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Scope of the Symposium

Research and development of carbon rich materials (CRMs) hold a key to new generation of technologies and industries. 
Even though many carbon rich materials (e.g. diamond, graphite, fullerene, carbon nanotubes, carbon fibers)1 are known 
and used by the industry, there are plenty of room to discover new compounds from carbon. Such optimism stems from 
the fact that elemental carbon has the unique feature of high stability and optimum reactivity. In addition, many industries 
use carbon for various applications, which range form adsorbents for pollutants to electronic industries. The symposium 
will review the state-of the-art development in this emerging area.

Symposium Topics

• Graphenes 
• Carbon rich oligomers and polymers 
• Amorphous and crystalline carbon forms 
• Nanostructured carbon 
• New sources for carbon 
• Devices and applications 
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Abstracts

 A00248-00466 

Magnetoresistance of (Fe,Co)x-C1-x /Si 
Nanostructure

Xiaozhong ZHANG1;2; Caihua WAN1;2; Xin ZHANG1;2; 
Lihua WU1;2; Xili GAO1;2 
1. Department of Materials Science and Engineering, 
Tsinghua University, Beijing, China
2. National Center for Electron Microscopy, Beijing, 
China

Electronic properties of carbon nanotubes and 
graphene have been extensively studied. However, the 
magnetoresistance (MR) properties of carbon nanotubes 
and graphene have not been well studied. Spin-transport 
in the carbon nanotubes has been found with MR up to 
6% and temperatures up to 14 K, and for grephene MR 
is found to be 12% and persists to temperature at 60K. 
Recently, the carbon nanotubes was reported to have MR 
of 61% at 5K but the MR disappeared at about 120K. It 
is also reported that spin valve structure of FM/MgO/MG 
has been fabricated and it has MR of 12%.       

We prepared the ferromagnetic metal and carbon composite. 
It is found that if the granule sizes of carbon or ferromagnetic 
metal are micrometer scale, the Co-C granular composite, 
Ni-C granular composite and Fe-C granular composite 
have positive MR of 58.9%, 44.1% and 50% respectively 
at magnetic filed of 5T and room temperature. It is even 
found that if the granule size of carbon is micrometer 
scale, pure carbon granular composite has a positive MR 
of 35% at 5T and room temperature. Also these materials 
have linear MR at certain temperatures. If the granule sizes 
of carbon or ferromagnetic metal are nanometer scale, the 
MRs of these composites have almost zero MR, i.e., these 
MRs are size dependent.

We further synthesized the Fe or Co doped carbon film 
on n-type Si substrate and found that the MR of these 
films is different from that of the (Fe-, Co-, Ni-) carbon 
granular composite. Despite the particle size of Fe or Co 
is nanometer scale and C film is amorphous in these films, 
both Co-C film and Fe-C film have positive MR of a few 
tens percentages at 5T and room temperature. Moreover, 
pure carbon film deposited at 27˚C has a positive MR of 
11%. It is found that the p-n junction at C/Si interface 
plays an important role in MR. It is also found that the MR 
mechanism is different from any known MR mechanisms, 
i.e., this kind of carbon base materials is a new kind of 
MR materials. It is found that the MR of Fe-C/Si sample is 
dependent on the bias applied. When bias is 10V the MR 
of Fe-C nanostructure is 450,000% at 20K and 5T. Also 
when H>1T, the MR-H curve is almost liner. 

We also found that Fe-C/Si sample has a huge 
photoconductivity. This kind material has also some other 
novel physical properties, such as giant electroresistance, 
switch effect, pressure sensitivity and gas sensitivity. Study 
this carbon base spintronic material may throw a light on 
developing a new kind of spintronic materials.

 A00329-00606 

Physical Nature of Formation and Evolution of 
Gradient Nanostructure – Phase States on Plasma 
Strengthening of Cast-Iron Rolls and Servicing

Oleg EFIMOV; Yurii IVANOV; Alexey YURIEV; 
Victor GROMOV; Sergey KONOVALOV 
Physics, Siberian State University of Industry, 
Novokuznetsk, Russian Federation

Plasma treatment of cast iron rolls (C=3.4%, Si=1.5%, 
Mn=0.6%, S<0.02%, P<0.2%) which increases 
significantly their wear resistance at high temperatures has 
resulted in formation of multi layer structure: α -phase, 
γ-phase, graphite, iron carbide that are distributed in the 
investigated material volume in a regular way and their 
content is defined by the depth of layer analysed. The 
formation of nano-crystal grains (35-40nm) of α-phase 
stabilized by the cementite particles 3-5 nm has been 
revealed in the surface layer of cast iron by methods of 
transmission diffraction electron microscopy. Scalar 
chaos dislocation density in α-phase was ~3.2•10^10 
cm-2, ~3.6•10^10 cm-2 in grains of α-phase(chaos and 
nets) and 5•10^10 cm-2 in austenite interlayers. Net-type 
dislocation substructure with considerably high dislocation 
scalar density ~ 10^11 cm-2 is observed in crystal volume 
of laminated and lath martensite. At the same time it is 
slightly higher in laminated martensite than in a lath one. 
Dislocations are not revealed in volume of carbide grains. 
During rolling when plasma-strengthened cast iron roll 
is used, depth equalization of structure-phase states of 
material takes place. Evolution of far acting stress fields 
being formed in different cross sections of the roll during 
rolling have been analysed. Minimal level of stress fields 
(F=245MPa) is recorded in structure of free ferrite grains. 
Maximum level of stress fields was recorded in subsurface 
layer of the roll in the structure of nano-size ferrite grains. 
Operation of the roll during hot rolling of reinforcement 
bars results in increase of average sizes of grains, however 
it is not accompanied by relaxation of far acting stress 
fields. Transverse sizes of curved extinction contours 
practically do not change fluctuating in the range of h 
= (10-20)nm. Therefore, at h(min) = 10 nm; curvature-
torsion amplitude of crystal lattice l = 17000 rad/cm and 
far acting stress fields F = 1730 MPa; h(max) = 20nm; l 
= 8500 rad/cm and F = 1225 MPa. This structure element 
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is the most dangerous place in respect to formation of 
microcracks in cast iron. 

The work is supported by the Analytical Programme “Scientific 
Potential Development of Higher School” (project No 
2.1.2/546).

 A00355-00730 

Dynamic Adsorption of Hg (II) Ions from Aqueous 
Solutons Using Activated Carbon Beds

Meenakshi GOyAL; Mamta BHAGAT; 
Rashmi DHAWAN 
Department of Chemical Engineering & Tecnology, 
Panjab University, Chandigarh/Punjab, India

Mercury and its compounds are highly toxic and interfere 
with several body processes involving amino acids, 
proteins and enzymes. These enter the body through water. 
It is therefore, essential that the drinking water be free of 
these materials. The present paper describes the adsorptive 
removal of Hg (II) ions using fixed bed activated carbon 
columns. A sample of activated carbon cloth and a sample 
of activated carbon cloth and a sample of granulated 
activated carbon have been used in their investigation. 
The breakthrough curves for Hg (II) ions on a sample 
of granulated activated carbon and a sample of activated 
carbon cloth are generally S-shaped. The breakthrough 
time increases with increase in the bed depth but decreases 
on increasing the hydraulic loading rate and the feed 
concentration. The adsorption of Hg (II) ions increases 
with HLR and attains a maximum value at HLR between 
7-8 m3/hr/m2. At low HLR, laminar flow conditions 
prevail so that the mass transfer takes place across a 
nearly stationary film of the liquid covering the carbon 
particles. This high resistance leads to low mass transfer 
and results in smaller adsorption. On increasing HLR, the 
interface resistance decreases resulting in an increase in 
adsorption. Beyond a certain HLR, the rate of adsorption 
decreases due to decrease in the residence time of the 
solution within the carbon bed and a lower time available 
for mass transfer. The adsorption zone parameters of the 
carbon column have been determined using the carbon 
bed column data and invoking the mathematical treatment 
suggested by Michaels. BDST theoretical model has been 
used to calculate the critical bed depth and the depth of 
the mass transfer zone. These have been found to be in 
agreement with the experimental values. The adsorption 
column parameters such as treated volume and the weight 
of the carbon at a desired effluent concentration have been 
calculated. It has been found that with a bed depth of 100 
mm, an HLR of 4.3 m3/hr/m2 and a feed concentrations of 
50 mg/L of Hg (II) ion, the amount of ACC needed to get 
10% and 90% of the feed concentration respectively are 
58 g and 40 g per 100 litres of the solution. The amounts 
of GAC under similar experimental conditions are 280 g 
and 143 g. 

 A00362-00667 

Direct Evaluation of the sp3 Content in Tetrahedral 
Amorphous Carbon Films by XPS and Raman

Yuebin ZHANG; Sean LI 
School of Materials Science and Engineering, The 
University of New South Wales, New South Wales, 
Australia

Tetrahedral amorphous carbon (ta-C) films have been 
deposited by filtered cathodic vacuum arc technique with 
substrate pulse bias ranging from -100 to -3000 V.  The C 1s 
core levels were characterized using X-ray photoelectron 
spectroscopy.  Its spectra are deconvoluted into two 
different contributions arising from sp2 and sp3 hybridized 
carbon atoms.  From the deconvoluted spectra, the sp3 
content in the films is directly evaluated.  The results are 
confirmed using Raman spectroscopy characterization.  To 
study the evolution of change in the sp3 content, G peaks 
in the Raman spectra is fitted with a Breit-Wigner-Fano 
function, a skewed Lorentzian with a parameter Q, which 
semiquantitatively describes the sp3 content.  They provide 
two very simple and direct methods to evaluate the sp3 
content in ta-C films.

 A00366-01704 

Carbon Films Deposited on Copper Plate by 
Ethanol Chemical Vapor Deposition

Jin CHENG1;2;3; Xiaoping ZOU1;3 
1. Research Center for Sensor Technology - Beijing Key 
Laboratory for Sensor, Beijing Information Science and 
Technology University, Beijing, China
2. School of Electronic Engineering, Beijing University of 
Posts and Telecommunications, Beijing, China
3. Ministry-of-Education Key Laboratory for Modern 
Measurement and Control, Beijing, China

Various carbon films, such as diamond, diamond-like 
carbon films, tetrahedrally bonded amorphous carbon 
films, nanocrystalline diamond, nanocrystalline or 
nanocomposite carbon films, and carbon nanotubes films, 
which may be undoped or doped, is of commercial interest 
due to their application in vacuum microelectronics devices. 
For instance, they can be used for large-area flat-panel 
displays, accelerator, etc. For electron emission source, 
these carbon films must be deposited directly on metal 
substrates which can be employed as cathode for electron 
emission. Various preparation methods, such as plasma-
assisted chemical vapor deposition, hot-filament CVD, and 
electrodeposition have been developed to produce carbon 
films.In this paper, we present carbon films deposited on 
copper plate by ethanol chemical vapor deposition. 

We employed scanning electron microscopy, transmission 
electron microscopy, and Raman spectroscopy to 
characterize the deposits. The thick of the film was a few 
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micrometers. According to Raman spectrum, we know 
the films exhibit low graphitization. According to SEM 
observation, we find there are many protuberances on 
the film surface. Due to directly grow on metal substrate 
and possess protuberances on film surface, it is fit for 
application as electron source.

 A00398-00755 

Bottom-up Growth of Epitaxial Graphene on 
6H-SiC(0001)

Han HUANG1; Wei CHEN1;2; Shi CHEN1; 
Andrew T. S. WEE1 
1. Department of Physics, National University of 
Singapore, Singapore
2. Department of Chemistry, National University of 
Singapore, Singapore

We use in-situ low temperature scanning tunneling 
microscopy (STM) to investigate the growth mechanism of 
epitaxial graphene (EG) thermally grown on Si-terminated 
6H-SiC(0001). Our detailed study of the transition from 
monolayer EG to trilayer EG reveals that EG adopts a 
bottom-up growth mechanism. The thermal decomposition 
of one single SiC bilayer underneath the EG layers causes 
the accumulation of carbon atoms to form a new graphene 
buffer layer at the EG/SiC interface. Atomically resolved 
STM images show that the top EG layer is physically 
continuous across the boundaries between the monolayer 
and bilayer EG regions, and between the bilayer and 
trilayer EG regions.

 A00409-03075 

Platinum Supported Nanoporous Carbon / 
Nitrogen Containing Carbon Molecular Sieves: 
Promising Electrocatalysts for Methanol Fuel 
Cell Application

Parasuraman SELVAM; 
Balasubramanian VISWANATHAN; Balaiah KUPPAN 
Department of Chemistry, Indian Institute of Technology-
Madras, Chennai, India

Mesoporous carbons and nitrogen containing carbons 
having very high surface areas are of great technological 
interest for the development of catalytic, electrocatalytic 
and hydrogen-storage systems.  Ordered mesoporous 
carbons and nitrogen containing carbons with various 
structures, e.g., NCCR-1, CMK-1, CMK-5, etc., have 
been synthesized by carbonization of sucrose, furfuryl 
alcohol and other suitable carbon and nitrogen containing 
precursors within the pores of mesoporous silicate 
molecular sieves.  The inorganic templates were then 
removed by etching with 5 wt % HF, followed by filtration, 
washing and heat treatment to obtain the nanoporous 
carbons and nitrogen containing carbons.  Subsequently, 

10 wt. % Pt was loaded on these mesoporous carbons 
and nitrogen containing carbons using H2PtCl6 acid.  All 
the samples were systematically characterized by various 
analytical and spectroscopic techniques including, XRD, 
TG-DTA, FT-IR, TEM and N2 sorption measurements.  

