best 

candidate here. Main obstacle in PS application as electrode material is a large chemical 

reactivity of this material [2, 3]. Therefore, the coating layer with efficient passivation 

and conductivity improvement characteristics is needed. 

Here we present the on-chip supercapacitor with porous silicon electrodes coated by 

atomic layer deposition (ALD).  Devices with TiN coated PS show almost ideal cyclic 

voltammetry characteristics and good stability during long operation. Successful device 

realization inside a single silicon chip is important for further integration steps. 

Keywords: supercapacitor, porous silicon, atomic layer deposition, integration 

[1] SIMON, P. & GOGOTSI, Y. 2008. Materials for electrochemical capacitors. Nature 

Materials, 7, 845-854. 

[2] DESPLOBAIN. S., GAUTIER. G., SEMAL. J., VENTURA L. & ROY. M. 2007. 

Investigations on porous silicon as electrode material in electrochemical capacitors. Phys. 

Stat. Sol. C, 4, 2180-2184. 

[3] OAKES. L., WESTOVER. A., MARES. J., CHATTERJEE. S., ERWIN. W., 

BARDHAN. R., WEISS. S. & PINT. C. 2013. Surface engineered porous silicon for 

stable, high performance electrochemical supercapacitors. Sci. Rep., 3, 3020. 
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High energy density asymmetric supercapacitor based on nano-architectured 

NiAl layered double hydroxides/functional carbon nanotube composites 
Yan Wang*, Hai Li, Jijun Zhang, Xinyu Yan, Peili Li, Huifang Lv, Sheng Zhou, Zexiang Chen 
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No. 4, Section 2, Jianshe North Road, 610054 Chengdu, People’s Republic of China 

e-mail address: wangyan127@uestc.edu.cn 

Abstract: To improve the energy density of supercapacitors, widely investigation have been 

focusing on developing active pseudocapacitive materials, including transition metal oxides 

(RuO2, NiCo2O4) and hydroxides (Ni(OH)2, Co(OH)2), and conducting redox polymers etc. 

Among the pseudocapacitive materials, MnO2 and layered double hydroxides (LDH) have 

demonstrated their superior electrochemical performance due to high power performance and 

long cycle life. We constructed a positive electrode composite material in which a hierarchical 

nano-architectured NiAl layered double hydroxide nano-flakes grown on functionalized carbon 

nanotube bundles (NiAl-LDH/CNT) by a hydrothermal process. The electrochemical 

performance of the composite showed a high specific capacitance of more than 900 F/g at the 

current density of 4 A/g. An asymmetric supercapacitor based on the prepared NiAl-LDH/CNT 

composite as the positive electrode and an activated carbon as negative electrode achieved an 

very high energy density up to 150 Wh/kg with a cell voltage of 1.75 V, presenting much higher 

than that of traditional electrochemical double-layer capacitors (EDLCs). The rational design, 

interesting structure and the ideal electrochemical performance of this CNT-based composite 

suggest its potential applications in high energy storage systems. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic illustration of the asymmetric supercapacitor device based on NiAl-LDH/CNT 

composite as the positive electrode and activated carbon as the negative electrode. 

Keywords: supercapacitors, layered double hydroxides, carbon nanotube, composite, 

electrochemical performance 
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Institute of Optoelectronic Technology, Beijing Jiaotong University, Beijing 100044, 
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To improve the specific capacitance and rate capability of electrode materials for 

supercapacitors, three-dimensional graphene/polyaniline (3DGN/PANI) composites 

were prepared via in situ polymerization on GN hydrogel. The PANI content in the 

composite was controlled by the concentration of reaction monomer, and was grown 

on the surface of GN surface as a thin film. The specific capacitance of 3DGN/PANI 

composite containing 10 wt% PANI reached 322.8 F g-1 at a current density of 1 A g-1 , 

nearly twice as large as that of the pure 3DGN (162.8 F g-1). The capacitance of the 

composite was 307.9 F g-1 at 30 A g-1 (maintained 95.4%), and 89% retention after 

500 cycles. This study demonstrates the exciting potential of 3DGN/PANI with high 

capacitance, excellent rate capability and long cycling life for supercapacitors. 

 

 

Keywords: graphene/polyaniline composites, electrochemical property, 

three-dimensional graphene 
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Development of doped La-substituted SrTiO3-based anode materials for solid 
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The solid oxide fuel cell (SOFC) using sour gas as the feed, rather than traditional H2, has drawn 

increasing attentions in recent years. However, problems remain to be solved before sour gas can 

be directly used as the fuel in SOFC. For example, trace amount of H2S in the feed may cause 

serious poisoning on the traditional anode catalysts. So far, much effort has been dedicated to 

developing doping perovskite structure (ABO3) materials that can function effectively in the 

environment under reducing condition and exhibit better resistance against sulfur poisoning. La- 

substituted SrTiO3 (LST) based perovskite anodes have been widely investigated because of their 

adequate electronic conductivity in reducing atmospheres, excellent dimensional and chemical 

stability upon redox cycling as well as their outstanding sulfur and coking tolerances. However, 

their ionic conductivity and the electrocatalytical activity need to be improved. In this work, the 

phase structures, catalytic activities and electrochemical behaviors of Ce-doped LaSrBaTiO3-δ 

(LCSBT) and Co-doped LaSrTiO3-δ (LSCT) as the anode catalysts for SOFC were investigated. 

The doped Ce in LCSBT synthesized by a modified rheological phase reaction (RPR) method 

could be separated to form nano-CeO2 after sintering. The catalytic performance of LCSBT was 

improved in comparison with the pure LaSrBaTiO3-δ (LSBT) and LSBT&CeO2 admixture 

anodes. The nanostructures of LCSBT and the exsoluted nano-CeO2 might play key roles in 

contributing to the improvement. The perovskite structure of the Co-doped LST (LSCT) had 

excellent phase purity and refined particle size. The Co nano-particles with diameter less than 10 

nm can be in-situ exsolution on the anode surface. These in-situ formed Co nano-clusters can 

increase the catalytic activation in fuel oxidation. The maximum power density of LSCT-based 

cell was about 300 mW cm
-2

 and no obvious degradation and sulfur deposition were detected 

AFM2015 - Jun 29 to Jul 3

Symposia 4: Advances in Energy Storage and Conversion Devices 12

Advances in Functional Materials

mailto:jingli.luo@ualberta.ca


during galvanostatic test for 48 h in 5000 ppm H2S-H2 at 900 
o
C. The experimental results have 

proven that LSCT is a promising candidate anode material for SOFCs using H2S-contaminated 

fuels. The mechanism of H2S-induced enhancement effect for electrochemical reactions on the 

LSCT-based anode materials is also explored. The challenges related to the future developments 

of LSCT-based anode materials for SOFCs are also discussed. 

Keywords: Solid oxide fuel cells; Co-doped LST; Perovskite; in-situ exsolution  
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Characterization of PEMFC catalytic layers based on carbon xerogels 

F.Deschamps1, N.Job1 

1 University of Liège, B6a, B-4000 Liège, Belgium, 

fabien.deschamps@ulg.ac.be 

 

Proton exchange membrane fuel cells (PEMFC) are promising candidates for applications 

in mobile devices and transportations. The fuel cell market is growing [1]; however, for 

successful large-scale commercialization, significant cost reduction and durability 

improvement are needed. An optimization of the electrode [2] structure is required to 

fulfill these goals. 

Catalytic layers are generally prepared by mixing a protonic conductor ionomer, such as 

Nafion®, with a platinum catalyst supported on carbon black [3]. Nanostructured carbons 

allow for a better control of the textural properties, such as pore size and pore volume. 

More precisely, using carbon xerogels as support is a good way to improve the mass 

transport in catalytic layers [4,5]. 

In this communication, we present the elaboration and the characterization of catalytic 

layers based on carbon xerogels. For that purpose, carbon xerogels were synthesized by 

polymerization of resorcinol and formaldehyde in aqueous solution to form an organic 

gel. The latter was dried and pyrolysed under inert atmosphere to obtain a porous carbon. 

By modifying the pH of the initial solution, several carbon xerogels with different pore 

sizes were synthesized. The milling of these porous carbons in a planetary mill is required 

to get particle sizes compatible with the thickness of the catalytic layers for fuel cell (~10 

µm). After deposition of platinum nanoparticles on carbon xerogels by controlled 

impregnation method [6], catalytic layers based on these carbons were made. 

These catalytic layers were characterized by profilometry on their whole surface to 

evaluate their homogeneity and their thickness. Then, measurements of electrical and 

ionic resistances were performed to estimate their influences in fuel cell performances. 

Finally, characterization of these catalytic layers was performed in fuel cell to evaluate 

their performances in function of the carbon xerogel pore texture. 
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Further Understanding of Nitrogen-Doped Carbon Catalytic Property Towards 

Oxygen Reduction Reaction (ORR) 
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Recently, a great attention has been shifted towards low-cost non-precious metal (NPM) 

catalysts based on nitrogen modified carbon as potential alternatives to Pt due to their remarkable 

ORR activities[1]. Many reports have shown that nitrogen precursors, as primary hosts of active 

sites, play a crucial role in ORR properties when pyrolized on carbon matrix at high temperature. 

Different nitrogen functionalities such as, pyridinic, pyrrolic, and graphitic based sites are 

generally produced. However, the structure-performance correlation analysis reveals that the 

graphitic nitrogen function plays a pivotal role in ORR activity. In this presentation, we will 

demonstrate two catalysts, prepared via pyrolysis of polyaniline and vinazene on carbon, which 

are rich in graphitic and pyrrolic nitrogen, respectively. ORR activity and potential cycling study 

confirms that not only the graphitic nitrogen is responsible for high ORR, but also other nitrogen 

functions, including the pyrrolic one. More details on the subject will be presented.  

Keywords: Nitrogen doped carbon, oxygen reduction reaction, ORR,  
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Oxygen Reduction on Hafnium/Hafnium Carbide Nanoparticles 
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Non-precious metal nanoparticles are attractive candidates for oxygen electrocatalytic 

reduction in electrochemical energy conversion devices, such as fuel cells and batteries. 

Here we report for the first time electrocatalytic activity of hafnium/hafnium carbide 

nanoparticles towards the oxygen reduction reaction (ORR). While activity of hafnium 

oxynitride nanoparticles towards the ORR in acid has previously been reported   [1] a 

little was known about the ability of Hf/HfC nanoparticles to reduce molecular oxygen. 

Here we demonstrate that molecular oxygen can be reduced on Hf/HfC nanoparticles 

both in acidic and alkaline environment. However, the reaction mechanism changes from 

4 - to 2 - electron pathway, when switching from acidic to alkaline environment. 

Although the ORR in base occurs through the two-electron parthway, this reaction has a 

potential for a practical application because Hf/HfC catalyst demonstrates an activity 

toward the disproportionation of hydrogen peroxide to O2 and H2O. Onset potential for 

the ORR in 0.1 M KOH for non-optimized catalyst (-0.10 V vs AgAgCl ) is superior to 

that of the best reported to date MnO2 catalyst (-0.13 V vs Ag/AgCl). In acid, moderate 

catalytic activity towards the ORR is observed. The results suggests that Hf 

nanomaterials can be considered as a promising candidate for replacing noble metal 

catalysts in alkaline air electrodes. 

Keywords: Hafnium, Nanoparticles, Oxygen Reduction Reaction, Electrochemical Energy 

Conversion 
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Effect of Fillers on the Electrical and Sealing Properties of 
Alkali/Alkaline-Earth Borosilicate Glass Composite Sealants   
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Development of a reliable sealant or sealing system remains one of the top priorities in 

planar SOFC technology. Recently, a compliant glass seal such as an alkali silicate glass 

was proposed for SOFCs. In contrast to the conventional glass–ceramic sealant which 

develops a rigid or semi-rigid microstructure after sealing, the compliant glass shows so 

called “self-healing” behavior and will remain vitreous without substantial crystallization 

after sealing and during operation at elevated temperatures. The objective of this study 

was to investigate the effect of filler in sealant composition on the high temperature 

viscosities, electrical conductivities and sealing properties of glass composite sealants for 

solid oxide fuel cells (SOFCs). Alkali/alkaline-earth borosilicate glass-based sealants, 

both with and without  fillers such as Al2O3 and 8YSZ, were heat treated at various 

temperatures for periods of up to 48 h. Upon 48 hour heat treatment the electrical 

conductivities of a filler-containing glass were always higher than those of a base glass. 

The electrical conductivity of a sealant containing Al2O3 filler was higher than that 

containing 8YSZ filler. This was attributed to the partial dissolution of fillers and 

increasing mobililty of the alkali and alkali-earth ions in sealing glass. Crystallization 

behavior of sealing glass was affected by fillers and significantly controlled the sealing 

performance of sealants during seal operation.  

Keywords: Sealant, glass, electrical conductivity, viscosity, solid oxide fuel cell 
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Assisted Experimental Investigation 
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Hydrogen storage technology is the major obstacle in implementing the coming 

hydrogen economy. Solid-state storage offers evidently potential advantages, such as 

high storage density, low energy consumption and high safety, over current storage 

technologies of compressed and liquefied hydrogen. Ternary imide Li2Mg(NH)2 is 

considered to be one of the most promising on-board hydrogen storage materials in view 

of its high reversible capacity, favorable thermodynamics and good cycling stability for 

hydrogenation/dehydrogenation. However, the high kinetic barrier resulted in the 

dehydrogenation temperatures of the Mg(NH2)2-2LiH mixture much higher than the 

thermodynamically predicted equilibrium temperature of ~ 90 ºC under 1.0 bar hydrogen.  

In this work, the Li2Mg(NH)2 with the primitive cubic and orthorhombic structure was 

obtained by dynamically dehydrogenating a Mg(NH2)2-2LiH mixture up to 280 ºC under 

different gas atmospheres. The orthorhombic Li2Mg(NH)2 was converted to a primitive 

cubic structure as the dehydrogenation temperature was increased to 400 ºC or performed 

by a 36 h of ball milling. Moreover, the primitive cubic phase can be converted to an 

orthorhombic phase after heating at 280 ºC under 9.0 bar H2 for 1 h. The crystal structure 

of Li2Mg(NH)2 was found to depend on the gas back pressure in the dehydrogenation 

process. Experimental investigations combined with first-principles calculations showed 

that the crystal structures of Li2Mg(NH)2 and dehydrogenation/rehydrogenation 

properties of the Mg(NH2)2-2LiH system strongly depended on the gas back pressure in 
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the dehydrogenation process due to the effect of the gas back pressure on hydrogen 

storage kinetics. This study provides a new approach for improving the hydrogen storage 

properties of the amide–hydride systems.  

 

Keywords: ternary imide, crystal structure, hydrogen storage  properties, thermodynamics, 

kinetics 
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Polybenzimidazole based composite membranes for high temperature 
proton exchange membrane fuel cells 

Mun-Sik Shin, Moon-Sung Kang, Jin-Soo Park  
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Phosphoric acid (PA) doped poly[2,2′-(m-phenylene)-5,5′-bibenzimidazole] (PBI) is one 

of most interesting electrolyte materials for high temperature proton exchange membrane 

fuel cells (HTPEMFCs) operating without no external humidification at temperatures 

from 150 to 200 °C. The proton conductivity of PBI membranes highly depend on the 

acid doping level (ADL) of the membranes. However, the ADL is limited due to the 

decrease in mechanical strength at high ADL. The study developed PBI based composite 

membranes using porous substrate to get low resistance thin membranes instead high 

ADL membranes. Porous poly(imide benzimidazole) (PIBIs) films was prepared by the 

random copolymers synthesized by condensation polymerization of biphenyl-4,4'-

diyldi(oxo)-4,4'-bis(1,8-naphthalenedicarboxylic anhydride), 2-(4-aminophenyl)-5-

aminobenzimidazole and 4,4'diaminodiphenyl ether.  The PBI based composite 

membranes were prepared by filling electrolytes in the PIBI porous substrate for 

HTPEMFCs. Several properties of the membranes were investigated in terms of oxidative 

stability, acid doping level, swelling ratio, ionic conductivity, mechanical strength, 

crossover etc.  

Keywords: Fuel Cell, polybenzimidazole, composite membrane, porous substrate 
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Abstract 

Some transition metal oxides or sulfides have been studied instead of traditional 

graphite anodes as their higher lithium activity and theoretical capacity in lithium ion 

batteries (LIBs) [1]. However, these anode materials suffer from irreversible 

expanded volume and easily pulverized structures during lithium ions 

insertion/extraction processes [2]. It’s significant to design stable nanostructures and 

to seek efficient structure buffer for developing high-performance LIBs. In our work, 

uniform Ni3S2 nanobowls with an average size of 250 nm and shell thickness of ~30 

nm wrapped by rGO sheets were firstly synthesized by a simple wet chemical method. 

The Ni3S2-rGO hybrid composite with spatial three-dimensional (3D) structure 

showed enhanced electrochemical properties in lithium-ion batteries, compared with 

Ni3S2 hollow chains. Its specific capacity could be up to 443 mAh g-1 at 0.5 C after 

500 cycles (theoretical capacity of Ni3S2 is 462 mAh g-1), while Ni3S2 hollow chains 

faded dramatically to 147 mAh g-1 after 100 cycles. The improved cycle stability of 

the composite could be ascribed to the bowl structure with both exposed interior and 

exterior arch surfaces which could stand much more lithiation-delithiation than 

quasi-1D hollow chains. The novel stable bowl-like structure, the wrapped flexible 

rGO sheets served as buffers for the expansion of Ni3S2 bowls [3], the attachment 

sites provided by bowls keeping rGO from aggregation, and the improved electron 

transfer rate by rGO sheets, all synergetic effects made the composite a superior 

anode material. The relationship between persistence of nanostructure and long-term 
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cycle stability was disclosed, giving suggestion on designing optimal structures for 

electrode materials with superior electrochemical performance [4]. 
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Abstract 
 

Self-organized anodic titania (TiO2) nanotube arrays are an interesting model anode material 

for use in Li-ion batteries due to their excellent rate capability, cycling stability and enhanced 

safety compared to graphite. A composite material where carbothermally treated conductive 

TiO2 nanotubes are used as support for a thin silicon film has been shown to have the 

additional advantage of high lithium storage capacity. We present a detailed comparison of 

the structure, surface and bulk morphology of self-organised conductive TiO2 nanotube 

arrays, with and without silicon coating, using a combination of X-ray diffraction (XRD), X-

ray reflectivity (XRR), grazing incidence small-angle X-ray scattering (GISAXS) and time-

of-flight grazing incidence small-angle neutron scattering (TOF- GISANS) techniques. XRD 

shows that the nanotubes crystallise in the anatase structure with a preferred (004) orientation. 

GISAXS and TOF-GISANS are used to study the morphology of the nanotube arrays 

delivering values for the inner nanotube radius and intertubular distances with high statistical 

relevance due to the large probed volume. They reveal the distinct signatures of a prominent 

lateral correlation of the TiO2 nanotubes of ~ 94 nm and a nanotube radius of ~ 46 nm. The 

porosity averaged over the entire film using TOF-GISANS is 23%. The nanotube radius is 

reduced to half (~23 nm) through the silicon coating, but the prominent lateral structure is 

preserved. Such in-depth morphological investigations over large sample volumes are useful 

towards development of more efficient battery electrode morphologies. 

 

 

Figure: A ‘real space’ SEM image (left) and a ‘reciprocal space’ GISANS image (right) of the 

nanorod array.  
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Multivalent cation rechargeable batteries are expected to perform well as high-capacity 

storage devices. Rechargeable magnesium batteries have an advantage in terms of 

resource utilization and safety. Here, we report on sulfur-doped vanadium pentoxide (S-

V2O5) as a potential material for the cathodes of such a battery; S-V2O5 showed a specific 

capacity of 300 mAh g−1. S-V2O5 was prepared by a method using a low-temperature 

plasma generated by carbon felt and a 2.45 GHz microwave generator. It is assumed that 

the water in the raw materials is distributed uniformly enough that the composite is 

treated uniformly. Furthermore, although the process was performed under reduced 

pressure and at the evaporating temperature of water, the process did not induce reduction 

of V2O5 and oxidation of sulfur.  

This study investigates the ability of S-V2O5 to achieve high capacity when added to 

metal oxide. The highest recorded capacity (420 mAh g−1) was reached with MnO2 added 

to composite SMn-V2O5, which has a higher proportion of included sulfur than found in 

S-V2O5. Results from transmission electron microscopy, energy-dispersive X-ray 

spectroscopy, Micro-Raman spectroscopy, and X-ray photoelectron spectroscopy show 

that the bulk of the SMn-V2O5 was the orthorhombic V2O5 structure; the surface was a 

xerogel-like V2O5 and a solid solution of MnO2 and sulfur. 

Keywords: microwave, rechargeable magnesium battery, vanadium pentoxide, Sulfur-doped  
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A new kind of lithium ion battery with enhanced electrochemical 

performances 

ZHANG Weixin
*，MA Guo，LU Jianbo，YANG Zeheng 
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Abstract：To meet the demand in electric vehicles and energy storage applications, it is necessary 

for next generation lithium-ion batteries to have high energy density and fast charge and discharge 

capability. This manuscript demonstrates the preparation of transition metal oxide 

micro/nanostructured arrays on metal substrates as anode and high energy hierarchical cathode 

materials towards fabricating new lithium-ion batteries with enhanced electrochemical 

performances. On one hand, a bulk aqueous solution-based process and a microemulsion-mediated 

process have been developed respectively to control the kinetic and thermodynamic processes for 

the transition metal oxide micro/nanostructured arrays grown on metal substrates as anode directly. 

On the other hand, a series of hierarchical cathode materials, including spinel LiNi0.5Mn1.5O4, 

layered LiNi1/3Co1/3Mn1/3O2, and lithium-rich layered 0.5Li2MnO3·0.5LiNi1/3Mn1/3Co1/3O2, have 

been successfully prepared by a controllable stepwise co-precipitation method. This match design 

for the full cells not only takes advantages of the high specific capacity, high rate capability, good 

safety and other features related with the anode and cathode materials, but also simplifies the 

assembly procedures of full cells. 

 

Key words： lithium-ion battery；fabrication；transition metal oxide；micro/nanostructured arrays；

hierarchical cathode materials 
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Hierarchically porous micro/nanostructures with high surface area and permeability have 

attracted tremendous attention. Particularly, the synthesis and structural tailoring of 

diverse hierarchically porous materials is regarded as a crucial step toward the realization 

of high-performance electrode materials, which has several advantages including a large 

contact area with electrolyte, a superior structural stability, and a short transport path for 

Li+ ions. Meanwhile, owing to the inexpensive, abundant, environmentally benign, and 

renewable biological resources provided by nature, great efforts have been devoted to 

understand and practice the biotemplating technology, which has been considered as an 

effective strategy to achieve morphology-controllable materials with structural specialty, 

complexity, and related unique properties. In this paper, we design and practice the 

unique hierarchically porous micro/nanostructures derived from several biological 

templates for LiFePO4, NiO, MnO and S electrode materials with high electrochemical 

performance for lithium ion batteries. We believe that this green, sustainable and 

economical strategy will trigger more studies for exploring other functional materials in 

various structure-dependent applications such as catalysis, gas sensing and energy storage. 

Keywords: biological templates, hierarchically porous structure, electrode, lithium ion batteries 
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Electrospinning and its application as electrode and separator in lithium-ion batteries 
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We introduce an anode material in LIBs, silicon nanoparticles and carbon nanotubes 

loaded carbon nanofibers (SCNFs), fabricated by the single electrospinning. The one 

dimension structure of electrospun nanofibers provides porosity for the material. Carbon 

nanotubes (CNTs) in the electrospun fibers reduce volume expansion of silicon nanoparticles 

(SiNPs) and improve mechanical stability of the electrode. Both CNTs and carbon nanofibers 

enhance electronic conduction by connecting SiNPs each other in SCNFs for electrode 

reactions. These contribute to increase electrochemical performances of SCNF anode-based 

lithium ion batteries (LIBs) resulting in the enhancement of capacity and cycling ability. 

Electrospun silicon nanoparticle-carbon nanotube core/carbon shell nanofibers (SCNFs) were 

fabricated for using as an anode material in LIBs. The precursor of the SCNFs was coaxially 

electrospun using a blend of SiNPs, CNTs, and polyvinylpyrrolidone (PVP) in the core and 

polyacrylonitrile (PAN) in the shell. After carbonization at 1000 °C for 1 h in nitrogen, the 

SCNFs were formed with SiNP-CNT composite core wrapped by carbon shell. The core/shell 

structure of the SCNFs with different amounts of CNTs in the core, were confirmed by 

scanning electron microscopy, transmission electron microscopy, and water contact angle. 

The electrochemical performances of the SCNF anode-based LIBs were evaluated. The 

results indicated that the SCNF electrode with 1 wt% of CNTs had an initial delithiation 

capacity as high as 1500 mAh/g at C/10 rate and a retained capability of 50% at high rate 

(10C).  

Thermally stable polyimide (PI) composites non-woven mats were fabricated firstly by 

electrospinning a mixture of pre-polymer, poly(amic acid) ammoniumsalt (PAAS), and 

inorganic nanoparticles of SiO2 and Al2O3 and subsequently imidizing the electrospun 

nanofibers of PAAS composites at  350 ˚C for using of the separator of LIBs. The 

microstructures of PI electrospun nanofiber mats, PI/SiO2 composite electrospun nanofiers, 

PI/Al2O3 composite electrospun nanofiers, and commercial separator, SV718, were examined 

by using a FE-SEM. Test results of thermal properties of PI, PI composites and SV718, 

conducted by Thermal Gravimetric Analyzer (TGA) and a Differential Scanning Calorimeter 

(DSC), show superior thermal stability of PI and PI composites, which show no melting peak 

and no decomposition to 600 oC, while SV718 has melting peak at 137 oC and decompose at 

300 oC. Porosity and liquid electrolyte uptake of PI composites showed over 90 % and 790 %, 

respectively, while porosity and liquid electrolyte uptake of SV718 are 40 % and 101 %, 

respectively, implying separators of the PI/SiO2 composite and the PI/Al2O3 composite have 

lower interfacial resistance than commercial SV718 separator. The electrochemical 

performance of PI composite separator assembled between LiCoO2 and Li metal electrodes of 

the LIBs exhibits more stable cycle performance, higher discharge capacity and better 

capacity retention compared with those using SV718 separator. 
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The development of novel electrode materials for the next generation of lithium-ion batteries 

highly requires thorough understanding of structural changes during charge-discharge cycling, 

aging, and thermal decomposition. In situ analysis using TEM can provide information on local 

structure as well as chemical information during the electrochemical reactions and thermal-phase 

transitions in real time at high spatial resolution. The goals of this study are to identify and 

characterize processes that limit lithium-ion battery performance, and ultimately to describe the 

specific mechanisms that cause performance degradation as well as thermal decomposition. At 

first, we take advantage of real time electron microscopy to directly investigate the process of 

thermal decomposition as it occurs at the surface of Ni-based cathode materials that have been 

charged to different state of charge (SOC). In addition, huge volume expansion of Si anode 

materials is examined in real time during electrochemical reactions using liquid flow holder 

(from Hummingbird Scientific), which enables the direct imaging of electrodes, interfaces, and 

surfaces under electrochemical exposure through a liquid electrolyte and within TEM. All the 

details will be available at the meeting. 

Keywords: in-situ, transmission electron microscope, lithium ion batteries, electrode materials 
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Micro- and nanostructured Silicon anodes for Li-battery application 
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Silicon is presented as an attractive material for lithium-ion batteries (Li-B) mainly due to 

its high theoretical capacity (4200 mA.h/g). However, mechanical stress induced by 

lithium alloying/de-alloying during silicon anode test cycling strongly limits the electrode 

lifetime. Silicon nanostructures and porous silicon have demonstrated better volume 

change accommodation during battery cycling and thus enhanced performance stability 

[1]. In this work, various silicon micro- and nanostructures have thus been studied as Li-

B anodes. These structures were obtained by two cost-efficient techniques: wet chemical 

or electrochemical etching of monocrystalline Si. Macroporous and mesoporous layers 

obtained by silicon electrochemical etching were peeled off from the silicon substrate to 

be used as Li-B anodes. Macroporous layers showed interesting cycling stability 

(600 mA.h/g during 200 cycles @ 1.8A/g). High aspect ratio (> 50) nano-ribbons were 

also experimented. These 2D structures exhibited interesting behavior as well (high 

stability up to 50 cycles). Finally, metal-assisted chemical etching technique enabled the 

growth of high aspect ratio silicon nanowires (1D). Their performances as Li-B anode 

were then compared with 2D nano-ribbon anodes. 

Keywords: porous silicon, silicon nanowires, silicon nano-ribbons, Li-ion batteries 

[1] GE, M., FANG, X., RONG, J., & ZHOU, C. 2013. Review of porous silicon 

preparation and its application for lithium-ion battery anodes. Nanotechnology, 24, 

422001. 

AFM2015 - Jun 29 to Jul 3

Symposia 4: Advances in Energy Storage and Conversion Devices 30

Advances in Functional Materials



Synthesis of Large Surface Area Al2O3 Nanomaterials for Applications to Batteries and 

Fuel Cells 

 

Vic Liu1, Anusorn Kongkanand2, Qiangfeng Xiao1, Li Yang1, and Mei Cai1 

1Chemical and Materials Systems Laboratory, General Motors Global R&D Center, Warren, MI 

48090, USA 

2General Motors Powertrain Engineering, Pontiac, MI 48340, USA 
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Abstract (150 words maximum)   

       

      This presentation covers a new simple approach to synthesize Al2O3 nanomaterials and their 

applications to lithium-sulfur (Li-S) batteries and polymer electrolyte membrane (PEM) fuel cells. 

The morphology and yield (the amount of product) of the Al2O3 nanomaterials were studied by 

varying Al precursors, pH levels, temperatures, and types of heterogeneous nucleation sites during 

hydrothermal synthesis. Flower-like Al2O3 hierarchical nanostructures were successfully 

synthesized with a very large surface area (~240 m2/g) which is 50% to 100% higher than 

commercially available Al2O3. The “petals” (nanorods) of the flower-like Al2O3 were decorated 

with three-dimensional pores (pore size ranging from 1 nm to 5 nm). Such synthesized Al2O3 was 

tested as functional additives in Li-S batteries and PEM fuel cells. It has been demonstrated that 

the Al2O3 nanomaterials shown in this presentation have the potential to improve the performance 

and life of Li-S batteries and PEM fuel cells.  
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New Transition Metal Oxyfluorides with HTB network as rechargeable Li-
ion battery at high voltage (average > 3V vs Li+/Li) 
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The Fe-based oxyfluorides with HTB (Hexagonal Tungsten Bronze) networks as positive 

electrode material in lithium battery have been investigated and exhibit outstanding Li 

intercalation properties depending on the composition and especially the O/F ratio. 

Various anionic species F-/OH-/O2- have been stabilized into the Fe-based HTB network, 

prepared by hydrothermal route followed by annealing under Ar below T=350°C. Powder 

X-Ray Diffraction, Partial Distribution Function (PDF) as well as Mossbauer 

spectroscopy for the local environment of Fe3+ and IR and UV-Vis spectroscopies 

investigations versus temperature, allow solving the complex structural features. For the 

first time, the stabilization of anionic vacancies into the HTB network has been proposed 

[1].   Oxygen ions and anionic vacancies seem to play a key role for the performances of 

the electrode material, as a very poor electrochemical activity (in the 2-4.5V voltage 

range) was obtained for the pure Fe trifluoride FeF3 with HTB network. Ti-based 

oxyfluorides with HTB network have been also obtained by solvothermal routes and the 

structure as well as the reactivity properties have been investigated. 

     Keywords: Fe, fluoride,  Li-ion battery, structure, anionic vacancies 
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Monodisperse MPd (M: Co, Ni, Cu) Alloy Nanoparticles Supported on 

Reduced Graphene Oxide as Cathode Catalysts in the Lithium-Air Battery 
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Addressed herein is the electrocatalyst performance of the monodisperse MPd (M: Co, Ni, 

Cu) alloy nanoparticles (NPs) supported on reduced graphene oxide (rGO) in the non-aqueous 

Li-air battery. MPd alloy NPs were prepared by using the well-established surfactant-assisted 

organic solution phase protocol comprising the co-reduction of palladium(II) acetylacetonate 

and M(acetate)2 or M(acetylacetonate)2 by borane-based mild reducing agents in oleylamine 

as surfactant. The as-synthesized Co3Pd7, Ni3Pd7 and CuPd NPs have the monodisperse 

particle distribution with the mean particle size of 3.5, 3.4 and 3.1 nm, respectively. The MPd 

NPs were supported on rGO before their use as cathode catalysts in the non-aqueous Li-air 

cell. The charge-discharge curves of Li-air electrodes using rGO-CuPd, rGO-Co3Pd7 and 

rGO-Ni3Pd7 catalysts were investigated at a current rate of 100 mA/gtotal. The specific 

discharge capacities were found as 4407 mA•h.g-1 for rGO-CuPd, 3158 for rGO-Co3Pd7 and 

2512 mA•h.g-1 for rGO-Ni3Pd7, respectively. Ex-situ FTIR analyses convincingly show that 

Li2O2 is the main component of the discharge products. The lifetime of the cathode electrodes 

during the first 10 cycles was found to be 130 h for rGO-CuPd, 100 h for rGO-Co3Pd7 and 

180 h for rGO-Ni3Pd7 catalyst. The Ni3Pd7 has the highest total capacity of 8175 mA•h.g-1 

over the first 10 cycles.  

 

Keywords: Palladium; alloy nanoparticles; reduced graphene oxide; electrocatalyst; Lithium-

air battery. 
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Hybrid structure of cobalt monoxide nanorods and reduced graphene 
oxide nanosheets as anode materials for lithium-ion batteries  

  Hui Huang*, Wenjun Zhu, Yang Xia, Wenkui Zhang 
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Graphene-based hybrid nanostructures offer many opportunities for improved lithium 

storage performance. Herein, we report a facile synthesis of mesoporous CoO nanorods 

(CoO NRs) on reduced graphene oxide (rGO) substrate by hydrothermal and calcination 

treatment. Transmission electron microscopy (TEM) investigation reveals that CoO NRs 

with a size of 20–60 nm are tightly anchored on the surface of rGO sheets. Compared to 

pure CoO NRs, the CoO NRs/rGO composite shows higher lithium storage capacity and 

superior rate capability as anode materials for Li-ion batteries. The CoO NRs/rGO 

composite delivers an initial discharge capacity of 1452 mAh g−1, and it can still remains 

960 mAh g−1 after 50 cycles at 0.1 A g−1. After each 10 cycles at 0.1, 0.2, 0.5, and 1 A 

g−1, the specific capacities of the composite are about 1096, 1049, 934 and 513 mAh g−1, 

respectively. The enhanced electrochemical performance of the composite can be 

ascribed to its unique structure, such as 1D mesoporous morphology of CoO NRs and its 

tightly-contacting with rGO nanosheets, which could shorten the transport pathway for 

both electrons and ions, enhance the electrical conductivity and accommodate the volume 

expansion during prolonged cycling. 

Keywords: Cobalt monoxide, graphene, hydrothermal, mesoporous nanorods, lithium-ion 

batteries 
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Red phosphorus (RP) is an attractive anode material with an ultrahigh specific capacity of 

2596 mAh g-1. However, its rapid capacity decay attribute to the volume expansion 

during the lithiation process presents a noteworthy technical challenge. Meanwhile, 

titanium oxide (TiO2) is a good candidate for lithium ion batteries owing to its high safety 

and outstanding stability, but it is restricted by the low capacity of 167 mAh g-1 at room 

temperature. Inspired by reinforced concrete structure, we fabricate RP built-in 

amorphous TiO2 (A-TiO2) composite in consideration of achieving complementary 

effects. Herein, A-TiO2 could act as “concrete” to prevent RP from escaping the electrode. 