Electrochemical oxidation of methanol over the platinum 
supported carbons and nitrogen containing carbons were 
studied by cyclic voltammetry at room temperature. The 
electrochemical measurements performed in 1 M H2SO4 + 
1 M CH3OH indicate that 20% Pt-loaded catalyst exhibit 
excellent activity (If,p = 176 mA/cm2) as compared to the 
amount of platinum loaded commercial carbon catalyst 
(If,p = 78 mA/cm2).  Furthermore, the chronoamperometry 
measurement performed in 1 M H2SO4 + 1 M CH3OH at + 
0.7 V vs. Ag/AgCl saturated KCl for 3 h showed excellent 
stability with < 8% degradation of electrocatalytic activity.  
The high dispersion of platinum on these nanoporous 
carbons gives rise to promising electrocatalytic activity for 
methanol oxidation.  In addition, the catalysts show higher 
If/Ib ratio indicating less accumulation of carbonaceous 
species on the nanocatalyst surface, and thus shows better 
CO tolerance as evidenced by the chronoamperometry 
measurement performed in 1 M H2SO4 + 1 M CH3OH at 
+ 0.7 V vs. Ag/AgCl saturated KCl for 3 h. It is, therefore, 
concluded that platinum supported nanoporous carbon-
based catalysts show promise as electrode material for the 
methanol fuel cell application.  

 A00417-03460 

Two from One: Synthesis and Characterization 
of Micro and Nano Structured Carbon Materials 
and Amino Acid Derivatives from Proteinaceous 
Wastes

Thanikaivelan PALANISAMY1; Thiruvilan AM1; 
Ashokkumar M1; Raghava Rao J2; 
Chandrasekaran BANGARU1 
1. Centre for Leather Apparel and Accessories 
Development, Central Leather Research Institute 
(Council of Scientific and Industrial Research), 
Chennai, India
2. Chemical Laboratory, Central Leather Research 
Institute (Council of Scientific and Industrial Research), 
Chennai, India

The tanning industry produces considerable amounts 
of chromium-containing solid wastes, which raises 
severe concerns on its environmental effect as well as on 
escalating landfill costs. These shortcomings are becoming 
increasingly a limiting factor to this industrial activity that 
calls for alternative methods of residue disposals. We 
report here the conversion of proteinaceous wastes into 
two products namely carbon rich materials and amino acid 
derivatives by heating at higher temperatures in an anoxic 
condition. Two types of proteinaceous wastes (chromium 
containing and chromium-free) were heated at a rate of 
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10oC/min in a quartz reactor at different temperatures 
such as 250, 500 and 750ºC under low vacuum in Argon 
atmosphere. The gaseous emission was condensed to 
collect the liquid product while after cooling the reactor 
the solid carbonaceous products were collected. The 
effects of temperature variations and type of protein wastes 
on product distribution were investigated. It was found 
from scanning electron microscopy (SEM) that the sizes 
of synthesized carbon materials decreased from micro 
to nano scale as the temperature increases. Interestingly, 
chromium containing protein wastes resulted in tubular 
carbon structures while chromium-free protein wastes 
yielded spherical carbon structures in the order of 100 
nm at 750oC. Energy dispersive X-ray analysis (EDAX) 
confirmed the presence and absence of chromium in 
synthesized carbon materials from chromium containing 
and chromium-free protein wastes, respectively. Fourier-
transformed infrared (FTIR) analysis of toluene extract 
of resultant carbon materials revealed the presence of 
dominant peaks corresponding to C-Hx, C-O and C=C 
functionalities. X-ray diffraction (XRD) of select carbon 
materials show sharp peaks at 32 and 61o. Qualitative 
analysis of liquid product reveals that the liquid fractions 
may contain amino acid or peptide residues. The H1 
nuclear magnetic resonance (NMR) and FTIR analysis of 
the collected liquids show convincing evidences for the 
observation made by qualitative analysis. The synthesized 
carbon materials have application potential in a wide range 
of industries; while the liquid by-product can possibly be 
used in bio-related industries after purification.
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Optical Limiter Using Chemically Processed 
Graphene and Its Functionalized Derivatives

Qiaoliang BAO1; Shuai WANG1; Han ZHANG2; 
Yong ZHOU1; Ding Yuan TANG2; Kian Ping LOH1 
1. Department of Chemistry, National University of 
Singapore, Singapore
2. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

Graphene, a single atomic layer of sp2-hybridized carbon 
forming a honeycomb crystal lattice, has a linear energy 
spectrum near the intersection of the electron and hole 
cones in the band structure (the Dirac point). The linear 
energy dispersion relation of electrons and holes with zero 
band-gap result in single-particle and collective excitation 
behaviour that are different compared to conventional 
semiconductors. The optical properties of graphene is 
defined by the universal optical conductance G = e2/4ћ and 
are independent of many microscopic parameters which 

influence the behaviour of bulk semiconductors.  The 
optical nonlinearities of graphene and its functionalized 
derivatives have been largely unexplored. In this work, 
we study the optical limiting of chemically processed 
graphene and its functionalized derivatives.

Optical limiting materials are materials that exhibit high 
transmittance of low intensity light, and attenuate intense 
optical beams, which have important applications for eye 
and sensor protection in optical systems. And for these 
protective applications, the response must be rapid and 
the saturation threshold must be low. Our controllable 
experiments compare the optical limiting behaviour of 
chemically processed graphene and its functionalized 
derivatives with conventional carbon materials such as 
carbon nanotubes and C60. It was found that our graphene 
samples have comparable limiting threshold with that of 
C60 in near infrared region.  

Generally, the optical limiting devices rely on materials that 
exhibit at least one nonlinear optical mechanism, including, 
e.g. nonlinear absorption, nonlinear refraction, induced 
scattering and even phase transitions. Mechanistically, 
it has been proposed that the optical limiting of carbon 
nanotubes is dominated by nonlinear scattering, essentially 
sharing the same mechanism with that of carbon black 
suspension. However, our study reveals that the optical 
limiting of graphene and its functionalized derivatives is 
dominated by reverse saturable absorption, which is similar 
to C60. This suggests that our graphene samples have larger 
absorption cross-section of the photoexcited state than that 
of the ground state. A three level model is built to explain 
the observed optical nonlinearties. The dimensional 
effects of carbon materials on optical properties are also 
discussed.
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Investigation on the Polymerization Mechanism 
of N,N’-Bismaleimide-4,4’-diphenylmethane and 
Barbituric Acid

Tai-Fong CHAO1; Jia-Wei SHIU2; Syang-Peng RWEIL2; 
Leeyih WANG1;3 
1. Polymer Science and Engineering, Taipei, Taiwan
2. Organic and Polymeric Materials, Taipei, Taiwan
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The products derived from barbituric acid (BTA) and 
N,N’-bismaleimide-4,4’-diphenyl methane (BMI) 
have demonstrated potential use in a wide range of 
fields, such as fuel cells and dye sensitized solar cells. 
However, the reaction mechanism is still unclear. In 
this study, the polymerization was carried out in DMF 
at 130°C for different reaction time and at various feed 
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ratios of monomers. The thus-prepared intermediates 
and final products were characterized by gel permeation 
chromatography (GPC), nuclear magnetic resonance 
(NMR), infrared spectrometer (IR), thermogravimetric 
analysis (TGA) and mass spectrometer. All experimental 
results supported that the linkage establishment between 
BTA and BMI monomers was mainly through Michael 
addition route. Moreover, both –NH and –CH2 moieties 
in BTA are reactive to the double bonds in BMI. Very 
interestingly, although BTA has three reaction sites, the 
polymerization can be performed without gel formation to 
yield a branched polymer with a very low polydispersity 
of 1.3.

 A00546-01001 

Development of Glucose Biosensor Based on 
Carbon Nanomaterials

Dhanasekaran MANIVANNAN; 
Challapalli SUBRAHMANYAM; 
Valsala Madhavan Nair BIJU 
Department of Chemistry, National Institute of 
Technology, Tiruchirappalli, India

INTRODUCTION

Biosensors, which are based on the use of biological or 
living material for its sensing function, have been attracting 
remarkable interests as potential successor to a wide range 
of analytical techniques due to their unique properties of 
specificity. There is an extensive need for high sensitive, 
stable and disposable biosensors in determining glucose 
in blood and urine for the diagnosis of diabetes. Carbon 
nanomaterials have been found to have the ability to 
promote electron transfer reactions when they were used 
to fabricate electrodes for the oxidation of biomolecules 
including dopamine, protein and b-nicotinamide adenine 
dinucleotide (NADH). Just recently, the interest in 
demonstrating CNTs for biosensor electrode applications is 
now emerging. However, the detailed study on sensitivity 
and stability of glucose biosensor with electrode modified 
by CNTs has less been reported. However, there is a need 
to findout the suitable carbon support for immobilization of 
enzyme. At the same time, carbon nanofibres (CNFs) offer 
unique advantageous compared to CNTs. The present study 
will explore various carbon nanomaterials like Carbon 
Nanotubes (both single and multiwall), carbon nanofibres, 
and carbon tissue derived from polyacrylamide. 

EXPERIMENTAL  

Carbon nanofibres will be synthesized by chemical vapour 
deposition of ethylene gas using a sintered metal fibre 
(SMF) filters as the catalyst.  Prior to any manipulations, 
the SMFInconel panels were oxidized in air at 650°C for 3 
hours. Carbon nanofibers (CNF) were grown on SMFInconel 
by decomposition of ethane in the presence of hydrogen and 

finally removed from SMF. The CNF grown on SMFInconel 
are hydrophobic since they derive their properties from the 
graphene sheets of which they are constituted. During part 
of this study the composite supports synthesized underwent 
different pre-treatments in order to functionalize the CNF. 

RESULTS AND DISCUSSION 

Temperature-programmed decomposition (TPD) profiles 
of CNF pre-treated with O3 and with H2O2 form a large 
amount of O-containing groups of different types, which 
decompose to form either CO2 or CO during TPD. Literature 
data supports the release of CO2 at lower temperature 
(T<650 K) is due to carboxylic groups. The CO2 peaks 
at higher temperature can be related to acid derivatives 
like lactone and anhydride groups’ decomposition. CO 
evolution comes from phenolic, carbonyl and quinone 
groups at temperature > 800K. XPS spectra confirm the 
surface oxygen content of untreated CNF is negligible 
since only carbon is present, while the characteristic 
oxygen peak appears after oxidation process. The analysis 
of C1s region shows the difference between O3 and H2O2 
treatment. This treatment is seen more suitable for the 
activation and the increase of acidity of the CNF supports. 
Likewise, oxygen functional groups were also generated 
for other carbonaceous materials used in the present study. 
Further studies like immobilization of enzyme on carbon 
nanomaterials and electrochemical characterization, and 
influence of the surface functional groups are in progress.

 A00658-01188 

Research of the Effect of Nano-Sizes Additives 
on the Fire Risk of Polymer Materials

Olga POTEMKINA 
Ivanovski Institute of Anti-Fire Service, Ivanovo, Russian 
Federation

The problem of protection of the people and material values 
from fires always has great practical importance. So every 
year ~ 9,000 people perish from fires in the Russia and 
in the EU and ~ 4,000 people in USA. Direct losses from 
fires are equal about 0.2% of GDP and total losses are 1% 
of GDP. Toxicity of the products of combustion and fume 
evolution are dangerous factors of the fires. The cause of 
another dangerous factors such as inflammability and fast 
propagation of the fire is a great rate of the heat generation. 
It is typical for combustion of organic compounds such as 
polymers which are widely used as decorative and coating 
materials in buildings. Thus the reduction of combustibility 
of polymer materials is of interest for modern practice.

The purpose of this work is that to perform the research 
of the effect of nano-sizes additives such as fullerenes on 
the fire risk of polymer materials. Urgency of the problem 
is owing to the need of rejection of well known fire 
retardants (antipyrines) which include halogen compounds 
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resulting in significant pollutions of environment. As 
a result the search of new fire-protecting additives for 
polymer materials is important task of modern material 
science. We used the methods of thermal analysis to 
define thermal stability, starting temperature of quick 
decomposition and heat of decomposition of the materials. 
Also the research includes the analysis of combustion 
products. Contents of additives were no more than 5% 
mass. We proved that thermal stability of nano-composites 
has significant increase as compared to pure polymers. 
Starting temperatures of quick decomposition shift to the 
higher temperatures on 50-140ºC. For comparison the 
effect of nano-stratified clay (montmorillonite) addition 
is presented also. The mechanism of the reduction of fire 
risk has been discussed. Thus the additives lead to the 
improvement of polymer’s thermal stability and one allow 
to get the increase of combustion durability.

 A00680-01229 

Fullerene and Calixarene

Irene LING1; Yatimah ALIAS1; Mohamed MAKHA2; 
Colin L. RASTON2 
1. Chemistry Department, University Malaya, Kuala 
Lumpur, Malaysia
2. School of Biomedical, Biomolecular and Chemical 
Sciences, University of Western Australia, Perth, 
Australia

Water soluble p-sulfonatocalix[4]arene is a polyphenolic 
compound, consists of a bowl-shaped amphiphilic 
macrocycle and has the ability to form host–guest 
arrangements either in solution or in solid state. Fullerene 
which is well known for its extreme hydrophobicity and 
insolubility in water demonstrated complex formation 
with p-sulfonatocalix[4]arene particles and coloured stable 
solution was observed. A unique tubular arrangement of 
the complex particles, was also observed when the solution 
was inspected using Transmission Electron Microscope. 
The complex was further characterized using UV-Visible 
spectroscopy and Fluorescence spectroscopy.