While RP plays the role of “steel”, which could improve the electrochemical capacity of 

composite. As a result, RP/A-TiO2 composite demonstrates an enhanced cycling capacity 

of 369 mAh g-1 over 100 cycles as well as an acceptable rate capacity of 202 mAh g-1 at 

the current density of 1 A g-1. This designed unique reinforced concrete structure may 

provide a novel strategy to fabricate high electrochemical performance anodic materials 

for advanced lithium ion batteries. 

Keywords: red phosphorus, titanium oxide, anode, lithium ion batteries 
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High electrochemical Li-storage performance of ultrafine Mn3O4 
nanocrystal grown on reduced graphene oxide 

Yongping Gan*, Liyuan Zhang, Hui Huang, Chu Liang, Xinyong Tao  

College of Materials Science and Engineering, Zhejiang University of Technology, 

Hangzhou 310014, China 

E Mail: ganyp@zjut.edu.cn   

Graphene-based hybrid nanostructures offer many opportunities for improved lithium 

storage performance. Herein, we report a novel synthesis of Mn3O4/reduced graphene 

oxide (Mn3O4/r-GO) composite based on microexplosion mechanism. It is found that 

many ultrafine Mn3O4 particles with a size of about 20 nm are well dispersed on the 

surface of r-GO sheets. Compared to pure Mn3O4, the Mn3O4/r-GO composite delivers 

higher lithium storage capacity and superior rate capability as promising anode materials 

for Li-ion batteries. The enhanced electrochemical performance of the Mn3O4/r-GO 

composite can be attributed to the buffering confining and conducting effects of the r-GO 

sheets, as well as the small and uniform particle size of Mn3O4. 

Keywords: Mn3O4, graphene, nanocrystals, electrochemical performance, lithium-ion batteries  
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Fabrication of layer LiMO2 (M=Mn, Co, Ni) cathodes with extra-high 

charge-discharge rate for lithium ion battery  
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Li-ion batteries, an ultimate rechargeable energy storage, play more and more 

important roles in modern people's life and activity. Developing energy storage 

equipments that can work at very high charge-discharge rate is crucial for efficient use 

of energy at power-hungry laptops, cameras, mobile phones and electric cars. From 

the perspective of chemistry, high-rate property of Li-ion batteries can only be 

achieved by significantly improving the kinetics of lithium ions and electrons in 

electrode. Here, we report on an simple methode to resolve kinetics problems of 

ultrafast charging-discharging Li-ion batteries by fabrication of layered LiMO2 

(M=Mn, Co, Ni) hexagonal sheet exposing with facets {101}. The synthetic 

procedure of hexagonal sheets is proceeded via a simple PVP-assisted co-precipitation, 

which is followed by a heat treatment. All hexagonal sheets LiMnxCoyNizO2 were 

demonstrated to deliver a superior excellent rate capability and outstanding cycle 

stability at high current density of 3000 mA g-1 and under a high cutoff voltage of 4.4 

V. The discharge capacity for the composition LiMn0.075Co0.775Ni0.15O2 at an ultrahigh 

charge-discharge rate of 10000 mA g-1 is almost as large as that for LiMn2O4 and 

commercial LiFePO4 at low rate of 1 C. Analysis shows taht such a superior 

electrochemical performance could be attributed to the following three aspects: (1) the 

top-bottom surfaces ({101} facets) of hexagonal sheet form an angle of 80.2o with 

one of the transport direction of Li-ions, which can greatly shorten the transport 

distance of lithium ions in layered electrode materials and provide an “express way” 

for lithium ions rocking; (2) hexagonal sheet is beneficial to the transmission of 
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electrons, which makes the resistance of hexagonal sheet electrode material very low; 

and (3) introduction of electrochemically inert Mn4+ can significantly enhance the 

structural stability of LiCoO2 at 4.4 V, which ensures the hexagonal sheets to have an 

excellent cycle life when charge-discharge at a high cutoff voltage. The findings 

reported here will open up a new way to prepare ultrahigh rate capability and cycle 

stability electrode materials for advanced lithium-ion batteries. 
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Homogeneous and Heterogeneous Approaches to Photochemical Water Splitting: a Fight for 

the Right Metals 
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Only recently, it has been shown that inexpensive metals like Cu and Fe lead to death and 

rebirth of a photocatalytic hydrogen production system.1 The lifetime of the overall catalytic 

system varied from only 5 to 60 h, being a typical problem for the use of 3d-metals.1 By 

contrast, it is well-known that 4d metals like Pd remain stable, when they are connected with 

soft donors like phosphines even under high pressure conditions.2 Thus, our work group has 

developed typical dyads based on Pd and Os containing a bridging bis(bidentate) 

tetraphosphine (Fig. 1, left) and an excellent stability of about 1000 h has been reached. 

Attempts are under way to replace the expensive Os-chromophore with an earth-abundant 

Cu-analogue. In this case its stability is enhanced due to the presence of a tetraphosphine, 

where the formation of a CuP4 species is suppressed.1,3 Fig. 1, right, shows one coordination 

moiety of this chromophore. The sterically demanding structure leads to a lifetime of the 

excited state of 13.8 μs and an emission quantum yield of 0.49 at ambient temperature, 

indicating that the radiationless decay is reduced. First experiments show very good TON 

numbers for H2 production, when combined with [Fe3(CO)12].     

 

Fig. 1: Crystal structures (simplified views) of a typical dyad (left) and a chromophore (right). 

Furthermore, also the 3d metal Co has been tested as water reduction catalyst (WRC). 

Monophosphines are capable of stabilizing precatalysts of the type [Co(III){(DO)(DOH)pn}Br2],
4 

leading to excellent TON numbers. A whole series of different monophosphines has been 

investigated, showing that Me2PhP outperforms Ph3P for photochemical water splitting. In the 

case of nanoparticles new 2,0 nm-sized Pd-particles capped with bipyridine have been used, 

yielding excellent TON numbers above 1000, where this value is related to one Pd-atom. 

Relating the TON to the active sites produces considerably higher TON values.   
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Array Photoanode for Improved Photoelectrochemical Water Oxidation 

Efficiency 
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The development of earth-abundant, highly-stable semiconductor photoelectrodes is of 

great importance to high-efficiency and sustainable photoelectrochemical (PEC) water 

splitting, which achieves solar fuels production in a clean and economic way.1 To date, 

the rational fabrication of high-efficiency photoanodes are challenging since the water 

oxidation (a half reaction of water splitting) is kinetics-sluggish, and it also involves a 

complex multiple proton-coupled electron transfer (PCET) process. An effective way to 

expedite the kinetics is to couple efficient electrocatalysts onto the surface of 

photoanodes. Herein, TiO2 photoanode was decorated by a simple photochemical 

modification strategy, for the first time, resulting in an ultrathin-layer-covered core/shell 

array photoanode. Large cathodic shift of photocurrent onset potential (~220 mV) was 

achieved for PEC water oxidation. The oxidative efficiency reaches close to 100% over a 

wide range of potential. The enhanced PEC performances originate from the greatly 

improved charge separation and suppression of back reactions. The present work supplies 

a facile and efficient strategy to construct core/shell array semiconductor photoanodes 

towards improving water oxidation efficiency.   

Keywords: Photoelectrochemistry, Photoanode, Water Oxidation, Core/Shell Structure  
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Improving photocatalytic performance and visible light respond by 
integrating two wide-band-gap semiconductors, SnO2 and Sn2Ta2O7 

XiaojingWang, Junyu Liang, Shuwei wang, Chongyan Li  
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010021, P. R. China.  
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It is well documented that NaTaO3 is superior over other semiconductors such as TiO2 in 

photocatalytic oxidation due to its wide band gap and very positive electrochemical 

potential. Although a larger band gap usually gives rise to a more strong driving force of 

the photo-redox reaction, while wider band gap would reduce light response range and 

seriously inhibit solar adsorption. Therefore, enormous efforts have been dedicated to 

tailoring the electronic structures so as to make the semiconductor sensitive to visible 

light without loss of the redox ability [1]. A novel heterostructure integrated by two wide-

band-gap semiconductors, SnO2 and Sn2Ta2O7, was successfully prepared in this work. 

The as-prepared heterostructure exhibits a higher potential edge that yielded an enhanced 

photo-redox ability. Further, the heterostructure is of Z-type, which effectively separated 

the photo-generated electron-hole pairs. Although both component semiconductors do not 

adsorb visible light, the resulted heterostructure was surprisingly observed to show an 

outstanding photocatalytic performance under visible light illumination(Fig. 2a). That is, 

methyl orange was completely removed in 20 min, more exceeding commercial 

photocatalyst N-doped P25. The existence of coupled Sn2+ and Sn4+ ions in the 

heterostructure is responsible for the absence of defeats and the regenerated catalytic 

activities. 

Keywords: photocatalysis, visible light respond, semiconductor, SnO2 and Sn2Ta2O7, wide band 

gap  
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Iridium Oxide Modified CdSe/CdS/TiO2 Nanorods for Efficient and 

Stable Photoelectrochemical Water Splitting 
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Sensitizing with CdS and CdSe quantum dots has been regarded as an effective 

approach to improve the photoactivity of TiO2 nanorods [1]. However, the use of 

CdS/CdSe is severely hindered by its terrible photochemical stability caused by hole-

induced anodic corrosion [2]. In this paper, we demonstrate the employ of iridium oxide 

nanoparticles on CdSe/CdS/TiO2 nanorods for efficient and stable photoelectrochemical 

water splitting. 

The morphology of the iridium oxide modified CdSe/CdS/TiO2 nanorods is shown 

in Figure 1a and 1b. TEM image and high resolution TEM image in Figure 1c and 1d 

directly illustrate the core-shell structure of the nanorods. Nanoparticles with diameter 

about 2～3 nm at the edge of the shell has an interplanar spacing of 0.225 nm which is 

correspond to the d-spacing of (200) planes of IrO2 as shown in the inset. Figure 2 

displays the Energy Filter TEM image of an ultimate nanorod and its elemental mappings 

which further confirm the multiple core-shell structure of the nanorods. 

Figure 3a depicts the line sweep voltammograms measured from TiO2 nanorods, 

CdSe/CdS/TiO2 nanorods and IrO2 modified CdSe/CdS/TiO2 nanorods. Photocurrent 

density of the CdSe/CdS/TiO2 nanorods increases rapidly as applied potential above the 

onset potential of -1.1 V vs. Ag/AgCl, and saturated at the potential of -0.5 V vs. 

Ag/AgCl. With the modification of IrO2 nanoparticles, the onset potential and saturation 

potential substantially shift to a lower value of -1.45 V and -0.8 V vs. Ag/AgCl, 

respectively. The negative shift of onset and saturation potential indicates that the charge 

separation and transportation in the IrO2 modified CdSe/CdS/TiO2 nanorods are more 

efficient than CdSe/CdS/TiO2 nanorods. Time-dependent measurement reveals that 
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photocurrent density of CdSe/CdS/TiO2 nanorods decrease continuously as shown in 

Figure 3b. In contrast, the ultimate nanorods with IrO2 modification show a stable 

photocurrent. 

In summary, we have successfully improved the photocatalytic activity and stability 

of the CdSe/CdS/TiO2 nanorods via IrO2 nanoparticles modification. Besides, the onset 

potential of -1.45 V vs. Ag/AgCl is one of the lowest values achieved by TiO2-based 

photoanode. Moreover, the IrO2 modification may also be an effective approach in other 

occasions including  solar cells and photocatalysis. 

Keywords: Nanorods, quantum dots, iridium oxide, photoelectrochemical water splitting 
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) in Quantum Dot-Sensitized Solar Cells, J. Am. 

Chem. Soc., 133, 9607–9615. 

 

Figure 1. Plane-view (a) and Side-view (b) SEM image of IrO2 modified CdSe/CdS/TiO2 nanorods. 

TEM image (c) and High resolution TEM image (d) of IrO2 modified CdSe/CdS/TiO2 nanorods. The 

inset is a magnified image. 
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Figure 2. Energy Filter TEM image of IrO2 

modified CdSe/CdS/TiO2 nanorods and its 

corresponding elemental mappings. 

 

 

Figure 3. (a) Line sweep voltammograms 

measured from TiO2 nanorods, 

CdSe/CdS/TiO2 nanorods and IrO2 modified 

CdSe/CdS/TiO2 nanorods. (b) Time-dependent 

photocurrent density of CdSe/CdS/TiO2 

nanorods before and after IrO2 modification. 
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ABSTRACT 

Photocatalysis has attracted an enormous amount of research interest, in especially with regard to 

applications such as solar hydrogen generation as well as pollutant degradation. Main research target 

is the development of corrosion-stable core candidate materials that are able to perform under the 

abundant visible light in the solar spectrum. Two main approaches are being employed, the 

development of visible light-sensitive semiconductors and  sensitisation of wide band-gap 

semiconductors [1]. In materials synthesis, plasma-enhanced surface modification and layer 

deposition methods are based on the presence of non-equilibrium states of reactive species in a 

plasma environment. They are therefore able to overcome limitations of traditional catalyst synthesis 

methods, giving rise to new reaction pathways and resulting in unique properties of nanomaterials.  

This presentation reports on recent work on development of DC magnetron sputtering processes for 

deposition of TiO2 and WO3 semiconductor layers as well as RF magnetron deposition for synthesis of 

N-doped graphite electrodes on TCO. Electrode properties are characterised by means of XRD, TEM, 

UV/Vis, XPS, Raman spectroscopy and photoelectrochemical characterisation including IMVS/IMPS 

and IPCE measurements. Furthermore, plasma-enhanced deposition methods for surface 

enhancement of photocatalysts layers by nanoparticles and polymer-encapsulation are also 

discussed.   
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Passivated n-p Co-doping of Niobium and Nitrogen into Self-organized TiO2
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Nanotube Arrays for Enhanced Visible Light Photocatalytic Performance 
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Passivated n-p co-doping of niobium and nitrogen was successfully incorporated 
into self-organized TiO2 nanotube arrays by anodizing Ti-Nb alloys, followed with 
the heat treatment in a flow of ammonia gas. Nb was doped into TiO2 nanotube arrays 
during the anodization by substituting Ti4+ with Nb5+, while N was doped into TiO2 
nanotube arrays during the heat treatment by substituting O2- with N3-. Since Nb in 
TiO2 enhanced the adsorption of NH3 molecules onto the nanotube arrays, Nb doping 
was found to promote the subsequent N doping into the anatase lattice. As predicted 
by first-principles band structure calculations, Nb/N co-doped titanium oxide 
nanotube arrays demonstrated a largely enhanced visible light response and visible 
light photocatalytic performance on the degradation of methylene blue, compared to 
TiO2 nanotube arrays or TiO2

 

 nanotube arrays with either dopant. The passivated n-p 
co-doping approach may also be applied to other material systems and promise a wide 
range of technical applications. 
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Figure 1: (a) and (b) Top-view FESEM images of TiON and Ti0.9Nb0.1ON nanotube 
arrays, respectively. (c) and (d) Cross-sectional view FESEM images of TiON and 
Ti0.9Nb0.1ON nanotube arrays, respectively.  

 
Figure 2: (a) and (b) TEM image and SAED patterns of Ti0.9Nb0.1ON nanotube arrays, 
respectively. (c) to (f) The distribution map of Ti, Nb, O, and N elements in 
Ti0.9Nb0.1

 

ON nanotube arrays, respectively.  

 

Preferred contribution: Oral 
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Photoanodic Hybrid Semiconductor–Molecular Heterojunction for 

Solar Water Oxidation 
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Inorganic photo-responsive semiconducting materials have been employed in 

photoelectrochemical (PEC) water oxidation devices in pursuit of solar to fuel 

conversion.[1] The reaction kinetics in semiconductors is limited by poor contact at the 

interfaces, and charge transfer is impeded by surface defects and the grain boundaries.[2] 

It has shown that successful surface functionalization of the photo-responsive 

semiconducting materials with co-catalysts can maximize the charge separation, hole 

delivery and its effective consumption, and enhances the efficiency and performane of 

the PEC based water oxidation assembly.[3] We present here unique modification of 

photoanodic hematite (α-Fe2O3) and bismuth vanadate (BiVO4) with molecular co-

catalysts for enhanced photoelectrochemical water oxidation (Figure 1). These hybrid 

inorganic–organometallic heterojunctions manifest impressive cathodic shifts in the onset 

potentials, and the photocurrent densities have been enhanced by > 90% at all potentials 

relative to uncatalyzed α-Fe2O3 or BiVO4, and other catalyst-semiconductor based 

heterojunctions. This is a novel development in the solar to fuel conversion field, and is 

crucially important for designing a tandem device where light interfere very little with the 

catalyst layer on top of semiconducting light absorber. 

Keywords: Water oxidation, photoelectrochemical, semiconducting materials, heterojunction, 

solar  fuel 
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Figure 1. Schematic representation of a hybrid molecular-inorganic heterojunction 

system for photoelectrochemical water oxidation. FTO is fluorine-doped tin-oxide coated 

glass substrate and WOC is a molecular water oxidation complex. 
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Int. Ed., 52, 10426–10437. 
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D. P. 2012, Nano-architecture and material designs for water splitting photoelectrodes. 

Chem. Soc. Rev., 41, 5654–5671. 
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Abstract: New photocatalysts Y2FeSbO7 and In2FeSbO7 were synthesized 

by the solid state reaction method for the first time. A comparative study 

about the structural and photocatalytic properties of Y2FeSbO7 and 

In2FeSbO7 was reported. The results showed that Y2FeSbO7 and In2FeSbO7 

crystallized with the pyrochlore-type structure, cubic crystal system and 

space group Fd3m. The lattice parameter a for Y2FeSbO7 or In2FeSbO7 was 

10.2281 Å or 10.0933 Å. The band gap of Y2FeSbO7 or In2FeSbO7 was 

estimated to be 2.129 eV or 1.847 eV. For the photocatalytic 

water-splitting reaction, H2 or O2 evolution was observed from pure water 

with Y2FeSbO7 or In2FeSbO7 as catalyst under visible light irradiation 

(Wavelength > 420 nm). Furthermore, H2 or O2 also spilt by using 

Y2FeSbO7 or In2FeSbO7 as catalyst from CH3OH/H2O or AgNO3/H2O 

solutions under visible light irradiation (λ > 420 nm). In2FeSbO7 showed 

higher activity compared with Y2FeSbO7. The photocatalytic activities for 

splitting water into H2 were further improved under visible light irradiation 

with Y2FeSbO7 or In2FeSbO7 being loaded by Pt, NiO or RuO2. The effect 

of Pt was better than that of NiO or RuO2 for improving the photocatalytic 

activity of Y2FeSbO7 or In2FeSbO7. 
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Although most organic solar cell materials produce photocurrents at efficiencies well 

below theoretical values as films exceed ~100 nm in thickness, we report an 

dialkoxyphenylene-difluorobenzothiadiazole based conjugated polymer (PPDT2FBT) 

which closely tracks theoretical photocurrent production while maintaining a high fill 

factor and producing peak power conversion efficiencies of 9% from remarkably thick 

films. The unique behavior of thick PPDT2FBT films arises from a combination of 

physical properties including strong π-π stacking, an isotropic morphology and suitable 

energy band structure. These physical characteristics allow efficient photocurrent 

extraction while inhibiting the recombination of electrical charges, allowing quantum 

efficiency near unity from exceptionally thick active layers in both conventional and 

inverted architectures. The ability of PPDT2FBT to function efficiently in thick cells 

allows devices to fully attenuate incident sunlight while enabling defect-free films to be 

processed over large areas, constituting a major advancement towards commercially 

viable organic solar cells. 
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Abstract- Gerard O’Neill’s outstanding satellite solar array concepts are updated from geostationary systems 

to include sun synchronous low earth orbits and Brandon Molniya orbits.  The low earth orbits would offer 

low cost and Brandon orbits would offer the convenience of stationary ground antennas.  Jalali’s silicon 

laser concepts would be useful for ten micron links for low cost and low cloud attenuation. 

1.  Introduction 

  Gerard K. O’Neill (1) had many important concepts in the mid 1970’s, including solar power arrays on 

geostationary satellites with microwave downlinks to large ground arrays.  These were envisioned to 

supply a sizeable fraction of terrestrial energy needs.  Since then, geostationary real estate has come 

under intense pressure, and low earth orbits and Brandon Molniya elliptic orbits have been examined as 

geostationary replacements.   These Brandon orbits allowed convenient low loss laser links to the 

northern Temperate Zone.   We examine 10 micron satellite laser transmission to northern U.S. and 

Denver with Jalali’s silicon lasers as a potentially important power source.   We compare the link 

performance of the Brandon Molniya orbits with a geostationary satellite.   

Fig. 1-1 shows the expected 80th percentile attenuation over the Northern Hemisphere for 10 micron laser 

communication, as derived from Barbaliscia (2) (App A), and the 1999 Ka Conference (3). 

                                     

                             Fig 1-1  New 10 Micron Attenuation (80%), with Cloud Cover from Barbaliscia (2)  

                                                                                                        Mathematica  Jan8—lrev2.nb  pc. 

 

Laser Communication for Nanosatellites 

Low cost nanosatellites are receiving new emphasis for Earth Observation, with the need for restricted 

costs.  We also examine the possibility that high performance optical systems could deliver high downlink 

power for a small low cost system.  Link reliability would suffer, but might be acceptable if large scale 

10dB  

Denver  
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ground site diversity were available.  Takayama (4) showed the value of large ground arrays, and 

Boldyrev’s cloud correlation can used to estimate attenuation for large scale diversity (5).   

The Boldyrev cloud correlation function, helpful for laser systems, demands site separation approaching 

120 km as in Fig. 1-2.  The cloud correlation function actually becomes negative at 200 km, approaching 

a minimum at 380 km.  

The diversity demands for millimeter wave and laser systems appear so diverse, that a compromise on 

site diversity appears very difficult.  The ground site economics for diversity presents its own demands 

and a resolution for the dilemma may be estimated by good performance with reasonable ground site 

costs.  

We examine millimeter wave satellite systems, and then 10 micron system demands.  Ground system 

economics then suggests reasonable compromises for ground site separation.  

                         

      Fig. 1-2a    Furuhama’s Rain Correlation        Fig. 1-2b   Boldyrev’s Cloud Correlation  . 

Pierce’s  Bivariate Exponential PDF 

Pierce’s bivariate exponential probability density function is helpful in seeing the advantages of two 

separated ground sites for laser reception.  The Pierce pdf may be seen as 

 

      P(A1,A2)=            

 
                                                                            (1-1) 

                                                   Where r= correlation coefficient between 2 sites (from Boldyrev) 

 

 
                      Fig 1-3   Pierce Bivariate PDF for Range of Correlation (0.7,.8,.9,1.0)  

The Pierce probability for two sites showing extreme attenuation 
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          (1-2) 

It is helpful to expand the pdf about the correlation rho =0. 

The first order expansion, as shown by Mathematica (6), is 

 

Quad Diversity for Pierce= 

 
                                                                                                                                        ( 1-3 ) 

 

The joint probability of all four ground sites suffering large attenuation may be found as a double integral, 

with results discussed further in App. B. 

 

 
 

                                                                                                                                         ( 1-4 ) 

Higher reliability results for 8-ary ground diversity are also underway. 
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Realization of both high efficiency and quantum tunneling in QM-SIS solar cells 
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Abstract: Among the various photovoltaic (PV) devices with the heterojunction architecture, the 

intrinsic layer of the thickness in nano-scale is significant for carrier (electron - hole) 

transportation and efficient tunneling, such as those solar cells of HIT (Heterojunction with 

intrinsic thin film), SHJ-IBC, QTSC, SIS and so on with multi-layers [1]. However, the controllable 

synthesis and/or growth of these functional thin films are usually very difficult to get to the goal. 

Here, a predigested processing used for an ultra-thin silicon oxide layer has been developed in 

the fabrication of QM-SIS (quasi-metal-semiconductor – insulator - semiconductor) solar cells by 

a direct sputtering of ITO on crystal Si substrate at an appropriate temperature. The built in field 

and the carriers tunneling path have been established near the buffer layer and an inversion 

region within the special changed region on the top of silicon substrate is verified through I-V, C-V 

and XPS measurement. The apparent thickness of the buffer layer was observed by high 

resolution TEM together with depth etching of XPS spectroscopies, respectively. The good 

optoelectronic conversion parameters of the PV device, such as open-circuit voltage, short-circuit 

current, filled factor, conversion power and thermal stability, have been obtained compared with 

the former results. In addition, the quantum tunnel of the device was confirmed at low 

temperature (below 100K) to support the tunneling mechanism of the device. 

 

 

Reference: 

[1] Alan Goodrich, Peter Hacke, Qi Wang, Bhushan Sopori, Robert Margolis, Ted L.James and 

Michael Woodhouse, A wafer-based monocrystalline silicon photovoltaics road map: Utilizing 

known technology improvement opportunities for futher reductions in manufacturing costs, 

Solar Energy Materials and Solar Cells 114, (2013) 110-135 

AFM2015 - Jun 29 to Jul 3

Symposia 4: Advances in Energy Storage and Conversion Devices 56

Advances in Functional Materials

mailto:zqma@shu.edu.cn


A new self-adhesive transparent electrode for high efficiency perovskite 
solar cells  
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The field of thin film hybrid organic inorganic photovoltaics has been recently 

reinvigorated by the development of solid state organolead halide perovskite solar cells  

achieving over 19% performance at lab-scale. Attention is now starting to turn to the 

manufacturing processes required to scale these lab devices into modules, for high 

volume output roll to roll processing on low cost substrates such as metal foils and plastic 

sheeting. For laboratory devices, charge collection at the counter electrode is achieved via 

sputtering or evaporating of an opaque metallic contact, typically gold or silver and this 

renders it innapropriate for high volume manufacturing on flexible metal foils. 

Here we describe a major breakthrough in electrode engineering that entails the 

combination of a polymer embedded nickel grid with a transparent conducting contact 

adhesive that can be applied to perovskite devices providing conductivity, charge 

extraction, mechanical adhesion and environmental protection.  This has enabled the 

development of an indium-tin oxide (ITO), Au and Ag free entirely non-vacuum 

processed perovskite device to be manufactured. 

The new system is a blend of an acrylic emulsion pressure sensitive adhesive (PSA) with 

a very low loading (0.018 volume fraction) PEDOT:PSS. This causes a phase segregation 

to occur between the PEDOT:PSS and the polymer adhesive domains which is 

advantageous for achieving conductivity at an order of magnitude lower volume fraction 

than the conventional percolation threshold. The PEDOT:PSS assembles into a 

honeycomb arrangement around the larger domains typical of acrylic emulsion, the 
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spanning network is now more ordered and allows conductivity to be evolved. The low 

loading gives excellent transparency of over 85%. To complete the electrode design the 

conducting adhesive is applied onto a corrosion proof Ni mesh electrode embedded into 

conventional PET film. The whole electrode can be fabricated separately to the 

perovskite material and then laminated together at room temperature  

Device performance is comparable to that of a gold vacuum deposited electrode with 

champion efficiencies achieving 16.7% for the gold and 15.5% for the laminate on a glass 

substrate. This paper also presents for the first time a fully flexible indium and silver free 

perovskite solar cell using metal foil as a substrate incorporating the new laminate. 

Keywords: Functional, laminate, perovskite, adhesive, solar cell  
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Molecular glasses as hole transporting materials in solid state dye-
sensitized solar cells 
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In recent years, there have been considerable interests in the development of small 

organic molecules hole transporting materials (HTM) for solid state dye sensitized solar 

cells (ssDSSCs). Small molecules exhibit many outstanding advantages over polymers 

(structural versatility, identical molecular weight, relatively easy purification). Despite 

their tendency to crystallization, small molecules can form stable amorphous materials 

above ambient temperature if their structures are meticulously designed. In the present 

communication, we will focus on the design, synthesis, and characterization of new p-

type amorphous organic semiconductors based on N-alkylated carbazole and star-

shaped tris(4-(thiophen-2-yl)phenyl)amine cores. We will also report the application of 

these molecules as HTMs in ssDSSCs combining with indoline D102 organic dye. 

Keywords: arylamine, molecular glass, hole transporting material, dye-sensitized solar 

cell 
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Among Organic Electronics, solution-processable π-conjugated polymers are proving 

particularly promising in bulk-heterojunction (BHJ) solar cells with fullerene acceptors 

such as PCBM.[1] In recent years, great headway has been made in the development of 

efficient polymer donors across the community, with published power conversion 

efficiencies (PCE) >8% in single cells and >10% in tandems. In most reports, these 

systems involve elaborate repeat unit and side chain patterns, and deviating from those 

patterns induces substantial drops in device PCE. While the range of polymer design 

parameters that impact BHJ solar cell performance remains a matter of some debate, our 

recent developments indicate that the combination of side-chain substituents appended to 

the main chain critically impacts polymer performance. 

For example, in poly(benzo[1,2-b:4,5-b’]dithiophene–thieno[3,4-c]pyrrole-4,6-dione) 

(PBDTTPD), side-chain substituents of various size and branching impart distinct 

molecular packing distances (i.e., π–π stacking and lamellar spacing), varying degrees of 

nanostructural order in thin films, and preferential backbone orientation relative to the 

device substrate.[2-5] While these structural variations seem to correlate with BHJ solar 

cell performance, with power conversion efficiencies ranging from 4% to 8.5%,[2,3] we 

believe that other contributing parameters – such as the local conformations between the 

polymer and the fullerene, and the domain distribution/composition across the BHJ (i.e., 

pure/mixed phases) – should also be taken into account.[6,7] Other discrete modifications 

of PBDTTPD’s molecular structure affect polymer performance in BHJ solar cells with 

PCBM, and our recent developments emphasize how systematic structure-property 
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relationship studies impact the design of efficient polymer donors for BHJ solar cell 

applications.[8-10] It is important to further our understanding of these effects as we look 

to continue improving BHJ solar cell efficiencies. 

Keywords: Polymer, fullerene, bulk-heterojunction, PBDTTPD, solar cell 
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Effectively Utilizing NIR Light Using Direct Electron Injection from 
Up-Conversion Nanoparticles to the TiO2 Photoanode  in Dye-Sensitized 
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As the infrared and near-infrared light comprises almost half of the energy in the sunlight, 

utilizing this part of energy by up-conversion nanoparticles (UCNPs) to increase the 

energy conversion efficiency has been a research hotspot. Current researches mainly 

focus on two aspects: i) the conversion of NIR light to visible light by UCNPs and how 

the converted light is absorbed by dye-sensitizer, ii) the reflection of light. Due to the low 

emission efficiency of UCNPs, the large energy lose during energy transfer from the 

UCNPs to the dye sensitizer and the apparent charge recombination at the 

UC/dye/electrolyte interfaces, it is difficult to achieve a higher photocurrent output 

efficiency. Herein, TiO2/NaYF4:Yb3+,Er3+ nano-heterostructures are prepared in situ on 

the TiO2 photoanode of dye-sensitized solar cells (DSCs). By directly injecting the 

excited electrons in the high energy level of UCNPs into the conductive band (CB) of 

TiO2 through the shared interface of the nano-heterostructures, the overall efficiency (η) 

of a DSC device with the nano-heretostructure in the photoanode is 17% higher than that 

of  a device without the up-conversion nanoparticles (UCNPs) and 13% higher than that 

of a device with only physically mixed TiO2 and UCNPs. The decisive role of electron 

injection is carefully explained by comparing the up-converted fluorescence spectrum. 

Nano-heterostructures of TiO2/UCNP containing Tm3+ and Ho3+ are also prepared. Their 

results further reveal that only ones with appropriate energy levels matching can facilitate 

effectively direct electron injection from the UNCPs to TiO2, and result in obvious 

improvement of the photocurrent and overall efficiency of DSCs while using NIR light. 

Keywords: Up-conversion, dye-sensitized solar cells, nano-heterostructures, electron injection 
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Abstract 

To solve the energy crisis and environmental pollution problems, researchers have prompted to 

intensively investigate solar cells which can provide clean and renewable energy to reduce the 

consumption of fossil fuels. Dye-sensitized solar cells (DSSCs) are promising solar cells because of 

their low cost and environmentally friendly characteristics [1]. For the purpose of further cost-cutting, 

Platinum (Pt)-free counter electrode (CE) has been proposed to be used in the DSSCs.[2] However, 

the efficiency of cells fabricated with Pt-free CEs is still lower than that of cells with Pt CEs, 

especially, in the cell with high efficiency of over 10%. In this work, a novel conductive catalyst was 

designed based on a quasi core/shell structure of N-doped graphene/cobalt sulfide. This 

Platinum-free catalyst shows high catalytic activity and conductivity owing to close interactions 

between the core- cobalt sulphide and the shell- N-doped graphene. It enables dye-sensitized solar 

cells (DSSCs) to obtain high energy conversion efficiency up to 10.71%, which is as far as we know 

the highest efficiency for DSSCs based on Platinum-free counter electrode. 

 

Keywords: conductive catalyst; counter electrodes; dye-sensitized solar cells; energy conversion; 

electrochemistry 
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Dye sensitized solar cells (DSCs) based on gel polymer electrolytes (GPEs) have 

received significant attention [1-2] due to advantages such as having excellent contact, 

high conductivity and thermal stability compared with DSSCs based on conventional 

polymer electrolytes. In this work, environmental friendly biopolymer Hydroxypropyl 

cellulose (HPC), calcium iodide (CaI), ethylene carbonate (EC) and propylene carbonate 

(PC) were used for preparation of polymer electrolyte system (HPC:EC:PC:CaI). To 

provide a redox mediator, iodine (I2) was added into the gel polymer electrolyte. The 

weights of HPC, EC, PC and CaI were kept at 0.5, 5.0, 5.0 and 0.5 g, respectively. Ionic 

conductivity of 2.49×10−3 S/cm was achieved. Temperature-dependent behavior of gel 

polymer electrolyte was analyzed in this work. Dye sensitized solar cell (DSSC) was 

fabricated using HPC:EC:PC:CaI gel polymer electrolyte and analyzed under Sun 

simulator. The GPE sample shows 4.61 % energy conversion efficiency with short-circuit 

current density, open-circuit voltage and fill factor of 16.50 mA cm−2, 470 mV and 59.4 

%, respectively.  
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Cu2ZnSnS4 (CZTS) is known to be a candidate to replace Cu2InGaSe4 for low cost thin 

film solar cell. For the synthesis of CZTS, sulfurization of (S-incorporated) Cu-Zn-Sn 

precursor is widely used. As for the preparation of the precursor, sputtering process is 

favorable to obtain uniform film with controllable composition. As for the sulfurization, the 

annealing with H2S gas has advantage for the synthesis of CZTS phase under the controlled 

sulfur partial pressure. In this respect, sulfurization of metal precursor prepared by sputtering 

of pure Cu, Zn and Sn targets with H2S gas is suitable for fabrication of CZTS solar cell with 

large-scale at low cost. However, there are few papers about CZTS solar cells prepared by 

sulfurization of pure metal precursor with H2S gas. In this study, we investigated the 

influence of pre-annealing on the solar cell performance of CZTS thin film prepared by 

sulfurization of metal precursor with H2S gas. Cu-Zn-Sn precursor with stacked structure, 

(Cu,Sn)/Zn, was deposited on the Mo coated glass substrate by magnetron sputtering of pure 

Cu, Zn and Sn metal targets. The stacked precursor was sulfurized using a rapid thermal 

annealing (RTA) in the mixed N2+H2S atmosphere at 550°C. In the process, pre-annealing at 

various temperatures from 350°C to 450 °C in the mixed N2+H2S atmosphere was adopted to 

improve the phase formation of CZTS. The efficiency of the CZTS solar cell was critically 

dependent on the pre-annealing condition. In contrast to the CZTS solar cell prepared without 

pre-annealing which showed lower conversion efficiency (2.1~ 2.6%), the CZTS solar cell 

prepared with pre-annealing at 450°C showed higher cell efficiency (3.0~3.3%). However, 

the cell efficiency of CZTS solar cell prepared with pre-annealing in an Ar atmosphere, much 

lower conversion efficiency (0.9%) was obtained. The change in the cell performance of 

CZTS thin films by the adoption of various pre-annealing processes will be discussed in 

terms of CZTS formation through the ZnS and Cu2SnS3 phases. 