 A00724-01289 

Synthesis of Processable Graphene Nanosheets 
from Exfoliation of CTAB Treated Graphite

Sajini VADUKUMPULLY; Jinu PAUL; 
Suresh VALIYAVEETTIL 
Department of Chemistry, National University of 
Singapore, Singapore

Graphene, the flat monolayer of SP2 bonded carbon atoms, 
is the 2D building block of all the carbon materials. 
Although known as an integral part of 3D materials, 
graphene was not known to exist in the free state. Discovery 
of free standing graphene sheets have gained world wide 

interest in the recent past due to its excellent electrical, 
thermal and mechanical properties. However, lack of 
efficient methods to produce processable single graphene 
sheets limits its applications. As of now exfoliation of 
graphite oxide (GO) followed by reduction in presence of 
stabilizers is the only way to produce stable suspensions of 
quasi-2D carbon nanosheets. But incomplete reduction of 
GO will lead to reversible agglomeration, and moreover 
will limit its applications in electronic devices as GO is an 
insulator unlike graphite. Herein, we outline a simple and 
effective liquid phase method for the preparation of few 
layered graphenes directly from graphite without oxidative 
treatment. The obtained graphene sheets are characterized 
by atomic force microscopy (AFM), scanning electron 
microscopy (SEM), X-ray diffraction (XRD) and raman 
spectroscopy. The exfoliated sheets are found to be ~ 1.4 
nm in thickness. 
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Optical and Transport Properties of Substituted 
Perylene Diimide Derivatives

Sivamurugan VAJIRAVELU1; Ramunas LyGAITIS2; 
Grazulevicius JUOZAS VIDAS2; Gaidelis VALENTAS3; 
Jankauskas VyGINTAS3; Suresh VALIYAVEETTIL1 
1. Department of Chemistry, National University of 
Singapore, Singapore
2. Department Organic Technology, Kaunas University of 
Technology, Kaunas, Lithuania
3. Department of Solid State Electronics, Vilnius 
University, Vilnius, Lithuania

Perylene diimide molecules are known as n-type materials 
with interesting optical properties. The electronic 
properties of perylene diimide could be tuned by attaching 
various electron donors. In the present investigation, 
electron donating substituents such as 3,4,5-trimethoxy 
phenyl (PDI1), thiophene (PDI2), 6-methoxy naphthyl 
(PDI3), 5-hexyl dithiophene (PDI4) and  thioanthrenyl 
(PDI5) moieties incorporated at the  bay region of N,N’-
dodecylperylene diimide (PDI) derivatives have been 
synthesized and characterised. The absorption maxima of 
PDI1 – 5 showed a bathochromic shift with considerable 
peak broadening and merging of vibronic fine structure as 
compared to that of PDI. The photoinduced intramolecular 
charge transfer (ICT) from electron donating substituents 
to perylene-acceptor was observed from the self-
fluorescence quenching. The molecules are stable up to 
400 °C and amorphous in nature. The cyclic voltammetry 
results revealed that oxidation potential can be tuned by 
the electron donating capacity of the substituents and 
dithiophene attached perylene derivative (PDI4) showed 
very low band gap of 1.57 eV. The electron transporting 
properties have been done using xerographic time-of-flight 
method under ambient conditions.  
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CO2 Capture Capacity of Two Dimensional Carbon 
Nanostructure

Ashish Kumar MISHRA; T. Arockiya DOSS; 
Sundara RAMAPRABHU 
Department of Physics, Indian Institute of Technology 
Madras, Chennai, India

In the present scenario of global warming, environmental 
pollution is the main concern for scientific researchers and 
fossil fuels, industrial wastes and smokes are the major 
factors increasing the amount of CO2. The focus should be 
to reduce the further emission of CO2 as well as to reduce 
the amount of CO2 already emitted. The present work is 
focused on the investigation of materials which can adsorb 
large quantities of CO2. Due to large surface area and high 
porosity, carbon based nanostructures can be appropriate 
material for CO2 adsorption and the present work focuses 
on the CO2 adsorption properties of two dimensional 
graphene. Graphene has been prepared by thermal 
exfoliation of graphitic oxide followed by functionalization 
and characterized by electron microscopy, X-ray powder 
diffraction pattern and Raman spectroscopy techniques. 
The CO2 adsorption capacity has been measured by high 
pressure Seiverts’ apparatus incorporating van der Waals 
corrections.  A maximum of about 5 wt % of CO2 adsorption 
at 14 bar equilibrium pressure at room temperature and 2 
wt % at 14.5 bar and 48°C has been obtained.  The CO2 
adsorption properties of graphene with repeated number 
of cycles have been performed and the results have been 
discussed.

 A00831-01473 

The Development of Polymeric Nanocomposites 
with Increased Thermal and Radiative Stability 
and Simulation of Their Behavior in Fire

Kira ZHOGOVA; Ivan DAVYDOV; 
Tat’yana MOROZOVA; Yulia BELOVA; 
Valery KRAVCHENKO; Oksana LAKEEVA 
Russian Federal Nuclear Center – VNIIEF, Sarov, 
Russian Federation

Effect of adding carbon nanostructures (fullerene 
C60 and nanotubes) on thermal, radiation, optical and 
mechanical properties of some polymers (on the base of 
polymethylmethacrylate (PMMA), polybutylmethacrylate 
(PBMA), polystyrene (PS), polyethylene (PE) and 
polyurethane (PU)) has been studied.  

It was shown that the modification of such polymers by 
carbon nanostructures allowed improving the thermal and 
mechanical properties, as well as radiation resistance, 
significantly. The main characteristics improved are:

- for PMMA, PBMA and PS – the temperature of 
destruction increases by 30-60оС, the rate of destruction 
decreases by 2-6 times;

- for PMMA, PS and PE – tensile strain (unit elongation) 
under break increases by 15-20%; 

- for PU – heterodensity decreases by 20%, 

- for PE – crack growth resistance increases during 
operation activity while the tensile strain and vapour 
permeability being retained.

The numerical simulation of heat state of a heat-
resistant casing, made of polystyrene modified by carbon 
nanostructures, during emergency has been performed 
using ANSYS code.  Fires with effective temperature of ∼ 
1000°С and different duration have been simulated. It was 
revealed that the time period before starting of intensive 
thermal destruction of the casing increases by ~ 1 hour.

 A00841-01463 

Linear Plasmon Dispersion on Epitaxial 
Graphene

Jiong LU1; Wei CHEN2; Andrew T. S. WEE2; 
Kian Ping LOH1 
1. Department of Chemistry, National University of 
Singapore, Singapore
2. Department of Physics, National University of 
Singapore, Singapore

Graphene is a two-dimensional (2-D) monolayer of carbon 
atoms connected in a honeycomb lattice.  Because of the 
linear dispersions of electron and hole bands near K, K’ 
points with zero band-gap, collective plasmon excitation 
behaviour in graphene exhibits significant differences 
compared to that of standard 2D and conventional 3-D 
systems. Using high resolution angle resolved electron 
energy loss spectroscopy, we have investigated the k-space 
dispersion of π and π+σ plasmons on epitaxial graphene 
(EG). Epitaxially graphene of different thickness was 
carefully prepared in a UHV system and verified by low-
temperature Scanning Tunneling Microscopy. We found 
that there are significant differences in plasmon dispersion 
for single, bilayer and 3-4 layer graphene which reflect 
the differences in their band structures and densities 
of states. The π and π+σ surface plasmon modes in the 
single layer EG are recorded at 4.8 eV and 16 eV, these 
are red-shifted from the values in multilayer EG. In single 
and bilayer graphenes, a linear dispersion of the plasmon 
mode was observed, in contrast to the parabolic dispersion 
in multilayer EG. The linear π plasmon dispersion can 
be interpreted as a sum of independent transitions which 
contains relatively higher intensity loss peaks arising 
from transitions within the strictly linearly band region 
at K, K’ point (“Dirac point”), as well as lower intensity 
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transitions near the edge of the Brillouin zone close to the 
M point with quadratic dispersion at small q. Distinctive 
loss features in the plasmon EELS spectrum provide 
insights and experimental verification of the semimetallic 
nature of graphene sheets on SiC and their distinctive band 
structure.
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by Cathode Modification Using Ionic-liquid-
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The efficiency of polymer solar cells fabricated from 
blends of regioregular poly (3-hexylthiophene) (P3HT) 
and {6,6}-phenyl C61-butyric acid methylester (PCBM) 
was  improved by drop casting a thin layer of ionic-
liquid-functionalized nanostructured carbon (ILNC) prior 
to evaporation of Al contacts onto the polymer blend. 
Using the optimized ILNC/Al electrode could give a 30% 
improved power efficiency over polymer solar cells with 
only Al under simulated AM1.5 illumination of 100mW/
cm2. The increased efficiency is primarily due to the 
increased photocurrent and fill factors, and we present the 
decreased serial resistance data of solar cells with ILNC/
Al electrodes suggesting that can be attributed to the 
distribution of internal electric field of thin ILNC layer, 
which can facilitate electrons transport from the active 
layer to the electrodes. This low cost ILNC material and 
the simplify of depositing ILNC from ethanol solution 
have potential promise to substitute for LiF in the cathode 
modification in printed solar cells in the future.   

 A00917-04051 

Emulsion Polymerization of Polyacrylonitrile as a 
Precursor of Carbon Fibers

Sung-Won CHAE1; Soo-Jin PARK2 
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2. Department of Chemistry, Inha University, Incheon, 
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Polyacrylonitrile (PAN) nanoparticles in sizes ranging 
from approximately 100 to 500 nm were prepared by 
emulsion polymerization of acrylonitrile in a continuous 
aqueous phase in the presence of potassium persulfate 

(KPS) as initiator and sulfonate surfactants (SDS). 
The influence of various polymerization parameters 
(e.g., concentration of monomer and initiator, type and 
concentration of surfactant and solvent, temperature and 
time of polymerization) on the properties (e.g., size and 
size distribution, average molecular weight, etc.) of the 
particles has been investigated. This work is concerned 
with the feasibility of achieving emulsion polymerizated 
polyacrylonitrile copolymer systems as precursors for the 
manufacture of carbon fibers. Identification of suitable 
comonomers and achieving the optimum content of the 
comonomer were some of the main objectives of this 
investigation. It was seen that methyl acrylate (MA) and 
methyl methacrylate (MMA) were found to be suitable for 
enabling the emulsion polymerization of polyacrylonitrile 
(PAN), in terms of particle stability, time stability. 
The acrylonitrile containing 0, 5, 10 and 15 mole% 
comonomer, methyl acrylate or methylmethacrylate  has 
been polymerizated by emulsion polymerization. Carbon 
nanofibers were produced from a polyacrylonitrile based 
copolymer and N,N-dimethylformamide precursor solution 
by an electrospinning process and later carbonizated 
at temperatures ranging from 300 to 1000 ℃ in an N2 
atmosphere for about 20 h. The morphological structure 
of the particles and nanofibers was studied with scanning 
electron microscopy (SEM). The synthesized PAN as 
a precursor of carbon fibers with diameters in the range 
100-400 nm were obtained by electrospinning of PAN/
DMF solution. The higher average molecular weight PAN 
was, the better uniform diameters of electrospun nanofiber 
webs were.
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of Solution-Gated Graphene
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The high carrier mobilities, ballistic transport and two-
dimensional nature of graphene make it a promising 
candidate for applications in ultrafast electronics. 
Graphene grown epitaxially on silicon carbide substrates 
may be “solution-gated” to achieve a field effect response. 
In such a set-up, it is found experimentally that hydroxide 
(OH-) and hydronium (H3O

+) ion adsorption dominates 
the electrochemical double layer of graphene. Due to 
the ambipolar nature of graphene, these ions are able to 
modulate the conductance by dopng holes or electrons, 
respectively, through capacitive charging. Yet, little is 
known about the adsorption behaviour of these ions or 
whether capacitive charging is able to account for the high 
pH sensitivity observed in these experiments.
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We perform classical molecular dynamics (MD) 
simulations to investigate the segregation of ions at the 
graphene/water interface in both acidic and basic solutions. 
The adsorption behaviour of OH- and H3O

+ ions and their 
counter-ions are compared and used to develop a model for 
the charge transfer expected under conditions of varying 
pH. It is shown that capacitive charging due to selective 
ion adsorption at the interface is able to quantitatively 
explain the observed pH sensitivity. We discuss the need 
to include polarisation effects in the classical force fields 
in simulations such as these.

Further, we investigate experimental observations of 
increased pH sensitivity at negative applied gate voltages 
by examining ion distributions at charged graphene 
surfaces. The introduction of chemisorbed polar groups 
onto the graphene surface is shown to be able to modulate 
the distribution of ions within the electrochemical double 
layer and, hence, control the pH response.

Finally, we discuss the future use of linear-scaling 
density functional theory codes, such as ONETEP. Used 
in conjunction with classical MD simulations, these 
techniques may be used to calculate and picture the electon 
transfer between charged redox species and graphene-
based biosensors. 

 A01001-01753 

CVD Synthesis of Few-layer Graphene and 
Graphene-based Flexible Transparent Conducting 
Thin Films

Zhen-Yu JUANG; Chih-Yu WU; Ang-You LU; 
Keh-Chyang LEOU; Fu-Rong CHEN; 
Chuen-Horng TSAI 
Department of Engineering and System Science, National 
Tsing Hua University, Hsinchu, Taiwan

In this work, a CVD method for the synthesis of centimeter-
scaled few-layer graphene using Ni foil as substrate at 
temperatures ranging from 700 °C to 900 °C is presented. 
In a wide pressure range from mTorr to atmosphere, the 
gaseous or liquid hydrocarbon was used for the carbon 
source during synthesis. In preliminary experimental 
results, we found that the nitrogen-doped graphene could 
be in-situ synthesized in our process. These results reveal 
that our CVD method may has a great potential for future 
graphene-based electronics.

We also present a scalable method to transfer few-layer 
graphene films from Ni foil to PET sheets. These flexible 
and transparent graphene/PET show low sheet resistance 
with high optical transparency. In addition, the thickness 
of transferred graphene films can be controlled during 
transference process. The transparency and conductivity 
of the films suggest the potential as another candidate for 
future electronics and opto-electronic applications.