Keywords: CZTS solar cell, metal precursor, sulfurization, H2S, pre-annealing  
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A novel method was developed to successfully prepare mesoporous Si/C nanocomposites 

with yolk–shell structures (MSi@C). Different from the previous reported methods, this 

approach was unique, straightforward and easily scaled up. The MSi@C nanocomposites 

possessed an M-Si core with diameter 150 nm and a carbon shell with diameter 230 

nm. Such nano and mesoporous structure combined with voids between the M-Si core 

and carbon shell not only provides enough space for the volume expansion of M-Si 

during lithiation, but also accommodates the mechanical stresses/strains caused by the 

volume inflation and contraction. Moreover, partial graphitization of the carbon 

contributed to the improved electrical conductivity and rate performance of MSi@C. As a 

result, the prepared MSi@C exhibited an initial reversible capacity of 2599.1 mA h g−1 

and maintained 1264.7 mA h g−1 even after 150 cycles at 100 mA g−1, with high 

coulombic efficiency (CE) above 99% (based on the weight of M-Si in the electrode). 

Therefore, this work provided an alternative method to fabricate yolk–shell 

nanostructured materials with great potential as anode materials for lithium ion batteries. 

Keywords: Si/C nanocomposites, Yolk–shell, anode materials, lithium ion batteries 
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Controlled Assembly of Modified DNA Wires 

Colette J Whitfield
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For several years, the self-assembling nature of DNA has been an attractive property 

to construct functional wires on the nano-scale. Many groups have successfully assembled 

metal-based nano-wires using DNA as a template [1], however, site specific deposition is an 

ongoing challenge. We aim to control the uniform deposition of metal ions at prepositioned 

functionalities along the helix. Here we report an enzyme based route for the formation of 

long uniformly functionalised DNA for controlled metal incorporation. 

A PCR-based method has been developed, capable of annealing DNA duplexes to 

form ‘sticky ends’, resulting in extension of double stranded DNA using a Thermococcus 

gorgonarius Family B Polymerase exonuclease minus variant. Products from 200 to 20,000+ 

base pairs (68 nm to 6800 nm) of any repeat sequence of DNA are possible. The controlled 

incorporation of d-6-thio-GTP into such DNA permits the controlled binding of Au(I) to 

precise arrangements to produce uniform and ordered nano-scale wires.  

Due to the ability to extend a range of repeat sequences and the extensive variety of 

modified nucleotides available, an endless assortment of uniformly functional DNA is 

possible.  

Keywords: Functional, template, DNA, wire  

[1] WATSON, S. M. D., PIKE, A. R., PATE, J., HOULTON, A. & HORROCKS, B. R. 2014. DNA-

template nanowires: morphology and electrical conductivity. Nanoscale, 6, 4027-4037 
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Non-enzymatic detection of carbamate pesticides based on monodisperse 
AuRh nanocrystals 

Chen, Zhang, Xu  

Department of Chemistry, Shanghai University, Shanghai 200444, China 

E mail:conanbokc@gmail.com (Presenting author), xujiaqiang@shu.edu.cn (Corresponding 

author) 

For the first time, monodisperse AuRh bimetallic nanocrystals are employed for the non-

enzymatic specific detection of carbamate pesticides. Compared with state of the art, other Au 

based bimetallic nanocrystals and monometallic analogues, AuRh nanocrystals show their 

advances in specific electrocatalytic reaction toward carbamate pesticides at nano-molar (nM) 

level without the assistance of acetylcholinesterase (AchE) or other biochemical recognition 

elements. According to the electrochemical assessments, we discover that AuRh nanocrystals 

have considerable response toward 1 nM carbaryl, while there is no response to 

organophosphorus pesticides over AuRh nanocrystals. The ultra-sensitive and highly selective 

detection of carbamate pesticides could be attributed to the great catalytic activity of AuRh 

nanocrystals toward -NH2 group in carbamate pesticides. 

Keywords: AuRh, carbamate pesticides, electrochemical sensor 

 

Figure 1: TEM image of AuRh 
nanocrystals as well as STEM image and 
corresponding element maps showing the 
distribution of Au (red) and Rh (green). 

 

Figure2: Current-time responses of AuRh 

toward different pesticides. Inset is the 
magnified amperometric responses of low 

concentration of carbaryl. 
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Active Colloids for Enhanced Analyte Transport in Biosensors  

Dr Andrew Campbell1, Richard Archer1, Prof. Gavin Buxton2, Dr Stephen Ebbens1 

1Chemical & Biological Engineering, University of Sheffield, Sir Robert Hadfield 

Building, Sheffield, S1 3JD 
2Department of Science, Robert Morris University, Moon Township, PA 15108 

s.ebbens@sheffield.ac.uk 

Transport processes in biosensing devices are often limited by diffusion. For example, in a 

common immunoassay sensor geometry, where analytical solution is placed within a 

microwell containing a spatially well-defined detector region, binding rate is determined 

by the Brownian diffusion constant of the target molecules.  As the detector region is 

miniaturized, the diffusion limit can lead to accumulation times of several hours.1  One 

suggested method to improve transport rate is to coat surfaces surrounding the detector 

with protein motors, which can bind and carry molecules for analysis at enhanced rates.2  

However, protein motors are difficult to extract, suffer from storage and lifetime, and 

solution compatibility issues and are limited to 2D transport.  In this context, we explore 

the potential for active colloids, synthetic catalytically driven super-diffusive devices 

capable of 3D motion to offer an alternative transport system.  We show how active colloids 

modified with anti-bodies can perform selective protein capture from throughout a liquid 

volume, and at an enhanced rate due to improved volume transport and rotational 

alignment.    We also describe how harnessing active colloids interaction with gravity, and 

surface topographic and chemical modification can lead to autonomous rapid accumulation 

of active colloids, and surface bound protein at the detector region, consequently providing 

a route to overcome the diffusion limit for a wide range of biosensing applications. 

Keywords: Biosensor, Colloid, Catalysis 

[1] KATIRA, P. & HESS, H. 2010. Two-stage capture employing active transport 
enables sensitive and fast biosensors. Nano Lett. 10, 567–72. 

[2] FISCHER, T., AGARWAL, A. & HESS, H. 2009. A smart dust biosensor 
powered by kinesin motors. Nat. Nanotechnol. 4, 162–6.  
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Molecular functionalization of Nanomaterials for Immuno-diagnosis of Cancer 
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1Advanced Instrumentation Research Facility, Jawaharlal Nehru University, New Delhi-110067 
2Department of Human Genetics, Punjabi University, Patiala, Punjab-147002 

3CSIR-National Physical Laboratory, New Delhi-110067 
*Email: kavitaa@gmail.com, kavitaarora@jnu.ac.in 

 

Cancer is a major health problem worldwide, where poor prognosis of the disease 

significantly contributes to its monstrous nature. Survival of a cancer patient is strongly 

dependent on its early/timely detection coupled with appropriate treatment modalities. Till 

date majority of cancers remain undetected until advanced stage. Cancer existence can be 

controlled through evidence-based cancer prevention strategies, improved diagnostic 

methodologies and patient management. About one-third of the cancer burden could be 

decreased with the timely diagnosis and treatment. Therefore, research and development of 

handy devices for early diagnosis and prognosis of disease are receiving much attention. 

Functionalized nanomaterials based portable and miniaturized, low cost biosensors/ 

immunosensors can prove a pioneer step in the same direction. These devices offer fast, 

sensitive, selective and convenient clinical diagnosis and monitoring due to ease of handling. 

These are small devices incorporated with biomolecules which are used to detect the 

biological parameters by electrochemical or optical transduction system and facilitate 

detection of biomarkers (nucleic acid, enzymes and proteins etc.). our work focuses on the 

synthesis and functionalization of nanomaterials to make them biocompatible for application 

in biological sensing.  

 Graphene oxide (GO) due to excellent electrochemical properties, biocompatibility, 

high defect density and presence of pendant organic functional groups (-OH,-COOH,-CHO) 

allows easy attachment of various biomolecules such as protein, enzyme and nucleic acids. 

Graphene Oxide (GO) based electrochemical immunosensor for human telomerase reverse 

transcriptase (hTERT) for lung cancer was developed exhibiting detection limit of 10 ag mL-1 

(10 × 10-18 g mL-1) in detection range (10 ag mL-1 – 50 ng mL-1) using DPV. Carbon 

nanotubes (CNTs) are also among attractive low cost matrices available that offer bio-electro-

compatibility due to their unique structure, high chemical stability, high surface-to-volume 

ratio. An immunosensor as successfully demonstrated for simultaneous detection of two 

analytes (anti-MAGE A11 and anti-MAGE A2) from 5 fg mL-1 – 50 ng mL-1 using 

differential pulse voltammetry. Similarly, cysteine functionalized gold electrodes utilized  
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towards detection of oral cancer biomarker, CD-59. This immunosensor facilitated improved 

electron transduction due to cysteine linker serving as ‘molecular switch’ and showed a 

specific response to CD-59 in the range of 0.1 pg mL-1 – 50 ng mL-1 using EIS with good 

specificity and reproducibility. Therefore, the simplistic nano based molecular 

functionalization approaches are opening wonderful opportunities to fine tune and custom 

design efficient clinical diagnostic platforms for early cancer diagnosis. Such devices also 

allows low level detection that warrants the realization of point-of-care device for early 

detection of diseases through biological fluids.  
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A New Bifunctional Electrochemical Sensor for Hydrogen Peroxide and 

Nitrite Based on Bimetallic Porphyrin MOF 

Li-Mei Shi, Bo Zhou 

Nanjing Normal University, Nanjing 210023, China. 

E Mail: zhoubo@njnu.edu.cn 

Metalloporphyrin molecules are excellent candidates to act as molecular building blocks 

for the construction of MOFs, because of various functional group substituents in the 

periphery of the molecule and the huge variety of available derivatives incorporating 

different centre-coordinated metals.[1] in this work, a new bimetallic porphyrin MOF, 

[Cu2(Co-TCPP)(H2O)2]·0.5DMF·5H2O (Cu-CoTCPP), consisting of [5,10,15,20-(4-

carboxy-phenyl)porphyrin]Co(II) (CoTCPP) struts which were bound by Cu(II)-

carboxylate clusters (Cu2(COO)4), was prepared solvothermally and characterized by 

various techniques, including XRD, IR, elemental analysis, TG, and TEM. Cu-CoTCPP 

showed novel bifunctional electrocatalytic ability toward both the reduction of H2O2 and 

the oxidation of NaNO2 which might be due to Cu and Co, respectively. With the 

assistance of multi-walled carbon nanotubes (MWNTs), Cu-CoTCPP showed greatly 

improved sensing performance in the determination of H2O2 and NaNO2. Cu-

CoTCPP/MWNTs/GCE also showed fast response, and high selectivity, steadiness and 

reproducibility. Excellent determination performance and high biocompatibility make the 

metalloporphyrin functionalized MOFs promising in electrochemical biosensing. 

Keywords: porphyrin MOF, bimetallic, electrochemical sensing 

[1] LI, Q. W., ZHANG, W. Y., MILJANIC, O. S., SUE, C. H., ZHAO, Y. L., LIU, L. H., 

KNOBLER, C. B., STODDART, J. F. & YAGHI, O. M. 2009. Docking in Metal-Organic 

Frameworks. Science, 325, 855-859. 

The authors thank National Natural Science Foundation of China (Grant No. 21175068) 
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1Center for BioMicrosystems, Korea Institute of Science and Technology, Seoul 136-791, 
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- Presentator : lookup2@hanmail.net / Jinsik Kim 

- Contact Author : kshwang@kist.re.kr/ Kyo Seon Hwang 

The reproducible fabrication of device with graphene was the bottleneck to make the 

device as practically used device. To improve the reproducibility, a widely used 

promising nano material, graphene oxide (GO), has been introduced. The reduced GO 

called rGO has been used in various fields such as flexible display, light emitting diode 

and field-effect transistor nano-device due to its novel properties [1]. The rGO had great 

electrical conductivity compared with graphene and it can be used as electrical device. 

The sites and band gap of rGO could be easily controllable. The rGO nano material’s 

great novel properties which were high conductivity and easy controllable band gap and 

reaction sites could make the rGO as sufficient sensing material in biosensor applications 

[2]. 

Here, we introduced the MEMS (micro electrical and mechanical systems) fabrication 

method based sensor with reduced graphene oxide for amyloid beta for early diagnosis of 

Alzheimer's disease. Amyloid-beta is the biomarker related with Alzheimer's disease.  

The level of amyloid-beta in blood should be detected to early diagnosis of the 

Alzheimer's disease [3]. 

The surface modification was tried to enhance the conductivity of GO. Ester group 

replacement with Dextran was tried as a reduction process. Thermal reduction and 
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chemical reduction with hydriodic acid were also tried. In case of the replacement using 

Dextran, the replaced ester groups with Dextran were also reaction sites with 

biomolecules as a result in reaction site enhancement compare to rGO with other method. 

The squeezing method was used to form the rGO film on silicon oxide substrate. The 

rGO film’s resistance in range of tens ~ hundreds kilo ohms was optimized to sufficient 

for detection of biomolecules. Fully reduced GO could have less resistance, however, the 

adhesion was also going to be poor. The adhesion of rGO layer to substrate is important 

property to use conventional MEMS fabrication method such as photoresist deposition, 

developing, etching and washing with deionized water and acetone. The optimization of 

reduction between resistance and adhesion should be needed to make practical bio sensor 

with rGO. 

Detection of amyloid-beta was tried for early diagnosis for an Alzheimer’s disease 

with the designed rGO based sensors. Antibody of amyloid-beta was immobilized on the 

rGO surface. The affinity reaction between antibody of amyloid-beta and amyloid-beta 

induced the changes of conductance of rGO.  The conductance was measure to detect the 

amyloid-beta.  

Finally, ultra-low concentration of below ~pg/mL range was the limit of detection 

point of the rGO biosensor. The sensitivity of rGO based sensor was sufficient to detect 

the amyloid-beta in blood sample. We hope that the achievement of biosensor device 

with rGO makes the Alzheimer’s disease is not a disease. 

 

Keywords: rGO biosensor, Alzheimer’s disease, Graphene Oxide, Conductance 
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polypeptide-based enzyme detection using a graphene-nanoparticle hybrid sensor, 

Advanced materials, 24, 6081-6087 

[3] Soo Min Cho, Hyunjin Vincent Kim, Sejin Lee, Hye Yun Kim, Woong Kim, Tae 

Song Kim, Dong Jin Kim and Young Soo Kim, 2014, Correlations of amyloid-β levels 

between CSF and plasma in acute AD mouse model, Scientific reports, 4, 6777 
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ABSTRACT 

 

Liposomes in polymer gel preparation have opened up a new dimension in pharmaceutical 

formulation especially topical application as gels usually have longer contact time with the skin. 

In this study, liposomal gel was prepared by mixing oleic acid (OA) liposomes coated acylated 

chitosan into carbohydrate based gel of iota-carrageenan and carboxymethyl cellulose (iC-CMC) 

gel. The acylated chitosans were prepared by using water soluble low molecular weight (LMW) 

chitosan (10 and 25 kDa). The coating of the chitosan layer on OA liposomes was confirmed by 

its microscopic images and physicochemical properties, such as zeta potential and size of the 

liposomes. After surface modification, we have also observed enhanced liposome structure 

rigidity and decrease in the average particle size by at least 20 nm as compared to the unmodified 

OA liposomes. The decrease in the liposome average diameter was also accompanied with an 

increse of their average zeta potential from -86 mV to -60 mV indicated that successful coating 

on the surface of OA liposomes. The gel mixture with 5:5 of iC-CMC ratio has been found to be 

the optimum composition. Under the optimum composition, the gel matrix has showed optimum 

flexibility and elasticity. The liposomal gels were prepared by dispersing the liposomes into the 

optimized gel matrix individually. Based on the rheological results, the presence of liposomes 

has been enhanced the elasticity and viscosity of the liposomal gel. The liposomal gels were also 

showed greater shear thinning effect, which indicated the better spreading ability of the 

liposomal gels as compared to the pure 5:5 of iC-CMC mixed gel. However, the changes in the 

viscous modulus (G”) which described the physical entanglements within the gel matrix were 

negligible in the presence of liposomes. This result indicated that the liposomes do not alter the 

internal gel network structure, but accommodated in the void spaces in the gel.  
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Keywords: Liposomes in gel, oleic acid liposome, acylated chitosan, carrageenan, 

carboxymethyl cellulose. 
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This work is focused directly to the addition of extracts of traditional medicinal plants (H. 

virginiana, C. sinensis and A. adstringens) in a chitosan-pullulan platform to generate 

appropriate based materials for biomedical applications biopolymers. The antimicrobial effect 

of chitosan based active membranes and pullulan was evaluated against Streptococcus mutans 

ATCC 700610 and Candida albicans ATCC 90029 strains [1]. Based on preliminary 

antimicrobial activity test, the MIC values were determined with 123.9 mg/ml for C.  sinensis, 

30.87 mg/ml for H. virginiana and 156.8 mg/ml for A. adstringens. The cytocompatibility of 

active membrane was evaluated by the Neutral Red method using a fibroblast cell line [2]. 

After 24 hours, cell viability was 82%, 88% and 100% for functionalized membranes C. 

sinensis, A. adstringens and H. virginiana, respectively.  

 

Keywords: drug delivery, chitosan, pullulan, antimicrobial 
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Swithachable fluorescent materials whose emission properties can be tuned or even 

switched by environmental stimuli such as light[1] or chemical input,[2] can be used as 

probes for sensing biomolecules. Some of them showed exciting applications in 

imaging living cells. Herein, naphthalimide based ratiometric fluorescent probes and 

photoswitchable diarylethene derivatives have been developed for the detection of 

reactive oxygen species (ROS, including hydroxyl radicals and hydrogen peroxide) 

and DNA, respectively.  

The probes for ROS show high selectivity and sensitivity toward hydroxyl radicals or 

hydrogen peroxide (H2O2). Moreover, they have no cellular toxicity, and can be 

effectively used for intracellular detection of ROS. By introducing a nuclear 

localization signal (NLS) peptide, the ratiometric H2O2 fluorescent probe can be 

delivered into nuclei and can monitor nucleus H2O2.  

Photoswitchable molecules can undergo conformational change between two isomers 

with different photophysical properties triggered by light,1 which might have 

significant potential applications in DNA-related bio-events. Herein, thiazole orange 

-modified diarylethene derivatives were designed and their DNA-gated photochromic 

properties were explored. Those molecules act as an effective DNA marker, whereas 

DNA can light-up the chromophore and unlock the photochromic activity of the 

diarylethene even within cells. 
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Magnetic nanoparticles are often synthesized by decomposition of organometallic 

precursors into hot surfactant solutions, a technique that results in highly crystalline iron 

oxide cores with a narrow size distribution. In order to use these nanoparticles for 

biomedical applications, replacement of the hydrophobic coating with a hydrophilic one 
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is necessary to obtain stable and injectable aqueous solutions. Among the available 

hydrophilic coatings, dendrimers, highly monodisperse hyperbranched polymers with a 

repetitive and perfectly defined structure, have attracted considerable interest.4-7  

Recently, we presented a novel and facile method to attach commercially available 

lipid-modified PAMAM dendrimers to the surface of iron oxide nanoparticles. Here we 

report the latest developments of this work. 

 

 

By means of this platform, we have been able to tune the relaxometric properties of 

iron oxide nanoparticles, such as coating thickness and core size, to obtain the best 

relaxometric efficiency with a high degree of control. Also, we have performed in vitro 

biocompatibility tests and half-life in vivo measurements to demonstrate the possibility to 

use this material as MRI negative contrast agent. Thanks to the versatility of the 

PAMAM base coating, we have been able to successfully modify the surface of the 

nanoparticles for specific applications. Lipophilic drugs, such as coumarin-6 and 

doxorubicin, could be easily loaded on the nanoparticles by entrapping them into the 

double lipidic shell formed by the oleic acid and the PAMAM C12 chains on the surface. 

These results are interesting in view of theranostic applications where the PAMAM 

coated nanoparticles are able to increase the diagnostic efficiency of MRI, and also to 

perform therapy by specific deliver and release of drugs.   

 

Keywords: Nanoparticles, MRI, Iron oxide, magnetic, drug delivery  
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The buckling and its related phenomenon have attracted increasing interests recently as they occur 

ubiquitously in soft materials. The buckling and post-buckling performances of spherical shells 

perforated by various shapes under external pressure were investigated systematically in this paper. 

The complex aperture shapes generated from a mathematical superformula in 2D were projected on 

the spherical shell. The numerical simulation was conducted on Abaqus, in which the velocity-

controlled loads and selective geometric imperfection were used to obtain desirable buckling patterns. 

It has been found the aperture shape is significant to the buckling performance and a spherical shell 

perforated by the rounded square shape shows maximal volume retraction ratio, together with the 

lowest energy consumption. This structure was fabricated via 3D printing technique and an 

experimental platform was developed to validate the simulation results. 
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The sensitivity and selectivity of biosensors hinge on the integrity of the immobilisation 

of DNA probes onto the solid support. This immobilisation step is crucial as it ensures 

the correct orientation and high accesibililty of the probes for binding with 

complementary strands.  This ultimately determines the efficacy of the hybridisation and 

hence signal strength for biosensor detection.  Here, we report our investigations into the 

effect of different molecular interconnects (length and molecular strucutre) on the 

immobilization, and hybridization using electrochemical methods. We covalently 

attached ferrocenyl-modified amino-terminated DNA onto the self-assembled linkers at 

different solid supports; silicon oxide, silicon hydride and indium tin oxide. Various 

characterization techniques, contact angle measurement, X-ray photoelectron 

spectroscopy and atomic force microscopy and cyclic voltammetry were employed to 

examine the surface properties. The data gathered provides insights into the development 

of DNA microarray field and the optimization for biosensor platforms.  

Keywords: DNA, hybridization, immobilization, self-assembly, molecular interconnects. 
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Due to increasing use of metal oxide nanoparticles with inevitably release into the 

environment and thereby exposure to human life, an interaction of Fe3O4, ZnO, TiO2 with 

dsDNA was investigated with respect to an effect of nanosized materials on the chemical 

stability of the most important biomacromolecule. Size of nanoparticles was evaluated by 

scanning electron microscopy (SEM) and dynamic light scattering (DLS). For the 

investigation, a nanostructured electrochemical biosensors with immobilized layers of 

salmon sperm DNA and metal oxide nanoparticles were prepared. Using cyclic 

voltammetry and electrochemical impedance spectroscopy with the ferrocyanide DNA 

indicator, a significant effect of the nanoparticles on degradation of DNA in the presence 

of UV-C irradiation (λ = 254 nm) for 20 to 300 s was detected. Two experimental 

approaches were used, namely irradiation of the metal oxide–DNA layer immobilized on 

the electrode and irradiation of the metal oxide–DNA dispersion in solution followed by 

its immobilization on the electrode. The deep DNA degradation was confirmed by square 

wave voltammetric measurements of intrinsic signals of the DNA bases moieties as well 

as by gel electrophoresis. 
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Ionic conjugated polyelectrolytes (CPEs) have established themselves as an optical platform 
in chemical- and biological sensors with high sensitivity by virtue of their light harvesting 
properties.1-3 CPEs are described by a -conjugated backbone with ionic pendant groups, which 
make them water-soluble and/or bio-compatible. Here, we designed a novel strategy by 
combining biological molecular beacon aptamers (MBAs) and a synthetic polymer, to tune the 
detection range for weakly binding target materials and investigated principal factors governing 
the tuning mechanisms. ATP was selected as a target material due to the weak binding constant 
with its complementary aptamer. A series of MBAs (MBA1~MBA5) were designed so that the 
differences in structure lead to different stem stabilities. The MBAs contain the same 
ATP-specific aptamer sequence within the loop substructure, while their stem interactions were 
fine-tuned by changing the number of Guanine (G)-Cytosine (C) triple hydrogen bonds. As 
described in detail, the extension of the detection range depends critically on the competition 
between opening of the ATP/MBA G-quadruplex by CPEs and the composite influence by 
ATP/aptamer binding and the stem interactions. With increasing stem stability (MBA1  
MBA5), the weak binding affinity of ATP and its aptamer was successfully compensated to 
show resistance to opening by CPEs, resulting in a significantly broadened detection range with 
remarkably improved LOD: from millimolar up to nanomolar concentrations. 
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Recently, considerable attention has been compensated for the synthesis of polymer-metal 

nanocomposite materials for detection microbiological organisms such as Escherichia coli 

(E. coli). In this study, we presented a simple method of prototype E. coli sensor based on 

polyaniline with Ag-Mn nanocomposite thin films for biosensor. The nanocomposite of 

polyaniline (PANI) and bimetallic nanoparticles of silver and manganese were prepared by 

the oxidative polymerization of aniline and the reduction process of bimetallic compound 

with the presence of nitric acid and PVA. The samples were varied with different 

concentration of Ag-Mn alloy. The morphology and structure properties of these film 

sensors were characterized by X-ray diffraction (XRD), UV-Visible spectroscopy and 

transmittance electron microscopy (TEM). The sensor performance was conducted using 

current-voltage (I-V) measurement. XRD analysis shows the crystallite face-centered cubic 

structure of Ag, Mn and Ag-Mn. The crystallite sizes are around 30 nm - 40 nm and 

increases with the increment of Mn concentration. UV-Vis absorption spectra show the 

maximum peaks at around 420 nm – 430 nm. The microphotograph from TEM image 

shows the nanospherical of Ag-Mn alloy particles.  The sensor performance of PANI-Ag-

Mn nanocomposite thin films upon E. coli cells in the liquid medium indicates the 

sensitivity increases when Mn concentration was increased. 

Keywords: Polyaniline; Ag-Mn; nanocomposite; thin films; E. coli, biosensor. 
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Abstract 

 

For the several decades, various nanomaterials are broadly used in industrial fields, research 

areas and commercialized products. Among many nanomaterials, silver ion, carbon nanotube, 

ZnO, and mercury ion etc are of the widely used nanomaterials in real life. However, high 

toxicity of those materials has been reported and the detection method is required for human 

health and environment. In present study, high-sensitive, label-free detection methods of 

nanotoxic materials are described.  

We have developed a sensitive and selective quart crystal microbalance (QCM) based 

resonance sensor for detection of nanotoxic materials by using frequency shift. In this study, 

we propose the sensitive in situ detection of nanotoxic materials by using QCM 

functionalized with a specific DNA for a target material. It also allows the detection of target 

material rapidly in real time. In contrast to the conventional methods, this method is label-

free and senitive, capable of direct rapid detection and real-time monitoring. The results 

suggest that QCM-based resonance sensor opens a new avenue for the development of a 

practical water-testing sensor. 
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Previously, controlled drug delivery1 has been shown through composite membranes 

containing stimuli responsive microgels. This study shows that also the rate of a 

pressurized liquid flow can be controlled with a temperature responsive material acting as 

a liquid flow valve for use in e.g. drug-delivery and microfluidic applications. The sol-gel 

material synthesis method used in this study could with relative ease be adapted to other 

types of colloidal materials as well as bulk material geometries, while the previously used 

solvent casting1 method is limited to a membrane geometry.  The active component in the 

material is temperature responsive poly(N-isopropylacrylamide) microgels that are 

dispersed in a colloidal silica gel matrix. While the matrix remains structurally static, the 

reversible swelling of the microgel as a response to controlled temperature variations 

opens or closes porous pathways conductive to liquid flow through the material. The 

results showed that by varying the temperature the flow rate through the material could 

effectively be more than doubled.  

Keywords: composite, temperature responsive, microgels, flow valve 
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ABSTRACT 
Iron oxide nanoparticles (Nps) possess exceptional physical and chemical 
properties, which led to their potential use in modern anticancer therapies. We 
reported synthesis and characterization of Nps functionalized with a vitamin E 
analogue, alpha-tocopheryl succinate (Nps@α-TOS) to enhance its resistance. 
Also, we found Nps protect and enhance the in vitro and in vivo anticancer 
bioactivity of this vitamin E analogue. Electronic microscopy studies revealed 
sphere-like nanoparticles with a 15 nm average size. Inorganic chemical 
composition and magnetite crystalline phase was confirmed by energy dispersive X 
ray spectroscopy and selected area electron diffraction respectively. Organic and 
functional groups were analyzed by FTIR. The load drug was estimated by 
thermogravimetric analysis. In vitro evaluation shows that Nps@α-TOS selectively 
affected the viability of cervical cancer cells, a resistant cell line, in a dose and time 
dependent way at 24-72 h (p<0.05) without toxic effects for nonmalignant cells. For 
in vivo evaluation, a melanoma model in BALB/c nude mice was established. The 
mice were i.t. treated with Nps@α-TOS (0.075-2 mg) each third day for two weeks. 
After treatment, the major organs not showed apparently toxic effects and tumor 
growth was affected in a dose dependent manner (p<0.05). Nps@α-TOS could be 
a multifunctional nanoplatform candidate with additional biomedical applications; 
magnetite core can be used for cancer cell ablation through hyperthermia and the 
vitamin E analogue may induce radiosensitization of cancer cells and to protect the 
normal cells against radiation induced damage. However, further studies are 
needed in order to corroborate the potential application and anticancer bioactivity 
of these multifunctional nanoparticles.  
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Introduction: Many microbes produce buoyant nanoparticles called GVNPs which are hollow structures 
filled with gas and bounded by a thin and extremely stable protein membrane. GVNPs from 
Halobacterium sp. NRC-1, a salt-loving microbe, are non-toxic, easily purified, and may be used as a 
vehicle for protein delivery (1-5). Foreign proteins may be displayed on GVNPs by insertions in the gvpC 
gene within a large gvp gene cluster. Methods and Results: To establish an improved genetic system for 
bioengineering of GVNPs, we constructed a strain of NRC-1 deleted solely for the gvpC gene (ΔgvpC), 
which resulted in small nanoparticles observable by transmission electron microscopy (6). Next, we 
introduced expression plasmids containing N-terminal coding portions of gvpC, or the complete gvpC 
gene, into the ΔgvpC strain. GvpC protein and variants were localized to the GVNPs by Western blotting 
analysis, and their effect on modulating the size of nanoparticles was established by electron microscopy. 
Subsequently, a synthetic gene coding for Gaussia princeps luciferase was fused to the gvpC gene 
fragments on expression plasmids, and resulted in an enzymatically active GvpC-luciferase fusion protein 
bound to GVNPs. Discussion: These results represent a significantly improved genetic system for 
presenting or displaying foreign proteins on Halobacterium GVNPs. The luciferase fusion is an ideal 
reporter for studying protein display on GVNPs. The reported work extends the types of ligands that may 
be displayed on GVNPs by genetic engineering to peptides, antigenic proteins, and enzymes (1,4-7).   
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In this study, the polyvinyl alcohol(PVA)/chitosan(CS) composite nanofiber was 

fabricated by using electrospinning, and the drug release characteristic of PVA/CS 

composite nanofiber wrapped with amoxicillin was observed through UV-visible 

spectrophotometer. The morphology and diameter of the electrospun nanofibers were 

examined by scanning electron microscopy (SEM). The results showed that the 

morphology and diameter of the nanofibers were mainly affected by weight ratio of 

PVA/CS blend at constant applied voltage, collection distance and drug content. The 

average fiber diameter was in the range of 150−215 nm. The drug released rate of  

PVA/CS composite nanofiber decreases with increasing of release time、CS and drug 

content in the drug carrier. Moreover, it was observed that the PVA/CS composite 

nanofiber provided a slower release rate of the entrapped drug in compare to PVA 

nanofiber.  

 

Keywords: Electrospinning, Composite nanofiber, Polyvinyl alcohol (PVA)/chitosan (CS), Drug 

release 
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Viral vectors are efficient systems for nucleotide delivery but they encompass risks of 

mutagenesis, safety, immunogenicity, and high production costs. This has encouraged 

researchers to focus on alternative nonviral systems. Currently available cationic lipid-based 

delivery or cationic complexes of DNA / RNA are often highly toxic for the cells or not efficient 

for many cell types. In our study to encapsulate and deliver RNA, we propose biodegradable 

microcapsules by the layer-by-layer (LbL) technique. This technique is based on the sequential 

adsorption of oppositely charged molecules, such as polyelectrolytes, onto a charged sacrificial 

template. The template is then dissolved, resulting in hollow capsules with a wall thickness in 

the nanometer range. Polyelectrolyte microcapsules (PEMs) have the advantages of mild 

preparation conditions, multifunctionality, and the capacity to encapsulate large amounts of 

material. Polyelectrolyte microcapsules are produced at room temperature using simple bench-

top equipment, without organic solvents or harsh reaction conditions.  

In the present study, we employed calcium carbonate microparticles as a sacrificial template. 

CaCO3 microparticles represent “bio-friendly” tool for encapsulation of proteins and nucleic 

acids, enzymes and nanoparticles. Porous morphology of CaCO3 offers large surface area and, 

thus, an opportunity to capture macromolecules with high efficiency. RNA was “pre-loaded” into 

the microspheres by coprecipitation in the process of their synthesis. Inorganic template 

extraction was performed after layer-by-layer coating by EDTA treatment. As outer shell, we 

used dextran sulfate (DS) and poly-L-arginine (PArg), which are known to be biodegradable 

polymers. The capsules prepared were tested for cellular non-toxicity and used for delivery of 

mRNA.  
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Evaluation of multiple theranostic properties of polydopamine coated 

Fe0.65Co0.35@(Fe0.65Co0.35)3O4 nanocubes for cancer nanomedicinal application 

*Julfakyan K1., Fatieiev Y1., Alsaiari Sh1, Deng L1., Ezzeddine A1., Abu Samra, D2., **Khashab 

N1. 

1CRD Lab., PSE Division, 4700 King Abdullah University of Science and Technology, Thuwal 

23955-6900, Kingdom of Saudi Arabia 

2CMS Lab., BESE Division, 4700 King Abdullah University of Science and Technology, 

Thuwal 23955-6900, Kingdom of Saudi Arabia 

*E Mail - khachatur.julfakyan@kaust.edu.sa / Tel. +966544701780 / Address - 4700 King 
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The objective of our work was the fabrication of single theranostic agent for cancer 

nanomedicine, which should be easily producible, cheap, biocompatible, spatially and temporally 

controllable and should have broader range of diagnostic and therapeutic modalities compared 

with previous works. Here we present the cost efficient and easy to scale-up, modified procedure 

of synthesis, controlled thin oxide shell formation and polydopamine coating with basic 

polymerization of dopamine hydrochloride in aqueous solution. Full characterization (HR-TEM, 

SEM, XRD, HR-TEM-EDAX, HR-TEM-SAED, SEM-EDAX, FTIR, UV-Vis-NIR, TGA, VSM) 

of novel system comprising of sub-micrometer sized Fe0.65Co0.35@(Fe0.65Co0.35)3O4@PDA 

highly magnetic (with 226 emu/g value for the metal core Fe0.65Co0.35@(Fe0.65Co0.35)3O4) 

nanoparticles was done. In vitro MTT cell viability assay on HeLa cells showed no toxicity up to 

100 µg/ml of nanoparticles concentration. They are dual mode diagnostic agents with MRI 

(r2=186.44 mM-1s-1) and X-Ray CT contrasting properties. The HeLa cells was used in in vitro 

assays. Doxorubicin delivery to the nuclei (laser fluorescence confocal microscopy) and 55% of 

death (MTT assay) at the concentration of 10 µg/ml was registered. The release of doxorubicin 
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was demonstrated pH sensitive and attenuated in time behavior (temporal control). Specific 

absorption rate for 470 kHz alternating magnetic field hyperthermia was 180 W/g.  Flow 

cytometry with PI staining demonstrated 60% cell death with 15 min of 808 nm NIR laser 

exposure at 0.3 kW of laser power and 30 µg/ml of nanoparticles concentration. High magnetic 

saturation is prerequisite for potential magnetic targeting (special control), the size is within the 

range of EPR mediated accumulation. Summarizing, above mentioned nanocomposite has 5 

theranostic modalities, which is more than previous works and may be considered as good 

candidate for further in vivo studies as “all-in-one” agent. 

Keywords: theranostic nanoparticles, drug delivery, magnetic hyperthermia, photothermal therapy, 

cancer 
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Paper-Based Scale Bar Readout System for Quantitative Analysis  
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Developing a simple and low cost technology that can be used to monitor environmental 

conditions in-field as well as the health-state of people in resource-limited locations is a 

significant challenge [1]. Recently, paper has gained much interest as a sensing platform since it 

is abundant, disposable, lightweight and low in cost. However, interpreting the result of the 

sensor usually requires pairing with bulky and expensive external electronics which 

compromises the advantages of using paper-based sensors.  

We herein present a simple quantitative scale bar readout system using electrochromic Prussian 

Blue/polyaniline on top of a paper-based gold nanoparticle film strip. The working principle of 

the readout is that when a voltage is applied across the gold nanoparticle film strip a voltage 

gradient is generated which will affect the colour of the electrochromic material at different 

positions along the strip. When the readout is integrated with a resistive sensor, the readout can 

be used to determine the resistance of the sensor (or changes in the resistance due to analyte 

exposure). Depending on the magnitude of the sensor’s resistance and the voltage across it, this 

will affect the voltage across the readout. Quantitative analysis will be based on measuring the 

distance, d, along the strip  where the colour change occurs. This type of readout could provide a 

viable alternative for recording the resistance of a sensor in a colorimetric manner without the 

need for additional instrumentation.  

                                                    

 

 

 

 

Fig. 1 Paper-based scale bar readout system integrated with a resistive sensor 

Keywords: paper, gold nanoparticles, electrochromic materials, readout, low cost 

 [1] LIANA, D. D., RAGUSE, B., GOODING, J. J., & CHOW, E. 2012. Recent Advances in Paper-Based Sensors. Sensors, 12, 11505-11526.  
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Integrated sorting, concentration and real time polymerase chain reaction based 
diagnostic protocol for rapid detection of microorganisms* 
 
Monalisha Nayak1*, Deepak Singh2*, Himanshu Singh1, Rishi Kant1, Ankur 

Gupta1,  Shashank Shekhar Pandey1, Swarnasri Mandal1, Gurunath Ramanathan2 

& Shantanu Bhattacharya1  

 
There is a critical need to address issues related to food and water security as 
instances of adulteration and poisoning are increasing at an alarming rate around the 
globe.  Therefore a rapid monitoring and testing of food and water quality to prevent 
contamination and disease outbreaks is a high end immediate need for humanity 
today. The work in this talk describes a microchip platform that carries out an 
ensemble of protocols which are otherwise carried in a molecular biology laboratory 
to achieve the global safety standards.  The various steps in the microchip include pre-
concentration of specific microorganisms from samples and a highly specific real time 
molecular identification utilizing a q-PCR process.  The microchip process utilizes a 
high sensitivity antibody based recognition and an electric field mediated capture 
enabling an overall low LOD.  The whole process of counting, sorting and molecular 
identification is performed in less than 4 hours for highly dilute samples.  
 
 
* this work was published in SCIENTIFIC REPORTS | 3 : 3266 | DOI: 10.1038/srep03266  
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Promising electrospun carbon fibers material for abiotic and enzymatic 

catalysis in hybrid biofuel cell for energy conversion.  

S. Tingry
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This work focus on the synthesis of a new functional material based on home-made 

carbon fibers (CFs) combined with nano-metallic and biological catalysts for its use in 

catalysis to harvest electrical energy. Such material presents interesting properties, like 

good conductivity and high specific surface allowing the immobilization of large 

amounts of catalysts that have been exploited to develop electrodes in biofuel cells to 

produce electricity from glucose and oxygen. The suitable carbon fibers material was 

synthesized via electrospinning technique followed by carbonization treatment to achieve 

a self-standing felt with mean fiber diameter of 330 nm. The material was used to 

construct both an abiotic anode, modified by di- and trimetallic nanoparticles (Au, Pt, Pd) 

of different compositions for glucose oxidation, and an enzymatic cathode, modified by 

the enzyme bilirubin oxidase for O2 reduction. The optimization of the electrodes has 

been explored to develop a hybrid biofuel cell that delivered a power density of 90 µW 

cm
-2

 at 0.37 V at pH 7.4 in the presence of glucose [1]. The performance highlights the 

advantage of the tridimensional structure of the CFs that enables higher amounts of 

immobilized catalysts in close contact with the fibers surface, and relieves the mass-

transfer limitation of the reactive species through the material. 

Keywords: carbon nanofibers • enzyme • gold nanoparticles • catalysis • hybrid biofuel cell 

[1] HOLADE, Y., BOTH ENGEL, A., TINGRY, S., CHERIFI, A., CORNU, D., 

SERVAT, K., NAPPORN, T.W., KOKOH, K.B., 2014. Insights on Hybrid Glucose 

Biofuel Cell Based on Bilirubin Oxidase Cathode and Gold-Based Anode Nanomaterials. 

ChemElectroChem 1, 1976-1987. 
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Rutile TiO2 hierarchical microspheres: A promising multi -functional material as 

high-rate/long-life anode and advanced catalyst  

Chaochao Fu, Liping Li, Jun Zhang and Guangshe Li* 

State Key Laboratory of Structural Chemistry, Fujian Institute of Research on the 

Structure of Matter, Chinese Academy of Sciences, Fuzhou 350002, P. R. China. 

E-mail: guangshe@fjirsm.ac.cn 

Multi-functionalities of inorganic solids as energy storage or energy conversion are 

strongly dependent on the control over the microstructures and the associated charge 

transfer path. From the perspective of chemistry, the kinetics of charge transfer can be 

significantly improved by fabricating nano-building-block-assembled microstructures 

that can give functional materials like high-rate anodes or advanced catalysts. Herein, 

four types of hierarchically structured rutile TiO2 microspheres assembled by different 

subunits such as nanoparticles and nanorods along [001] direction were synthesized 

using a facile hydrothermal method. The microstructures of subunits were tuned using 

hydrochloric acid, nitric acid, and oxalic acid during the formation reactions, with an 

aim to adjust the surface film and charge transfer resistance for optimum 

electrochemical performance. Comparing to other three hierarchical microspheres, the 

phase-pure rutile TiO2 hierarchical microspheres assembled by nanoparticles obtained 

in the presence of 1 M hydrochloric acid exhibited the best lithium storage properties 

with a high reversible discharge capacity of 184 mAh/g at a current density of 0.5 C 

after 450 cycles and 143 mAh/g at a rate of 2 C for up to 500 cycles. Even at an 

extremely high rate of 10 C, the electrode still delivered a stable capacity of 94.9 

mAh/g, the upper capacity so far for rutile TiO2 and even comparable one with 

anatase TiO2. The superior electrochemical performance may be ascribed to trace 

amounts of Cl ion strongly adsorbing on the surface of the microspheres, which may 

prevent the side reactions between the electrolyte and suface of rutile TiO2 and further 

result in the lowest surface film resistance and charge transfer resistance. All of these 
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demonstrate that the as-prepared hierarchically structured rutile TiO2 microspheres 

reported herein have the great potential as high-rate and long-life anode materials for 

lithium-ion batteries. Further, rutile TiO2 microspheres assembled by nanorods along 

[001] direction were found to show high photocatalytic activity towards organic 

removal. These findings demonstrate that rutile TiO2 hierarchical microspheres, if 

properly prepared, are promising as multi -functional material for energy storage or 

energy conversion. 

Reference 

1. Chaochao Fu, Guangshe Li, Qi Li, Jianming Fan, Dongjiu Xie, and Liping Li, 

unpublished.  

2. Hu WB; Li LP; Li GS*; Liu Y; Withers RL. Scientific Repots, 2014, 4, 6582 

3. Hu W; Li LP; Tong WM; Li GS*; Chem.Commun. 2010, 46, 3113-3115. 

4. Hu W; Li LP; Tong WM; Li GS*; Yan TJ, J. Mater. Chem. 2010, 20, 8659-8667. 

5. Zhang, J.; Li, L. P.; Huang, X. S.; Li, G. S.; J. Mater. Chem. 2012, 22, 10480. 
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Development of Ni based nano-oxyhydride catalysts: application to 

hydrogen production from bioethanol at room temperature 
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Well tuning the preparation, formulation and conditions applied, different series of 

nickel based nano-oxyhydride catalysts were developed for the highly efficient and 

sustainable H2 formation from ethanol in the presence of oxygen and water at room 

temperature. Once in situ treated in H2 at adequate temperature, the nickel based mixed 

oxides become oxyhydrides, with the presence of hydrogen species of hydride nature 

located in the anionic vacancies. In complement to the exothermic partial oxidation 

reaction of ethanol, by taking advantage of the chemical energy released from the 

reaction between hydride species stored in the nano-oxyhydride catalysts and O2, 

continuous complete conversion of ethanol specifically at 50 °C (oven temperature), with 

simultaneously production of H2, can be obtained, in agreement with some previous 

reported results [1, 2]. Correlations between catalytic activity and physico-chemical 

characterizations allow participating to the open debate on the active site and mechanism. 

Keywords: oxyhydrides, catalysts, hydrogen, ethanol, nickel 

[1]  PIREZ C., CAPRON M., JOBIC H., DUMEIGNIL F. & L. JALOWIECKI-

DUHAMEL. 2011. Highly Efficient and Stable CeNiHZOY Nano-Oxyhydride Catalyst 

for H2 Production from Ethanol at Room Temperature. Angew. Chem. Int. Ed. 50, 

10193-10197. 

[2]  FANG W., PIREZ C., PAUL S., CAPRON M., JOBIC H., DUMEIGNIL F. & L. 

JALOWIECKI-DUHAMEL. 2013. Room Temperature H2 Production from Ethanol 

over CeNiXHZOY Nano-Oxyhydride Catalysts. ChemCatChem 5, 2207-2216. 
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CuxO-CeO2/MWCNTs catalysts for preferential oxidation of 

carbon monoxide 

Lu Zhang, Nan Jiang, Meiyi Gao, Xiaozhou Zhao, Yueling Yin, Haiquan Su, Shanghong Zeng* 

Inner Mongolia Key Laboratory of Chemistry and Physics of Rare Earth Materials, School of 

Chemistry and Chemical Engineering, Inner Mongolia University, Hohhot 010021, P. R. of China 

 

Abstract: The CuxO/MWCNTs, CeO2/MWCNTs and CuxO-CeO2/MWCNTs 

catalysts were synthesized by a simple impregnation method, and characterized via 

X–ray diffraction, N2 adsorption–desorption, Fourier transformed infrared 

spectroscopy, transmission electron microscopy, H2 temperature–programmed 

reduction and X–ray photoelectron spectra. The catalytic performance for preferential 

CO oxidation was carried out in the hydrogen-rich gasses. It is found that the 

hydrophilic functional groups of hydroxyl and carboxyl in the samples are favorable 

for the incorporation of CuxO and CeO2 into the tubes of the MWCNTs. Most of 

CuxO particles and CeO2 nanowires are filled in the tubes of MWCNTs, and a small 

amount of nanoparticles are deposited on the surface of MWCNTs. The MWCNTs 

have high BET surface area, which is helpful for the dispersion of CuxO and CeO2 to 

expose more active surface for CO-PROX reaction over the CuxO-CeO2/MWCNTs 

catalysts. MWCNTs with high BET surface area weaken poisoning effect of H2O and 

CO2 after 135 oC. 
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New complex Manganese-based oxides as oxygen buffer 
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Complex oxides as oxygen buffers for Three Way Catalysts are the solution for oxygen 

storage and release to promote oxidation of exhaust gas and reductants like CO. In this 

research domain, Ceria-Zirconia with Ce4+ ([Xe]4f0) / Ce3+ ([Xe]4f1) valence states have 

been investigated for many years. Our objective is to explore new systems based on 

transition metal. Manganese oxides appear as promising materials because of the high 

tunability of the manganese valency (Mn4+ [Ar]3d3, Mn3+ [Ar]3d4, Mn2+ [Ar]3d5), one 

might then expect high exchanged oxygen amounts) and to the ability of the metal to 

accommodate various coordination polyedra. We focused on the Ca-Mn-O system 

because it offers the possibility i) to stabilize many line compounds and ii) to vary 

dimensionality and connectivity of the crystallographic network [1]. The redox properties 

will then be discussed on the basis of structural changes and the valency of manganese in 

the stable oxidized phase such as CaMn3O6 tunnel structure. Doped manganites and 

CaMn3-xAxO6 (A = Al3+, Fe3+) new compositions will be presented. A special care will be 

given to the evolution of manganese valency induced by the substitution and the 

subsequent structural changes. 

     Keywords: Manganite, tunnel structure, Redox properties, automotive exhaust catalyst 

 [1] HOROWITZ, H. S., LONGO, J. 1978. Phase Relation in the Ca-Mn-O System. Material 
Research Bulletin, 13, 1359–1369. 
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Platinum Nanocrystals Selectively Shaped Using Interfacial Tension in 
Novel Two-phase Synthesis 

Quanyu Suo, Hui Wang, Zhanli Chai 

College of Chemistry and Chemical Engineering, Inner Mongolia University, Hohhot 

010021, P. R. China 

E Mail: chai_zl@hotmail.com 

So far, surfactant-free preparation of shaped Pt nanocrystals have often been obtained by 

means of a trial-and-error process for identifying the appropriate capping agents and 

synthetic environments, largely because of the lack of a general approach for 

synthesizing facet-controllable Pt nanocrystals. Interfacial tension has exquisite specific 

molecular recognition properties that can be explored for the precise engineering of 

nanostructured materials.  Here, we report the use of facet-specific interficial tension for 

the predictable synthesis of platinum nanocrystals with selectively exposed crystal 

surfaces and particular shapes. The formations of nanopolyhedrons and dendritic 

nanocrystals were obtained in different type of two-phase synthesis, such as solid-liquid, 

and gas-liquid solution. In addition, the branched nanocrystals have the highest catalytic 

active for methanol electro-oxide among the as-obtained different shaped Pt nanocrystals. 

Our studies unambiguously demonstrate the abilities of variable type of two-phase 

synthesis in determining nanocrystal shape, representing a critical step forward in the use 

of interficial tension for programmable synthesis of nanostructures. 

 

Keywords: Platinum nanocrystals, interfacial tension, two-phase, electrocatalysts 

[1] DEBE M. K. 2012. Electrocatalyst approaches and challenges for automotive fuel 
cells. Nature, 486, 43-51. 

[2] Porter N. S., WU H., QUAN Z., FANG J. 2013. Shape-Control and Electrocatalytic 
Activity-Enhancement of Pt-Based Bimetallic Nanocrystals. Acc. Chem. Res. 
46, 1867-1877. 

[3] LENG M., CHEN Y., XUE J. M. 2014. Synthesis of TiO2 nanosheets via an 
exfoliation route assisted by a surfactant, Nanoscale,  6, 8531-8534.  
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Figure 1. TEM and HRTEM images of platinum nanocrystals with different shape (a. 
dendritic nanocrystals, b. nanopolyhedrons ) in typical synthesis. 
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Structure of Pt-decorated Polyacrylonitrile-based Carbon Nanofibers 
designed as Electrodes for Membrane Fuel Cells  

Zhigalina V.1, Zhigalina O.1, Ponomarev I.2 , Razorenov2, Ponomarev Iv.2, Kiselev1, 
Khmelenin1 

1A.V. Shubnikov Institute of Crystallography RAS, Leninskii prospekt 59,  

119333 Moscow, Russia; 

2A.N. Nesmeyanov Institute of Organoelement Compounds RAS, Vavilova St. 28, 

119991 Moscow, Russia 

zhigal@ns.crys.ras.ru/ Olga Zhigalina 

Thin catalyst layers and their supporting substrates are the most critical components of 

membrane fuel cells and up to now the problem of their optimisation is far from trivial. It 

is a well-known fact that good support material must have a high surface area which 

disperses the nanoparticles over, be porous enough to transmit gas flow and have a good 

electrical conductivity. Therefore nowadays carbon nanofibers (CNFs) are considered to 

be very promising support materials [1, 2].  

The aim of the present work is to investigate the influence of different treatments on the 

morphology, metal particle distribution and surface structure of Pt-decorated nanofiber 

electrospun polyacrylonitrile mats. Pt-decorated CNFs were obtained using different 

catalytical coating and treatment techniques. To improve the CNF porosity and the 

process of catalytic nanoparticles deposition the CNFs were obtained on a base of 

polyvinylpyrrolidone (PVP) and polyimide (PI) polymer mixture with addition of carbon 

black and annealed at T = 900 and 1200 °С. 

The samples structure was characterized by a scanning electron microscopy (SEM) in a 

FEI Helios 600 Dual Beam TM and a high resolution transmission electron microscopy 

(HRTEM) in a FEI Titan 80-300 with Cs corrector at an accelerating voltage of 300 kV.  

It was shown that PVP/PI treatment with annealing at 900 ºС or at 1200 ºС stimulated the 

fiber carbonization process without changes to their morphology or surface destruction. 

In the structure of fibers the straight graphene planes were mainly observed. In the case 
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of combined heat and chemical (PVP+PI) treatment the carbon nanofibers consisted of 

“curly” graphene planes within the whole fiber space. As a result of this process the 

fibers’ surface became porous which promoted platinum nanoparticles to form a thick 

layer on the fibers’ surface. 

Keywords: carbon, fibers, microscopy, structure, fuel cell 

[1] DONG, Z., SCOTT, J., WU, Y. 2011. Electrospinning Materials for Energy-related 

Applications and Devices. J. of Power Sources, 196, 4886-4904. 

[2] PONOMAREV, I. I., PONOMAREV, I. I., FILATOV, I. Y., FILATOV, Y. N., 
RASORENOV, D. Y., VOLKOVA, Y. A., ZHIGALINA, O. M., ZHIGALINA, V. G., 

GREBENEV, V. V. & KISELEV, N. A. 2013. Design of Electrodes Based on а Carbon 

Nanofiber Nonwoven Material for the Membrane Electrode Assembly of a 
Polybenzimidazole-Membrane Fuel Cell. Doklady Physical Chemistry, 448, 2, 23 – 27. 
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Magnetic Nanoparticles Supported Rh(I)-bis(phosphine) as 
Recyclable Catalyst for Hydroformylation of Olefines 

M. Nasiruzzaman Shaikh1,*, Abiola Azeez Jimoh1, Mahmoud Abdelnaby1
 

Center of Research Excellence in Nanotechnology (CENT), King Fahd University of 

Petroleum and Minerals (KFUPM), Dhahran-31261, Saudi Arabia 

E Mail : mnshaikh@kfupm.edu.sa; oasissheikh@kfupm.edu.sa  

The use of rhodium (I) supported on magnetic nanoparticles (MNPs) for the 

hydroformylation reaction via heterogenous catalysis is described. Dopamine is first 

phosphinated with bisphosphine (bp), distributed uniformly on MNPs followed by 

surface functionalization to give particles of the type MNP@bpd-Rh. The 31P NMR study 

corroborated the formation of methylated bisphosphine on the arm of primary amine of 

dopamine by the in-situ reaction involving paraformaldehyde and diphenylphosphine. 

Anchoring on the magnetic nanoparticle surface was confirmed by the appearance of 

characteristic Fe-O vibration band at 593 cm-1 in the FT-IR spectrum, supported by the 

stepwise weight loss in TGA as a function of temperature. TEM Imaging showed very 

small about 3-5 nm particles distributed homogeneously, whose crystallinity was 

confirmed by XRD. The phosphorus content determined by ICP-MS was found to be 

about 0.39 mmol of phosphine per gram of the nanoparticles. This catalyst (with low 

loading) was found to be highly active towards the complete conversion of olefins like 

styrene to its corresponding aldehydes with good selectivity at low pressure; it is also 

very robust at high temperature and magnetically separable and recyclable without 

decomposition. 

Keywords: Heterogeneous catalysis, hydroformylation, magnetic nanoparticles 

[1] ABU-REZIQ, R., ALPER, H., WANG, D. & POST, L.M. Metal Supported on Dendronized 
Magnetic Nanoparticles: Highly Selective Hydroformylation Catalysts, J. Am. Chem. 
Soc. 128, 2013, 5279-5282. 
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Application of homogeneous catalysis and heterogeneous photocatalysis in 

extremely fast decontamination of real chemical warfare agents 
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2
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2
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3
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4
National Institute of Materials Physics, 105bis Atomistilor Street, 077125 Bucharest, Romania 

E Mails: nicoleta.petrea@yahoo.com, stefan.neatu@infim.ro 

Chemical warfare agents (CWAs) are among the most toxic compounds ever used in military 

conflicts. Currently, the practical methodologies for decontamination involve much effort and 

high amounts of chemicals and water. All these methods exhibit disadvantages and produce 

strong environmental pollution. For this reason, the development of a feasible decomposition 

method is necessary. Starting from the excellent reports of Brown group [1,2] in the field of 

metal-catalyzed methanolysis of organophosphorous materials, in the present study we describe 

an extremely efficient system, environmentally benign, which use a suspension based on La, Zn 

and Cu complexes in corroboration with an extremely powerful photocatalyst, Au/TiO2 that, at 

the open atmosphere and under visible light, produces complete decontamination of 

organophosforous CWAs (GB, GD, VX) and some of their simulants (paraoxon, parathion, 

methyl parathion, etc.) in less than 1 minute. In a typical procedure, different amounts of CWAs 

were dispersed on a surface of 100 cm
2
 of different supports (wood, metal, borosilicate glass, 

Plexiglas, rubber, painted wood, metal). The evolution of the reaction was followed by extracting 

the suspension with methanol after of daylight exposure and analysing by GC-MS. Taking into 

account that, at the level of world market of products dedicated to decontamination of toxic 
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compounds, there is no other photocatalytic system feasible for this purpose, then these results 

will improve the performances of these necessary countermeasures in the case of occurrences of 

emergency situations. This work was supported by a grant of Partnerships in priority S&T 

domains Programme (PNII), MEN–UEFISCDI, project number 306/2014. 

Keywords: CWAs, fast decontamination, methanolysis, Au/TiO2 photocatalyst 

[1] LEWIS, R. E., NEVEROV, A. A. & BROWN, R. S. 2005. Mechanistic studies of La
3+

 and 

Zn
2+

-catalyzed methanolysis of O-ethyl O-aryl methylphosphonate esters. An effective solvolytic 

method for the catalytic destruction of phosphonate CW simulants. Org. Biomol. Chem., 3, 

4082-4088. 

[2] MELNYCHUK, S. A., NEVEROV, A. A. & BROWN, R. S. 2006. Catalytic decomposition 

of simulants for chemical warfare V agents: Highly efficient catalysis of the methanolysis of 

phosphonothioate esters. Angew. Chem. Int. Ed., 45, 1767-1770. 
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Oxidation of 5-hydroxymethyl furfural over noble metal free 
heterogeneous catalysts 

Nicoleta Petrea1, Vasile omoghi2, Mihaela Florea,3 Octavian Dumitru Pavel,3 Vasile I. 
Pârvulescu,3 Florentina Nea u3 
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Catalysis, 4 – 12 Regina Elisabeta Bvd., 030016 Bucharest, Romania 
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The continuous depletion of petrochemical resources for energy and chemical materials 

production has attracted considerable attention lately especially for environmental 

concerns. [1] In this context, the replacement of traditional fossil fuels derived 

commodities, including polyethylene terephthalate (PET), with polymers from renewable 

sources can significantly contribute to this issue. As valuable product derived from the 

oxidation of HMF, 2,5-furandicarboxylic acid (FDCA) is a promising biomass-derived 

chemical building block with a high market potential. Since the chemical synthesis of 

FDCA requires high pressure and temperature, noble metals and organic solvents, which 

render the process to be expensive and polluting, a new greener synthetic route is highly 

desirable. Herein, we present an environmentally benign and safe alternative for FDCA 

synthesis using MnFe mixed oxides as heterogeneous catalysts. Following an easy to 

perform co-precipitation synthetic route, several MnFe mixed oxides have been prepared 

and tested in the oxidation of HMF in water at 90 °C in the presence of NaOH and 

oxygen, the Mn0.75Fe0.25 catalyst leading to high conversion to FDCA of 90%. 

This work was supported by a grant of Partnerships in priority S&T domains Programme 

(PNII), MEN–UEFISCDI, project number 166/2012. 

Keywords: HMF oxidation, heterogeneous catalysis, FDCA synthesis 

[1] LESHKOV-ROMAN, Y., CHHEDA, J. N. & DUMESIC, J. A. 2006. Phase modifiers 

promote efficient production of hydroxymethylfurfural from fructose. Science, 312, 1933-1937. 
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Facile Synthesis of Ceria-based Mixed Oxide Nanoparticles for 
Environmental Cleanup and Human Health 

Tsugio Sato, Shu Yin  

Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, 
2-1-1, Katahira, Aoba-ku, Sendai 980-8577, Japan 

E Mail/ tsusato@tagen.tohoku.ac.jp  

Since ceria (CeO2) possesses the oxygen release-absorption ability (oxygen storage 

capacity: OSC), it has been used as a co-catalyst of the automobile 3-way catalyst to 

cleanup automobile exhausts. In this application, ceria is required to possess high OSC, 

high specific surface area and high thermal stability. Ceria can also be used as a UV-

shielding material for human health, because of the adequate bandgap energy of ca. 3 eV. 

When used as the UV-shielding material, ceria is required to be nanoparticles to realize 

the high visible-light transparency and possess low OSC to decrease the catalytic activity 

in the oxidation of organic materials. The OSC of ceria is considered to be related to the 

stability of crystal structure of ceria. The ideal r(Mn+)/r(O2-) ionic size ratio of an eight-

coordination metal oxide is 0.732, but the value of r(Ce4+)/r(O2-) of the fluorite structured 

ceria,  is 0.703, which is smaller than that of the ideal value. To take on a more stable 

eight coordination structure, Ce4+ would have a tendency to be reduced to larger Ce3+ by 

releasing oxygen. Therefore, it is expected that the OSC of ceria can be increased by 

doping with smaller size of metal ion, and decreased by doping with larger size and/or 

lower valence metal ion. According to such design concept, ceria nanoparticles 

possessing high OSC were fabricated by the solvothermal reaction by doping with 

smaller size metal ion, such as Zr4+, Sn4+, etc.  The Zr4+ and Sn4+ co-doped ceria also 

showed excellent thermal stability, therefore, is expected to be applied to form advanced 

automobile 3-way catalysts. On the other hand, the oxidation catalytic activity of ceria 

could be greatly reduced by doping with Ca2+. In addition, Ca2+-doped CeO2 showed 

quite low photocatalytic activity, consequently, is now commercially supplied as new 

UV-shielding materials. 

Keywords: Ceria, oxygen storage capacity, automobile exhaust gas purification catalyst, UV-

shielding 
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Ionically conducting supports for oxidation catalysis  

P. Vernoux1, M.N. Tsampas1, F.M. Sapountzi1 
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2 avenue A. Einstein, 69626 Villeurbanne, France. 

 

philippe.vernoux@ircelyon.univ-lyon1.fr 

This study reports isotopical labelling experiments during propane oxidation on 

nanodispersed Pt nanoparticles supported either on Yttria-Stabilized Zirconia, an O2- 

ionic conductor, or on non-conductive ceramics (ZrO2, SiO2) showing high metallic 

dispersions.  18O2 Temperature-Programmed Desorption and oxygen exchange 

experiments have shown that YSZ lattice oxygen species continuously migrate toward 

the Pt surface to such an extent that the gas phase oxygen adsorption is strongly inhibited 

[1]. This is not the case when the Pt nanoparticles are supported on ZrO2 or SiO2, where 

the propane mainly reacts with gaseous oxygen. This underlines the strong impact of the 

YSZ oxygen species on the propane combustion mechanism. The oxygen ions containing 

in the support can act as predominant oxidizing species. This finding open new routes to 

design smart and efficient high surface specific area metal-supported catalysts for 

hydrocarbon oxidation reactions involved in environmental catalysis. 

Keywords: ionically conducting ceramics, hydrocarbon catalytic oxidation, metal/support 

interactions. 

[1] ALVES FORTUNATO M., PRINCIVALLE A., CAPDEILLAYRE C., PETIGNY 

N.,  TARDIVAT C., GUIZARD C., TSAMPAS M.N., SAPOUNTZI F.M., VERNOUX 

P., 2014. Role of lattice oxygen in the propane combustion over Pt/Yttria-Stabilized 

Zirconia : Isotopic Studies. Topics in Catalysis, 57, 1277-1286 
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Copper Nanoparticles Supported by Nanostructured Ceria: A Highly Efficient and 
Recyclable Catalyst for N-Arylation of Indoles 
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Over the last years, apart from homogeneous catalysis or heterogeneous catalysis, the 

nanocatalysis is a third way, which combines the advantages of both previously mentioned catalysis, 
and that is currently being developed both from the academic and industrial point of view.1 A large 
part of the searches into this category of the catalysis has focused often on the metal nanoparticles 
supported on nanostructured materials specifically mesoporous non-silicious oxides. Indeed, ceria fits 
into this category. It is one of the most important functional rare earth oxides, who attracted significant 
interest thanks to their wide applications in cutting-edge technology sectors. However, this oxide has 
been widely used as a catalyst or support-catalyst of several metal nanoparticles for various chemical 
transformations. The impregnation of ceria by copper nanoparticles or copper oxide, or vice versa 
(ceria supported on copper nanoparticles) is widely studied for oxidation of CO,2 and organic volatile 
compounds,3 but especially for Water-Gas-Shift reaction.4  

On the other hand, N-aryl indoles have attracted a keen interest over the last few years due to 
their diverse biological activities already revealed and exploited.5 However, in homogeneous systems 
this reaction poses significant issues related to product purification and toxic waste produced after 
separation of copper catalyst. One of the most favorable ways to overcome these problems is the 
realization of the N-arylation reaction via heterogeneous catalysts.6 It is against this background that 
this work is situated and which has as objective the synthesis and characterization of ceria doped with 
copper nanoparticles, and then its use as a nanocatalyst in the reaction of N-arylation of indole with 
bromo-aryl derivatives (Scheme 1). 
 

 

Scheme 1. 
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Abstract 

 

 Since the beginning of the industrial era, the various human activities have increased steadily, leading to 

a rapid technological development and a high population growth. Thus, the expansion of the industry has heavily 

polluted the atmosphere, soil and water with negative consequences for humans and environment [1]. To 

decrease this pollution, it exists various treatment methods: chemical, physical and biological [2,3]. Among all 

these methods, a recent way of treatment is the degradation of pollutants in soils or waters by Fenton and photo-

Fenton reactions [3] which use H2O2, iron-based compounds and UV light. 

In this way, several iron xerogel catalysts were synthesized by hydrolysis and condensation of 

tetraethoxysilane (TEOS) and 3-(2-aminoethylamino)propyltrimethoxysilane (EDAS) which is able to form a 

chelate with iron ions [4]. The EDAS/TEOS ratio strongly influences the texture of xerogel catalysts. The 

specific surface area and the micro- and mesoporous volume increase with this ratio. It seems that EDAS plays a 

nucleating agent role for silica particles [5,6] and allows to anchor Fe-based moieties inside the silica network 

[4]. Iron oxide nanoparticles of diameter 1–1.5 nm and Fe
3+

 ions result, encapsulated in silica particles with sizes 

of about 10–30 nm in diameter. The iron species was determined by Mössbauer spectroscopy and magnetometry 

measurements and only Fe
3+

 species were observed in xerogel catalysts. The Fenton and photo-Fenton effect of 

these catalysts were evaluated on the degradation of p-nitrophenol in aqueous media under different conditions. 

Results show that in the presence of H2O2, iron xerogel catalysts present a photo-Fenton effect, reaching 99% of 

degradation after 24 h.  

 

[1] M. A. Khan, A. M. Ghouri, Environmental pollution: its effects on life and its remedies, Journal of Arts, Science & 

Commerce (Vol. 2), 2011, pg 276-285.  

[2] M. S. Kuyukina , I. B. Ivshina, Biology of rhodococcus: chapter 9, Springer, 2010, pg 232-256. 
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doped TiO2 nanoparticles 
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Abstract 

Iron (Fe) and Silica (Si) doped TiO2 nanoparticles were synthesized by wet impregnation method. 

The concentration of dopants Fe (1%, 2%, 3% and 4%) and Si (3%, 5%, 7% and 9%) were varied 

for the preparation of doped TiO2 which were characterized by, XRD, SEM, TEM, and EDS. Doped 

TiO2 (Fe, Si) were calcinated at different temperature (200oC, 300oC, 400oC and 500oC) to achieve 

the optimum dopant activation. The TEM measurements show that the particle size is in the range of 

3-18 nm. With the optimum dopant concentration i.e 2% for Fe and 5% for Si, doped TiO2 showed 

98% degradation of fungicide under sunlight. Optical measurements indicated that the absorption 

band edge of Fe and Si dopants were shifted towards visible wavelength. Band gap of doped and 

undoped TiO2 nanoparticles was measured by UV-Vis spectroscopy. Fe doped TiO2 and Si doped 

TiO2 degrades fungicide much faster than the undoped TiO2 at optimum catalyst loading of 1g L-1. 

This signified that doped TiO2 (Fe, Si) have better efficiency to degrade complex fungicide into 

smaller molecules in the presence of sunlight. The photocatalytic transformation products were 

identified by using gas chromatography-mass spectrometry (GC/MS). 

Keywords: Photocatalytic degradation, TiO2, dopants, fungicide  
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2-nitriphenol is usually existed in the production of dyes, pesticides, 

photochemicals and wood preservatives, which is highly hazardous as well as toxic to 

human health and should be treated carefully before discharge.[1,2] Bismuth 

oxychloride (BiOCl) composed of asymmetric round nanoplates with a diameter of 

25-50 nm and a width of 10 nm was successfully synthesized through a solvothermal 

route and thermal treatment at 400 ºC. The XRD result indicated that all the 

diffraction peaks of the product could be indexed to tetragonal BiOCl (JCPDS 

06-0249) and the relative strong peak suggested the favorable growth along the [110] 

orientation. The thermal treatment could improve the crystallinity of BiOCl, which 

consequently leaded to the enhanced catalytic activity than the counterpart without 

calcination. The synthesized BiOCl nanoplates after thermal treatment showed 

excellent activity in degradation of 2-nitrophenol under UV light irradiation, nearly 

100 % within 40 min. Furthermore, 2-nitrophenol could be decomposed about 50 % 

within 120 min in the presence of H2O2 at 60 ºC without UV light irradiation. This 

finding expands the application fields of BiOCl and opens the possibilities for 

designing novel catalytic systems. 