 A01001-03111 

Comparison of CNT-based and Graphene-based 
Transparent Conducting Thin Films

Zhen-Yu JUANG; Chih-Yu WU; Ang-You LU; 
Keh-Chyang LEOU; Fu-Rong CHEN; 
Chuen-Horng TSAI 
Department of Engineering and System Science, National 
Tsing Hua University, Hsinchu, Taiwan

In this report, CVD synthesized few-layer graphene (FLG) 
and single-walled carbon nanotubes (CNTs) network thin 
films were transferred to various transparent substrates 
such as glass and PET sheets for the transparent conducting 
electrodes. A systematic study of comparison of such 
CNT-based and graphene-based transparent conducting 
thin films is presented. The Raman spectra, high resolution 
transmission electron microscopy (HRTEM) and scanning 
electron microscopy (SEM) will be used to identify 
the quality of CNTs and graphene. Furthermore, the 
transparency and sheet resistance of these two types of 
carbon-nanomaterial-based transparent thin films will also 
be estimated and compared in this report.

 A01081-01880 

Edge Chirality Determination of Graphene by 
Raman Spectroscopy

YuMeng YOU; ZhenHua NI; Ting YU; Ze Xiang SHEN 
Division of Physics and Applied Physics, Nanyang 
Technological University, Singapore

Raman imaging of single layer micromechanical cleavage 
graphene (MCG) was carried out. The intensity of disorder-
induced Raman feature (D band at ~1350 cm-1) was found 
to be correlated to the edge chirality: it is stronger at the 
armchair edge and weaker at the zigzag edge. This shows 
that Raman spectroscopy is a reliable and practical method 
to identify the chirality of graphene edge and hence the 
crystal orientation. The determination of graphene chirality 
is critically important for fundamental study of graphene 
as well as applications of graphene-based devices.
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 A01122-01932 

The Effects of Hydrogen Dilution on the 
Photoluminescence and Optical Energy Gap of 
Hydrogenated Amorphous Carbon Films

Rozidawati AWANG1; Saadah ABDUL RAHMAN2 
1. Department of Physics, Universiti Kebangsaan 
Malaysia, Selangor, Malaysia
2. Department of Physics, University of Malaya, Kuala 
Lumpur, Malaysia

Hydrogenated amorphous carbon (a-C:H) films were 
deposited using direct-current Plasma Enhanced Chemical 
Vapour Deposition (DC PECVD) process.  The resulting 
film properties were studied with respect to the introduction 
of hydrogen (H2) in methane (CH4) plasma and film 
thickness. 

The a-C:H films were prepared from the discharge of CH4  
gas diluted in H2 gas at different H2 to CH4 gas flow-rate 
ratios. In order to study the effects of film thickness on the 
optical band gap and PL properties of the films, two sets 
of films were deposited using different deposition times. 
These sets of films consists of a set of films deposited from 
pure CH4 and a set of films prepared from the H2  diluted 
CH4  with H2 to CH4 flow-rate ratios was fixed at  1:5. 

The film thickness was measured from the optical 
transmission spectra of the films obtained using a Jasco 
UV-Vis-NIR 3102-PC double beam spectrophotometer 
scanned within a scanning range of 190 to 2500nm. PL 
measurements were performed at room temperature using a 
photoluminescence spectrometer (Perkin-Elmer LS50B). 

Hydrogen dilution has significant effect on the deposition 
rate and optical band gap (Eg) of the film. H2 dilution of 
CH4 reduces the PL efficiency of these a-C:H films. The 
PL efficiency are enhanced with increase in film thickness 
for a-C:H films prepared both from pure CH4 and H2 
diluted CH4. Higher concentration of sp2 sites fraction in 
thicker films decreases the optical band gap and increases 
PL intensities. 

 A01163-01982 

Anomalous Magnetic and Electrical Transport 
Behavior in Nano-crystalline Graphite

Guruprasad MANDAL1; V. SRINIVAS2; V. V. RAO1 
1. Cryogenic Engineering Centre, Indian Institute of 
Technology Kharagpur, West Bengal, India
2. Department of Physics and Meteorology, Indian 
Institute of Technology Kharagpur, West Bengal, India

Graphite is well known for its semimetallic nature with high 
chemical and thermal stability. Large magnetoresistance 
(MR) values have been reported in semimetallic elements 
due to high density of carries at room temperature. Recently 

it has been reported that the absolute values of resistivity 
(ρ) and the temperature coefficient of resistivity (TCR) are 
sensitive to the particle size of graphite powders. Large 
MR values ~35% at 5 Tesla magnetic field in micron 
size graphite at room temperature have been observed by 
Xue et al. It is also reported by Zhang et al. that when 
the particle size reduces from micron size to nano meter, 
magnetoresistance changes its sign from positive to 
negative. According to them, the resistivity decreases as 
the temperature increases but for micron size graphite, 
below 32 K it increases with increasing temperature.

Here, we present the results on field and temperature 
dependence of resistivity and magnetization of graphite as 
a function of ball milling time. Graphite (99.5%) powders 
were mechanically alloyed using a planetary ball mill 
(RETSCH- PM 200) with tungsten carbide milling media. 
As-milled powders of graphite with different milling time 
were compacted into 11 mm diameter and 1-1.2 mm thick 
pellets at a pressure of 3 ton for 5 minutes. In order to 
evaluate the electronic behavior of graphite, the D.C 
electrical resistivity measurements have been carried out in 
the temperature range 5-300 K. The magnetization of milled 
powder was measured by a high sensitive vibrating sample 
magnetometer (VSM), which revealed that the samples 
were weakly-magnetic in nature at room temperature. 
On the other hand, resistivity of graphite increases as the 
temperature is lowered below 300 K, but below about 
40 K there appears a region where the rise is less steep. 
Large values of resistivity and negative TCR indicate non-
metallic nature of the compacts. The highest MR (46%) 
value at 300 K has been observed for 15 hrs-milled sample. 
On further milling MR decreases, exhibiting a maximum 
at 15 hrs-milled samples. From these studies, it is clear 
that one can obtain large MR values in the present samples 
by optimizing the particle size of graphite. A detailed 
structural, magnetic and magnetotransport behavior of as-
milled graphite powder compacts will be discussed.

 A01180-02018 

Graphene Based NOx Gas Sensor

Geunwoo GO; Hong-Yeol KIM; Jaehui AHN; 
Young-Moo PARK; Kwan-Young LEE; Jihyun KIM 
Chemical and Biological Engineering, Korea University, 
Seoul, South Korea

Recently, carbon nanotube (CNT) gas sensors have been 
intensively studied due to their unique properties such as 
high electron mobility and large specific surface area. Gas 
absorption ability of CNTs makes it a candidate for NOx, 
NH3, CO gas sensor. However, patterning and positioning 
of CNTs have been an issue for commercialization. 
Recently, Graphene has been considered as a potential 
candidate because it also has high electron mobility and 
large specific surface area like CNTs. A few graphene 
deposition methods have been proposed for large-area 
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wafers, which makes graphene outstanding among many 
nano-materials.

We demonstrated NOx gas sensor by using few layer 
graphene (FLG) prepared by mechanical exfoliation 
method from highly oriented pyrolytic graphite (HOPG) 
on 300nm SiO2/Si substrate. Multimode atomic force 
microscope and micro-Raman spectroscopy were 
employed to characterize FLG layer. Metal electrodes 
were patterned by E-beam lithography and deposited by 
E-beam evaporation technique. Palladium (200 Å) and 
Gold (500Å) were deposited as metal electrodes to make 
ohmic contact between graphene and metal contacts.

Electrical characteristics of FLG under N2 and NOx gas 
environment were measured by 4155C semiconductor 
parameter analyzer (Agilent technologies Inc) at various 
temperature (298K, 323K, 373K) with graphene sensors 
exposed to NOx and N2 gas alternately. When the sensor 
was exposed to NOx gas, the current of FLG-based gas 
sensor was rapidly increased. After about 200 seconds 
exposed to NOx gas, the peak current of sensor was 
saturated, which was about 25% increase compared with 
reference condition. We will present that FLG-based gas 
sensor have a extremely fast response to NOx gas, and will 
discuss about the stability at elevated temperature. 

 A01249-02152 

Mechanical, Thermal and Electronic Properties 
of Carbon-related Nanomaterials studied by ab 
initio TBMD and QMSMM

Kinichi MASUDA-JINDO1; Vu Van HUNG2; 
Madou MENON3 
1. Material Science and Engineering, Tokyo Institute of 
Technology, Yokohama, Japan
2. Hanoi National Pedagogic University, Hanoi, Viet 
Nam
3. University of Kentucky, Kentucky, United States

During the last two decades, there has been an increasing 
progress in the synthesis and characterization of various 
nanoscale materials. These materials are of great interest 
because they show unique properties related to their small 
size and large surface-to-volume ratio. For instance, it 
is know that tensile strength of carbon nanotubes is at 
least 10 times stronger than that of steel. In the present 
study, the mechanical, thermal and electronic properties 
of the nanoscale materials are investigated using the ab 
initio molecular dynamics (TBMD) method and quantum 
mechanical statistical moment method. We investigate 
electronic structures and electronic (quantum) transports 
of carbon-related nanoscale materials, i. e., carbon 
nanotubes (CNT), graphens, and SiC nanowires, with 
and without atomistic defects, in comparison with those 
of bulk materials. Particular attention will be paid to the 
effects of polymorphic atomistic defects (Stone-Walles, 

5-7-7-5, and combinations of 5-7 defects, adatoms, 
kinks, cracks) on the properties of nanoscale materials. 
The thermal lattice expansions, linear elastic moduli, 
specific heats, yield strength and fracture behaviors are 
studied, including the electron-phonon interaction and 
anharmonicity of thermal lattice vibrations. We will show 
that the strength, thermodynamic and electronic properties 
of the nanoscale materials are quite different from those of 
the corresponding bulk materials. 

 
 A01262-02203 

Carbon Nanotubes as Inter-ply Strengtheners in 
Woven Carbon Fabric Prepreg Composites

Sunil C. JOSHI; Vishwesh DIKSHIT 
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

Carbon fiber reinforced plastics (CFRP) offer high specific 
strength and stiffness making them a popular material 
solution for various weight-sensitive applications. 
However, the inter-ply delamination has been a serious 
problem for laminated CFRP structures. It has been a 
research focus as to how to strengthen the weak resin-rich 
interface between two prepreg plies in a laminate.

The present paper provides the details of our investigations 
on the effect of multi-walled carbon nanotubes (MWCNTs) 
dispersed at ply interfaces in CFRP laminates on their 
delamination behavior. The inter-ply interfaces were 
reinforced with small quantities (up to less than 4 g/m2) 
of either inert or functional (with -COOH, -OH groups) 
MWCNTs. Scanning electron microscopy was used 
to investigate the impregnation of CNT fillers by the 
epoxy resin within the prepreg before the curing. The 
manufacturing process was tuned to attain complete 
resin impregnation and penetration of MWCNTs through 
the epoxy layer. Tests were conducted to study Mode I 
and Mode II fractures at ply interfaces. The test results 
showed that the inter-laminar fracture toughness and 
the delamination behavior significantly improved at the 
MWCNT engineered interfaces in the CFRP laminates. 
Significant fiber bridging was noticed at the tip of the 
interfacial crack during the double cantilever beam tests. 
The good compatibility between MWCNTs and carbon 
fibers from the prepreg was responsible for the increased 
fiber bridging. The contributions made by the functional 
groups on MWCNTS and the fiber bridging to the improved 
facture toughness and delamination resistance of the CFRP 
laminates are examined and discussed. 
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 A01264-02188 

High Quality Graphene Growth on 6H-SiC(0001)

Chariya VIROJANADARA1; Mikael SYVAJARVI1; 
Rositza YAKIMOVA1; Leif JOHANSSON1; 
Alexei ZAKHAROV2; 
Thiagarajan BALASUBRAMANIAN2 
1. Material Physics, Linkoping University, Sweden
2. Maxlab, Lund University, Sweden

High quality and large area graphene growth on commercial 
Si-face on-axis 6H-SiC(0001) is demonstrated in this work. 
Samples were produced in a prototype of an inductively 
heated furnace based on the SB generation Epigress 
heating systems. The growth was carried out in strongly 
isothermal conditions at a temperature of 2000oC and at an 
ambient argon pressure of 1 atm. The quality and thickness 
of the graphene layer grown, using this ex situ method, was 
investigated using photoemission (PES), angle resolved 
photoemission (ARPES), low energy electron diffraction 
(LEED) as well as low energy electron microscopy 
(LEEM), photoemission electron microscopy (PEEM) 
and micro-LEED and micro-PES at specifically defined 
small areas. Our results show that single domain graphene 
is formed over quite large areas but that two different 
domains can exist on some parts of the sample. Comparison 
was also made with an in situ prepared graphene sample, 
which was resistively heated to ca. 1275oC for a few min. 
The substrate used was cut from the same wafer as the 
ex situ prepared samples and pretreated the same way to 
ensure that the initial surface morphology of the substrates 
used were as similar as possible. The result obtained from 
this in situ prepared graphene sample is however similar 
to earlier findings and show that the size of the graphene 
flakes are very small compared to those obtained on the 
samples prepared with our ex situ method.

This new growth method will open up new possibilities and 
opportunities for graphene-SiC based electronic devices, 
since the preparation of large area and homogeneous 
monolayer graphene, which has been a problem so far, now 
has been proven feasible. These results will be presented 
and discussed.

 A01308-04385 

Investigation on the Non-covalent Interaction 
of Single Walled Carbon Nanotubes with 
Polyurethane Ionomers

S. N. JAISANKAR1; Donna NELSON J.3; 
N. G. NATCHIMUTHU2; Asit B. MANDAL1; 
Christopher N. BRAMMER3; Heather RHOADS3 
1. Polymer Division, Central Leather Research Institute, 
Chennai, India
2. Department of Rubber and Plastics Technology, MIT - 
Anna University, Chennai, India
3. Department of Chemistry and Biochemistry, University 
of Oklahoma, Oklahoma, United States

Ionomeric polyurethane/single walled carbon nanotubes 
(SWNTs) have been functionalized by melt mixing 
technique.   A co-rotating, fully intermeshing, twin-screw 
extruder has been used as a reactor to prepare the nanotube 
composite films at 160°C for 12 minutes. The composite 
films thus obtained have shown improved modulus and 
mechanical properties as against the neat polyurethane 
ionomeric films. Polyurethane ionomers are found to 
facilitate dispersion of SWNTs even at higher loadings of 
up to 2 wt % as evidenced by atomic force microscopic 
(AFM) studies.  Raman spectroscopic analyses suggest the 
existence of strong interaction between the SWNTs and 
polyurethane ionomers as evidenced from the reduction in 
vibrational freedom of the polymers. The thin films have 
been further characterized by UV/Vis spectroscopy and for 
their electrical properties.