Keywords: Bismuth oxyclolride, 2- nitriphenol, photocatalytic activity, fenton 

[1] AKTAŞ, Ö. & ÇEÇEN, F. 2010. Adsorption and Cometabolic Bioregeneration in 

Activated Carbon Treatment of 2-Nitrophenol. Journal of Hazardous Materials, 177, 
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Abstract 
We demonstrate a newly developed three-dimensional (3D) ZnO-Zn/CNT porous 
framework, which can be used as light-free nanocatalyst in degradation reaction. Such 
3D ZnO-Zn/CNT hybrid tunable porous morphology was prepared by using carbon 
nanotubes and ZnO-Zn powders, including ZnOnanorods (NRs) and ZnO-Zn 
heterogeneous structures obtained by hydrolyzing Zn nanoparticles (NPs). The 3D 
ZnO-Zn/CNT  porous structure was obtained by weaving ZnO-Zn/CNTs on 
polymethyl methacrylate (PMMA) spheres and the subsequent thermal decomposing 
of PMMA, which constructed crisscrossed micro-, meso- and macro- 
pores and channels.The hybrid porous framework has provided a new architecture 
with light weight, high porosity, and thus offering great potential application as 
catalyst. In the present study, the hybrid porous structure exhibited effective catalytic 
property in degrading methylene blue in aqueous solution without special light control 
at ambient temperature. The 3D tunnel morphology with high specific surface areas 
and modulated pores offers obvious deformation and enough reaction channels, which 
contribute more possibility to the deformation of ZnO NRs induced by flow impact, 
producing higher degradation efficiency than that prepared by CNT membrane. In 
particular, the degradation efficiency is not only related to the catalyst content but also 
the deformation of ZnO NRs. It is deemed that the piezoelectric effect of the ZnO 
NRs plays a crucial role in this degradation process. The faster the solution flows, the 
larger deformation of the ZnO NRs embedded in the porous structure occurs, which 
induces higher ionic charges to effectively degraded the methylene blue. This novel 
3D hybrid porous structure really opens a new approach to develop light-free catalyst 
to degrade organic contaminant. 
Keywords: Light-free, Modulated porous structure, ZnO nanorods, Carbon nanotubes, 
Catalytic property 
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Availability of clean drinking water is a great challenge in developing countries like India. Time to time 

there have been numerous strategies adopted by Scientific community for the removal of heavy metal 

ions present in waste waters so as to make it available for recycle and reuse and more importantly for 

drinking purposes. However, with the presence of interfering ions, it always seems to be an 

insurmountable task of removing heavy metal ions in the presence of tap water. Undertaking 

nanotechnology initiatives, herein we present a case study of TiO2 nanoparticles which were successfully 

utilized for the removal of arsenic (As), antimony (Sb) and cadmium (Cd). Since Cd was completely 

removed within 20 min of adsorption, therefore it was chosen for further study to be removed in the 

presence of interfering ions present in regular tap water. The results were very exciting as there was 

complete removal of Cd within few minutes of contact of TiO2. The quantitative analysis was carried at 

ppb level with Atomic Absorption Spectroscopy. The bare TiO2 was prepared using simple sol-gel 

synthesis and had irregular shape morphology. However, believing that more regular and spherical shape 

morphology might give better results, the TiO2 was further prepared using different types of cationic and 

anionic surfactants like CTAB and SDS, respectively but when they were tested for Cd removal, it was 

found that the bare TiO2 having irregular shape were more efficient for the purpose. Thus this simple 

study clearly rules out the need of costly and harmful surfactants. Moreover it also clearly establishes a 

moderate role for TiO2 to be an efficient adsorbent not necessary to be a photocatalyst requiring dedicated 

UV light sources or need for band gap tuning of TiO2 in order to harness solar radiation. Further, having 

nil antibacterial activity, the bare TiO2 could be considered environmentally benign. Thus the overall 

study opens up numerous possibilities of simple and efficient means of removing heavy metal ions even 

in the presence of interfering ions of tap water in areas especially having lack of resources. 
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Degradation of 4-chlorophenol by mixed Fe/Fe3O4 nanoparticles: from 
the perspective of mechanisms 
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Nanosized iron particles have been widely studied for pollution abatement these years; 

however, the mechanism for pollutants degradation was mainly focused on the reductive 

dechlorination by Fe0, and the dynamic process has not been clarified completely. It’s 

reported that some organics could be degraded during the oxidation of Fe0 by O2 and 

H2O2 was supposed to be produced. In this study, Fe3O4, the main oxidation product of 

nanosized Fe0, was used to treat the pollutant combining with nanosized Fe0; and 4-

chlorophenol, a representative persistent organic pollutant which is highly toxic and 

recalcitrant towards chemical and biological degradation in the environment, was used as 

the model compound. The results showed that both of the removal efficiency and 

dechlorination efficiency were lower in the system with mixed Fe/Fe3O4 nanoparticles 

than those with Fe0 nanoparticles alone under anoxic conditions, which suggested that the 

addition of Fe3O4 nanoparticles hindered the degradation of 4-chlorophenol by Fe0 

nanoparticles. Nevertheless, under aerobic conditions, the reused Fe3O4 nanoparticles 

would improve the removal and dechlorination of 4-chlorophenol. And the Fe3O4 

nanoparticles which were ever used in acidic conditions showed the strongest facilitation. 

Fe0 nanoparticles were transformed to Fe3O4 and FeOOH during the process. And Fe3O4 

was the main product under anoxic conditions; however, the proportion of FeOOH was 

increased under aerobic conditions. Fe3O4 nanoparticles remained as Fe3O4 during the 

reaction, and Raman spectrum reflected that 4-chlorophenol, the acids with low 

molecular weight (products of 4-chlorophenol) and some other chlorinated by-products 

could be adsorbed on the surface of Fe3O4 nanoparticles. It’s proposed that the removal 

of 4-chlorophenol was due to the both effects of nanosized Fe0 and Fe3O4—reducing 

action of Fe0 and catalytic oxidation action of Fe3O4. The reducing action of Fe0 was the 
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major factor under anoxic conditions. And the catalytic oxidation action of Fe3O4 became 

an important reason that could not be ignored under aerobic conditions.  

 

Keywords: Fe0 nanoparticles, Fe3O4 nanoparticles, dechlorination, mechanism, catalytic 

oxidation 

[1] KEENAN, C. R., SEDLAK, D. L. 2008. Factors affecting the yield of oxidants from 

the reaction of manoparticulate zero-valent iron and oxygen. Environ Sci Technol, 42, 

1262-1267. 
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Emission of Volatile Organic Compounds (VOCs) into the environment is now strictly 

regulated due to harmful on public health and atmospheric environment. Among many 

technologies available for VOCs control, the catalytic oxidation of these pollutants to 

carbon dioxide and water has been recognized as one of the most promising technologies. 

In the aim to obtain a reaction economically competitive, it is necessary to explore higher 

active catalysts performing at low temperatures. Transition metal oxides, especially 

cobalt, copper and manganese oxides, offer a low cost alternative to metal noble based 

catalysts which are presently the most active catalysts in the complete oxidation of VOCs 

at low temperatures. An interesting way to obtain mixed oxides catalysts is through the 

use of hydrotalcites or layered double hydroxides as precursors. Indeed, after calcination 

treatment mixed oxides are formed and possess unique properties like a high surface area, 

good thermal stability, good mixed oxides homogeneity and basic properties. The partial 

or the total substitution of Mg
2+

 and Al
3+

 is possible by divalent cation or trivalent cation 

in the hydrotalcite structure. Cerium oxide (CeO2) is widely used as a promoter in various 

redox reactions due to its reducibility and high oxygen storage capacity. The introduction 

of Ce ions in the hydroxide layer of LDHs is difficult because of their large ionic radius, 

when compared to Mg
2+

 and Al
3+

. In the present study, Co-Al-Ce hydrotalcite as 

precursors are characterized and investigated for total oxidation of toluene.  

Hydrotalcite like compounds called Co6Al2-xCexHT (with 0≤ x≤ 0.8) were prepared by 

co-precipitation with several cerium content. The calcination treatment was performed 

under air (4 hours at 500°C). The solids were characterized by several physicochemical 

technics (N2 sorption, XRD, H2-TPR, XPS). The toluene total oxidation was conducted at 

atmospheric pressure in a quartz flow micro reactor containing 100 mg of catalyst using a 

gas mixture containing of 1000 ppm C7H8 and 20% O2 in He.  
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For the dried samples, the hydrotalcite phase was observed on XRD patterns. Concerning 

calcined samples, CeO2, Co3O4, CoAl2O4 and Co2AlO4 spinel phases were revealed by 

XRD for the Co6Al2-xCexHT500 samples. Mixed oxides obtained by calcination present 

several textural differences. A better catalytic activity for toluene total oxidation was 

observed for the solids when cerium is incorporated. Thus, the presence of cerium in the 

Hydrotalcite structure is very interesting and promising for the development of 

performing catalysts for the VOCs abatement. 

Keywords: Layered double hydroxide; catalytic oxidation; cerium, cobalt 
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Photocatalytic activity of ZnO in the oxidation reaction of nitric oxide 

E. Luévano-Hipólito1, A. Martínez-de la Cruz1 

1 CIIDIT, Facultad de Ingeniería Mecánica y Eléctrica, Universidad Autónoma de Nuevo 

León, Ciudad Universitaria, C.P. 66451, San Nicolás de los Garza, N. L., México. 

azael.martinezdl@uanl.edu.mx, azael70@yahoo.com.mx  

Zinc oxide is a very important material in the ceramic industry due to its excellent 

properties as chemical stability, broad range radiation absorption, photostability, 

hardness, rigidity, low toxicity, and low cost [1]. Besides the classical TiO2 oxide, ZnO is 

a semiconductor oxide that it has proven be an efficient photocatalyst in the reaction of 

degradation of numerous organic pollutants in wastewater. In this work the ability of ZnO 

to act as photocatalyst in the air purification will be evaluate.                                                        

ZnO samples were prepared by several synthesis routes such as sol-gel, precipitation, 

solvothermal, and solvothermal assisted with polyethylene glycol. The physical 

properties of ZnO samples were studied by X-ray powder diffraction (XRD), scanning 

electron microscopy (SEM), UV Vis diffuse reflectance spectroscopy (DRS) and 

adsorption-desorption N2 isotherms (BET). The photocatalytic activity of oxides prepared 

was compared by means the oxidation reaction of nitric oxide (NO) under UV light 

irradiation. The conversion degree of NO reached by each oxide was associated with their 

physical properties. In this sense, ZnO sample prepared by sol-gel exhibited the highest 

conversion of nitric oxide under steady state reaching a removal of 70%. This situation 

was associated with the fact that this sample exhibited the lowest particle size, highest 

surface area, and highest radiation adsorption among the ZnO samples studied. The 

presence of nitrate ions as product of deep oxidation of NO was successfully confirmed 

by a simple reduction method of nitrate to nitrite ions using a colorimeter. 

Keywords: ZnO, heterogeneous photocatalysis, NOx, nitric oxide 

1 RADZIMSKA, A. K., JESIONOWSKI, T. 2014. Zinc Oxide-From Synthesis to 

Application: A Review. Materials, 7, 2833-2881. 
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Co-Al-Ce mixed oxide materials prepared by Hydrotalcite way for 
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The removal of VOCs, done by catalytic oxidation, is an expensive process. Indeed, the 

supported noble metals have been generally regarded as the most desirable catalysts, in 

terms of their catalytic activity for catalytic oxidation. However, transition metal based 

oxides can replace traditional noble-metal-based catalysts, because of their low cost and 

stability. Recently some hydrotalcites have been reported [1] as precursors for obtaining 

catalysts for VOCs elimination and they exhibit promising results. Thus, a ternary mixed 

oxide Co-Al-Ce has been developed in the laboratory by synthesis method using 

hydrotalcite way. This material was studied as a catalyst for the total oxidation of VOCs 

(toluene and/or methyl ethyl ketone) alone or in mixtures. It showed very interesting 

performances in comparison with catalysts based on noble metals. 

This work focuses on preparing of the mixed oxide Co-Al-Ce in large quantities for his 

study in a semi-pilot. The method of synthesis has been adapted to combine repeatability 

and uniformity of the material. It was then shaped and has been studied for the catalytic 

oxidation of VOCs in a semi-pilot. 

Keywords: VOCs oxidation, transition metal, mixed oxide, hydrotalcite way, scaling-up 

[1] Genty, E., Cousin, R., Capelle, S., Gennequin, C. and Siffert, S. 2012. Catalytic 

Oxidation of Toluene and CO over Nanocatalysts Derived from Hydrotalcite-Like 

Compounds (X6
2+

Al2
3+

): Effect of the Bivalent Cation. Eur. J. Inorg. Chem., 2012: 2802–

2811.  
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The development of methane-combustion nano catalysts that showed high rates at lower 

temperatures and good stability at higher temperatures would have a significant impact on a 

number of energy-based technologies. We have demonstrated that core-shell catalysts, with 

metal nano-particles surrounded by a nano oxide shell, can be synthesized in solution and then 

deposited onto various oxide supports. In the case of Pd@ceria/alumina and Pd@TiO2/alumina, 

the materials have shown very interesting activities and high stabilities.  Under dry conditions, 

both Pd@TiO2 and Pd@CeO2 were highly active and showed nearly identical reaction rates; 

however, unlike Pd@CeO2, the Pd@TiO2 catalysts did not experience deactivation due to hydroxide 

formation during methane oxidation under wet conditions. The high activity of both Pd@TiO2 and 

Pd@CeO2 is partially due to the reducibility of the oxide shells.  

This presentation will show that data, along with recent investigations into the effects of water on 

the oxidation rates. 

 

*Corresponding author: mmkhader@qu.edu.qa 
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Magnetically separable and reusable nano catalyst for carbon-carbon bond 
formation reactions 
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One of the important challenges in the chemical industry and for the development of 

green chemical processes is the design of catalysts which can be reused and can be easily 

separated from the reaction mixture. The inherent limitation of homogeneous catalysis 

wherein the catalyst cannot be reused has  resulted in the development of new strategies like 

hetrogenisation of Pd on a solid support which facilitates catalyst recycling and recovery. A 

variety of materials such as carbon, clay, metal oxide, silica , zeolite and polymer resins have 

been explored in Pd mediated catalysis, in which Pd complex or Pd nanoparticle acts as an 

active species. 

Recently, magnetic nanoparticles (MNPs) have emerged as ideal supports due to their 

large surface area, low preparation cost, low toxicity, and good stability for anchoring 

catalysts for facile separation by an external magnet. Literature records several examples of a 

magnetic catalytic system which provides more effective separation of the catalyst than is 

possible by traditional filtration and centrifugation methods and also avoids catalyst loss [1]. 

 In the present work a palladium based catalyst has been synthesized by anchoring the 

complex moiety on the surface of magnetic Fe3O4@SiO2. The as prepared catalyst was well 

characterized and evaluated in carbon- carbon bond formation reactions in terms of its high 

activity in ionic liquid media. The catalyst was easily recoverable from the reaction medium 

by an external magnet and recycled upto seven cycles without loss in activity.  

Keywords: Palladium catalysts, magnetic supports, carbon-carbon bond formation, 

easy separation 

[1]  ZHANG, L.,  LI, P.,    LIU,C.,   YANG,J.,    WANG,M., &  WANG.L. 2014.  A highly 

efficient and recyclable Fe3O4 magnetic nanoparticle immobilized palladium catalyst for the 

direct C-2 arylation of indoles with arylboronic acids. Catal. Sci. Technol., 4, 1979-1988. 
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Ultra-small nanocrystals composed of either Zn2+- or Cu2+-coordination 

polymers with uniform shape and controllable size have been synthesised 

within confined nanoscale water droplets using a specifically-tailored 

modification of the microemulsion method (Figure 1). Notably, under 

optimised conditions, it is estimated that each nanocrystal contains < 5 

repeating units. The nanocrystals have been observed to form solvent-

dispersible aggregate structures of controlled size and shape, in the range of 

50 – 80 nm. In contrast to macroscopic coordination polymer crystals of 

identical composition, the nanocrystals demonstrate high catalytic activity, as 

evidenced through their use in a ring opening reaction of cyclohexene 

oxide with aniline. Furthermore, a reduced form of the CuII NCPs has been 

successfully employed as a catalyst for an azide-alkyne cycloaddition “click” 

reaction in nonpolar solvent. The synthetic method described in this work 

represents a convenient approach to the synthesis of coordination polymer 

nanocrystals with tunable properties, as the ligands can be independently 

modified and selectively combined with desired metal ions to prepare 

materials for various applications. 

 

 

Figure 1. Synthesis of Cu(II) coordination polymer nanocrystals composed of 

polydentate bridging ligands, and TEM image of the resulting nanostructures. 
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Layered silicates are inexpensive and versatile materials with already several industrial 

applications, particularly in the polymer industry. They consist of silicate sheets, several 

microns across and just a few nanometers thick, stacked on top of each other, and 

separated by layers of cations. With an effective delamination method, these materials 

could serve as a source of large amounts of functionalized, nanometer thin sheets. This 

could be of use in the production of biosensors, which require large, nanostructured 

surfaces produced at low cost. 

Another material with a similar geometry, graphene, has generated tremendous attention 

because of its highly unusual physical properties. One of the strategies currently being 

considered for the mass production of graphene sheets is in fact the delamination of 

graphite or graphite oxide, with already many different methods reported in the literature 

1–3. These same methods may prove to be just as useful for the production of silicate 

sheets.  

We report on the use of several of these methods, all of them inexpensive and simple to 

implement, in the delamination of layered silicates. The kitchen blender is used because 

high speed mixing creates shear strain within the material, causing the layers to come 

apart. As for freezing and microwave heating, the mechanisms at play are still not well 

understood, but may involve the expansion of water trapped between the silicate layers.   
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This study focuses on ilerite and magadiite, two commonly studied layered silicates. 

synthesized, the electrostatic interactions holding the sheets together are too strong for 

delamination to occur. The sodium

cetyltrimethylammonium ions in order to increase the distance between the sheets, 

allowing for the insertion of functionalization agent, cyanopropyltrichlorosilane. Once 

the surface has been silanized, the surface charge is significantly reduced, and the sheets 

can be separated. 

The extent of the delamination 

solutions dropcast onto a substrate

optimizing the delamination process, 

µm) of functionalized silicates 

the order of a 1 cm2. 

Fig.1 – AFM image and cross

and dropcast onto a silicon substrate
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Carbides materials such as SiC, due to their refractory nature and their low neutron absorption 

are believed to be promising candidates for high temperature nuclear or aerospace applications. 

However, SiC brittleness has limited its structural application. In order to overcome this 

drawback, a reduction of grain size below 100 nm is expected to enhance mechanical properties. 

Reinforcement by carbon nanotubes (CNTs) could also be of great interest because of their 

interesting mechanical, thermal and electric properties. We report here the elaboration of 

nanoSiC/CNTs composites together with the study of their related properties. β-SiC 

nanopowders (15-20 nm) differing in surface composition (C or O controlled contamination) 

were synthesized by laser pyrolysis. CNTs several hundred microns in length were grown by 

catalytic CVD. Thanks to spark plasma sintering process, SiC matrix grain size was kept below 

100 nm while final densities were higher than 96%. Finally, the obtained composites were 

subjected to hardness, toughness, and thermal and electric conductivities measurements 

performed in different directions, as the orientation of CNTs upon sintering lead to anisotropy. 

Keywords: Silicon carbide, Carbon nanotubes, Ceramic Matrix Composites, Nanomaterials 
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Hexagonal microdisks of zinc oxide (Figure 1a) have been synthesized via a hydrothermal 

method which appear single crystalline. A reversed crystal growth mechanism (1) has been 

revealed for the microdisks by analysing specimens across a range of time intervals. It was 

found that initially the precursor materials aggregate into disordered quasi spherical particles 

on the glass substrate and then undergo surface crystallization. The seemingly single crystal 

disks, therefore, are actually composed of a “core-shell” structure with a disordered, 

polycrystalline core encased in a layer of single crystal.(2) This structure allows the selective 

dissolution of the core, resulting in ZnO microstadiums (Figure 1b). Furthermore, nanocones 

of ZnO were grown on the surfaces of the ZnO structures giving rise to ZnO decorated 

microstadiums (Figure 1c). This structure is unusual as it would be more energetically 

favourable for additional ZnO to form simply as an extension of the existing ZnO structure 

(via classical crystal growth).It was determined, however, that a polymer layer coats the 

surfaces of the ZnO microstadiums which enhances the aggregation of precursor ions. 

These aggregates grow larger over time and recrystallize to form the single crystal cones. 

The nanocones also, therefore, follow a non-classical growth route, challenging our existing 

knowledge of crystal growth. 

 

 

Figure 1. SEM images displaying the 3 step formation mechanism of ZnO decorated 

microstadiums. 
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Abstract 

  Chemical vapor deposition technique is used with some modifications for the synthesis of BNNTs at 

1200 ºC in a conventional horizontal tube furnace. Ar gas is used as a reaction atmosphere inside the 

chamber. After BNNTs synthesis the residual materials left in alumina boat is covered with a few 

new Si substrate and tried for another (BNNTs) synthesis. The synthesized BNNTs are thinner at the 

bottom and thicker at the top with a thick bulb-like tip. The synthesized nanotubes have internal 

bamboo like structures with an interlayer spacing of 0.34 nm.  XPS and Raman confirmed the Boron 

and Nitrogen components of synthesized nanotubes with E2g mode of h-BN. 

 

   Keywords: BNNTs, Residual material, Synthesis.   

        PACS: 81.07.De   
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The recently discovered carbon polymer, Graphene oxide (GO), is one of the most attractive two 

dimensional polymer especially in medical and clinical applications due to its large surface area, 

adsorption affinity with the variety of biomolecules and its optical properties. In this study, GO 

biomedical derivatives [poly-ethylen-glycol functionalized (PEGylated) GO with Folic acid 

(GOPEGFA) and poly-ethylen-glycol functionalized GO (PEGylated) with RGD peptide 

(GOPEGRGD)] have been synthesized and studied spectroscopically. The observed emission 

spectrum varies widely depending on the applied excitation wavelengths over the range of 200 

nm to 488 nm. Notably, these derivatives exhibit the fluorescence phenomenon more intensely 

than pristine Graphene Oxide. Fluorescence microscopy also shows the strong and bright 

fluorescence in three main fluorescence regions (blue, green and red) when different excitation 

ranges (filters) put on for the same sample. We also found that the attached targeting ligand 

seems to affect the observed fluorescence in cell media. As a result, these produced networks 

have the potential to be used as a probe for dye free fluorescence imaging and tracking. 

Removing the potential toxic effects of dyes is the most important advantages of this system. 

Taken together, initial observation shows the potential application of Functionalized GO sheets 

as a traceable component in cell media as well as the appropriate carrier for drug delivery 

purposes. Therefore these unique characteristics of GO can decrease the complexity and toxicity 

of the therapeutical systems.  
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Superparamagnetic iron oxide nanoparticles (NPs) are a family of magnetic 

nanomaterials with a wide range of applications such as in biomedicine, environmental 

remediation and data storage. Among iron oxides, magnetite (Fe3O4) and maghemite (γ-

Fe2O3) NPs are of prime importance as contrast agents in MRI due to their nanoscale 

dimensions, high saturation magnetization, non-toxicity and biocompatibility.[1] Several 

strategies have been developed to achieve efficient T2 iron oxide-based contrast agents 

with controlled size and improved magnetic properties, mostly based on coprecipitation, 

thermal decomposition and polyol processes.[1] The aqueous coprecipitation route 

continues to be one of the prime choices for the production of this type of contrast agents 

since it is eco-sustainable, less time consuming, cost effective and easily scalable.[2] 

However the control of the nanomaterials size and magnetic properties through this route 

is still challenging.  

This work reports a new one-pot aqueous coprecipitation process for the tailored design 

of superparamagnetic Fe3O4 NPs. Through the use of a new generation of polyfunctional 

alkanolamine bases, we were able to master the particles size and magnetic properties, 

improving the saturation magnetization (up to 65.1 emu g-1) while reducing the 

nanomaterials dimensions (from 9.0 to 4.8 nm). The alkanolamines not only acted as 

coprecipitation agents, but also had a crucial role on the improvement of the surface spin 

order (magnetic dead layer) due to their complexation with the the subcoordinated metal 
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atoms on the NPs surface. These tuned characteristics led to an enhancement of the 

relaxometric properties, reaching a maximum value of transverse relaxivity r2 of 300.30 

mM-1 s-1 (at 25 ºC, 20 MHz, 0.47 T), which is significantly higher than the r2 values 

reported for commercially available T2 contrast agents and other iron oxides with 

identical particle size.[3] Finally, a relation between relaxivity – particle size – saturation 

magnetization was established, opening new horizons in the design of high-performance 

MRI contrast agents. 

Keywords: iron oxides, magnetic nanoparticles, coprecipitation, contrast agents, MRI 

[1] LAURENT, S., FORGE, D., PORT, M., ROCH, A. ROBIC, C., ELST, L. V. & 

MULLER, R. N. 2008. Magnetic Iron Oxide Nanoparticles: Synthesis, Stabilization, 

Vectorization, Physicochemical Characterizations, and Biological Applications. Chem. 

Rev., 108, 2064–2110. 

[2] PEREIRA, C., PEREIRA, A. M., FERNANDES, C., ROCHA, M., MENDES, R., 

FERNÁNDEZ-GARCÍA, M. P., GUEDES, A., TAVARES, P. B., GRENÈCHE, J.-M., 

ARAÚJO, J. P. & FREIRE, C. 2012. Superparamagnetic MFe2O4 (M = Fe, Co, Mn) 

Nanoparticles: Tuning the Particle Size and Magnetic Properties through a Novel One-

Step Coprecipitation Route. Chem. Mater., 24, 1496−1504. 

[3] LEE, N. & HYEON, T. 2012. Designed synthesis of uniformly sized iron oxide 

nanoparticles for efficient magnetic resonance imaging contrast agents. Chem. Soc. Rev., 

41, 2575–2589. 

 

 
 

 

AFM2015 - Jun 29 to Jul 3

Symposia 7: Low dimensional, Nano and 2D materials 6 10

Advances in Functional Materials



Genetically engineered biomolecules for synthesis of functional 2D and 3D nanomaterials 
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ABSTRACT 

Genetically engineered biomolecules have attracted tremendous attention for their tunable 

mechanical and chemical properties. These advantages have rendered biomolecules popular as 

materials and scaffolds for tissue engineering and repair. Recently, efforts to utilize genetically 

engineered biomolecules for synthesis of inorganic materials nanostructures have been reported. 

Unlike traditional chemical molecules, both the morphologies and chemical composition can be 

controlled through carefully designed templates made out of genetically modified biomolecules. 

In this work, we report novel strategies to synthesize nanostructured inorganic materials through 

the use of both genetically modified bacteria and fusion proteins. We showed that the 

nanostructured materials obtained from both routes exhibit electronic properties when evaluated 

as lithium-based batteries. 
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The lateral heterostructure of graphene and hexagonal boron nitride (h-BN) has 

attracted particular attention in research of 2D materials. Among various synthetic 

methods, there have been several attempts to develop the substitution reaction to convert 

graphene to h-BN or boron carbonitride (h-BNC). However, the reverse reaction 

converting h-BN to graphene has never been reported, which might be originated by the 

thermodynamic instability because the reaction is endothermic. Here, we report a new 

chemical route for the substitution reaction from h-BN to graphene for the first time, in 

which Pt substrate plays a role of catalyst to overcome the thermodynamic difficulty of 

the reaction. The conversion reaction was characterized by Raman spectroscopy, Kelvin 

probe microscopy and high-resolution transmission electron microscopy (HRTEM). The 

detail reaction mechanism has been investigated by systematic control experiments. We 

also show the controlled-formation of lateral graphene/h-BN heterostructure by 

lithographic techniques.  

Keywords: Graphene, boron nitride, lateral heterostructure, platinum, conversion reaction 
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Noble metal-semiconductor heterostructures are currently devised as potentially 

efficient materials for energy conversion technologies. [1] In particular, silver selenide 

(Ag2Se) is a narrow band-gap semiconductor that shows chemical and physical 

interesting properties such as high electronic and ionic mobility, infrared emission, high 

ionic diffusion and good thermoelectric performance. [2] Although this material has 

been extensively studied in the bulk, the potential of nanostructured Ag2X-based 

particles (X=S, Se, Te) in technology is yet to be examined. 

In this work we present a general method for the synthesis of size-controlled Au-Ag2X 

hybrid nanocrystals through the room temperature heterogeneous nucleation of Au on 

the surface of pre-synthesized Ag2X nanoparticles. Silver chalcogenide nanoparticles 

are prepared in solution through the thermal decomposition of a Ag+-oleylamine 

complex in the presence of the corresponding chalcogen, using trioctylphosphine oxide 

as solvent. The exhaustive structural characterization of the samples indicated the 

formation of the dimeric nanoparticles as well as the occurrence of high diffusion 

phenomena of Au+ ions through the Ag2X lattice at room temperature. This low energy 

barrier process induces the formation of novel nanostructured Au-Ag3AuX2 

nanoparticles with modified properties. 

The followed synthetic protocol proved to be highly reproducible and readily scalable. 

Thus, sufficient amounts of Ag2Se-based hybrid nanoparticles could be easily prepared 

for the assembly of lab-scale thermoelectric devices. The results show the superiority 

and enhanced thermal-to-electrical energy conversion of the hybrid systems with 

respect to single Ag2Se nanoparticles, and evidence the potential of this new 

nanostructured material within the search for efficient renewable energy sources. 

 

Ag2Se nanocrystals (a) and Au-Ag3AuSe2 hybrid nanoparticles (b) 
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ABSTRACT 
 
Solvothermal methods and simple reduction reactions are widely used for the synthesis of 
metal nanoparticles and nanowires. Large-scale production requires the use of large amounts 
of reactants. This generally results in low homogeneity distribution of nanoparticle size and a 
rise in side products. We designed a channel system in order to mix reactants in little amounts 
homogeneously within channels which help maintain a regular flux of fluids. We succeeded 
in narrowing particle size distribution highly in several syntheses. (1) Ag nanoparticle 
synthesis through simple reduction of Ag(I) salt (2) Cu nanoparticle synthesis through simpe 
reduction of Cu(II) saşt (3) Metal@metal core/shell nanowire synthesis-inert metal shell 
coating through galvanic exchange reaction, i.e. Ag@Au core/shell nanowire via reaction 
between Ag nanowire and Au complex compound (4) Metal@metal core/shell nanoparticle 
synthesis etc.. This method works excellent for homogeneous size distribution. We succeeded 
in i.e., 10±1 nm and 20±1 nm Ag nanoparticle synthesis at very narrow distribution. We will 
report other results as well and introduce our system design. Our metal nanoparticles can be 
used in numerous applications successfully such as solar cells, sensors, catalysis etc. Inert 
metal coated Ag and Cu nanowires are useful in durable transparent electrode design, fuel-
cell electrode design, solar cell and OLED electrode design etc. 
 
KEYWORDS: transparent electrode, fuel cell, sensor, Ag, Cu, Au, Pt, Pd, nanoparticle, 
nanowire  
 

 
Fig. A photograph of our microchannel device in order to mix two reactants simultaneously 

and a third one in the middle of the flow track. 
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The extremely high 2DHG mobility of over 1.3×106 cm2/Vs (Ps=2.9×1011 cm-2) [1-4] and 

low hole effective mass (0.060 ± 0.001)mo determined from Shubnikov-de Haas 

oscillations has enabled the fractional quantum Hall effect (FQHE) to be observed for 

the first time in a compressively strained (0.65%) sGe-QW (20 nm) selectively doped by 

boron (single-sided doping with 26 nm spacer between QW and B-layer). The 

SiGe/(001)Si-based  heterostructures grown using the RP-CVD method (ASM, Epsilon 

2000) [1-2]. The 2DHG mobility in our system is more than ten times higher than 

previously reported for similar SiGe-based heterostructures grown by use of LEPE-CVD 

[3] and MBE [5, 6]. Firstly, these results confirm that the FQHE is a truly universal and 

material independent phenomenon while secondly, allows us to study the energy gap 

between the states of Composite Fermions (CF) in a sGe 2DHG.  The FQHE features 

observed at 25 mK and around one half filling factor (at B~23T) include five CF Landau 

levels (LLs) ranging from v=1/3 to v=5/11, while further states are observed in higher 

LLs around v=3/2 (at B~ 8T) and 5/2 (at B ~ 4.8T). We also report CF mass and spin 

splitting by means of temperature and angle dependent magneto-transport experiments. 

Keywords: 2DHG, sGe-QW on SiGe/(001)Si, FQHE , Composite Fermions. 
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Authors LiNbO3 is a material which is widely used in a great variety of applications for 

optoelectronics such as electro-optic modulators, optical parametric oscillators and wave 

guiding, thanks to its large piezoelectric, electro-optical and nonlinear optical coefficients 

properties. It presents two remarkable advantages. At first, it is a versatile material since 

some of its properties strongly depend on the nature and concentration of dopant ions 

introduced in the host lattice. Furthermore fabrication of various 2D or 3D integrated 

optical devices require specific and complicated processes. Various kinds of reversible or 

irreversible damages can be induced by the preparation and the various treatments 

(annealing, redox…): formation of point or extended defects, lattice strains, partial 

amorphization … It is of prime importance that structural and optical properties are 

preserved by the preparation process. The control of material in the different stages of the 

process is consequently an important challenge to improve reliability and/or characteristics 

of devices. Here it is shown that Raman microprobe can be efficiently used to control the 

local structure and to detect any damage caused by the process. For this, several bands in 

the Raman spectrum can be analyzed as markers of various physical changes in the 

structure.  The incorporation of point defects is revealed by the broadening of some lines. 

Strains are reflected by shift in the position of lines, especially associated to oxygen 

octahedral. Extended defects of ablated material can be detected from the change in the 

whole line shape. It is thus demonstrated that the Raman probe can be thus useful to 

improve the quality of the structure and improve device properties.  

Keywords: defects, optoelectronics, optical materials, Raman spectroscopy. 
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        Graphene shows various fascinating physical properties which promise applications in 

future electronics, such as transistors, transparent electrodes, optoelectronic devices and 

supercapacitors. Therefore, preparation of high-quality graphene has been playing the key role 

for graphene-based devices. Several approaches have been developed, such as high 

temperature annealing of single crystalline SiC, CVD based methods and so on. However, it is 

hard to transfer the prepared graphene onto desired substrates or to integrate with other 

materials without suffering from structural defects. We reported a direct growth graphene on 

wafer-scale substrate at low temperature of 600 °C using microwave plasma CVD, and 

proposed a back growth mechanism of graphene coordinately. The Raman spectrums of the 

prepared graphene show that there are three major peaks around 1345 cm−1 (D band), 1585 

cm−1 (G band), and 2683 cm−1 (2D band) respectively. The quite weak D band at 1350 cm−1 

indicates very low concentration of defects. The ratio of intensity of the 2D band to the G band 

I2D/IG is about 2, combining the narrow linewidth of 2D which can be fitted by single 

Lorentzian, confirm the growth of single-layer graphene.  The Hexagonal diffraction spots in 

TEM SAED image of as-prepared graphene demonstrate the monolayer nature of the graphene 

again. The presented direct graphene growth could provide a low cost batch fabrication 

approach for potential high performance graphene-based device. 

 

Fig. 1 Raman Spectroscopic Characterization (a) and the TEM SAED patterns (b) of as-grown 
Graphene 

Keywords: graphene, microwave plasma CVD, direct growth, wafer-scale size, monolayer 
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Simulation of Quantum Dot Growth: Towards Rational Development of 
Nanomaterials With Predictable Properties 
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Technological applications of photoluminescent (PL) semiconductor nanocrystals (NCs) or 

quantum dots (QDs) require not only advanced optical parameters (such as a 100% PL quantum 

yield), but also high uniformity of the size and shape throughout the NC ensemble. Although 

methods for production of monodisperse CdSe QD cores exist, there is still a need for the 

development of procedures for deposition of uniform high-band-gap shells confining charge 

carriers in QD cores and protecting them from the environment. A layer-by-layer (L-b-L) 

technique for controllable deposition of inorganic shells onto QD cores, Successive Ionic Layer 

Adsorption and Reaction (SILAR), has been developed [1]. The real QDs are typically faceted, 

as seen in TEM, so the simple spherical model of a QD that lies in the basis of the SILAR 

method, becomes its major drawback. The incorrect estimation of the required shell precursor 

quantities according to SILAR method may result in excess precursor accumulation in reaction 

mixture, what, in turn, leads to the formation of core–shell QDs with imperfect structure or 

nucleation of shell nanocrystals as by-product. 

We have developed an approach to the construction of atomistic models of CdSe nanocrystals 

based on crystallographic parameters of QD material, which allows one to inspect the formation 

of these NCs in the L-b-L mode. The construction of the models is started from a "monomer" of 

AFM2015 - Jun 29 to Jul 3

Symposia 7: Low dimensional, Nano and 2D materials 6 18

Advances in Functional Materials



CdSe, followed by successive addition of atomic shells from the adjacent crystallographic space. 

Using this algorithm, we have obtained atomistic models of CdSe QDs up to 10 nm in size. 

To test our approach, we have performed the overgrowth of small CdSe NCs whose diameter 

was in correspondence with a particular growth stage in our model. We have succeeded in 

predicting the evolution of the optical properties of CdSe QDs during their overgrowth and 

demonstrated close correlation between the experimental positions and calculated values of the 

first excitonic transitions. 

We conclude that our model is physically relevant and can be used for calculation of precursor 

quantities for SILAR-like coating procedures. Finally, we have used this approach to synthesize 

novel CdSe/ZnS/CdS/ZnS core–multishell QDs with a PL quantum yield of almost 100%. 

This study was supported by the Russian Science Foundation (grant no. 14-13-01160). We thank 

Vladimir Ushakov for help in the preparation of this manuscript. 

Keywords: quantum dots, core-shell nanocrystals, structure, modeling, predictable properties 
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DNA-promoted polymerization of pyrrole; a route to templated DNA 
origami conductive networks 
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Here we report the polymerization of pyrrole onto DNA origami ‘T’-nanostructures. 

The templating of DNA with a range of conductive materials has been explored and 

the conductivity of the 1D nanowires produced has been demonstrated.[1] The fabrication 

of these 1D nanostructures is relatively straightforward but their integration into 

electronic circuits is more challenging. Circuit junctions and interconnects are required 

and recent work has shown that origami ‘T’ can be metalized, suggesting that DNA 

origami has a role to play in complex architectures. However, the formation of polymer 

templated DNA origami structures carries a further challenge that needs to be addressed. 

The conditions required to polymerize pyrrole onto densely packed dsDNA within the 

origami structures (ca 60 nm × 80 nm compared to 2 nm × 17 m of -DNA), This poster 

describes our efforts to fabricate DNA origami templated conducting polymers and 

deposit them on a silicon wafer in order to develop conductive origami materials. 

Keywords: DNA origami, polypyrrole, nanojunctions, molecular electronics 
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2014. DNA-templated nanowires: morphology and electrical conductivity. Nanoscale, 6, 
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Large Scale Interlayer Carbon Bonding in Multilayer Grpahene via 
Surface Hydrogenation 
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As a diamond synthesis, the direct conversion of graphite to diamond under high pressure 

and high temperature has been widely investigated. The discovery of graphene layer 

provided an idea of ultrathin diamond synthesis which is the direct conversion from 

multilayer graphene to that.1 The surface hydrogenation on multi-layer graphene was 

recently reported as a chemical conversion method into sp3 structure without extreme 

experimental conditions.2 However, the number of researches is still limited, as well as the 

large scale conversion reaction has not been demonstrated yet. 

Herein, we present our attempts for the large scale interlayer carbon bonding formation in 

multi-layer graphene. Multi-layer graphene were prepared by chemical vapor deposition 

method and transfer method, and surface hydrogenation on surface, interlayer C-C bonding 

and C-metal bonding were successfully characterized by scanning electron microscope 

(SEM), Raman spectroscopy, X-ray photoelectron spectroscopy (XPS), near-edge X-ray 

absorption fine structure (NEXAFS) spectroscopy, and electron energy loss spectroscopy 

(EELS). 

Keywords : Ultrathin diamond, sp3-conversion, Hydrogenation, Multilayer graphene 

[1] ODKHUU, D., SHIN, D., RUOFF, R.S. & PARK, N. 2013. Conversion of multilayer graphene 

into continuous ultrathin sp3 -bonded carbon films on metal surfaces. Sci. Rep. 3, 3276. 

[2] RAJASEKARAN, S., ABILD-PEDERSEN, F.,OGASAWARA, H., NILSON, A. & KAYA, S. 

2013. Interlayer Carbon Bond Formation Induced by Hydrogen Adsorption in Few-Layer Supported 

Graphene. Phys. Rev. Lett. 111, 085503. 
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Over the past decades, noble metal nanoparticles have been widely studied due to their unique 

optical, catalytic, electromagnetic and bactericidal properties, which are strongly influenced by 

their shape and size [1,2]. Besides extensively studied metals such as silver (Ag) and gold (Au) 

which bactericidal effect is well known, there are other metals worth to be explored i.e. platinum 

(Pt) and Palladium (Pd). There are, however, only few research studies addressing biological 

applications of pure Pt and Pd nanoparticles and their antibacterial properties are almost 

unknown. 

Recently, our group has published a unique approach for silver and gold nanoparticle 

synthesis which consists in direct metal sputtering into glycerol [1]. This study shows that 

proposed approach may be used even in case of Pt and Pd nanoparticles (NPs). The novelty of 

this work lies in evaluation of Pd and Pt antibacterial effect, as well as in addressing their 

cytotoxicity towards selected cell cultures which is of crucial importance when applying such 

man-made entities into living tissues. Both average nanoparticle size and size-distribution were 

measured by transmission electron microscopy, dynamic light scattering and UV-Vis absorption 

spectroscopy. Inhibition effect of nanoparticles was investigated in vitro on two common 

bacterial strains of Escherichia coli (Gram-negative bacteria) and Staphilococus epidermidis 

(Gram-positive bacteria), frequently involved in infections associated with a biofilm formation. 

Cytotoxicity of Ag, Au, Pd, and Pt nanoparticles (NPs) was assessed by WST-1 assay (Roche, 

Germany) using HaCaT (human keratinocytes), Hep G2 (human hepatocyte cells), CHO-K1 

(hamster Chinese ovary cells), RAW 264.7 (mouse macrophages), NIH 3T3, and L929 (mouse 

embryonic fibroblasts) cell lines.  

In contrast to PtNPs, PdNPs exhibited at similar concentration considerable higher 

bactericidal effect towards tested pollutants. However, this work suggested that Ag and Au NPs 
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are more appropriate antimicrobial agents due to their significantly lower cytotoxicity compared 

with much higher activity of Pd and Pt NPs. 

 

Financial support of this research from the GACR project No. 14-18131S is gratefully 

acknowledged. 
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Carbon nanotubes are envisioned as one of the promising candidates for beyond-silicon 

electronics. They posses unique properties, like high tensile strength, huge electrical and 

thermal conductivities, and have nearly one dimensional ballistic transport capability. 

One of the important applications of CNT includes carbon nanotube field effect transistor 

(CNTFET). A CNTFET is similar to a conventional MOSFET; however, the channel is 

made up of parallel combination of SWCNTs. The advantages of CNTFET include 1D 

ballistic transport of charge carriers, large mobility, large drive current and very low 

power consumption. To cash the advantages of CNTFET, we design and simulated  a 

novel three stage operational amplifiers (3SOA) using n and p type 45 nm technology 

node CNTFETS, along with the conventional MOSFETs. The two proposed 3SOA 

structures include the one employing n CNTFETs as sinks and conventional PMOS 

transistors as sources, named as NCNT-PMOS-OP-AMP. The other one employs 

conventional NMOS as sinks and p CNTFETs as sources, named as PCNT-NMOS-OP-

AMP. The simulations have shown a significant improvement in the performance of 

CNTFET based 3SOAs. In the NCNT-PMOS-OP-AMP, DC gain has increased by 17 %, 

Output resistance decreased by 90 % and the power consumption is 34 % less in 

comparison to the conventional OP AMP. Similarly, a significant improvement is seen in 

PCNT-NMOS-OP-AMP, due to CNTs.  It has been observed that the performance of 

CNTFET devices can be further improved by using an optimum number of CNTs. 

Keywords: Carbon nanotube, CMOS, CNTFET, Operational amplifier, Power Consumption 
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Graphene, a two dimensional monolayer of sp2 carbon atoms, has received tremendous attention from both 

the experimental and theoretical scientific communities in recent years since its discovery in 2004 by Geim 

and co-workers [1-2]. Due to its fascinating physical properties, graphene electrodes have constructed one 

of the most important and ideal electrochemical sensing and biosensing platforms [3-5].  

 

Graphene can be obtained so far by several techniques including micromechanical exfoliation of graphite 

[6], chemical oxidation of graphite followed by exfoliation and oxygen elimination [7] and chemical vapor 

deposition (CVD) onto catalytic metallic substrates [8, 9]. Among the various methods, chemically derived 

graphene has been extensively used due to the low-cost and large-scale production of graphene. However, 

this integrated graphene shows poor electrical conductivity. CVD represents a promising fabrication 

process to produce large area graphene in a controlled manner and with a low level structural defects. A 

single to few layer continuous graphene films grown directly onto a Ni film deposited on an oxidized 

silicon wafer via CVD was used to detect biologically relevant molecules [8]. However, the electrode is 

planar. Therefore, the active surface area is limited. Recently, cheng et al [9] presented a 3D graphene foam 

(GF) fabricated by using a Ni skeleton upon, then the underlying skeleton was etched away to leave a 

free-standing graphene. The unique 3D graphene structure was demonstrated to give rise to high quality 

graphene with outstanding electrical conductivity. 

 

Dopamine (DA) is one of the most important clinical neurotransmitters which plays a vital role in the 

function of central nervous, renal, and cardiovascular systems of mammals [10]. Deficiency of DA is 

associated with various neurodegenerative diseases [11, 12]. Therefore, monitoring the concentration of 

DA is of great importance. However, the primary challenge is that the oxidation peak potentials of DA 

overlaps with ascorbic acid (AA) at the bare electrodes [13-15]. Moreover, DA concentration is lower than 

AA and DA coexists with AA under physiological conditions, providing a large challenge for detection of 

DA in the presence of AA [16, 17]. Therefore, it is desirable for diagnostic applications to develop a simple, 

reliable and effective electrode with enhanced characteristics to distinguish AA and DA.  

 

In the present study, a 3D GF was synthesized by CVD on a Ni foam as the template. After etching Ni, it 

was transferred onto ITO coated glass. Figure 1 shows the schematic of electrochemical oxidation reactions 

of AA and DA at GF electrode. The GF electrode showed a high selectivity for the detection of dopamine 

in the presence of AA. This electrode will have a wide range of potential application prospect in 

electrochemical detection. 
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Figure 1 Schematic of electrochemical oxidation reactions of AA and DA at GF electrode 
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Water through Graphynes' Pores: 
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Abstract:  Graphynes are novel twodimensional 
carbonbased materials,  naturally  presenting  a 
nanoweblike structure characterized by triangu
lar   and   regularly   distributed   pores.   These   in
triguing features make   them appealing for mo
lecular filtering, especially  for water purification 
technologies.   First   principles   calculations   are 
carried out at the MP2C level of theory to prop
erly assess  the  interaction between water and 
graphyne,   graphdiyne   and   graphtriyne   pores. 
The computed penetration barriers (see Figure) 
suggest   that   water   transport   is   unfeasible 
through   graphyne   while   being   unimpeded   for 
graphtriyne. Nevertheless for graphdiyne, which 
presents  a  pore  size  almost  matching   that  of 
water, a low barrier is found which in turn disap
pears if an active hydrogen bond with an addi
tional water molecule on the opposite side of the 
opening   is   taken   into   account   (see   Figure). 
These results confirm the possibility of an effi
cient use of graphtriyne (and larger pore homo
logues) membranes for water filtration and puri
fication, as very recently suggested by molecu
lar dynamics investigations[14]. Still, in contrast 
with these studies[14], present findings do not 
exclude graphdiyne since the related first prin
ciples  penetration  barrier   leads     to  water  per
meation probabilities which are at least two or
ders of magnitude larger than those estimated 
by employing commonly used force fields[24]. 
The   computed   energy   profiles   for   graphdiyne 
have also served to build a new pair potential for 
the   watercarbon   noncovalent   component   of 
the interaction which better represents the wa
terpore behaviour[5] and it is recommended for 
molecular dynamics simulations involving graph
diyne and water. 

Keywords:  graphyne,  graphdiyne,  porous materi
als, nanofiltration, water purification, abinitio cal
culations

Figure:  a)   Annulenic   molecular   structures   used   to 
study the nanopores of graphyne(1), graphdiyne(2) 
and graphtriyne(3). The black triangles depicted in
side the pores represent their effective available area 
to be compared with the van der Waals diameter of 
the water molecule (red doubleheaded arrow). 
b) Energy profiles obtained at the MP2C level of the
ory for water perpendicularly   approaching the geo
metric   center   of   graphyne,   graphdiyne   and 
graphtriyne pores. Black lines correspond to the case 
of a single water molecule approaching the pore. Red 
lines refer to the case in which a second water mo
lecule fixed on the other side of the pore is added. A 
catalyzing effect is noticed due to the presence of an 
active hydrogen bond, which for graphdiyne leads to 
the suppression of the penetration barrier.
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Abstract 

Nanostructured materials systems such as thin-films and nanowires (NWs) are promising for 

thermoelectric power generation and refrigeration, compared to traditional counterparts in 

bulk, due to their enhanced thermoelectric figures-of-merit.  BiTe and its derivative 

compounds, in particular, are well-known for their near-room temperature thermoelectric 

performance.  In this work, both the binary BiTe and ternary BiSbTe nanowires were 

synthesized using template-assisted electrodeposition.  Stoichiometric depositions of the p and 

n-types nanowires were achieved via systematic study on compositional change as a function 

of applied potential using Linear Sweep Voltammetry (LSV).  Chemical compositions of the 

nanowires were evaluated using Energy Dispersive X-ray Spectrometry (EDXS) and their 

microstructures and morphologies characterized using diffraction and imaging techniques.  

Electrical and thermal transport properties of the nanowires were studied using a custom-

designed suspended micro-electro-thermal system.  Results from chemical analysis on the 

nanowires indicated that while the Sb contents in BiSbTe nanowires increased with more 

negative deposition potentials, the formation of Te0 and Bi2Te3 were favorable at more 

positive potentials.  Thermoelectric test modules constructed from pairs of p- and n-types 

BiTe based nanowire arrays thermocouples were demonstrated to produce a power output of ~ 

0.36 nW per a pair of p-n thermocouples at a maximum temperature difference of ~ 50 K.   

 

Keywords: Thermoelectric Nanowires, bismuth telluride, electrodeposition 
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Spintronics is a paradigm focusing on spin as the information vector. Ranging from 

quantum information to zero-power non-volatile magnetism, the spin information can be 

also translated from electronics to optics. Several spintronics devices (logic gates, spin 

FET, etc) are based on spin transport in a lateral channel between spin polarized contacts. 

We want to discuss, with experiments in support, the potential of graphene for the 

transport of spin currents over long distances in such types of devices.  

We will present magneto-transport experiments on epitaxial graphene multilayers on SiC 

[1]. The measured spin signals are in the mega-ohms range, and the analysis of the results 

in the framework of drift/diffusion equations leads to large spin diffusion length in 

graphene in the 100 microns range. The high spin transport efficiency of graphene can 

also be acknowledged up to 75% in our devices. These results will be compared to 

previous studies on carbon nanotubes and to our on-going study on large scale CVD 

grown graphene. A unified picture of spin transport in nanotubes and graphene will be 

presented [2].  

Keywords: Graphene, Spintronics 
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[2] SENEOR, P. et al. 2012. Spintronics with Graphene. MRS Bulletin 37, 1245. 
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Low turn on field CuInTe2 nanopencils as electron source 
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CuInTe2 (CIT) thin film was electrochemically deposited from aqueous electrolyte onto  

a molybdenum substrate. A conventional three-electrode geometry consisting working, 

counter and reference electrodes was used to perform the electrochemical deposition. The 

film was deposited at - 0.9 V with respect to Ag/AgCl electrode which was optimized by 

cyclic voltammetry experiment. On annealing the as-deposited film, nanopencil-like 

structures were obtained. The vertically aligned morphology of the rods with tapering 

ends is a favorable geometry for the field emission invetigations and applications. The 

field emission study was carried out in Ultra High Vacuum (UHV) all metal chamber. A 

maximum current density of 1.58 mA/cm2 was attainable at an applied electric field of 

1.67 V/μm. The turn field defined as electric field required to draw a current density of 1 

μA/cm2 was found to be 0.97 V/μm. The emitter shows a stable electron emission which 

was monitored over a period of 3 hours. Thus, vertically aligned CIT nanopencils are a 

potential  candidate for a use as an electron source. 

Keywords: CuInTe2, nanopencils, field emission.  

1] LAKHE M. & CHAURE N. 2014. Characterization of electrochemically deposited 

CuInTe2 thin films for solar cell applications. Solar Energy Materials and Solar Cells. 

123, 122-129 . 

2] WILLIAM R.S. 1962. High-Field Electron Emission from Cadmium Telluride. J Appl. 

Phys. 33, 3198.  
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Boron Nitride Nanosheets 
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Atomically thin boron nitride (BN) nanosheets, a structure analogue of graphene, have superior 

mechanical and thermal conducting properties and thus have been used as reinforcing fillers in 

composites to improve their mechanical and thermal performances. In contrast to zero band gap 

graphene, BN nanosheets area wide band gap semiconductor suitable for optoelectronics or as a 

dielectric substrate for high-performance graphene electronics.  Graphene sandwiched by 

monolayer BN is predicted to have a tunable band gap without sacrificing its mobility. However, 

many intrinsic properties of few-layer BN nanosheets as well as their applications have not been 

systematically investigated.   The presentation presents the synthesis of BN nanosheets [1], new 

physical properties [2-4] and applications in hydrogen storage, oil-water separation and water 

purification [5].  

1. Lu Hua Li, Ying Chen, Gavin Behan, Hongzhou Zhang, Mladen Petravic and Alexey M. 

Glushenkov, “Large-scale mechanical peeling of boron nitride nanosheets by low-energy ball 

milling”, Journal of Materials Chemistry, 21 (2011) 11862-11866. 

2. Lu Hua Li, Elton J. G. Santos, Tan Xing, Emmanuele Cappellu�, Rafael Roldán, Ying Chen, 

“Dielectric Screening in Atomically Thin Boron Nitride Nanosheets”, Nano Lett., Article ASAP 

3. Lu Hua Li, Jiri Cervenka, Kenji Watanabe, Takashi Taniguchi, and Ying Chen#, “Strong 

Oxidation Resistance of Atomically Thin Boron Nitride Nanosheets”, ACS Nano.  8 (2) (2014) 

1457–1462.  

4. Lu Hua Li, Xing Tan, Ying Chen,* and Rob Jones, “Boron Nitride Nanosheets for Metal 

Protection”, Adv. Mater. Interfaces 2014, 1300132 

5. Weiwei Lei, David Portehault, Dan Liu, Si Qin and Ying Chen#, "Porous Boron Nitride 

Nanosheets for Effective Water Cleaning", Nature Communications 4 （2013）1777 
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Electrical Properties for Graphene and MoS2 Hybrid Device 

Servin Rathi, In-yeal Lee, and Gil-Ho Kim  
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Two-Dimensional (2D) Transitional Metal dichalcogenides heterostructures with 

graphene presents a unique combination of 2D materials due to modulation in Fermi-

level of graphene with both lateral and longitudinal electric-field. In case of MoS2 and 

graphene heterostructure, rectification behavior due to asymmetrical barrier-height 

formation can be controlled by the lateral field in addition to applied longitudinal field 

which gives rise to controlled rectification properties. For device fabrication, both 

graphene and MoS2 layers were exfoliated and transferred using polymer based transfer 

techniques. The hybrid device consist of cross-connected MoS2 and graphene layers 

connected to metal electrodes at the ends. In this case, the device can be independently 

measured in both asymmetrical and symmetrical contacts mode. The end-connected 

MoS2 with symmetrical metal contacts shows good transistor behavior with good on/off 

ratio of the order of 104. However, if the configuration is changed to asymmetrical mode 

with one electrode being the metal while other connected via graphene layer, the simple 

I-V curve showed rectifying characteristics, which can further be modulated by applying 

the back-gate bias. This behavior can be considered as a back-gate-controlled schottky 

diode, with gate–dependent rectification. These contacts behavior adds new 

functionalities to the 2D devices for tunneling, photo-detectors, and photo-voltaic 

applications.  

Keywords: graphene, MoS2, two-dimensional material, diode 

[1] BRITNELL, L., GORBACHEV, R. V., JALIL, R., BELLE, B. D., SCHEDIN, F., 

MISHCHENKO, A., GEORGIOU, T., KATSNELSON, M. I., EAVES, L., MOROZOV, 

S. V., et al.  2012. Field-Effect Tunneling Transistor Based on Vertical Graphene 

Heterostructures. Science, 335, 947–950.  
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The present work deals with the modeling of a temperature driven or stress induced 

martensitic transformation in nano- and poly-crystalline NiTi. The cubic, ordered, high-

temperature phase, i.e. the austenite (B2 accordingto its Strukturbericht designation) 

transforms upon cooling into the monoclinic lower symmetry phase, the martensite 

(B19’). The lattice change entails a considerable amout of shear, which is most efficiently 

accommodated by twinning. In nanostructured NiTi twelve possible martensite variants 

determined from the phases’ symmetries form six unique compound twins [1] which 

arrange as twin laminates. For grain diameters around one hundred nm these laminates 

may, in turn start forming a larger self-similar structure, known as « herringbone 

structure » [2]. Furthermore, contrary to larger grain sizes, nanograins transform instantly 

and completely into martensite [1]. For martensite it is well known  that its specific local 

morphology as well as the transformation kinetics, depend mainly on the strain energy 

introduced into the material by the local transformation strain [3]. The Bain strains 

reflecting the macro deformation via the Cauchy-Born Rule [4] are calculated, using the 

crystallographic non-linear theory of martensitic transformations [4] starting from the 

lattice parameters of the two phases. Since the martensite exhibits a considerable elastic 

anisotropy the full set of 13 elastic constants from ab initio calculations are taken into 

account and adopted to describe the twin structures. Although the applicability of 

calculated elastic constants to twinned structures is currently being discussed [5] they will 

be used here as a starting point. At any rate, accurate data for the elastic constants are 

vital in order to properly predict the evolving microstructure. The model also accounts for 
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surface and interface energies via semi-analytical expressions [6]. The microstructure is 

approximated by means of a representative volume element (RVE) consisting of 150 

randomly oriented grains, created by means of a three-dimensional Voronoi cell 

generator, and subjected to periodic boundary conditions. Each grain in the RVE is 

toggled from the parent phase to the product martensite phase following a transformation 

strategy termed « incrementally energy minimizing algorithm (IEMA) » coded in Python. 

It searches for an optimum sequence of transforming grains such as to minimize the 

system’s total free energy [6], where the term « increment » refers to an increment of the 

martensitic fraction expressed in terms of the number of product phase grains relative to 

the toal number of grains in the model. From the simulation a realistic kinetics is 

obtained. Strain energy measurements from differential scanning calorimetry (DSC) 

experiments are compared with the numerically computed values.  

Keywords: NiTi, nanostructure, martensite, twinning, anisotropy, finite elements,   

[1] WAITZ, T., 2005. The self-accommodated morphology of martensite in 

nanocrystalline NiTi shape memory alloys. Acta Mater, 53, 2273-2283. 

[2] WAITZ, T., PRANGER, W., ANTRETTER, T. , FISCHER F.D., & KARNTHALER 

H.P. 2008. Competing accommodation mechanisms of the martensite in nanocrystalline 

NiTi shape memory alloys. Mater. Sci. Eng. A.481, 479-483. 
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surfaces on martensite microstructures: 3D phase field microelasticity simulation study. 

Acta Mater, 52, 1039-1050.  
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NiTi-theory and experiments. International Journal of Plasticity, 61, 17-31.  
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Molecular Sensing and Catalysis in 2D Nanostructures 

Petr Král, University of Illinois at Chicago 

First, we discuss our modeling of molecular sensing at graphene grain boundaries (GBs) [1]. 
The sensing platform is a grain boundary of two graphene grains deposited on amorphous SiO2 
substrate. We uncovered that an isolated graphene GB has ~300 times higher sensitivity to gas 
molecules (dimethyl methylphosphonate) than a single crystalline graphene grain. Our hybrid 
modeling of an electronic structure and transport in realistic GBs reveals that the ultra-sensitivity 
in GBs is caused by a synergetic combination of gas molecules accumulation at GB, together 
with the existence of ultrasensitive switchable transport channels in GBs. The discovered sensing 
platform opens up new pathways for the design of nanometer scale highly sensitive chemical 
detectors. We also discuss our modeling of CO2 reduction on MoS2 edges [2]. 

 
[1] P. Yasaei et al., Nat. Comm., 5, 4911 (2014). 
[2] M. Asadi et al., Nat. Comm. 5, 4470 (2014). 
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Catalyst-Free Growth of multi-layer h-BN on Sapphire Substrate  
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Hexagonal boron nitride (h-BN) has been regarded as a good substrate for two-

dimensional (2D) material based electronic, because ultra-flatness of h-BN surface can 

reduce the substrate-induce degradation in carrier mobility of 2D materials. Therefore, 

various approaches have been attempted for the large area growth of high-quality h-BN 

on metal substrate. However h-BN synthesized on metal substrate need to be transferred 

onto the other insulating substrate for device applications, as well as this process 

generally induces wrinkle formation on the surface. Hence, direct growth of h-BN on 

insulating substrate is promising for the transfer-free process. Herein, we present the 

catalyst free growth of multi-layer h-BN sheet on insulating sapphire substrate by low 

pressure chemical vapor deposition method.  The surface roughness of synthesized multi-

layer h-BN on sapphire substrate was measured as ~0.168 nm, and an optical band gap 

was estimated as 5.65 eV from UV visible absorption spectroscopy.  

Keywords: hexagonal boron nitride, Chemical vapor deposition, Ammonia borane, sapphire 
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Hexagonal boron nitride (h-BN) has been regarded as a good substrate for two-

dimensional (2D) material based electronic, because ultra-flatness of h-BN surface can 

reduce the substrate-induce degradation in carrier mobility of 2D materials. Therefore, 

various approaches have been attempted for the large area growth of high-quality h-BN 

on metal substrate. However h-BN synthesized on metal substrate need to be transferred 

onto the other insulating substrate for device applications, as well as this process 

generally induces wrinkle formation on the surface. Hence, direct growth of h-BN on 

insulating substrate is promising for the transfer-free process. Herein, we present the 

catalyst free growth of multi-layer h-BN sheet on insulating sapphire substrate by low 

pressure chemical vapor deposition method.  The surface roughness of synthesized multi-

layer h-BN on sapphire substrate was measured as ~0.168 nm, and an optical band gap 

was estimated as 5.65 eV from UV visible absorption spectroscopy.  

Keywords: hexagonal boron nitride, Chemical vapor deposition, Ammonia borane, sapphire 

AFM2015 - Jun 29 to Jul 3

Symposia 7: Low dimensional, Nano and 2D materials 6 38

Advances in Functional Materials



Thin-layered rGO Wrapped Co3O4 Nanofibers for A Fast 

Responsive Selective Ammonia Sensor  

Qiuxia Fenga,b, Xiaogan Lia* , Jing Wanga* 

a. School of Electronic Science and Technology, Institute for Sensing Technologies, 

Key Laboratory of Liaoning for Integrated Circuits Technology, Dalian University of 

Technology, Dalian 116024, China 

b. Department of Electronic Engineering, Dalian Neusoft University of Information, 

Dalian 116023，China 

 

Abstract:  

Thin-layered reduced graphene oxide (rGO) was successfully assembled onto 

the surface of Co3O4 nanofibres forming rGO-wrapped Co3O4 coaxial nanocabled 

microstructure for the first time by using the electrospinning technique. The resistive 

type chemical gas sensing properties of as-electrospun rGO wrapped-Co3O4 

nanofibres were studied in detail and the sensors showed a good sensitivity and 

selectivity to different concentrations of ammonia from10-100 ppm at 

room-temperature. The response time to ammonia is as fast as ~4 s which is the 

fastest one reported so far. This may be attributed to the excellent NH3 adsorption 

ability of the surface-coated rGO and porous microstructure of the electrospun 

intertwined nanofiber networks.  

 

Key words: Reduced Graphene oxide (rGO); rGO wrapped-Co3O4 Nanofibres; 

Electrospun, Ammonia Sensors 
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The sensitivity of graphene-based chemical gas sensors can be drastically improved by 

introducing appropriate dopants or defect sites which are able to enhance the interactions between 

the adsorbed gas molecules and the graphene material. Such modified graphene promotes the 

charge transfer between specific gas species and functionalized graphene, proving effective in 

giving faster response, and better selectivity. Our own earlier studies corroborate these findings. 

Nearly defect free CVD derived graphene shows p-type behaviour towards H2 gas and a 

sensitivity in the ppm range, albeit with high response and recovery beginning at temperatures 

above 200°C [1]. Herein we report that a transfer of low layer CVD graphene to various 

substrates, represents a selective way to obtain highly defective large area nanocrystalline 

graphene. In contrast it shows gas sensing behaviour under ambient conditions at 25°C, e.g. 5 

ppm NO2. By further modifying the particular synthesis conditions it is possible to obtain metal 

oxide decorated nanocrystalline graphene under controlled conditions. The crystalline oxide 

nanoparticles (2-3 nm diameter) reside preferentally at highly defective graphene sites. This 

material is candidate for heterogeneous catalyst, allows to study theoretically and experimentally 

disputed transparency effects of graphene as well as shed light into electronic and magnetic 

interactions of quasi zero dimensional nanoparticles on 2D surfaces.  

 
Keywords: Graphene, nanocrystalline, gas sensing, catalytic, graphene composites 
 
[1] MAO, S., LU, G.H., CHEN, J.H.. 2014. 

Nanocarbon-based gas sensors: progress and challenges, Chem Mater. Chem. A, 2, 5573-5576  

[2] KAYHAN, E., PRASAD, R., GURLO, A., YILMAZOGLU, O., PAVLIDIS, D., ENGSTLER, 

J., IONESCU, I., YOON, S., WEIDENKAFF, A., SCHNEIDER, J.J.. 2012. 

Synthesis, Characterization, Electronic and Gas Sensing Properties towards H2 and CO of 

Transparent, Large Area, Low Layer Graphene, Chem. Eur. J., 18, 14996-15003 
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Towards printable, conductive and functionalised graphene based inks 
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Graphene, with its low cost and potential high electrical performance, suggests that widely-

available, functionalised and printable graphene inks are on the horizon.  This poster presents our 

efforts to develop printable, functionalised graphene inks in order to efficiently produce flexible 

electrical components for use in bio-sensors and super-capacitors.
[1] 

 

Graphene oxide ink has been widely researched but problems still exist with regards to 

conductivity and printability.
[2]

 Here we present detailed studies into the formulation of printable 

graphene inks with robust characterisation by AFM, TEM and probe station measurements. 

Initial investigations into their functional and conducting properties are also reported and 

indicate that these functional materials can have applications in bio-MEMS sensor systems.   

Keywords: graphene, conductivity, functionalisation, inkjet-printing, bio-sensors   
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G., JUNG, S., BONACCORSO, F., PAUL, P. J., CHU, D. & FERRARI, A. C. 2012. Inkjet-

Printed Graphene Electronics. ACS Nano, 6, 2992-3006.  
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Poly(3-hexylthiophene) (P3HT) provides low processing cost and gas sensing operations 

at room temperature. Zinc Oxide (ZnO) has also demonstrated a high degree of sensitivity to 

gasses. This study combined organic and inorganic materials in the assembly of a gas sensor 

with high sensitivity to ammonia, in which ZnO nanowires provide a p-type semiconductor 

material and P3HT provides an n-type semiconductor. Physical vapor deposition (PVD) was 

used to deposit Al onto a substrate of indium tin oxide (ITO). Oxalic acid was then used as an 

electrolyte in anodization, resulting in a template of nano-holes comprising anodized 

aluminum oxide (AAO) with a pore diameter of 50 nm. Atomic layer deposition (ALD) was 

then used to fill the holes with ZnO to produce an array of ZnO nanowires. The AAO 

template was removed by wet etching and field-emission scanning electron microscopy was 

used to verify the successful formation of nanowires. Finally, a semiconducting layer of 

P3HT was spin coated onto the nanowires to enable gas sensing. Observations of 

microstructure and electrical analysis demonstrated that gas sensitivity decreased with an 

increase in the thickness of the P3HT layer.  

 

 

 

 

Keyword：AAO, ZnO, ALD, P3HT, sensor, ammonia 
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Poly(3-hexylthiophene) (P3HT) provides low processing cost and gas sensing operations 

at room temperature. Zinc Oxide (ZnO) has also demonstrated a high degree of sensitivity to 

gasses. This study combined organic and inorganic materials in the assembly of a gas sensor 

with high sensitivity to ammonia, in which ZnO nanowires provide a p-type semiconductor 

material and P3HT provides an n-type semiconductor. Physical vapor deposition (PVD) was 

used to deposit Al onto a substrate of indium tin oxide (ITO). Oxalic acid was then used as an 

electrolyte in anodization, resulting in a template of nano-holes comprising anodized 

aluminum oxide (AAO) with a pore diameter of 50 nm. Atomic layer deposition (ALD) was 

then used to fill the holes with ZnO to produce an array of ZnO nanowires. The AAO 

template was removed by wet etching and field-emission scanning electron microscopy was 

used to verify the successful formation of nanowires. Finally, a semiconducting layer of 

P3HT was spin coated onto the nanowires to enable gas sensing. Observations of 

microstructure and electrical analysis demonstrated that gas sensitivity decreased with an 

increase in the thickness of the P3HT layer.  

 

 

 

 

Keyword：AAO, ZnO, ALD, P3HT, sensor, ammonia 

 

 

 

 

 

 

 

AFM2015 - Jun 29 to Jul 3

Symposia 7: Low dimensional, Nano and 2D materials 6 43

Advances in Functional Materials

mailto:qxes5404@hotmail.com
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Forming  a  solid-solution  of  NiTiO3   and  CoTiO3 ,  two  isostructural  (ilmenite)  and  

isosymmetrical  (space  group  �-3) compounds, result in a single-phase compound with 

a remarkably low crystal symmetry. By neutron and X-ray synchrotron powder 

diffraction techniques, the space group symmetry of the Ni0.6Co0.4TiO3  sample was 

found to be triclinic  �-1  at room temperature,  far  above  the  magnetic  transition  

temperature.  Ni  and  Co  ions  were  found  to  prefer  positions  close  to  the 

octahedron center, whereas Ti ions took off-center positions. This structural distortion is 

the first known case in ilmenites and opens up ways to modify functional properties of 

magnetic oxides. Origin of the symmetry lowering is discussed. Temperature dependent 

DC magnetic measurements revealed two transitions. The first transition took place at 

around 27 K and the second at 63 K. The low-temperature phase was antiferromagnetic. 