 A01342-03059 

Electrical Properties of Nanodiamonds and Their 
Use For Sensing Applications

Richard B. JACKMAN 
London Centre for Nanotechnology, University College 
London, London, United Kingdom

Nanodiamonds (NDs), produced by detonation methods, 
are of interest for a range of biological and sensing 
applications. Whilst this type of diamond has been produced 
in large volumes for some years, it is only recently that 
techniques for chemical purification and de-aggregation 
of the nm-scale diamonds have been developed. Various 
forms of chemical functionilisation of NDs have been 
demonstrated in an attempt to make them biologically 
active. In terms of sensing applications, we have shown 
that coating quartz microbalances with a mono-disperse 
layer of NDs can lead to highly sensitive detection of 
such species as NH3. Despite the widespread interest in 
NDs, the electrical properties of this fascinating material 
are not well understood. Moreover, electrical methods 
for sensing applications with this material have yet to be 
demonstrated.
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We have been carrying out systematic studies of the 
electrical properties of supported nanodiamond layers, 
as judged by impedance spectroscopy, in both mono-
disperse and aggregated forms. When aggregated, the NDs 
are highly resistive, whilst mono-disperse forms of this 
material display variable electrical properties depending 
on the treatment methods used. We have found that UV 
irradiation of both forms can strongly modify the electrical 
properties and that subsequent exposure to, for example, 
NH3 then changes the electrical properties in such a way 
that a gas detector can be constructed that relies solely on 
electrical measurements. This paper will review our recent 
electrical measurements on a wide range of NDs, and 
discuss the prospects for the use of electrical methods for 
the realization of highly sensitive biochemical sensors.

 A01486-02581 

Cell Attachment and Proliferation on Undoped and 
Heavily Boron-Doped Polycrystalline Diamond

Charles AGNES1;2; Fereshteh AZARI3; Franck OMNES1; 
Slimane GHODBANE1; Pascal MAILLEY2; 
Maryam TABRIZIAN3; Philippe BERGONZO4 
1. Institut Néel, CNRS, Grenoble, France
2. INAC, CEA, Grenoble, France
3. Department of Biomedical Engineering, McGill 
University, Montreal, Canada
4. LIST, CEA, Paris, France

Diamond as a biocompatible material has great potential 
for in vivo applications. Diamond surface functionalization 
with the view of bio-transducer applications can be 
performed to date either by the mean of photochemical 
process of the initially H-terminated diamond surface 
or by electrochemical assisted grafting with diazonium 
salts. The recent developments of boron doped conductive 
diamond have further increased the scale of diamond 
applications including electrode, sensors and detectors 
etc. Additionally, mechanical properties of diamond make 
it suitable for the optical or electrical monitoring of cell 
activity. 

In order to investigate cell responses to diamond, 
in-vitro studies were carried out on polycrystalline 
diamond, undoped and boron-doped, using pre-osteoblast 
(MC3T3-E1). The surface properties such as roughness, 
boron content and contact angle were determined for each 
diamond samples. Then preliminary biocompatibility was 
assessed by adhesion and proliferation of pre-osteoblast 
cells on undoped and boron-doped polycrystalline 
diamond. Cells were seeded with density of 5 x 104 cells/
cm2 on samples and  incubated at 37 °C for 1, 2 , 4 hours and 
3, 7, 11 days. After each time point medium was removed 
and cells were washed with PBS. Subsequently number of 
cells measured by Quick cell proliferation kit. Undoped 
and boron-doped polycrystalline diamond with different 
B-doping levels showed different surface roughness and 

wettability behavior. Further on, the adhesion and growth 
of pre-osteoblast cells have been studied in cultures on 
polycrystalline diamond substrates. In vitro cell tests of 
diamond samples revealed no cytotoxicity effect of these 
surfaces. Cells showed ability to attach and proliferate on 
both undoped and boron-doped diamond with different 
roughness values. The amount of cells attached to the 
samples after 1, 2 and 4 hours increased with increasing 
time; however pre-osteoblasts adhesion was significantly 
higher on nano grain size diamond compare to micro grain 
size samples. The growth rate of cells at 3, 7 and 11 days 
on diamond samples showed a consistent pattern with 
attachment. The interactions of biomolecule and cell with 
surface are known to be influenced by surface features 
respect to surface hydrophobicity, roughness, charge and 
composition. Since the degree of wettability is different in 
various grain faces in polycrystalline material, this could 
explain increased cell adhesion and proliferation observed 
on nanocrystalline diamond.

 A01706-02970 

Surface Transfer Doping of Diamond by Organic 
Molecules

Dongchen QI1; Wei CHEN1;2; Xingyu GAO1; 
Li WANG1;3; Shi CHEN1; Kian Ping LOH2; 
Andrew T. S. WEE1 
1. Department of Physics, National University of 
Singapore, Singapore
2. Department of Chemistry, National University of 
Singapore, Singapore
3. Department of Physics, Nanchang University, 
Nanchang, China

Despite exceptional electronic properties of diamond, such 
as its high charge carrier mobilities and large breakdown 
field, the application of diamond as an electronic material 
is hampered by the fundamental difficulties encountered by 
conventional bulk doping technique (e.g. high activation 
energy, low dopant solubility, lack of reliable processing 
methods). Surface transfer doping, which relies on charge 
exchange between a semiconductor surface and surface 
adsorbates, holds the promise to tackle some of these 
challenges.

In this paper, we demonstrate controllable p-type surface 
transfer doping of hydrogenated diamond (001) by a series 
of molecular acceptors with different electron affinities. 
The charge transfer, electronic structures and energy level 
alignments at the diamond/organic interfaces is characterized 
by synchrotron-based photoemission spectroscopy (PES). 
High areal hole density over 1013 cm-2 of diamond is 
readily achieved by tetrafluorotetracyanoquinodimethane 
(F4-TCNQ) and highly fluorinated fullerene (C60F48) 
adsorption, which acts as effective acceptors even in 
isolated molecular form. Tetracyanoquinodimethane 
(TCNQ) and buckminsterfullerene (C60), in comparison, 
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induce moderate surface transfer doping (~ 1010 – 1012 cm-

2) only after the formation of condensed-phase molecular 
thin films. In contrast, copper phthalocyanine (CuPc) films 
induce no observable interfacial charge transfer. Our study 
correlates their distinct surface transfer doping yields and 
efficiencies with their electron affinity values in both gas 
phase and condensed phase, facilitating better selection of 
organic molecules as effective surface dopants to engineer 
the surface conductivity of diamond over a wide range.

 A01711-02985 

Raman Mapping Investigation of Noncovalent 
Functionalized Graphene for Adenosine 
Triphosphate (ATP) Immobilization

Zhe ZHENG1; Yinxi HUANG2; Peng CHEN2; 
Zhenhua NI1; Yingying WANG1; Yumeng YOU1; 
Bin YAN1; Ze Xiang SHEN1; Ting YU1 
1. Division of Physics and Applied Physics, Nanyang 
Technological University, Singapore
2. Division of Bioengineering, Nanyang Technological 
University, Singapore

We report a Raman mapping investigation of bimolecular 
Adenosine Triphosphate (ATP) immobilized on the Single 
Layer Graphene (SLG) surface as indirect and direct 
functionalization. AFM analysis showed that the thickness 
of the SLG increased significantly after the ATP molecular 
deposition. The Raman mappings before and after ATP 
molecular deposition also reveal an obvious blue-shift and 
sharpen of the G mode resulted from the charge doping in the 
SLG. The systematic fitting and statistical analysis quantify 
the bio sensitivity of graphene, which is comparable to the 
single-walled carbon nanotubes (SWNTs) and implies the 
potential of graphene as a bioprocees analysis tools during 
the ATP hydrolysis cycle.

 A01723-03005 

Hydrogenation and Dehydrogenation of Graphene 
Layers

Zhiqiang LUO; Ting YU; Zexiang SHEN 
Division of Physics and Applied Physics, Nanyang 
Technological University, Singapore

Graphene, a two-dimensional crystal made of carbon atoms 
arranged in a honeycomb lattice, has attracted a great deal 
of attention due to its unconventional physical properties 
since it was firstly discovered in late 2004. In addition to 
its unusual physical properties for fundamental studies, 
the flat two-dimensional nature, high crystal quality, 
and ballistic transport under ambient condition make 
graphene promising candidate for future ultra-high-speed 
nanoelectronics. However, the graphene do not present an 
energy gap in the spectrum, preventing large on-off signal 
ratios in possible electronic devices. It is necessary to open 

an energy gap in the spectrum for having full working 
devices made of graphene, as in the usual semiconductors 
devices. To open a gap in the electron spectrum of graphene, 
theoreticians have proved that chemical decoration 
could be an effective way. Introduction of C-H bonds in 
graphene is expected to alter transport properties that may 
lead to useful semiconducting devices. Here we present 
a systematic experimental investigation of the surface 
modification of graphene layers with hydrogen plasma. 
The electron structure of hydrogenated graphene layers 
was studied with Raman spectrum. The hydrogenation 
of graphene layers is found to be reversible after vacuum 
annealing and the degree of hydrogenation can be 
engineered with different plasma power and exposure 
duration. The C-H bond in the hydrogenated graphene 
was confirmed the micro XPS spectrum of hydrogenated 
graphene layers with reversible saturate H coverage. It was 
found that the hydrogenation barrier of SLG is much larger 
than that of the multi-layer graphene, which was also 
confirmed  by the DFT  calculation. The dehydrogenation 
process of the hydrogenated graphene was also studied with 
insitu Raman spectrum, and the dehydrogenation process 
of graphene was found to be layer and hydrogen coverage 
dependent. At low hydrogen coverage, there are two types 
of C-H conformation with different dehydrogenation 
barrier. The results have important implications for 
graphene characterization and device application.

 A01744-03031 

Microstructure Analysis of Highly Oxidized 
Graphite and Reduced Graphite Oxide

Da ZHAN; Zhenhua NI; Zhiqiang LUO; 
Ting YU; Zexiang SHEN 
Division of Physics and Applied Physics, School 
of Physical and Mathematical Sciences, Nanyang 
Technological University, Singapore

Graphite oxide (GO) was prepared via modified Hummer’s 
method. The colloidal GO present brown-black color and 
can be used to fabricate paper-like graphite sheet with 
wanted thickness via spin-coat process. X-ray diffraction 
results show the GO remained layered structure but the 
interlayer distance enlarged to over 10 Å, which indicate 
the highly oxidization occurred. Annealing reduction under 
H2/Ar ambient lead the color changed from brown-black 
to gray, and meanwhile, most functional groups chemical 
attached to carbon atoms were removed according to XPS 
and EDX result. However, the layered structure of GO 
became disordered after it undergone reduction process. 
Raman spectroscopy analysis indicates that the backbone 
carbon atoms of GO are a mediate stage between amorphous 
graphite and nanocrystalline graphite, while the carbon 
atoms of reduced graphite oxide are at transition stage 
between nano-crystalline graphite and graphite.
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 A01749-03050 

Graphene Supercapacitors

Shuai WANG; Kwok Feng CHONG; Kian Ping LOH 
Chemistry, National University of Singapore, Singapore

A method has been developed for the synthesis of graphene 
materials with application on supercapacitors showing 
high specific capacitance. The synthesized materials 
were characterized by Raman spectroscopy, microscopy 
and BET surface area measurement.  The key structural 
and chemical factors which affect the supercapacitor 
performance, such as the size of the graphene, conductivity 
of the graphene, functional groups on the graphene were  
investigated. The charge and discharge current density had 
been optimized to improve the power  of the  graphene 
supercapacitor. Electrochemical study and Raman spectra 
reveal that the synthesized graphene materials have high 
conductivity and low defects.  The devices can achieve 
a high specific capacitance of 200 F/g in KOH solution, 
which is the highest reported for graphene material to 
date. In addition the graphene supercapacitor exhibits 
remarkable stability and recycleability.

This work is funded by the NRF-CRP Graphene and Related 
Materials and Devices program

 A01767-03099 

Preparation of LaFeO3 Porous Layers Using 
Colloidal Particle Template

Bae KWANGHyUN1; Hwang YEON2; Park MIHYE2 
1. Minerals and Materials, Korea Institute of Geoscience 
and Mineral Resources, Deajeon, South Korea
2. Department of Materials Science and Engineering, 
Seoul National University of Technology, Seoul, South 
Korea

Recently, much more regulations on the air quality to reduce 
pollutants produced by automobiles are forced. Among the 
many pollutants included in the exhausts from the diesel 
engine, particulate matter smaller than 10 mm (PM10) is 
more often responsible for the severe situation. It is known 
that perovskite type mixed metal oxides ABO3 are possible 
candidate as catalysts for the oxidation of the particulate 
matter. The A-site is occupied by lanthanide metals (La, 
Sm, etc.) or alkaline earth metals (Sr, Ca, Ba, etc.), and 
the B-site is occupied by transition metals (Fe, Co, Cu, 
Cr, V, etc.). Here, we tried to synthesize porous layers of 
LaFeO3 on the alumina substrate using colloidal particle 
template to trap particulate matters. In recent researches, 
three dimensional ordered macropores have attracted 
much attention because they can be applied in catalysis, 
photonic crystals and filtration. Polystyrene (PS) beads 
with various sizes were coated by convective assembly on 
the substrate. Convective assembly is governed by solvent 
evaporation from a thin liquid film wetting a substrate. A 
replacement solvent flux from the bulk suspension pulls 

dispersed particles to the drying region (on the substrate). 
The thickness of the coated layers was controlled by 
coating speed and solid concentration of the colloidal 
suspension. The coated PS beads were sintered at 90 oC-
110 oC to prevent the coated layers to depart each other. 
The solutions of metal nitrate were infiltrated into the 
voids of the PS layers. By calcination, LaFeO3 layers 
were formed on the substrate. The preparation of coating, 
thermal behavior of the solution, and microstructure of the 
PS template and LaFeO3 porous layers were discussed

 A01769-03757 

Enhancement of Hydrophobicity of Polymer 
Surface by Integrated Nanostructured POSS 
Units in the Polymers

Ching Mui CHO; Jianwei XU; Chaobin HE 
Institute of Materials Research and Engineering, 
Singapore

This paper reports the synthesis and characterization of 
copolymers formed by polyhedral oligomeric silsesquioxane 
(POSS)-methacrylate and perfluorodecylacrylate. First, 
a series of copolymers with different ratios of POSS 
and perfluorinated units are prepared by the radical 
polymerization in the presence of 2,2-azobisisobutyonitrile. 
The chemical structures of copolymers are confirmed 
by 1H NMR and elemental analysis. The copolymers are 
studied by gel permeation chromatography, differential 
scanning calorimetry, thermogravimetric analysis and 
X-ray diffraction. The copolymers show enhanced 
thermal stability due to the presence of POSS units. All 
copolymers show the large change in the static water 
contact angles compared to poly(methyl methacrylate) 
(PMMA), indicating that the nano-structured POSS 
moieties considerably increase the hydrophobicity of the 
polymers, thus increasing the water contact angles. The 
two-liquid method analysis show that the surface free 
energy of polymers decreases from 21.3 to 9.8 mJ/m2 
when the molar percentage of perfluordecylmethacrylate 
increases from 0 to 50 mole %. Analysis of atomic force 
microscopy images exhibits the relationship between the 
copolymer morphology and the surface free energy. Most 
importantly, the studies on PMMA blend with 5 wt% 
this type of copolymers reveal that the POSS molecules 
considerably enhance the hydrophobicity of polymer 
blend surfaces as evidenced by the significant increases 
in water contact angles from 68° for pure PMMA to 118° 
for copolymer−blends, making this type of copolymers 
potential a class of highly hydrophobic hybrid materials.
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Layer-by-Layer Construction of Hierarchic 
Carbon and Silica Nanostructures

Katsuhiko ARIGA 
World Premier International (WPI) Research Center for 
Materials Nanoarchitectonics (MANA), National Institute 
for Materials Science, Tsukuba, Japan

Design, synthesis, and fabrication of organic materials 
and organic/inorganic hybrids with nano-sized structural 
features have to be done based on bottom-up approaches 
from unit molecular structures. Our group has developed 
novel supramolecular materials in nano, micro, and 
bulk dimensions. Construction of nanostructures was 
demonstrated by formation of two-dimensional arrays 
of fullerene and porphyrins. Various microscopic 
morphologies were successfully constructed through self-
assembled process from alkyl-substituted fullerene as a 
shape-shifter, which also provided bulk liquid material. 
Structure transcription of molecular assembly resulted in 
well-structured bulk materials such as novel nanocarbon 
materials “carbon nanocage”, which exhibited unique 
material separation properties. In addition, approaches 
bridging molecular and bulk worlds based on dynamic 
molecular recognition have been also developed. Here, 
a novel hierarchic nanostructure based on layer-by-layer 
(LbL) assembly and mesoporous technology, so-called 
mesoporous nanocompartment film, is reported. Successful 
preparation of the mesoporous nano-compartment films 
composed of silica particles and hollow silica capsules 
through the LbL technique was confirmed by a quartz crystal 
(QCM) microbalance method. The resulting mesoporous 
nano-compartment films possess special molecular 
encapsulation and release capabilities so that stimuli-free 
auto-modulated stepwise release of water or drug molecules 
was achieved through the mesopore channels of robust 
silica capsule containers embedded in the film. Stepwise 
release of water was reproducibly observed that originates 
in the non-equilibrated rates between evaporation of 
water from the mesopore channels to the exterior and the 
capillary penetration of water from container interior to 
the mesopore channels. It was generalized to evaporation 
of other substance, fragrances, limonene. Application was 
also tested in the controlled release of the sunscreen UV-
absorber (UV-S1) for circumvention of its rapid dissolution 
in water and prolongation of its prophylactic effect towards 
harmful ultraviolet radiation. UV-S1 was successfully 
entrapped within the mesoporous nano-compartment 
films and was released in a prolonged stepwise mode. As 
another LbL hierarchic structure, we also demonstrated the 
LbL assembly of mesoporous carbon materials on a QCM 
plate with the aid of polyelectrolyte binders and the use 
of the resulting structure for in situ sensing of nonionic 
aqueous guests. The latter work described herein includes 
the following key features: 1) the first example of LbL 
assembly of mesoporous carbon; 2) highly selective sensor 
for tea components; and 3) highly cooperative nanopore-

filling adsorption in the liquid phase.We selected tea 
components as guests due to their biological importance: 
tannic acid has been reported to have anticancer and related 
properties.
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Formation of Graphene on the Surface of Graphite 
Fluoride C2F

Alexander OKOTRUB; Lyubov BULUSHEVA; 
Igor ASANOV; Artem GUSELNIKOV; 
Konstantin BABIN; Paul GEVKO; Nikolay YUDANOV 
Nikolaev Institute of Inorganic Chemistry SB RAS, 
Novosibirsk, Russian Federation

We developed a procedure for reduction of the upper 
layers of the graphite fluoride and obtained thin current-
conductive graphite layers on the surface of insulating 
C2F matrix. 

The plates of high-quality pyrolytic graphite with a size 
5x5 mm2 were fluorinated at room temperature using a 
gaseous BrF3. In the result of reaction graphite fluoride of 
a C2F composition was obtained. The material consists of 
light transparent plates, which are resistant to the electrical 
current. The structure of the graphite fluoride was 
investigated within an approach jointing angle-resolved 
near-edge X-ray absorption spectroscopy and quantum-
chemical modeling. It was shown that the surface of C2F 
has a mosaic structure consisted from the fluorinated 
regions having a size of ~2 nm. 

Due to weak bonding of fluorine atoms with the surface 
carbon atoms the upper layers of C2F could be easy 
restored to the graphitic state under external action. To 
remove surface fluorine atoms the graphite fluoride plates 
were treated by infrared radiation, electron impact, and 
water vapor. The process of reduction of graphitic layer 
was controlled by measurement of electric conductivity of 
sample. 

A change in the structure of graphite fluoride under the 
reducer action was studied by atomic-force microscopy. 
The measurement of relative intensity of angle-resolved 
X-ray photoelectron C 1s spectrum excited by various 
wave-length radiations has estimated that the thickness of 
graphitic layers is less than 1 nm. 
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Electric Field Modulation of Graphene Channel

Kazuhito TSUKAGOSHI1;2;4; Hisao MIYAZAKI2;4; 
Akinobu KANDA2;3;4 
1. MANA, NIMS, Tsukuba, Japan
2. AIST, Tsukuba, Japan
3. Institute of Physics and TIMS, University of Tsukuba, 
Tsukuba, Japan
4. CREST, JST, Saitama, Japan

We present fundamental researches on thin graphite film, 
with the goal of realizing future nanometer scale electronic 
applications. The graphite films are expected to be an 
important element in nano-carbon electronics. For a control 
of the conduction of the thin graphite channel, gating effect 
must be fully clarified. Here, we established an effective 
gate-structure on graphene channel, and realized energy-
gap control in gate-electric field modulation.  

Our starting materials are thin layers (thickness 1-10 nm) 
of graphite films pealed off from bulk graphite on SiO2/
doped-Si substrate. The thin film is connected to two or 
multiple metallic electrodes. In general, conduction of 
the graphite can be changed in gate voltage applied to the 
doped-Si substrate. In this configuration, the gate electric 
field can be applied from the substrate side (back-gate 
configuration). Observed resistance in the gate-voltage 
change shows ambipolar behavior based on clear carrier 
polarity change. 

We also attached a front gate, which was directly formed on 
the surface of the graphite film. We deposit an Al electrode 
on the graphite film. The graphite channel and the Al 
electrode are naturally insulated by exposed in air. Then the 
Al electrode can be used as a front gate. The front gate also 
changes the conduction of the thin graphite film. A scan of 
the top gate voltage (Vtg) generates a resistance peak in the 
ambiploar response. The back gate voltage (Vbg) shifts the 
ambipolar peak depending on the graphite thickness. The 
shift is larger in thinner film. The thickness-dependent peak 
shift is clarified in terms of the inter-layer screening length 
λ to the electric field in the dual-gated graphite film. We 
assume that the gate-induced carriers decay exponentially 
from both surfaces, and that the conductivity in each layer 
increases proportionally to the induced carrier density. 
Then the condition for the ambipolar resistance peak in Vtg 
scan is obtained as a function of Vbg, λ, and the graphite 
film thickness d. Applying this model to the thickness-
dependence, we estimated a screening length of 1.2 nm. 

Following the above screening length, a bilayer film 
was electrically gated in dual-gate configuration. The 
effective electric field successfully generated the band-gap 
depending on the gate-electric field. 
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Influence of Nitrogen Partial Pressure on 
Structural and Optical Properties of Amorphous 
Carbon Nitride Films Prepared by PECVD

Sang Hoon KIM; Jin Seok KIM; Yoon Bong HAHN 
School of Semiconductor and Chemical Engineering, 
Chonbuk National University, Jeonju, South Korea

Amorphous carbon nitride thin films (a-CN) have attracted 
intense interests due to their outstanding characteristics, 
such as chemical stability, low friction coefficient, low 
dielectric constant, excellent transparency, and high 
hardness, and so on. In this study, we discuss the influence 
of nitrogen partial pressure on the structural and optical 
properties of a-CN films deposited on Si(100) and glass 
substrates at room temperature by plasma enhanced 
chemical vapor deposition (PECVD) using CH4 and N2 gas 
mixtures as the source gas. Effects of nitrogen incorporation 
on growth rate, bonding structure, chemical composition, 
films hardness, optical band gap and transparency of the 
films have been investigated. The bonding structure and 
chemical composition of the as-grown films were analyzed 
by FT-IR and XPS revealed that intensity of C≡N bonding 
in the as-deposited films decreased with increasing the 
N2 flow. The Raman-scattering spectra showed D band at 
1380 cm-1 and G band at 1580 cm-1, and the increase of 
nitrogen partial pressure reduced the sp3 bond structure 
and rise of the intensity ratio (ID/IG). The optical band gap 
was tuned from 2.0 to 3.1 eV. Highest optical band gap 
(3.1 eV) was obtained from the a-CN films deposited at 
50 % N2 in the gas mixture. All the samples showed low 
optical absorption coefficient (k) of less than 0.15 in the 
wavelength range of 300 ~ 800 nm. 

 A01999-03946 

Studies on DLC Films Deposited by Microwave 
ERC CVD: Effect of Precursor Gases

Hong XIE; Xianting ZENG 
Singapore Institute of Manufacturing Technology, 
Singapore

Diamond-like-carbon (DLC) film prepared by chemical 
vapor deposition (CVD) could be one of the most effective 
scratch resistant films for precision plastic and glass optics 
with two main advantages: optically transparent and 
extremely hard. The DLC film properties depend on the 
nature of the chemical bonding of the carbon in the film, 
and whether it most resembles the bonding in graphite (sp2 
bond) or is more like that found in diamond (sp3 bond) which 
is hard and transparent. By simply changing the deposition 
conditions including the precursor gas composition, the 
optical and mechanical properties of DLC can therefore be 
tailored to the requirements of a particular product. 
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In this work, DLC films were deposited by microwave 
electron cyclotron resonance (ECR) plasma chemical 
vapour deposition (CVD) process. Mixtures of methane 
(CH4)/argon and butane(C4H10)/argon were used as the 
precursor gas to grow DLC films. The substrates used 
were glass. The films were characterized by spectroscopic 
ellipsometry, Fourier transform infrared spectroscopy 
(FTIR), Raman spectroscopy, and X-ray reflectometry 
(XRR). In order to grow DLC films with special properties 
that could make this material an alternative candidate for 
applications in glass optics, a comparative analysis focused 
on the influence of the hydrocarbon precursor gas mixture 
on chemical structure, density, optical structure, deposition 
rate and other properties of the DLC films is reported.

 A02057-03619 

Real-time Photoelectron Spectroscopy Applied 
to Thin Film Growth and Temperature -dependent 
Processing in Diamond Electronics 

David LANGSTAFF1; Andrew EVANS1; 
Alex VEARY-ROBERTS1; Owain ROBERTS1; Stephen 
EVANS1; Gruffudd WILLIAMS1; Daniel TWITCHEN2 
1. Institute of Mathematics and Physics, Aberystwyth 
University, Ceredigion, United Kingdom
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Photoelectron spectroscopy (PES) is a technique that 
provides a wealth of parallel information and can be 
applied to a wide range of materials. For example, it is 
widely applied to semiconducting materials to monitor 
changes in surface composition, electronic structure, 
interface energetics, interface bonding and thin film 
growth. Traditionally PES has been regarded as a ‘slow’ 
analysis technique and has been applied ex-situ. By use of 
a novel electron-counting imaging detector to efficiently 
collect photoelectrons it is possible to apply photoelectron 
spectroscopy techniques with sufficient time resolution to 
study the kinetics of surface processes in-situ.