The phase observed between 27 and 63 K is characteristic to the solid-solution and is not 

found in either of the constituent members. The origin of the transitions is explained in 

terms of in-plane and out-of-plane magnetic moments. 

Keywords: Ilmenite, neutron diffraction, x-ray diffraction, magnetic ordering 
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A magnetic refrigeration (MR) at room temperature (RT) was a mirage for science during 

several decades due to the considerable low magnetocaloric effect obtained by magnetic 

materials near RT. This limitation was overcome when the Giant Magnetocaloric Effect 

(GMCE) near RT was discovered on the Gd5Si2Ge2 compound [1], followed by several 

families of compounds such La-Fe-Si, Mn-Si-Co, and LaCaMnO3 materials.  

Besides de GMCE, the R5(Si,Ge)4 compounds are considered a playground on condensed 

matter area since they exhibit several different types of phase transitions (magnetic, 

structural,  electronic) and colossal magnetostriction, being considered a multifunctional 

materials. The control and tuning of magnetoestructural transitions responsible for the 

magnetocaloric effect are of vital scientific and technological items. On MR the heat 

exchange and the magnetic losses hysteresis are crucial parameters for MR efficiency. 

New strategies are being addressed that challenges, namely by increasing the surface 

exchange and by geometrical design. In order to overcome these barriers, in this work we 

will study the reduction scale effect on the R5(Si,Ge)4 compounds down to the nanoscale 

size.  

Micrometric ball milling samples were studied of two materials: one exhibiting a fully 

coupled magnetostructural transition - Gd5Si1.3Ge2.7 and one exhibiting an individual 

magnetic and structural transition - Tb5Si2Ge2. At nanoscale, a thin film was prepared by 

femto-second pulsed laser deposition with same composition of the Gd compound 
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(Gd5Si1.3Ge2.7). Concerning the Gd sample, the MCE decrease (up to 60%) when 

reducing the scale. Additionally, an increase of the O(I) phase at RT was observed 

combined with a volume reduction of the unit cell (up to 1%) when compared with the 

bulk counterpart. These observations are fingerprints of internal stress in the samples 

arising probably from the scale down of the magnetic materials. Concerning the Tb 

compound, a fully coupling of the structural and the purely magnetic transition is 

achieved in the ball milling for long time preparation revealing again the presence of 

strain by mimicking the external pressure effect [3]. Concerning the magnetic hysteresis, 

there is a drastic reduction of the magnetic hysteresis with scale down of the 

nanomaterials, thus showing that this strategy could be a good choice for the increase of 

efficiency of the magnetic refrigeration.  

[1] V. K. Pecharsky & K. A. Gschneidner, Jr. Phys. Rev. Lett. 78, 4494–4497 (1997) 

[2] J. H. Belo, A. M. Pereira, C. Magen, L. Morellon, M. R. Ibarra, P. A. Algarabel and J. 

P. Araújo J. Appl. Phys. 113 , 133909 (2013) 

[3] A. M. Pereira, A. M. dos Santos, C. Magen, J. B. Sousa, P. A. Algarabel, Y. Ren, C. 

Ritter, L. Morellon, M. R. Ibarra and J. P. Araújo Appl. Phys. Lett. 98 , 122501 (2011) 
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Anisotropically shaped Co nanocrystals such as nanorods or nanowires are ideal 

candidates for applications concerning information storage and permanent magnets 

Metallic Co single-crystalline nanorods of hexagonal close packed (hcp) structure, 

prepared by the reduction of an coordination Co precursor under hydrogen,1 exhibit 

particularly attractive magnetic properties2 for implementation in domains requiring 

materials with both high magnetization and high coercivity. They are exellent candidates 

for applications requiring “hard” magnetic nanoparticles (information storage, permanent 

magnets), however their use is compromised by their increased sensitivity towards 

oxygen and water that transforms them to cobalt oxides and/or hydroxides with a 

concomitant deterioration of their advantageous magnetic properties. The development of 
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a continuous noble metal shell around the cobalt cores would be an ideal solution for 

rendering the nanorods appropriate for use in an aqueous environment. The growth of a 

full shell is not straightforward, since segregation of the noble metal on the surface of 

cobalt results to noble metal decorated nanorods and not to a continuous full shell. 

However, even small discontinuities are enough for cobalt oxidation to take place in an 

aqueous solution. The introduction of an intermediate buffer layer between the magnetic 

core and the noble metal is a key step for the development of a full noble metal shell. 

Indeed the compatibility of the intermediate layer with both core and shell materials 

allows the formation of energetically favorable interfaces that are not disrupted. After 

noble metal protection, the nanorods are air and water resistant and can be transferred to 

an aqueous solution and be functionalized by standard antibody immobilization protocols 

without losing their magnetic properties.  

 

Keywords: Core-shell, ferromagnetic, nanorods, cobalt, water-resistant. 
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Magnetic particles of nanoscale or submicron dimensions are widely used in many 

applications such as recording devices, drug delivery, radiofrequency heating etc. In case 

of nanoscale dimensions, superparamagnetism plays a considerable role. While 

superparamagnetic particles were studied by various physical methods, nuclear magnetic 

resonance (NMR) was employed only rarely. In this paper we report results obtained by 

57Fe NMR and the comparison with macroscopic magnetic properties.  

The series of five nanocrystalline iron oxide samples with various mean particle sizes 

were prepared by glass crystallization. The nanoparticles grew inside a glass matrix to 

prevent their agglomeration and to reduce magnetic interaction between them. The X-ray 

diffraction was used to determine the mean particle sizes (5, 7, 8.5, 9 and 10 nm) and 

phase compositions. Zero-field cooled (ZFC) and field cooled (FC) dependences of 

sample magnetic moment on temperature (from 4 K to 400 K) were measured in applied 

magnetic fields of 30, 100 and 300 Oe. From ZFC/FC curves we calculated distribution 

of blocking temperatures for each sample. 57Fe NMR spectra were recorded in zero 

external magnetic field at 4.2 K. The spectral line shape corresponded to magnetite for 

samples with smaller particles and to maghemite for those with bigger particles. 

Temperature dependences of NMR spectra displayed a rapid decrease of NMR signal 

intensity with increased temperature and vanishing of the signal around the average 

blocking temperature determined from ZFC/FC curve for 30 Oe. 

  

Keywords: nanoparticles, superparamagnetism, glass crystallization, iron oxide, NMR 
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Interest in nanosized spinel ferrites has greatly increased in the past few years due to their 

importance in understanding the fundamentals in nanomagnetism and their wide range of 

applications such as high-density data storage, ferrofluid technology, sensor technology, 

spintronics, magnetocaloric refrigeration, heterogeneous catalysis, magnetically guided 

drug delivery, and magnetic resonance imaging. In the present work, lithium ferrite 

(Li0.5Fe2.5O4) nanoparticles of various sizes were prepared by mechanochemical routes 

[1]. In-field 57Fe Mössbauer spectroscopy and high-resolution TEM studies revealed a 

nonuniform structure of the as-prepared nanoparticles consisting of ordered regions 

surrounded/separated by disordered grain boundary/surface regions with the thickness of 

about 1 nm. The as-prepared nanoparticles are found to be structurally and magnetically 

disordered due to the far-from-equilibrium cation distribution and the canted spin 

arrangement. As a consequence of frustrated superexchange interactions, the nanosized 

Li0.5Fe2.5O4 exhibits a reduced nonsaturating magnetization, an enhanced coercivity, and 

a shifted hysteresis loop. 

Keywords: Ferrite, nanoparticle, cation distribution, spin canting, magnetization 
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A comparative study on nanofabrication of Cd ferrites by sol-gel method using citric acid 

as a complexing agent in the presence and without aqueous ammonia as combustion 

process chemical additive” (CPCA) have been carried out. Ferrites obtained by different 

methods were characterized  by various spectroscopic techniques and reveal that in the 

prescence of CPCA, ferrites in nanorange (30-38nm) are obtained at lower temperature 

(5000C), with high surface area (14.5067m2/g) and novel electro-magnetic (MS = 5.4273 

emu/g). Aqueous ammonia increases the extent of cation chelation with citrates, controls 

pH of the solution and extend porous three-dimensional (3D) network structures in 

nitrate-citrate xerogels [1]. Combustion method used has an advantage over other 

conventional methods as ferrites in the nano-range are obtained whereas in other 

conventional method like ceramic method, sintering over prolonged period gives rise to 

formation of bulk ferrites [2].  

Keywords: Nanofabrication, CPCA, Sol-Gel method, Ferrites, Xerogels.  
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The conjugation of gold nanorods (AuNRs) with biocompatible polyethylene glycol 
(PEG) molecules has triggered an emerging application in therapeutics and 
diagnostics. The AuNRs are generally synthesized by the seed-mediated method that 
takes advantage of cetyl trimethylammonium bromide (CTAB) and silver nitrate to 
control over the nanorod formation and the aspect ratio. The PEGylation usually 
happens only at the tips, resulting in partially modified AuNRs. These AuNRs are 
found to be toxic to cells due to the residual CTAB and silver. To solve this problem, 
we report herein a novel, facile, scalable one-step surface functionalization method to 
produce completely biocompatible (i.e. CTAB and Ag free) AuNRs. The method 
involves the use of a nonionic, biocompatible surfactant – Tween 20 to stabilize the 
nanorods, bis(p-sulfonateophenyl)phenylphosphine (BSPP) to activate the AuNR 
surface for the subsequent thiolated PEG attachment and sodium chloride (NaCl) to 
etch silver from the AuNRs. Highly colloidal stable and nontoxic PEGylated AuNRs 
were obtained. This method allows for quantitative functionalization of AuNRs with 
PEG molecules and can be easily extended to other PEG derivant and nanoparticle 
systems.  
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Abstract: 

Clostridium difficile infection (CDI) has emerged to be a major cause of 

Healthcare-associated infection in the world. CDI usually occur in patients subject to 

long-term use of antibiotics, and it is often initiated by the spores acquired from 

healthcare workers. Current CDI clinical management is still far from satisfactory as 

the spores are resistant to many chemical agents and physical approaches. 

Nanotechnology has been explored for potential applications in anti-microbials such 

as silver and zinc oxide nanoparticles. In this study, germination inhibitory activities 

of various kinds of nanoparticles were evaluated spectrometrically. We discovered the 

Fe3-δO4 nanoparticles present significant inhibition to C. difficile spore germination in 

vitro compared to other types of iron containing nanoparticles, zinc oxide, and silver 

nanoparticles. We previously developed 22 nm truncated octahedral Fe3-δO4 

nanoparticles through thermal decomposition of iron acetylacetonate with oleic acid 

and trioctylamine. The nanoparticles show a dose dependent inhibition of C. difficile 

spores germination. In an exposure condition of 0.5 mg/mL for 20 minutes, the 

nanoparticles showed a 64% inhibition to the spores from transforming into the 

vegetative cells closed to that of sodium hypochloride positive control. CDI animal 

model was established in NF-κB-reporter mice using oral gavage with C. difficile 

spores.  After 3 days, inflammation level was recorded non-invasively by In Vivo 

Imaging System. C. difficile spores without Fe3-δO4 nanoparticles treatment tripled the 

inflammatory level of the Fe3-δO4 nanoparticles treatment group in mice quantified by 

the luminous intensity. Histopathology analysis revealed intense neutrophil 

accumulation in the colon tissue of the control group compared to the 

nanoparticles-treated mice. With images showed that Fe3-δO4 nanoparticles could bind 
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to C. difficile spores and then interfere in germination.  In summary, we 

demonstrated the potential development of Fe3-δO4 nanoparticles as an effective 

clinical therapeutic agent for CDI. 
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Bacterial biofilms are formed when unicellular organisms come together to form a 

community that is attached to a solid surface and encased in an exopolysacharide 

matrix. When growing in the biofilm phenotype, bacteria are able to survive in hostile 

environments and acquire increased antibiotic tolerance and resistance to clearance by 

the host immune system. Currently there is an urgent need for new antibacterial 

agents with low susceptibility to resistance development. In this study, two 

conventional antibiotics, to which pathogenic bacteria such as Pseudomonas 

aeruginosa and Escherichia coli are resistant, were processed into nanospheres using 

a one-step, environmentally friendly sonochemical technology. The penicillin G and 

vancomycin nanospheres were shown to possess improved antibacterial and 

antibiofilm activity compared to the non-processed antibiotics. Their effect was 

further related to the enhanced membrane permeability of the spheres, studied by their 

interaction with cell membrane models - Langmuir monolayers - allowing minimum 

diffusion limitations and maximum surface area per unit mass. Importantly, the 

studied nano-structured materials selectively killed bacteria, without imparting 

toxicity to human cells. It is believed that bacteria do not recognize antibiotic 

nanospheres as a threat, hence their efficiency is improved and a delay in the 

development of bacteria resistance mechanisms probable. 
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Abstract  

 The field of nanotechnology has revolutionized the applicability of nanoparticles in 

various areas ranging from textiles, electronics, medicine, forestry etc. The present work 

also focuses on harnessing the potentials of TiO2 nanoparticles in niche biological 

applications. Nanoparticles , in particular metallic nanoparticles like TiO2 has now been 

researched for exploring its application in the field of biology, textile technology, for 

development of products for conscious human use.  The aim of the study was to 

synthesize Titanium dioxide (TiO2) nanoparticles by using Aspergillus niger. A 

concentration of 0.1 M TiO2 was added to the cell free filtrate prepared from the fungal 

culture. The entire mixture was incubated in shaker at 28oC for 48 hrs at 150 rpm. 

Biologically synthesized nanoparticle was characterized by UV visible spectroscopy, 

SEM, and XRD. After characterization, the TiO2 nanoparticles were screened for various 

applications such as antimicrobial activity, larvicidal potential, seed growth promotion, 

bacterial resistance and UV protective fabrication.  

 A concentration of 50µg titanium dioxide nanoparticles were found to induce 

germination significantly in Fenugreek seeds when compared with control seedlings. This 

was further validated by germination characteristics such as shoot length (19.77 cm), root 

length (2.81 cm), germination percentage (98.75%), and seed vigor index (2229.7) and 

biochemical parameters including protein (52.57 mg/g shoot and 51.10 mg/g root), 

carbohydrates (22.72 mg/g shoot and 17.08 mg/g root), reducing sugars (20.75 mg/g 

shoot and 18.97 mg/g root), chlorophyll (1.33 mg/g leaf ) in the germinating seedlings. 

The values were found to be significantly higher when compared to 25 µg TiO2 treatment 

and control. 
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 TiO2 nanoparticles impregnated 100% cotton fabric was proven to have best UV 

protective ability with UPF value of 30. The bactericidal activity of the treated fabric was 

assessed and a zone of inhibition of 49.12 mm and 40.13 mm was obtained against 

Staphylococcus aureus and Escherichia coli respectively. The same cotton fabric was 

found to exhibit antifungal activity against Aspergillus niger and Trichoderma reesei 

with a zone diameter of 60 mm and 65 mm respectively.  

 The antibacterial activity of the TiO2 nanoparticles was tested against Bacillus (18 

mm), Klebsiella (19 mm), Pseudomonas (21 mm), Streptococcus sp (19 mm).   

Maximum zone of inhibition was observed against Pseudomonas (21mm). 

 The larvicidal activity of TiO2 nanoparticles against II and III instar larvae of Aedes 

aegypti was deciphered to be concentration dependant (IC50 = 6.7 ppm and 8.4 ppm for II 

and III instar). Biochemical profiling in the treated larvae revealed that TiO2 toxicity 

reduced the levels of protein, cholesterol, and activities of acid/alkaline phosphatases, and 

lactate dehydrogenase whereas carbohydrate content increased in the treated larvae. 

Fungal synthesized TiO2 strongly induced the larval mortality and altered the metabolism 

of essential biomolecules leading to development of an effective strategy to control Aedes 

aegypti at its early larval stage. Hence, it can be inferred that there is a vast potential for 

TiO2 nanoparticle in biological application ranging from development of a UV protective 

, antibacterial, mosquitocidal  agents, and plant growth inducer.  

 

Keywords : Titanium nanoparticles, Aspergillus niger , UV Protection, Aedes aegypti , 

Mosquitocide, cotton fabric. 
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Molecular analysis of biological fluids is a clinical challenge. For instance, detection of 

peripheral biomarkers is valuable for early detection, prognosis and therapeutic response 

prediction in many pathologies. The Low Molecular Weight (LMW) proteome of the 

human blood serum is a promising source for biomarkers discovery [1]. Because 1% of 

the serum contains potential LMW biomarkers while the remaining 99% is composed of 

ubiquitous high molecular weight species, their detection and the pre-analytical bias due 

to sample handling and stability are critical issues in proteomic profiling approaches for 

clinical applications [2]. Innovative technologies solving these issues are mandatory to 

find new biomarkers related to the onset of a disease. 

In this work, we demonstrate that mesoporous silicon (PSi) layer, used as a platform for 

direct MALDI-ToF detection (Matrix-Assisted Laser Desorption/Ionization Time-of-

Flight mass spectrometry), represents an efficient strategy for molecular size-exclusion, 

fast and sensitive acquisition of discriminant proteomic profiles, and detection of 

potential biomarkers in biological samples. We study the influence of porous material 

characteristics (morphology, thickness…) on the enrichment of LMW species. On the 

one hand, we present the interest to use this platform to individualize specific proteomic 

profiles of different pathological states (cardiovascular, lymphoma…). On the other one, 

we show that in vivo exploration can also be considered using this PSi platform. A 

specific tool for in vivo sampling and analysis has consequently been developed on 

200mm silicon wafer for surgical intraoperative assistance. Its fabrication mode will be 

discussed. 

Keywords: Porous Silicon, Mass Spectrometry, Biomarker, Proteomic, Pathology 
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The ultimate objective of the work is to develop implantable nanowire-based devices for 

restoring function in patients with retinal degenerative diseases. One of the factors limiting 

the functionality of neural prosthetics comes from the fact that they need to integrate with 

tissue that is undergoing degeneration. Nervous tissue consists of two main types of cells, 

neurons and glia, with the latter being essential for the maintenance of the former. At the 

same time, glial cell activation (gliosis), which occurs naturally in response to disease and 

trauma, limits the efficacy of neural implants, since a glial scar, which forms as the glial cells 

proliferate and migrate, eventually surrounds the device.  

We have shown that both retinal neurons and glial cells survive when grown in vitro 

on dense arrays of vertical gallium phosphide (GaP) nanowires and that these promote neurite 

outgrowth to an exceptional extent1. In the present study, we examined whether it is possible 

to pattern the GaP nanowire substrates such that proliferating glial cells become restricted to 

particular regions on the surface. Retinal cells were derived from 4-day-old mice and cultured 

for 8 and 18 days in vitro (DIV) on substrates containing regions with different topographies 

that were generated using electron beam lithography to pattern gold nanoparticle catalysts 

and metal organic vapor phase epitaxy to grow the nanowires. The regions consisted of 100 

µm wide dense and regular arrays of vertical nanowires (4 µm long; 80 nm in diameter) 

separated by 100 or 25 µm wide regions with a flat topography (referred to as substrates 
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100n/100f and 100n/25f, respectively). We examined, in addition, whether the outgrowth of 

retinal neuronal processes could be guided by arranging the nanowires in rows spaced 10 µm 

apart within the 100 µm nanowire arrays (substrate 100n-rows/100f).  

Using specific markers for neurons and glia, we found that in 100n/100f substrates, 

glial cells were observed predominantly within the flat regions and only rarely over the 

nanowires, both at 8 and 18DIV. In 100n/25f substrates, most glial cells were still found 

within the flat regions, although a greater number of them were observed on the nanowires, 

as compared to 100n/100f substrates. Using the 100n-rows/100f substrate, we found that 

neuronal processes aligned along the nanowire rows, as if guided by the nanowires, and that 

at least some of the guided processes belonged to retinal ganglion cells. 

The study thus shows that, by designing substrates of vertical nanowires with distinct 

surface topographies, it is possible to control neuronal and glial cell behavior, an important 

parameter in the design of implants with better biocompatibility and functionality.  

 

Keywords: prosthetics, nanowires, retina, gallium phosphide, gliosis 
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Making structured metals transparent for ultrabroadband 
electromagnetic waves  

 
Ru-Wen Peng1,*, Ren-Hao Fan1, Xian-Rong Huang2, and Mu Wang1 

1) National Laboratory of Solid State Microstructures and School of Physics,  
Nanjing University, Nanjing 210093, China 

2) Advanced Photon Source, Argonne National Laboratory,  
Argonne, Illinois 60439, USA 

Abstract 

In this work, we present our recent progress on making structured metals transparent for 
broadband electromagnetic waves via excitation of surface plasmons.  First, we theoretically 
show that one-dimensional metallic gratings can become transparent and completely 
antireflective for extremely broadband electromagnetic waves by relying on surface plasmons 
or spoof surface plasmons. Second, we experimentally demonstrate that metallic gratings with 
narrow slits are highly transparent for broadband terahertz waves at oblique incidence and 
high transmission efficiency is insensitive to the metal thickness.  Further, we significantly 
develop oblique metal gratings transparent for broadband electromagnetic waves (including 
optical waves and terahertz ones) under normal incidence.  In the third, we find that the 
principles of broadband transparency for structured metals can be extended from 
one-dimensional metallic gratings to two-dimensional cases. These investigations may 
provide guidelines to develop many novel materials and devices, such as transparent 
conducting panels, antireflective solar cells, and other broadband metamaterials and stealth 
technologies. 
 
References:  
1) X.R. Huang, R.W. Peng, R.H. Fan, Phys. Rev. Lett. 105 (2010) 243901.  
2) R.H. Fan, R.W. Peng, X.R. Huang, J. Li, Y. Liu, Q. Hu, Mu Wang, and X. Zhang,  
  Adv. Mater. 24 (2012) 1980.  
3) D.X. Qi, R.H. Fan, R.W. Peng, X.R. Huang, M.H. Lu, X. Ni, Q. Hu, and Mu Wang,  
  Appl. Phys. Lett. 101 (2012) 061912.  
4) R.H. Fan, L.H. Zhu, R.W. Peng, X.R. Huang, D.X. Qi, X.P. Ren, Q. Hu, and Mu Wang,  
  Phys. Rev. B 87 (2013) 195444.  
5) R.H. Fan, J. Li, R.W. Peng, X.R. Huang, D.X. Qi, D.H. Xu, X.P. Ren, and Mu Wang,  
  Appl. Phys. Lett. 102 (2013) 171904.  
6) Xiao-Ping Ren, Ren-Hao Fan, Ru-Wen Peng, and Mu Wang, manuscript submitted (2014).  
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White quantum dot light emitting diode by mixed blue-green-red QDs  

Jing Chen1, Jiangyong Pan1, Qianqian Huang1, Wei Lei1  

School of Electronic Science and Engineering, Southeast University, Nanjing, China, 210096 

 

Abstract 

 

White quantum dot light-emitting diodes (QD-LEDs) have been a promising candidate for 

high-efficiency and color-saturated displays. Here, we report a simply solution-processed white 

QD-LED using the mixed blue-green-red QDs as the emitting layer. The device is demonstrated with 

a maximum luminance of 150 cd/m2 and power efficiency of 0.34 lm/W, exhibiting the Commission 

Internationale de l’Enclairage (CIE) coordinates of (0.33, 0.33). The unencapsulated white QD-LED 

has a long lifetime of 60 h at its initial luminance of 150 cd/m2. 
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Structural Investigation on Catalyst-Free Si-Doped InAs Nanowires  

D. W. Park1, 2, J. S. Kim1,*, S. K. Noh2, J. O. Kim2, S. W. Kang2 and S. J. Lee2 

1Division of Advanced Materials Engineering & Research Center of Advanced Materials 
Development, Chonbuk National University, Jeonju 561-756, Korea 

2Nano Materials Evaluation Center, Korea Research Institute of Standards and Science, 
Daejeon 305-340, Korea 

E-Mail : dwpark@kriss.re.kr and  kjinsoo@jbnu.ac.kr 

To realize devices using Si-based InAs nanowires (NWs) as an active medium or a 

channel region, reliable doping profiles should be defined at the NW itself. In the 

previous works, when Si doping was introduced to InAs NWs, the heights of Si-doped 

InAs NWs were decreased with relatively thick features compared to those of undoped 

NWs [1]. In this paper, we report the influences of HF/BOE surface treatment and Si-

doping on structural properties of catalyst-free InAs NWs formed on Si(111) substrates. 

Before depositing InAs, Si substrates were cleaned separately by using HF and BOE 

solutions. For the formation of InAs NWs, indium was supplied at the pressure of 3x10-8 

torr and V/III ratio was changed from 50 to 400 by changing arsenic flux for 60 min. Si 

with the nominal concentration of 1x1019 cm-3 was introduced to form Si-doped InAs 

NWs. The spatial density of the NWs was increased from 8x106 to 1.5x108 cm-2 with 

increasing V/III ratio from 50 to 200. With further increase in V/III ratio, the NW density 

was not increased. However, the average height of InAs NWs was increased from 0.6 to 

5.8 μm with increasing V/III ratio. At the V/III ratio of 400 for 120 min, the average 

height and diameter of Si-doped InAs NWs were measured to be 10 μm and 80 nm, 

respectively, which are almost same to those of undoped NWs. In addition, since various 

shapes of InAs NWs were observed in transmission electron microscopy images, we will 

statistically discuss electrical properties depending on their structural properties. 

Keywords: InAs, nanowires, MBE, catalyst-free 

[1] DIMAKIS, E., RAMSTEINER, M., HUANG, C., TRAMPERT, A., DAVYDOK, A., 

BIERMANNS, A., PIETSCH, U., RIECHERT, H. & GEELHAAR, L. 2013. In situ 

Doping of Catalyst-Free InAs Nanowires with Si: Growth, Polytypism, and Local 

Vibrational Modes of Si. Applied Physics Letters, 103, 143121. 
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Preparation of Cu2O nanowires by thermal oxidation method and their 
application in solar cells 

Dongyun Guo and Yang Ju  

Department of Mechanical Science and Engineering, Nagoya University 

Furo-cho, Chikusa-ku, Nagoya 464-8603, Japan 

ju@mech.nagoya-u.ac.jp 

The worldwide quest for clean and renewable energy sources has encouraged large 

research activities and developments in the field of solar cells. It is currently dominated 

by bulk crystalline Si-based solar cells. But the high specific cost of this technology is a 

barrier to its widespread dissemination. Cuprous oxide (Cu2O), p-type semiconductor 

with direct band gap (Eg) of 2.1 eV, is investigated for solar cells in the early 1900’s due 

to the non-toxic nature, abundance of the copper and cheap production processing. The 

theoretical energy conversion efficiency of Cu2O-based solar cells is about 20%.[1] Many 

groups have developed Cu2O-based solar cells. Recently, Minami et al[2] fabricated 

Ga2O3/Cu2O hetero-junction solar cell and got the highest efficiency of 5.38%. There is 

still much scope to further improve the energy conversion efficiency. 

The single-crystal Cu2O nanowire array with large scale can be prepared by thermal 

oxidation at low cost with simple equipment. We prepared the p-type Cu2O nanowire 

array by thermal oxidation method on glass substrate with Al-doped ZnO transparent 

electrode, as shown in Fig. 1. The n-type ZnO 

nanocrystals were prepared according to the method of 

Guo et al.[3] The p-type Cu2O nanowire array was filled 

with n-type ZnO nanocrystals to form the p-n junction. 

Finally, the Au electrode was deposited by electron-

beam evaporation to fabricate the nanostructured 

Cu2O/ZnO solar cells, and the performance of the solar 

Fig. 1 Cu2O nanowire array 
prepared by thermal oxidation. 

AFM2015 - Jun 29 to Jul 3

Symposia 7: Low dimensional, Nano and 2D materials 6 65

Advances in Functional Materials



cells was obtained employing a solar simulator. In this study, we developed a novel 

process to prepare Cu2O-based solar cells at low cost, which has a potential application in 

photovoltaic power generation. 

Keywords: Cu2O nanowire, thermal oxidation, solar cell, ZnO nanocrystal 

[1] RAI, B. P. 1988. Cu2O solar cells: A review. Solar Cells, 25, 265-272. 

[2] MINAMI, T., MIYATA, T., NISHI, Y. 2014. Efficiency improvement of Cu2O-based 

heterojunction solar cells fabricated using thermally oxidized copper sheets. Thin Solid 

Films, 559, 105-111. 

[3] GUO, D., SATO, K., HIBINO, S., TAKEUCHI, T., BESSHO, H., KATO, K. 2014. 

Transparent conductive Al-doped ZnO thin films prepared by a novel sol-gel method. 

Journal of Materials Science, 49, 4722-4734. 
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One-dimensional Electron Confinement in Sub-5-nm Graphene 
Nanowrinkles 

Hyunseob Lim1,2,3, Rodney S. Ruoff2,3  Yousoo Kim1,* 

 

1Surface and Interface Science Laboratory, RIKEN, 2-1 Hirosawa, Wako, Saitama 351-

0198 Japan. 2Center for Multidimensional Carbon Materials, Institute of Basic Science, 

UNIST-gil 50, Ulsan 689-798, Korea.3Department of Energy Engineering, Department of 

Chemistry, Ulsan National Institute of Science and Technology (UNIST), UNIST-gil 50, 

Ulsan 689-798, Republic of Korea. 

Presenting author’s e-mail: hslim@ibs.re.kr 

Corresponding author’s e-mail: ykim@riken.jp 

Graphene-based carbon materials such as fullerenes, carbon nanotubes, and graphenes 

have distinct and unique electronic properties that depend on their dimensionality and 

geometric structures. Graphene wrinkles with pseudo one-dimensional (1D) structures 

have been observed in a graphene sheet. However, their 1D electronic properties have 

never been observed because of their large widths. Here, we present the unique electronic 

structure of graphene nanowrinkles (GNW) in a graphene sheet grown on Ni(111), the 

width of which was small enough (less than 5 nm) to cause 1D electron confinement. Use 

of spatially resolved, scanning tunneling spectroscopy revealed band-gap opening and a 

1D van Hove singularity in the GNW, as well as the chemical potential distribution 

across the GNW. Our demonstration of 1D electron confinement in a graphene creates 

the novel possibility of controlling its electronic properties not by chemical modification 

but by “mechanical structuring in a controlled manner”. 

Keywords: Graphene, wrinkle, scanning tunneling microscopy, van Hove singularity 
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Nanophotonics with Nanocarbon Materials:  
From Bio-sensing to Remote Heat Removal (keynote) 

Slava V. Rotkin 

Department of Physics & Center for Advanced Materials and Nanotechnology,  
Lehigh University, 16 Memorial Dr. E., Bethlehem, PA 18015, USA. 

E Mail : rotkin@lehigh.edu 

Among new materials that have been (re)discovered during last decade, nanocarbons 

(graphene and nanotubes) stand out for their mechanical, electronic, optical and thermal 

properties. This talk will cover several featured examples, focusing on the new physics 

behind fascinating materials properties. 

One of the key signatures of the layered materials is their strong anisotropy. For 

example, in-plane thermal conductivity of nanocarbons approaches or even exceeds those 

of the best thermals conductors, like diamond. Even though, implementing them for 

energy management is inhibited by inefficient coupling to the substrate. Such a coupling 

which is due to the interface (cross-plane) thermal conductance, aka Kapitza 

conductance, is orders of magnitude lower and often presents a thermal bottleneck.  

Last decade our understanding of the nanoscale heat transport has been substantially 

extended beyond basic thermal physics [1]. Recently the theory of a novel near-field 

radiation mechanism received significant attention [2]. Using methods established in 

Quantum Electrodynamics (QED), one can approach understanding of heat radiation 

and/or remote energy dissipation across nanoscale gap between thermal materials. This 

heat tunneling process often constitutes main mechanism of the heat exchange between 

graphene [3a] or nanotube [3b] film and a substrate. Physics of the effect will be outlined 

to explain major experimental observations, including remote Joule heating [4ab], and to 

make predictions for engineering of thermal interconnect materials. 

Infrared plasmonics of nanocarbon materials explains most of the QED heat transport 

effects, while the optical properties in visible range are associated with their unique 

electronic structure: Dirac spectrum, following from the honeycomb lattice symmetry.  

Universal optical conductivity of graphene materials has a potential for controlling 

the surface reflectivity by chemical or electrostatic doping of an atomically thin coating 

layer. For bio-sensing applications non-metallic nanotube materials are most attractive, 
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presenting a class of near-infrared optical dyes in their pristine form and demonstrating 

visible range photo-physics in complexes with other materials, like DNA and rare earths. 

The talk will touch upon the physics of solvation [5a] and functionalization of nanotube 

materials [5b] which is a dynamically developing field, rich for applications. 

Keywords: nanocarbon materials, near-field Kapitza conductance, remote Joule heat, 

nanotube bio-sensing, rare-earth-DNA-nanotube complexes 

[1] D.G. CAHILL, W.K. FORD, K.E. GOODSON, G.D. MAHAN, ET.AL 2003. 

Nanoscale thermal transport. Journal of Applied Physics 93, 793-818. D.G. CAHILL, 

P.V. BRAUN, G. CHEN, D.R. CLARKE, ET.AL 2014. Nanoscale thermal transport. II. 

2003–2012. Applied Physics Reviews 1, 011305. 

[2] A.I. VOLOKITIN, AND B.N.J. PERSSON 2007. Near-field radiative heat transfer 

and noncontact friction. Reviews of Modern Physics 79, 1291-1329. 

[3] (a) V.B. SVETOVOY, P.J. VAN ZWOL, AND J. CHEVRIER 2012. Plasmon 

enhanced near-field radiative heat transfer for graphene covered dielectrics. Physical 

Review B 85, 155418. (b) A.M. NEMILENTSAU, AND S.V. ROTKIN 2012. Vertical 

Single-Wall Carbon Nanotube Forests as Plasmonic Heat Pipes. ACS Nano 6, 4298. 

[4] (a) K.H. BALOCH, N. VOSKANIAN, M. BRONSGEEST, AND J. CUMINGS 2012. 

Remote Joule heating by a carbon nanotube. Nat Nano 7, 316-319. (b) Z.-Y. ONG, AND 

M.V. FISCHETTI 2013. Theory of remote phonon scattering in top-gated single-layer 

graphene. Physical Review B 88, 045405. 

[5] (a) T. IGNATOVA,  H. NAJAFOV, A. RYASNYANSKIY, I. BIAGGIO, ET.AL 

2011. Significant FRET Between SWNT/DNA and Rare Earth Ions: A Signature of Their 

Spatial Correlations, ACS Nano, 5, 6052-6059. (b) SV. ROTKIN 2010. Electronic 

Properties of Nonideal Nanotube Materials: Helical Symmetry Breaking in DNA 

Hybrids, Ann Rev of Phys Chemistry Vol. 61, pp. 241-261. 
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Low Dimensional Single Crystalline In2-xGaxO3(ZnO)n Nanostructures 
with Tunable Compositional and Optical Properties

 Yujie (Guo)1, Yang (Song)1, Jean-Pierre (Locquet)2, Jin Won (Seo)1

1Department of Materials Engineering, KU Leuven, 3001 Leuven, Belgium 
2Laboratory of Solid State Physics and Magnetism, KU Leuven, 3001 Leuven, Belgium

yujie.guo@mtm.kuleuven.be

Single crystalline In2-xGaxO3(ZnO)n (IGZO) nanostructures hold considerable technological 

promises for applications owing to their superior properties especially high carrier mobility and 

high optical transparency[1]. However, fabrication of single crystalline IGZO is highly 

demanding because of the complex “natural superlattice” structure and high volatility of 

involved metal components at high temperatures[2]. In this study, we propose a non-vacuum route 

to produce low dimensional single crystalline IGZO nanostructures. Because of their confined 

dimension, the single crystalline structure can be stabilized at lower temperatures. For the first 

time, highly periodic crystalline structure and homogenous composition are achieved. The 

growth process, which involves reactive diffusion between single crystalline ZnO nanostructures 

and solution-based IGZO precursor, is studied systematically. The resulting chemical 

composition can be modulated by adjusting the thickness of the IGZO precursor. Optical 

measurements reveal tunable optical band gap with the variation of IGZO composition, 

indicating that controllability over the nanostructure composition enables precise modification of 

the optical performances. 