A fully integrated detector has been developed at 
Aberystwyth University, that enables rapid and efficient 
collection of photoelectrons. The current detector consists 
of 768 parallel electron-counting channels fabricated on 
a 19mm × 3mm array on a custom cMOS ASIC where 
each channel is connected to an integrated discriminating 
and amplifying circuit and a 16 bit counter. The first stage 
amplification of the device is provided by a microchannel 
plate positioned above the ASIC. Owing to the counting 
nature of the detector, it exhibits a large dynamic range, 
with a noise floor of ≈4 ×10-4 counts s-1 pixel-1 and a 
maximum count rate of ≈2 ×104 counts s-1 pixel-1. The 
readout time of the detector is currently 1.5ms for a frame 
of 768 channels.

The detector has been applied to the study a number of 
systems in a dedicated spectrometer that enables the in-situ 

characterisation of substrate surfaces prior to and during 
processing to produce multilayer semiconductor structures. 
Its performance will be illustrated by selective examples 
from the field of diamond electronics, specifically chemical 
and thermal processing of p-type single crystal diamond 
substrates and the formation of metal contacts. Real-time 
measurements provide direct correlations between changes 
in surface and interface carbon chemistry and the Fermi 
level position in the device structure. 

This work was funded through the EPSRC Real-time Electron 
Energy Spectroscopy (REES) programme (GR/R08575, GR/
S74126). Support provided by National Assembly for Wales Centre 
for Advanced Functional Materials and Devices (CAFMaD) and 
the Welsh Assembly Government.
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Atomic Pathways towards the Synthesis of 
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Superior De Investigaciones Cientificas, Madrid, Spain
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True fullerene-based molecular electronics are limited by 
the current production methods. Standard techniques, such 
as graphite vaporization, do not permit a real control on 
size, and, particularly, on doping (e.g. heterofullerenes 
and endohedral fullerene). This has promoted an intense 
research activity directed towards more rational and 
efficient synthesis methods.

We have recently achieved the formation of closed 
fullerenes (C60) and triazafullerenes (C57N3) by thermal 
annealing using polycyclic aromatic hydrocarbons (PAHs) 
adsorbed on Pt(111) surfaces with efficiency of ~100%, 
as we report in Nature 464,865-869. The PAHs (C60H30 
and C57N3H33) chosen as precursors for fullerenes and 
triazafullerenes (C60 and C57N3), are characterized by easy 
synthesis and doping processes, paving the way to the 
formation of doped fullerene with specific characteristics. 

We have combined STM, XPS, NEXAFS and thermal 
desorption measurements with first principles calculations, 
to study the adsorption of C60H30 and C57N3H33) on Au(111) 
and Pt(111) surfaces, and the possibility of closed fullerene 
formation by thermal annealing using these molecules as 
precursors.

In this work, we focus our attention on both experimental 
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and theoretical results. Large scale first principles DFT 
calculations have been carried out, using both an efficient 
local orbital basis and standard plane-wave approaches. 
These simulations give support for the interpretation of 
experiments that confirm the feasibility of the formation 
process and provide insight into the atomic pathways 
leading from the planar PAHs to the closed fullerenes 
and triazafullerenes. In particular, we characterize the 
adsorption and STM images of both the planar precursors 
and the final closed molecules, considering different 
coverages and the influence of surface defects (like surface 
vacancies). 

Furthermore, we explore the closure process for partially 
and fully dehydrogenated precursors with the NEB method, 
identifying the relevant steps and showing that the energy 
barriers are low enough so they can be overcome with the 
available thermal energy during the annealing process.

In this work, we have reached an efficient fullerene and 
heterofullerene size controlled production method via 
surface catalyzed cyclo dehydrogenation; furthermore our 
method opens to other possibilities, such as encapsulation 
(endohedral fullerene) and formation of other carbon 
nanostructures.
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Polycyclic Aromatic Hydrocarbons Adsorption  
on Noble Metal Close Packed Surfaces: 
An Innovative First Step to Fullerenes and 
Heterofullerenes 
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Polycyclic aromatic hydrocarbons (PAHs) are chemical 
compounds that consist of aromatic rings and sometimes 
may contain heteroatoms or carry substituents. Being 
addressed as life precursors, their presence has been 
reported in many different extreme conditions, from 
interstellar medium to being byproducts of fuel burning 
(whether fossil fuel or biomass).

In recent paper (Nature 464,865-869) we have reported an 
innovative application of two particular PAHs, polyarene 
C60H30 and heteropolyarene C57N3H33, as precursors 
towards a fully efficient synthesis of fullerene (C60) and 
triazafullene (C57N3). Once proper precursor is available, 

our method would permit to extend the synthesis process to 
a wide range of heterofullerenes and endohedral fullerenes. 
It is clear that the characterization of the adsorption of 
cited PAHs is a fundamental achievement of this study, 
to be able to extend the studied process to other metallic 
surfaces.

In this contribution we present the structural and 
electronical characterization of the molecular precursors 
and the interaction with substrate of noble metal close 
packed surfaces such as Au(111) and Pt(111), in which 
results are drastically different. Our calculations have 
been carried out with ab-initio DFT methods, with Local 
Orbital method (OpenMx and Fireball codes) and Plane 
Wave (VASP) for benchmark, in both LDA and GGA 
approximations and compared with results obtained with 
STM at room temperature.

Computationally, a remarkable result has been achieved in 
the simulation of such large systems that contain up to 400 
atoms. Furthermore, we have characterized the adsorption 
profile for the PAH that shows preferential adsorption 
orientation, and compared with behavior we obtained 
for the other system. Our model explains the behaviour 
obtained for the adsorption of the precursors and is strictly 
related with carbon – metal interaction. We assume that it 
could be valid also in case of other PAHs adsorption. 

In our study, theoretical and experimental results are in 
very good agreement for the adsorption of the PAHs and we 
have been able to characterize the differences between the 
free molecules and the admolecules, in term of mechanical 
stress and redistribution of charge.
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Self-Organized Anti-Parallel and Electric-Field-
Induced Parallel Polar Orientations 
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Molecular aggregates were commonly observed in 
Langmuir-Blodgett (LB), self-assembly films and more 
recently in solution as well as spin coated films of PDRXH 
molecules with the control of the aggregate concentration 
by thermal/cooling process or photo-isomerization of the 
polymers as indicated by the different blue shift of the 
related optical absorption spectra. Similar aggregation 
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phenomena were also found in the DR1 solution as well as 
DR1 films deposited by physical vapor deposition (PVD) 
process with increased deposition time. In this case the 
aggregation is expected to be purely anti-parallel in the 
polar orientation due to the dominant attractive dipole 
interaction which is associated with a blue shift in the 
spectrum. The result of XRD measurement further revealed 
the regular head-tail stacking in the deposited films which 
is presumably the favored structure under the influence of 
the dipole interaction. An application of external electric 
field was found to lead remarkable change in the optical 
absorption spectra as well as corresponding changes 
in the XRD pattern which indicate a certain structural 
distortion caused by the increasing disruptive effect of the 
repulsive molecular dipole interaction over the anchoring 
strength of the molecules on the substrate and molecular 
binding forces. This experiment has thus demonstrated 
the instrumental role of molecular dipole interaction on 
the molecular structural regularity in the PVD deposited 
DR1 films. Additional measurements also show interesting 
correlation of molecular arrangement and concentrations 
in the film with the optical properties of the film.

We gratefully acknowledge financial support from the state 
ministry of research and technology of the Republic of 
Indonesia
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Synthesis and Properties of Polyarenes with 
Cross Conjugated Alkoxythiophenes 

Thirumal KRISHNAMOORTHY; 
Manoj PARAMESWARAN; Suresh VALIYAVEETTIL 
Chemistry, National University of Singapore, Singapore

Conjugated polymers are attracting great interest as new 
materials for application in, e.g., solar cells, light-emitting 
diodes (LEDs), lasers, displays, sensors, and transistors. 
However, alternative modes of conjugation, such as cross 
conjugation in PPV can also form the basis of interesting 
electronic features. Cross conjugated polymers were 
designed with intention to expand the conjugation and 
to facilitate charge transport across the 2D architecture.  
In this investigation, series of phenylene vinylene 
alkoxythiophene incorporated cross conjugated polymers 
were synthesised and characterised with FTIR, 1H NMR, 
13C NMR, GPC, UV-Vis and Fluorescence Spectroscopy. 
The absorbance spectra of polymers P1-P5 and Oligomer 
exhibited broad peaks located in the UV and visible regions 
from 300 to 800nm with optical band gaps at 2.05-2.35 eV. 
Thermal analysis showed that all polymers are stable up to 
300 0C. The mobility of charge carries was measured by 
using conventional time-of-flight (TOF) technique and the 
maximum mobility achieved up to 2 x 10-4cm2/Vs.
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Isomeric Poly(pyrene-ethynylene-phenylene): 
Linear vs Kinked 
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Sankararaman SETHURAMAN2; 
Suresh VALIYAVEETTIL1 
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Synthesis of structurally versatile π- conjugated polymers 
is an emerging field in organic synthesis due to their 
extensive use in technologies such as LED displays, 
molecular electronics, sensors, lasers. In the long list of 
conjugated polymers, poly(p-phenylene-ethynylene) PPEs 
are important and well explored. The polymer backbone 
of PPEs exhibits rigid rod conformation with high chain 
stiffness. Introduction of any kinks on the polymer backbone 
reduces the stiffness and enhances the processability. 
From the energy minimized structure, it is evident that 
1,8-disubstituted pyrene can introduce an angle of 63° on 
the polymer backbone, whereas, 1,6- disubstituted pyrene 
can only mimic poly(p-phenylene-ethynylene) with an 
angle of 180°. The strong fluorescence and π-stacking 
ability of pyrene is further helpful in understanding the 
structure property relationship. Here we report two new 
PPEs, where pyrene is directly incorporated in the polymer 
backbone through 1,6- (linear) and 1,8- (kinked) position, 
respectively and investigate the influence of the shape 
– linear vs kinked – of the main chain towards optical 
properties of the polymer. The structurally analogous 
monomeric compounds are also synthesized for comparison 
purposes. The detailed study of photophysical properties of 
all target compounds predicts a coil like helical structure 
for the bent polymer which is further supported by SEM, 
TEM images and thermogravimetric analysis data.
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Development of Single Diamond Crystal for 
Semiconductor Material 

Yothin WONGPRASERT1; Suchaya PONGSAI2 
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Technology Ladkrabang, Bangkok, Thailand
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This paper presents a remarkable method, namely the 
combustion activation, to synthesize the single diamond 
crystal. The incomplete combustion reaction between 
oxygen and acetylene gases was used as a carbon source, 
and the temperature was controlled during the diamond 
crystal forming process. The growth rate and the quality of 
diamond films were very sensitive to several parameters. In 
this work, the effects of substrate temperature, volumetric 
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ratio of oxygen to acetylene (O2/C2H2), gas flow rate, and 
synthesis time have been studied. 

With the volumetric ratio of O2/C2H2 at 0.70 - 0.80, the 
soot was found in a combustion flame resulting in low 
quality diamond crystals on Si substrate. However, the O2/
C2H2 ratio of 0.85 - 0.95 produced a high crystal quality, 
with crystal growth rate of 150 - 170 µm/h. This result 
stated that the quality of diamond crystals was mainly 
proportional to the increasing of oxygen gas, since oxygen 
can improve the non-diamond carbon structure and protect 
the diamond precursor atoms onto Si substrate surface, 
preventing from structure damage. For the single crystal 
diamond analyzed by Raman technique, it was found 
that the FWHM, graphite intensity, and crystal size were 
decreased with increasing the volumetric ratio of O2/C2H2. 
However, the 0.95-volumetric of O2/C2H2 (O2 285 and 
C2H2 300 cc/min) was the best composition for forming of 
the high quality diamond crystals. 

The various substrate temperatures used in this work are 
at 500, 560, 1000, and 1330°C, respectively. It should 
be noted that the diamond crystals can be synthesized at 
the substrate temperatures between 560°C and 1330°C. 
The crystal growth rate is increased with the increasing 
temperature. However, at 500°C, the graphite and soot 
are formed and, at 1350°C, the Si substrate is melted. By 
increasing the substrate temperature, it was found that the 
FWHM and graphite intensity were decreased, while the 
crystal size was increased. 

In summary, the development of the single crystal 
diamond is important for sensor or discrete device more 
than the diamond film, due to the properties of diamond 
film is difficult to calculate the characteristic of device. 
The further development of research will control the single 
diamond crystals to be flattening single diamond crystal.  
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 A02166-03729 

Fully Conjugated Oligo(perylene bisimides) : An 
Approach to the Construction of n-type Graphene 
Nanoribbons

Zhaohui WANG 
Laboratory of Organic Solids, Chinese Academy of 
Sciences, Beijing, China

Graphene nanoribbons(GNRs) have attracted considerable 
interest due to high potentiality in technological applications, 
mostly in GNRs-based nanoelectronics. However, there 
are only a few reports about bottom-up synthesis of 
functionalized GNRs. We are particularly interested in 
the construction of n-type GNRs based on easily available 
perylene bisimides. Herein we present an experimental 

study encompassing synthesis and characterization of 
fully conjugated tri(perylene bisimides), having 19 six-
membered carbon rings in the core and 6 imide groups at 
the edges. Two structural isomers of triPBIs resulting from 
the two probable coupling positions were successfully 
separated by HPLC. To assist the identification of the 
two structural isomers of triPBIs, quantum-chemical 
calculations of electronic structure, NMR spectra and 
optical spectra are carried out. Furthermore, computations 
are employed to investigate the evolution of structures and 
properties from PBIs to diPBIs to triPBIs. Increasing the 
number of PBI units in oligo-PBIs leads to an expansion 
of the π system, in turn associated with a reduction of the 
transport and optical band gaps, and a remarkable increase 
in electron affinities, properties that make oligo-PBIs 
promising n-type functional components in optoelectronic 
devices.