Keywords: IGZO, natural superlattice, diffusion, optical band gap

[1] NOMURA, A., OHTA, H., UEDA, K., KAMIYA, T., HIRANO, M., HOSONO. 2003. Thin-

Film Transistor Fabricated in Single-crystalline Transparent  Oxide Semiconductor. Science, 300, 

1269-1272.

[2] ANDREWS, S. C., FARDY, A. M., MOORE, M. C., ALONI, S., ZHANG, M., 

RADMILOVIC, V., YANG, P. 2011. Chemical Science, 2, 706-714. 
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Piezotronic and 2D Hall effects of individual ZnO microwire 

 
 

Hakseong Kima, Ho Ang Yoona, Hoyeol Yuna, Kirstie McAllistera and Sang Wook Leea 

 

aSchool of Physics, Konkuk University, Seoul 143-701, Korea  
 

We studied the electrical and electromechanical properties of individual ZnO microwire. 
To attach the nanoscale electrodes on the ZnO microwire, a suspended PMMA (Poly methyl 
methacrylate) ribbon structures were fabricated for making electrical connection between the 
micro wire and the bottom substrate. The estimated contact resistance by 4-probe 
measurement for ZnO microwire FETs fabricated by our method was found to be much lower 
than that of device fabricated by standard E-beam lithography and evaporation. We realized a 
suspended ZnO microwire based electromechanical device by using this fabrication method 
and investigated its piezoelectric properties. An efficient piezoelectric-induced current was 
detected when the individual suspended microwires were vibrating at their resonant 
frequency. Using the PMMA ribbons, the Hall probes were also defined only on the top facet 
of the hexagonal surfaces. The 2-dimensinal charge carrier density and mobility of ZnO 
microwire were studied from the Hall measurements. 
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Laser-assisted processing and diagnostics of functional 
micro/nanomaterials 

 
David J. Hwang1* and Costas P. Grigoropoulos2 

 

1Assistant Professor, Department of Mechanical Engineering at State University of New York, Stony Brook 
NY 11794 

 

2Professor, Department of Mechanical Engineering, University of California, Berkeley CA 94720 
 

*Speaker 
 

ABSTRACT 
Lasers have proven to be efficient tools in a variety of micro/nanoscale materials 
processing and diagnostics. This talk will be focused on presenting recent progress on 
producing functionalized micro/nanomaterials for various application fields via multiple 
laser-assisted processing routes including ablation, crystallization, sintering, activation 
and chemical vapor deposition. In addition, demonstrated strategies on the scalable 
processing and the advanced in-situ monitoring under electron microscope will be also 
shown. 
 

 
 

Figure S1. Representative examples of laser-assisted processing and diagnostics of 
functionalized nanomaterials 

 
Keywords: Laser-assisted processing and diagnostics, In-situ electron microscope 
diagnostics of laser-material interactions, Functionalized nanostructures 
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2010). He also worked for Samsung (1997-2000), where he was involved in automotive 
engine control, superconductor related cryogenics and micro-jetting device. His research 
interests are on the micro- and nanoscale heat transfer, and laser-assisted processing and 
diagnostics in micro/nanoscale for wide range of applications including display, 
optoelectronics, energy, materials and bio-engineering. He also has strong expertise in the 
advanced characterization based on optical near-field, spectroscopy, and in-situ electron 
microscopy. 
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Strain induced energy level engineering in semiconductor nanocrystals 
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 In quest of improving the optoelectronic properties of quantum dots muti-domain nano- 

heterostructres are being studied. Very often one meets with a challenge of handling lattice strain 

while designing artificial atoms or heterostructred quantum dots.  Lattice constant of CdS is 0.58 

nm which is larger than ZnS (0.54 nm) by 7 % in zinc blend phase making it a good example for 

studying the strain induced effects in semiconductor nanocrystals (NCs). These strain induced 

NCs are potential candidates for engineering the electron energy levels, besides size and 

composition. The effects of strain on electron energy levels are studied theoretically in earlier 

reports. Here, we present experimental evidence to the modifications in the hierarchy of hole 

energy levels.  

 CdS NCs were prepared by high temperature wet chemical route. These NCs were coated 

by higher band-gap ZnS to form core-shell NCs. Growth of four monolayers ZnS on CdS NCs of 

size 3.8 nm reveals strain of 3.5%.  Optical absorption studies indicate red-shift in the first 

excited state (1P3/2 → 1Se) by 0.12 eV, while the second excited state (1S3/2 → 1Se) blue shifts by 

0.05 eV. Concomitantly relative oscillator strength of the first excited state increases by 19%, 

while the same for the second excited state increases by 46%, resulting substantial increase in the 

intensity of the second excited state. The experimental observations are evaluated on the basis of 

reported semi-empirical model useful for quantitatively mapping carrier location. Analyses 

clearly imply lowering of 1P3/2 hole level with respect to 1S3/2 hole level as a manifestation of 

induced strain in the lattice.  Moreover, intensity rise of the second excited state indicates 

preferential localization of electron and hole in the core CdS region. These findings are 

reconfirmed by the electron energy level hierarchy elucidated from low temperature 

photoluminescence excitation spectroscopy (PLE). Strain induced change in the P type 

symmetry of the ground hole state to S type hole state is also reported based on the empirical 

tight binding calculations. The present work emphasizes engineering of the energy levels of NCs 

as a manifestation of interfacial strain in nanohetrostructres. In particular, as anticipated from the 

calculations, strain induced flipping of ground state hole wavefunction is experimentally 

demonstrated. 
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Synthesis and optimization of electric conductivity and 
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Abstract 

Zn–Al layered double hydroxide (Zn–Al–NO3–LDH) was synthesized using the co-

precipitation method at Zn2+/Al3+ molar ratio of 4 and at different pH values of 6, 7, 8, 9 

and 10. The structural, textural and morphological properties of samples were studied 

using X-ray diffraction, scanning electron microscopy, nitrogen gas adsorption–

desorption technique and Fourier transform infrared spectroscopy (FTIR). The 

crystallinity of LDH samples increased as pH value increased until pH 9. At pH 10, Zn–

Al–NO3–LDH and Zn–Al–CO3–LDH phases were observed due to the excess addition of 

NaOH during the preparation of LDH. All prepared LDH samples were mesoporous 

materials with average pore diameters of between 8 and 25 nm. The thermal stability of 

LDH samples was studied using thermogravimetric analysis (TGA). The dielectric 

response of Zn–Al–NO3–LDH samples can be described by anomalous low frequency 

dispersion (ALFD) due to LDHs have two carriers; the first carrier is the proton of the 

polarized water clusters in the LDH interlayer and the second one is the gallery anions 
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(NO3
–
) of LDH interlayer. Thermal diffusivity of samples has been measured as a 

function in in situ temperature at 27, 60, 90, 120, 150, 180 and 210 °C. The optimized 

electrical conductivity and thermal diffusivity has been found with the synthesized Zn–

Al–NO3–LDH sample at pH 8.   
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ELECTRICAL AND STRUCTURAL PROPERTIES OF OCTAHEDRAL 

LAYERED MANGANESE OXIDES MATERIALS SUBSTITUTED WITH 

COBALT 
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ABSTRACT: 

Layered manganese oxide material has attracted extensive attention of researchers due to 

its advantages such as structure flexibility, porous structure, mixed valence and specific 

physicochemical properties in addition to its applications in areas such as catalysts, ion 

exchange, magnetic storage media and batteries materials. Doping various elements into 

manganese oxides has been proven to be an effective way to improve their potential for the 

applications stated above. In this work, Cobalt substituted and no-substituted lamellar 

manganese oxide materials were studied. Lamellar manganese oxide were synthesized by 
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oxide-reduction method, the fraction x of the cobalt was added in the following 

proportions, x = 0, 20%, 40%, 60%, 80% and 100%, with relation to manganese content in 

the no-substituted material. The synthesized materials were studied using various 

techniques, including: Atomic Absorption (AA), electrical impedance spectroscopy (EIS), 

X ray diffraction (XRD), scanning electron microscopy (SEM), and thermal gravimetric 

analysis (TGA). The chemical formulas of these synthesized materials were obtained by 

combining results of thermal gravimetric analysis (TGA) and Atomic Absorption (AA). 

The XRD pattern shows that the crystal structure of these materials is birnessite type. The 

SEM and EIS results suggest that the cobalt doping has an effect on the morphologies and 

the AC response of these materials. 

Keywords: Birnessite, layered material, electrical properties, impedance spectroscopy. 
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Electron Transfer and Coupling in Graphene-WS2 van der Waals 

Heterostructures 

Jiaqi He1,2, Nardeep Kumar2, Matt Bellus2, Hsin-Ying Chiu2,DaweiHe1, 

Yongsheng Wang1,∗&Hui hao2,∗ 
 

1Key Laboratory of Luminescence and Optical Information, Ministry of Education, 

Institute of Optoelectronic Technology,  

Beijing Jiaotong University, Beijing 100044, China 
2Department of Physics and Astronomy, The University of Kansas,  

Lawrence, Kansas 66045, USA 

 

The newly discovered two-dimensional materials can be used to form atomically thin 

and sharp van der Waals heterostructures with nearly perfect interface qualities, which 

can transform the science and technology of semiconductor heterostructures. Owing 

to the weak van der Waals interlayer coupling, the electronic states of participating 

materials remain largely unchanged. Hence, emergent properties of these structures 

rely on two key elements:electron transfer across the interface and interlayer coupling. 

Here we show, using grapheme WS2 heterostructures as an example, evidences of 

ultrafast and highly efficient interlayer electron transfer and strong interlayer coupling 

and control. We find that photocarriers injected in WS2 transfer to graphene in one 

picosecond and with near-unity efficiency. We also demonstrate that optical properties 

of WS2can be effectively tuned by carriers in graphene. These findings illustrate basic 

processes required for using van der Waals heterostructures in electronics and 

photonics. 
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Tuning Sulfur Doping in Graphene for Highly Sensitive Dopamine 
Biosensors 

Mingjie Li1,2,3, Chenming Liu*1,3, Hongbin Cao1,3, Yi Zhang1,2,3 

1 Key Laboratory of Green Process and Engineering, Institute of Process Engineering, 

Chinese Academy of Sciences, Beijing 100190, PR China 

2 School of Chemical Engineering & Technology, Tianjin University, Tianjin 300072, PR 

China 

3 Beijing Engineering Research Center of Process Pollution Control, Beijing 100190, PR 

China 

*E-mail address for corresponding author: chmliu@ipe.ac.cn (Chenming Liu) 

E-mail address for presenting author: limingjie19870210@163.com (Mingjie Li) 

S-doped graphene has attracted extensive interest in recent years due to its high catalytic 

activity. However, most previous reports on S-doped graphene materials present diverse 

types of S-bonding configurations, it is hard to distinguish which configuration is largely 

responsible for catalytic activity from many kinds of sulfur species. Herein, 

homogeneous thiophene S-doped graphene can be synthesized through heating the 

mixture of graphene oxide and magnesium sulfate, and the doping amount can be easily 

tuned by the dosage of magnesium sulfate. More importantly, abundant micropores and 

some in-plane pores are formed in the surface of graphene sheets during S-doping, which 

are useful for the mass transfer. Due to its high S-loading mass, thiophene S-containing 

species and porous structure, S-doped graphene shows high electrocatalytic activity 

toward the redox reaction of dopamine, such as high selectivity, high sensitivity and low 

detection limit (3.94 μM μA−1, 0.15 × 10−7 M at S/N=3). Therefore, this work is 

anticipated to open a new possibility for the further investigation of S-doped graphene 

with specific S-containing species and could have potential applications in electroanalysis 

and electrocatalysis. 

Keywords: Sulfur-doped graphene, electrocatalysis, biosensors 
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SERS study of plasmon induced functionality of aryl azo heterocycles 
Uttam K Sarkar1 

1 Department of Physics, Malda College, Malda-732101, WB, India 

E Mail : chairman_uks@yahoo.com, dr.uttamkumar@maldacollege.ac.in  
  

Metal nanoparticles, much smaller than the wavelength of light, have been significant for 

the massive signal enhancement achieved in surface-enhanced Raman spectroscopy 

(SERS)1  —a technique that can now detect a single molecule2.  

Azobenzene (AB) and its derivatives are active components in various applications, such 

as liquid crystals, optical switching, memory storage, and photofunctional ionic liquids. 

Recently, it has been recognized that the photoinduced isomerisation of AB can regulate 

biological processes that have important implications in pharmacology, nanotechnology, 

and cell biology.3 

One of the phenyl rings in AB being replaced by heterocyclic imidazole ring, the 

phenylazo-imidazole is obtained which constitute an interesting class of heterocyclic azo 

compounds as a potential switching group in biological applications and in coordination 

chemistry. These molecules with N-heteroatom have azoimine –N==N– functional group 

which has interesting properties including electrochemical behaviour, stabilization of low 

valent metal redox state due to its �-acidity and the presence of low lying azo centred π 

molecular orbitals, formation of azo-metal complexes, and activation of the C–H function 

of the pendant aryl group  in metal co-ordinate state. Because of the imidazole group and 

the azo group metal complexes of these molecules are formed which act as a molecular 

switch. The trivalent imidazole nitrogen offers a site for functionalization of the 

compound and consequently imidazole is a ubiquitous and essential group in biology 

especially as a metal coordination site. Interaction of these molecules with the nano 

structured metal surface has, thus been important to study. SERS study of silver nano 

particle induced dark isomerisation in aryl azo imidazoles4 and their plasmon induced and 

pH controlled semiconductive conformation5, manifested as “first layer effect”6-8 have 

further substantiated the possibility of using these AAHs as significant functional 

materials. 

 

Keywords: SERS, plasmon, aryl azo heterocycles, first layer effect 

1. M. Moskovits, Rev. Mod. Phys. 1985, 57, 783 
2. E.C.L. Ru and P.G. Etchegoin, Annu. Rev. Phys. Chem. 2012. 63 65. 
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5. U.K. Sarkar, D.K. Debnath, W. Hossain, Journal of Molecular Structure 1061 (2014) 104–109] 
6. U.K. Sarkar, Chem. Phys. Lett. 2003, 374, 341. 
7. U.K. Sarkar, A.J. Pal, S. Chakrabarti, T.N. Misra, Chem. Phys. Lett. 1992, 190, 59. 
 8. U.K. Sarkar, S. Chakrabarti, T.N. Misra, A.J. Pal, Chem. Phys. Lett. 1992, 200, 55. 
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Enhanced Gas-Sensing Performance of Hierarchical Metal Oxide 
Nanocomposites with Ultrahigh Surface Areas 

Deliang Chen, Li Yin, Lianfang Ge, Rui Zhang 

School of Materials Science and Engineering, Zhengzhou University, 100 Science Road, 

Zhengzhou 450001, P.R. China. 

E-Mail : dlchen@zzu.edu.cn (D.L. Chen, Prof. Dr.) 

Small particle sizes and high specific surface areas are the key to achieve high-

performance chemical sensors based on metal oxide semiconductors. But nanoparticles 

with smaller sizes usually suffer from more serious aggregation. We therefore have to 

design some special nanostructures to overcome the aggregating problem. In this 

presentation, we will introduce some novel hierarchical nanostructures that constructed 

by assemblying zero-dimensional nanoparticles (0D-NPs: Fe2O3, SnO2, Ag, Au) on two-

dimensional nanosheets (2D-NSs: WO3, GO). Such hierarchical 0D-NPs/2D-NSs 

nanostrucatures can not only  overcome the aggeration of 0D-NPs, but also enhance the 

specific surface areas by pillaring the 2D-NS using 0D-NPs. We synthesize 2D WO3 and 

graphene oxide (GO) nanosheets, which are then used as the backbones to in-situ grow 

0D-NPs under special conditions (e.g., microwave irradiation, photoreduction, etc). 

Typcically, the as-obtained nanocomposites of Fe2O3/WO3 and SnO2/rGO have ultrahigh 

specific surface areas (BET) of ~1200 m2/g and ~2100 m2/g, respectively, determined by 

N2 adsorption-desorption measurement. The enhancement in surface areas highly 

improves the H2S-sensing performance. In addition, the assembly of metal NPs highly 

enhances the NOx-sensing performance at low temperature. 

Keywords: Gas sensors, tungsten oxide nanoplates, hierarchical nanocomposites, microwave-

assisted synthesis and characterization 

 [1] YIN, L., CHEN, D., et al.. 2014. Hierarchical Fe2O3@WO3 Nanostructures with 

Ultrahigh Specific Surface Areas: Microwave-Assisted Synthesis and Enhanced H2S-

Sensing Performance. RSC advances, in press. 
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[2] YIN, L., CHEN, D., et al.. 2014. Normal-Pressure Microwave Rapid Synthesis of 

Hierarchical SnO2@rGO Nanostructures with Superhigh Surface Areas as High-Quality 

Gas-Sensing and Electrochemical Active Materials. Nanoscale, 6, 13690-13700.  

[3] YIN, L., CHEN, D., et al.. 2014. Microwave-Assisted Growth of In2O3 Nanoparticles 

on WO3 Nanoplates to Improve H2S-Sensing Performance. Journal of Materials 

Chemistry A, 2, 18867-18874. 

[4] CHEN, D., GE, L., et al.. 2014. Solvent-Regulated Solvothermal Synthesis and 

Morphology-Dependent Gas-Sensing Performance of Low-Dimensional Tungsten Oxide 

Nanocrystals. Sensors & Actuators: B. Chemical, 205, 391-400. 
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Nanoplates as Excellent Gas-Sensing Materials for H2S Detection. Materials Chemistry 

and Physics, 148, 1099-1107. 
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Advanced One Dimensional Metal Oxides for Chemical Sensors 

E. Comini, A. Bertuna, D. Zappa, M. Donarelli, A.Ponzoni, V.Sberveglieri and G. 
Sberveglieri  

1
 SENSOR Lab, Department of Information Engineering , University of Brescia & CNR-

INO, Via Valotti 9, Brescia, Italy 

giorgio.sberveglieri@unibs.it 

After the first method proposed for the preparation of metal oxide in forms of nanobelts, 

plenty of literature was devoted to different experimental techniques that may lead to the 

formation of these quasi one-dimensional structures. At the beginning, the research was 

focusing on the vapour phase methods that were producing, with cheap instrumentation, 

high quality nanostructures in terms of crystallinity and stoichiometry. We have 

thoroughly studied the synthesis using evaporation and condensation from powder in 

controlled environment using different experimental set up. Metal oxide nanowires were 

integrated in functional devices for chemical sensing and then tested towards a wide 

range of chemicals, including odorous molecules such as ammonia and hydrogen 

sulphide.  

The ability to prepare metal oxide in form of single crystalline nanowire has pushed 

further the research on this topic especially for the integration in functional devices such 

as chemical and gas sensors. There is still a lot of work going on regarding the 

preparation of oxides, like controlling their morphology and position at the nanoscale 

level. A big issue concerning the development of sensors is their reliable integration on 

the specific transducers, assuring stable electrical contacts over long-term operation. The 

ability to prepare stable single crystal quasi one-dimensional metal oxide nanostructures 

is having an impact on different aspects of science and technology. In particular, their 

integration in gas sensing devices lead to a significant improvement in stability providing 

stable and reliable electrical contacts. Furthermore, the possible miniaturization of these 

devices may produce a strong decrease in power consumption, the use of self heating 

devices allow the sensing even without the presence of a heater on the transducers.  
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Combining experimental and simulations techniques in a multidisciplinary and 

complementary approach, will result in a maximization of the understanding and 

therefore in the preparation of reliable chemical sensing devices for diverse applications 

like food safety, security and environment monitoring 
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Keywords: Metal oxide, nanowires, chemical sensors 
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Sweat for the discrimination of human’s habit using NWs Gas Sensors 
technology  

Veronica Sberveglieri1,2, Estefania Nunez Carmona1, Dario Zappa2,3, Elisabetta 
Comini3,2, Andrea Pulvirenti1,2, Andrea Ponzoni2,3 

Presenting author should be underline 

1University of Modena and Reggio Emilia, Dep. of Life Sciences, 42124 Reggio Emilia, 
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3 University of Brescia, Dep. of Information Engineering, Brescia, Italy.  

Veronica.sberveglieri@unimore.it / Via Kennedy 17, 42124 Reggio Emilia, Italy  

The main primordial form of our distal senses is Human olfaction, providing information 

and knowledge of different chemicals from remote sources in real time [1]. Humans emit 

a complex array of non-volatile and volatile molecules, depending on their genetics, diet, 

stress, and immune status. Numerous volatile compounds may be emitted from several 

areas of the body that are prone to odor production [2]. Used to evaluate food and 

environmental toxins as well as recognize kin and potential predators. Many body odors 

evolved to be olfactory messengers, which convey information between individuals. 

In this study we have applied an electronic nose (EN) based on metal oxide 

chemiresistors to distinguish the humans odor and to correlate humans habitude to their 

sweat odors. In particular the proposed EN is based on a mixed array, composed by 

sensors prepared by both nanoparticles (NPs) and nanowire (NWs) technologies, 

exploiting the different response spectra of NPs and NWs [3]. 

The EN was used in parallel with classical microbiological and chemical techniques, like 

GC-MS with SPME [4]. 

Microbiological technique like Petri dish was used for isolating and growing the humans’ 

microbiota useful for the training of nanowire gas sensors able to reproduce, during the 

training step, an “artificial” sweat odor. Extended literatures of publications demonstrate 

the advantage of GC-MS with SPME technique for the identification of volatile 

compounds classes. 
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The results obtained with a cooperation of different technique strongly suggest the use of 

metal oxide nanostructures to develop gas sensing devices for the humans detection, like 

pathology, wrong habitude in a clinical test or the early detection of volatile biomarkers 

of internal disease (like diabetes, lung cancer, asthma, etc).  

 

Keywords: Nanowire Gas Sensors, GC-MS, Sweat, Microbiota, electronic nose.  

 

ACKNOWLEDGEMENTS 
 
The work has been partially supported by the 7FP European Project   “SNOOPY:  
Sniffer for concealed people discovery” grant agreement n° 313110. 

[1] WHITTLE, C.L., FAKHARZADEH, S., EADES, J., PRETI, G., 2007. Human breath 

odors and their use in diagnosis. Annals of the New York Accademy Sciences, 1098, 

252-266. 

[2] MEBAZAA, R., REGA, B., CAMEL, V., 2011. Analysis of human male armpit 

sweat after fenugreek ingestion: Characterisation of odour active compounds by gas 

chromatography coupled to mass spectrometry and olfactometry. Food Chem, 128, 227-

235. 

[3] SBERVEGLIERI, V., NUNEZ CARMONA, E., COMINI, E., PONZONI, A., 

ZAPPA, D., PIRROTTA, O., PULVIRENTI, A., 2014. A Novel Electronic Nose as 

Adaptable Device to Judge Microbiological Quality and Safety in Foodstuff. BioMed 

research international, 2014,1-6. 

 [4] NUNEZ CARMONA, E., SBERVEGLIERI, V., PULVIRENTI, A., 2012. Detection 

of microorganisms in water and different food matrix by Electronic Nose, Proceedings of 

the 2013 Seventh International Conference on Sensing Technology, 2013, 703-707.  

 

 

AFM2015 - Jun 29 to Jul 3

SP1:Nano MOX sensors 6

Advances in Functional Materials

http://seat.massey.ac.nz/conferences/icst2013/proceedings/papers%5C1569815599.pdf
http://seat.massey.ac.nz/conferences/icst2013/proceedings/papers%5C1569815599.pdf


Hierachical Nanostructures as gas sensors for volatile organic 
compounds 

Zhihong Jing, Yingju Fan, Zhipeng Li, Jinhua Zhan 

Department of Chemistry, Shandong University 

jhzhan@sdu.edu.cn; 86-0531-88365017 

Explosive or toxic volatile organic compounds (VOCs) are well known to be 
dangerous for environmental and public safety, as well as human health. It has been 
attracting the intensive research interest to explore the applications of nanostructured 
semiconductor metal oxides in detecting VOCs. The surface areas of sensor materials is a 
crucial parameter affecting their sensitivity and response time for the gas-sensing reaction 
occurs at the surface of metal oxides. Hierarchical nanomaterials can significantly 
facilitate the gas diffusion and mass transportation in sensor materials, and then 
remarkably enhance the gas-sensing performance, which are usually believed as the 
excellent candidate due to their high surface areas and ordered nanoarchitechtures,  

In our group, various hierarchical nanostructures including porous ZnO nanoplates, 
porous SnO2 hollow nanospheres and hierarchical In2O3 microstructures have been 
prepared. These nanostructures exhibited excellent gas sensing performance for VOCs 
detection. The results demonstrated that the morphologies and structures have the 
obvious influences in the gas sensing properties. The porous ZnO nanoplates sensor 

exhibits high response to chlorobenzene at relatively low temperature, and also strong 
response to ethanol at relatively high temperature, implying their multifunctional 
properties and selectivity. Porous SnO2 hollow nanospheres have been prepared via a 
template-free solvothermal route. The porous SnO2 nanospheres possess a high BET 
surface area of 76.4 m2/g and mesoporous structures of 32.8 nm, showing excellent gas 
sensing performance toward 2-chloroethanol and formaldehyde vapour with The lowest 
detection limit of down to 0.5 ppm. Hierarchical In2O3 microsturctures also have been 
fabricated by the catanionic-surfactant-assisted solvothermal process and Pluronic F127-
assisted micelle-template methods, which display high response to VOCs. Recently, we 
further develop these gas sensors for detection of diseases.  

Keywords: gas sensors, nanostructures, porous, volatile organic compoundsct 
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Synthesis and Gas-Sensing Performance of Column-shaped Zinc Oxide  

with Doped-Graphene 

Jianping Du1, Huanli Yao1, Siyuan He1, Ruihua Zhao2, Jinping Li1  

1 Taiyuan University of Technology, Shanxi China  
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Toxic volatile substances have caused serious environment pollution. Especially, volatile 

organic compounds (VOCs), including aldehydes [1], acetone [2] and amines [3-4] are 

harmful to human health. So it is necessary to detect VOCs gases with low concentration 

effectively. Metal oxide semiconductors are ideal candidate used as gas-sensing materials. 

Graphene decorated metal oxide such as ZnO can enhance the gas-sensing properties [5]. 

However, grapheme-doped metal oxides used for detection of VOCs are still lack of wide 

research. Therefore, it is significant to synthesize novel sensing materials for detecting 

toxic volatile gases. In addition, the study on detecting toxic glycol gas has not been 

addressed. Here, graphene-doped zinc oxide with column-like morphology was 

synthesized and graphene oxide was reduced in-situ by hydrothermal method. The gas-

sensing properties were also studied. The results indicate that zinc oxide with doping 

graphene exhibits high selectivity of glycol upon exposure to various volatile gases, and 

it has an enhanced response to glycol with different concentrations at 160 oC. The 

response and recovery times for 5 ppm glycol are 1s and 14s respectively, implying the 

unique-shape zinc oxide with graphene doping was effective to detect low-concentration 

VOCs. 

Keywords: zinc oxide, morphology, graphene doping, synthesis, gas sensing 
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Versatile and Nontoxic Carbon Nanomaterial. ACS Nano, 7, 10552-10562. 
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Enhanced BTEX gas-sensing performance of Copper modified SnO2 

 Liping Gao, Yang Chen, Yuan Zhang, and Jiaqiang Xu 

NEST Lab, Department of Chemistry, Shanghai University, Shanghai, 200444, China. 

Crossponding author ：E-mail:xujiaqiang@shu.edu.cn; Tel: +86 21 66132701 

Abstract: Copper-modified SnO2 were fabricated by a one-pot microwave synthesis by 

using glycol, SnC2O4 and Cu (NO3)2·6H2O as raw materials, followed by a calcination treatment. 

The microwaves synthesis is a fast, simple, and efficient method. The synthesized 3% CuO 

modified SnO2 revealed good gas sensitive to 50 ppm benzene at 250 ℃. Modified different 

CuO showed different response to 50 ppm BTEX. At the same time, it can be seen that 3% CuO 

modified SnO2 sensor can obtained better property to BTEX, and displays good response to 

2-200 ppm BTEX and good selectivity to VOCs than pure SnO2. The results suggest the gas 

sensor a good candidate for the detection of BTEX. 

Keywords: Copper -modified, SnO2，Gas sensor, BTEX 

 

Fig.1 ((a) Responses of copper-modified SnO2 sensors to 2-200 ppm benzene vapor, (Inset is the response of 

the sensor to 50 ppm benzene vapor at different test temperature), (b) Response of different copper 

modification proportion of SnO2 and pure SnO2 to BTEX of 50 ppm, (c) 3% CuO modified SnO2 to 2-200 ppm 

BTEX, (d) Response value of 3% CuO modified SnO2 and pure SnO2 to VOCs of 50 ppm. 
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Metal Oxide Nanowires Chemical Sensor System for Microbial 

Contamination Screening of Industrial Food Production 

Giulia Zambotti1,2, Veronica Sberveglieri2,3, Matteo Falasconi1,2 

1 University of Brescia, Dept. of Information Engineering, Via Branze 38, Brescia, Italy 

2 CNR-INO Istituto Nazionale di Ottica, Largo Enrico Fermi, 6, 50125 Firenze, Italy 

3 University of Modena and Reggio Emilia, Dept. of Life Sciences, Via Amendola 2, 

Padiglione Besta 42122 Reggio Emilia, Italy 

matteo.falasconi@unibs.it; phone : +39 030 3715876 

Modern food industry demands more effective, faster and affordable technologies to 

perform on-line controls of food processing operations for microbial contamination 

screening. Currently, quality controls are performed through post-production quarantine 

tests or by conventional laboratory techniques. Sensitive, rapid and reliable chemical 

sensor systems (Artificial Olfactory Systems) could be promising to fill the existing gap 

by exploiting the link between the food contamination and the patterns of emitted volatile 

compounds [1]. In this work, for the first time, an AOS was used to perform a rapid 

screening of industrially produced tomato paste and vegetable soups contaminated by 

yeasts and bacteria. The superior sensitivity and stability of MOX-NW sensors were 

exploited. The AOS procedure is simple and automated; the instrument, once trained, can 

recognize contaminated food samples without the human operator support. The AOS 

provided excellent classification performance: about 98% of contamined samples were 

correctly recognized. The implemented approach allowed for a time saving of up to 90% 

compared to conventional methods and tremendous cost saving for the end-user. The 

application of AOS on industrial food production represents a breakthrough innovation. 

Keywords: Metal Oxide Nanowires, Chemical sensors, Electronic Nose, Food screening 

[1] M. FALASCONI, I. CONCINA, E. GOBBI, V. SBERVEGLIERI, A. PULVIRENTI, 

AND G. SBERVEGLIERI. 2012. Electronic Nose for Microbiological Quality Control of 

Food Products, International Journal of Electrochemistry, Article ID 715763, 

doi:10.1155/2012/715763. 
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CuO doped ZrO2 hollow sphere were synthesized using spray pyrolysis deposition 

technique. The films were deposited from mixture of two precursors spraying solution of 

CuCl2.2H2O and ZrO2.8H2O with same concentration (0.05M), in which Cu solution acts 

as doping solution. It was dissolved in equal volumetric proportion of distilled water 

(solvent) and mixed surfactant 1N N-dimethylformamaide-glycol. In this mixed precursor 

and doping solution, Cu- volumetric wt% was varied as 3%, 5%, 7%, 9% and sprayed on 

glass substrates at temperature 3500C in air atmosphere with same spray rate. The 

distance between spray gun nozzle and substrate is optimized. The samples were 

annealed at temperature 5000C for a 1 hour. The analytical techniques XRD, FE-SEM, 

EDAX were used to characterize and examine the elemental composition, morphology, 

crystallite size, crystal structure of synthesized films. These films were tested in various 

gases at different operating temperature ranging from 50-5000C. These films showed 

maximum sensitivity to H2S gas .The quick response and fast recovery, hollow and shell 

structure are the main features of these films. The electrical, optical, structural, 

morphological and gas sensing properties of the films were studied and discussed.   

 Keywords: Hollow sphere, spray pyrolysis, H2S gas 

  

 

AFM2015 - Jun 29 to Jul 3

SP1:Nano MOX sensors 12

Advances in Functional Materials

mailto:mesudhakar_deshmukh@rediffmail.com
mailto:rameshbari24@yahoo.com


Synthesis, Characterization and Acetone Sensing Performance of 
Nanostructured Cd dopedZrO2 Thin Films 

Bari R.H.1, Deshmukh S.B.2, Jain G.H.3  

1 Deaprtment of Physics, G D.M.Arts, K .R. N. Com. and M.D.Science 

College,Jamner,424206,M.S.,India.                                                                            

2 Department of Physics,  M.S.G.College, Malegaon,423105, M.S.,India.                

3SNJBs K.K.H.A. Arts, S. M .G .G .L .Commerce and Science College,             

Chandwad, M.S., India 

E Mail : rameshbari24@yahoo.com , mesudhakar_deshmukh@rediffmail.com 

 

This paper presents Cd doped ZrO2   nanostructured thin films have been deposited on 

glass substrate at 3000C using the spray pyrolysis technique. The films were deposited 

from mixed precursor spraying solution of cadmium chloride and zirconium oxychloride 

having same concentration (0.05M) dissolved in equal volumetric proportion of distilled 

water and triethelyene glycol (solvents). The % of (CdCl2-ZrOCl2) solution was varied as 

3-97%, 5-95%, 7-93% and 9-91% .It was sprayed at fixed spray rate and optimized 

distance between spray gun nozzle and substrate. The films were annealed in air at 

temperature 5500C for an hour. The films were characterized by x-ray diffraction (XRD), 

FE-SEM, and Optical absorption spectroscopy technique. The films were tested in 

various gases at different operating temperature. The film showed maximum gas response 

to acetone gas ( S=93.63) for 500ppm at 3000C operating temperature.  The several 

parameters like grain size, activation energy, micro-strain , band gap, response and 

recovery time was reported, interpreted  and discussed.  

Keywords:  nanostructure, spray pyrolysis, acetone gas, sensitivity. 
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Nanostructured ZnO powder is prepared using ultrasonic atomization technique. As 

prepared powder were characterized using XRD and TEM. The average grain size was 

observed to be near about 20 nm. Thick films of this powder were prepared using screen 

printing technique.  Pt-modified-nanostructured ZnO films were obtained by dipping pure 

ZnO films into an aqueous solution of chloroplatnic acid for different intervals of time, 

followed by firing at 500oC for 30 min. The sensing performance of the unmodified and 

Pt-modified nanostructured ZnO films was tested on exposure of chemical warfare agents 

(CWA) simulants, such as, dimethyl methyl phosphonate (DMMP), 2-chloroethyl ethyl 

sulfide (CEES) and 2-chloroethyl phenyl sulfide (CEPS). Both unmodified ZnO and Pt-

ZnO films showed higher response to DMMP.  The results are discussed and interpreted. 

Keywords: Ultrasonic atomization; Nanostructured ZnO thick films; Pt-modified ZnO films; 

CWA simulant sensing; DMMP sensor.  
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