 A02170-03734 

Oligothieno[3,4-d]imidazoles for Electronic and 
Sensing Applications

Balaji GANAPATHy; Manoj PARAMESWARAN; 
Daisy SETYONO; Suresh VALIYAVEETTIL 
Department of Chemistry, National University of 
Singapore, Singapore

Among the π-conjugated materials oligo- and 
polythiophenes evolved as one of the most prominent 
organic semiconducting materials.   Oligothiphenes are 
widely studied as it also serves as a model for understanding 
the properties of polythiophene.  Thieno[3,4-d] imidazoles 
are the class of compounds having very interesting 
biological properties such as H+/K+-ATPase inhibitors.  A 
new series of oligothieno[3,4-d]imidazoles with various 
substituents were synthesized.  Synthesized oligomers 
are structurally characterized by 1H and 13C NMR 
Spectroscopy, elemental analysis and single crystal X-ray 
analysis.  Single crystal X-ray structure shows that these 
molecules are planar and pack in sandwich herringbone 
manner inside the lattice with a short distance of 3.38 
Å between the dimer.  Properties of these molecules 
were investigated by UV/Vis spectroscopy, fluorescence 
spectroscopy and cyclicvoltammetry.  Optical and 
fluorescent spectra of these oligomers showed significant 
influence of substituents.  Properties of these molecules 
were further influenced by addition of acid, base and metal 
ions like Ni(II), Pd(II), Cu(II) and Zn(II) with a sharp color 
change.  
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 A02188-04055 

Carbon Rich Materials (CRMs) and Application 
- Oxidation Control through Study of SIC 
Nanocrystals with a BMI-Epoxy Blend tried in a 
Carbon Carbon Composite 

Kavapatti L. SUNDARKRISHNAA 
R&D, Daimler AG, Sindelfingen, Stuttgart, Germany

Novel Bismaleimide – Epoxy blends have been tried 
with Nanocrystals of SIC  in a carbon carbon hybrid 
composite to prevent oxidation at very high temperatures 
. Tough and lightweight  c/c hybrid  composites with tiny 
ceramic particles to protect carbon from oxidizing at high 
temperatures gave an interesting reactive carbon molecules 
from rapid oxidation when SiC nanocrystals  integrated in 
a BMI-epoxy matrix is used . The hybrid system addresses 
the issue of a jet aircraft braking when transfer and storage 
of  heat are done efficiently, moving it quickly from 
the braking  surface to the interior . This high thermal 
conductivity allows carbon to hold up to temperatures that 
would melt steel.

At high temperatures  the atoms at the edges of carbon 
composite, or at the edges of a lump of carbon molecules, 
are highly reactive—prone to combine with hydrogen, 
oxygen, or any number of other atoms. If an oxygen atom 
combines to start a pattern of burning (rapid oxidation) that 
will spread right across the layer or the entire mass. On 
carbon atom oxidizing, the next atom  becomes exposed 
to oxygen, and so forth and forms a  chain reaction.  The 
carbon part with holes will result  leading to peeling and 
mechanical failure due to oxidation and rapid burning 
could be brought down by SIC nanocrystals in a BMI-
EPOXY blend instead of a carbon matrix.

SIC ceramics in a  BMI-Epoxy blend   with its  high heat 
withstand capabilites (special ceramic tiles protect the 
space shuttle on re-entry, for example)tried by a simpe 
process of heat and solvent to disperse SIC in a carbon 
precursor like a petroleum residue instead of chemical 
deposition .  Impregnating  SIC  in a BMI-Epoxy matrix to 
enhance the oxidation resistance in a C/C composite yields 
excellent results in oxidation control leading to burnoff on 
contact.The issues of  expansion and contraction principles 
with cracks takes care by the coating of a glass to seal .

 A02217-03793 

Low Temperature Growth of Nanocrystalline 
Diamond Films with Argon-rich Microwave 
Plasma by MPJCVD System 

Chii Ruey LIN1; Che Hsiung TSAI1; Wen Hsiang LIAO2; 
Da Hua WEI1 
1. Department of Mechanical Engineering, National 
Taipei University of Technology, Taipei, Taiwan
2. Graduate Institute of Manufacturing Technology, 
National Taipei University of Technology, Taipei, Taiwan

Nanocrystalline diamond(NCD) films is a promising 
material due to its unique material properties such as 
high heat conduction, high transmittance rate, and high 
hardness and smoothness. Nanocrystalline diamond 
(NCD) films have been prepared by microwave plasma jet 
chemical vapor deposition using argon-rich CH4/Ar+H2 
plasmas at substrate temperatures from 600 to 1000°C. The 
MPJCVD system was designed and set up by our Lab, 
which could resolve the problem of varied distribution 
of plasma in Quartz tube-type MPCVD system. The 
antenna with conical slow-wave structure plays the key 
role in this system. This way of energy input can restrict 
to the generation of maximum electric field position 
through conical antenna and stabilize the position and 
energy distribution of plasma. This system can greatly 
enhance the dissociation rate of reaction species through 
microwave plasma jet, make it achieve high quality 
NCD at lower substrate temperature. 

In this work, we used the plasma pre-carbonization 
seeding nucleation (P.P) to obtain uniform and smooth 
(Ra=9.1 nm) NCD films with high nucleation density to 
about 1010 sites/cm2 and growth rate of about 2.1 μm/
hr. Three common nucleation approaches including (a) 
scraping by nano diamond powder solution (S-NDP); 
(b) supersonic vibration abrading by micro diamond 
powder solution (S.V.-MDP); (c) spin coating with NCD 
solution (spin NCD), all in comparison and  contrast 
with the P.P seeding method. Plasma usually dominates 
the whole reaction mechanism in the growing process of 
nanocrystalline diamond films in the CVD researches. 
Therefore plasma reaction species (CH, Hα C2 and Hβ) 
and concentration play extremely important roles in 
process of NCD films growth. So we used the on-site 
plasma optical emission system (OES) to diagnosis 
plasma reaction species composition in this research. 
Visible Raman spectroscopy, and SEM, and XRD, and 
AFM were used to study the bonding structure and 
morphology as impact of Ar/H2 and chamber pressure. 
The SEM surface morphology of diamond films grown in 
various Ar/H2 concentrations from 0% to 100% at fixed 
CH4 concentration 1%. It can be clearly observed that the 
diamond film changes from MCD to NCD. The reason is 
due to the rise of C2 dimer in the growth environment of 
NCD films. It can be observed from the analysis of on-
site plasma optical emission system (OES). 
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From Raman spectra indicated the characteristics peak 
of NCD films located at 1150 cm-1, which gradually 
shifted to the 1190 cm-1 with increasing the Ar/H2 ratio. 
The characteristics peak located at 1190 cm-1 also 
indicated the NCD films could be obtained at the lower 
temperature with Argon-rich growth  processes.

 A02217-04036 

Deposition of Diamond-like Carbon Films and 
Metal-DLC Thin Films  on PCBN Substrates by RF 
Magnetron Sputtering Method

Chii Ruey LIN1; Chun Hsi SU1; Chien Kuo CHANG2; 
Da Hua WEI1 
1. Department of Mechanical Engineering, National 
Taipei University of Technology, Taipei, Taiwan
2. Graduate Institute of Mechanical and Electrical 
Engineering, National Taipei University of Technology, 
Taipei, Taiwan

The application of Poly-crystalline cubic Boron Nitride 
(PCBN) and Diamond-like Carbon (DLC) film in cutting 
tool material recently has processed many remarkable 
developments. Specially with high hardness (~19 GPa), 
high thermal conductivity (3~10×10−3 W cm−1 K−1), 
and low friction coefficient (0.15~ 0.22), DLC film has 
various applications as the cutting tool material in metal 
cutting process. 

By now, many studies has been done to improve the 
adhesion, wear resistance as well as reduce the interfacial 
stress of the coated films, because of their importance to 
the properties of cutting tool. 

In this research, DLC and Metal-DLC films are 
deposited onto PCBN as substrate material using Radio 
Frequency (RF) Magnetron sputtering method. Several 
analytical techniques, including scanning electron 
microscopy and Raman spectroscopy , were used to test 
the properties of these thin films. The  results show the 
very good adhesion.

The cutting tests were conducted on the CNC lathe with 
a PCBN cutting tool with feed rate and cutting speed 
of 0.2 m/min and 600 m/min, respectively. The cutting 
distance of PCBN without coating DLC is 18.920 m. 
The cutting distance of coating DLC films is 19.425 m, 
which prepared under an inlet Argon of 16 SCCM and 
RF power of 300 watts.

The adhesive strength of Metal-DLC thin films is  
testified by Micro-hardness tester with the load of 50 g. 
The adhesion test indicated that the Cr is an excellent 
buffer layer between DLC films and PCBN compared 
with Ta and Nb due to the Cr intermediate layer can 
reduce the internal stress.

 A02229-03804 

Bio-inert Diamond Surfaces as Novel Candidates 
for Bio-electronics Interfaces

Philippe BERGONZO1; M. BONNAURON1; 
J. C. ARNAULT1; J. DE SANOIT1; E. VAN HOVE1; 
E. SCORSONE1; S. SAADA1; C. AGNES2;3; 
P. MAILLEY2 
1. Diamond Sensor Laboratory, CEA - LIST, France
2. INAC/SPrAM/CREAB, CEA - Grenoble, France
3. Institut NEEL - CNRS UPR11, France

Bioelectronics is a rapidly progressing field at the 
junction of physics and biochemistry. Diamond shows 
attractive properties dues to its remarkable bioinertness. 
It is a promising candidate for bio-electronic devices 
for biointerfacing with live cells. Conductive diamond 
electrodes were synthesised using Boron doping and are 
now finding increasing use in electrochemistry, as a result 
of their stability and reproducibility, which is effectively 
coupled with a wide operating potential window, low 
background currents and a resistance to electrode fouling. 
We have for example developed routes to improve the 
reactivity of boron doped nanocrystalline diamond 
electrodes with typical electron transfer rate values above 
0.2 V/s, and exhibiting extreme stability. XPS analysis 
coupled with in-situ treatments enabled investigations of 
the surface states associated with the high activities of 
such electrodes.

Much of the original work has tended to focus on bare, 
macroscopic electrodes manufactured from polycrystalline 
diamond, with interest for the novel development of 
specific microelectrodes. Here we developed routes to 
pattern the growth of diamond over varying substrates, 
for the formation of 2D as well as 3D ultramicroelectrode 
arrays (MEA) structures, that exhibit high interests due 
to their bioinertness and stability. For example, we have 
recently initiated studies in collaboration with the French 
Vision Institute and the ESIEE-Group in Paris to initiate 
novel routes for the development of diamond MEAs on 
flexible substrates. Such devices are currently processed 
for the fabrication of novel retina implant systems, in 
the frame of collaborative European and French research 
projects. Their in vivo stability and noise threshold have 
been assessed and are extremely encouraging.
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 A02350-04059 

Effect of Structural and Surface Chemistry on 
Mercury Adsorption Behaviors of Activated 
Carbon

Jeon-Mo CHOI1; Byung-Joo KIM2; Soo-Jin PARK2 
1. Department of Chemistry, Chungbuk National 
University, Cheongju, South Korea
2. Department of Chemistry, Inha University, Incheon, 
South Korea

Mercury (Hg) is one of the most toxic metals found in 
water and atmosphere, and must be removed to very low 
levels. Activated carbon sorbents have the potential to be 
an effective means of mercury removal. In this study, the 
effects of porous structure and surface functionality on 
the mercury capacity of an activated carbon have been 
investigated. Adsorption studies of Hg(II) are carried 
out varying some conditions : surface functional groups, 
reactive time, adsorbent amount and pH. Surface properties 
of the activated carbon were characterized by the scanning 
electron microscopy, the Fourier transform infrared 
spectroscopy, and X-ray photoelectron spectroscopy. The 
impacts of reactive time and pH, surface area of activated 
carbon were evaluated. Samples were also characterized by 
energy dispersive spectroscopy and X-ray diffraction after 
contact with mercury solution. The amount of Hg(II) was 
determined by inductively coupled plasma. It was found 
that the surface treatment on activated carbon enhanced 
the mercury adsorption, and reduced reaction time.

 A02355-04046 

Effects of Sizing Treatments of Carbon Fibers 
on Mechanical Interfacial Properties of Nylon 6 
Matrix Composites

Woong-Ki CHOI; Byung-Joo KIM; Soo-Jin PARK 
Department of Chemistry, Inha University, Incheon, 
South Korea

The sizing treatments of PAN-based carbon fiber 
surfaces were carried out in order to improve the 
fiber protection and the interfacial adhension in the 
cabon fibers/nylon composite system. The cross-
section morphogies of sized CFs/Nylon composites 
were observed by SEM. The mechanical interfacial 
properties of the composites were investigated using 
interiaminar shear strength (ILSS) and critical stress 
intensity factor (KIC). The parameter to characterize 
the wetting performance and surface free energy of 
the sized fibers were determined by a contact angle 
method. As the experimental results, it was clearly 
revealed that the surface free energy of fibers did 
largely affect the mechanical interfacial behaviors 
of the composites, resulting in increasing the surface 
free energy of the fibers and the mechanical interfacial 
properties on carbon fibers/Nylon composite system.

 A02360-04105 

Preparation and Characterization of Carbon 
Nanoparticles Based on Polyacrylonitrile

Jung-Min LEE1; Shin-Jae KANG1; Soo-Jin PARK2 
1. Jeonju Institute of Machinery and Carbon Composites, 
Jeonju, South Korea
2. Department of Chemistry, Inha University, Incheon, 
South Korea

The carbon nanostructured materials, such as, fullerenes, 
carbon nanotubes, carbon nanoparticles, and carbon 
nanofibers have been interested in both academic and 
industrial points of view because of unique structural, 
mechanical, and electronic properties. Thus carbon 
nanostructured materials could be applied to the fields of 
advanced fillers, templates, electrode materials, sensor, 
and storage materials. The polyacrylonitrile (PAN) based 
carbon nanoaprticels have high thermal stability and high 
strength and modulus due to the easy crosslinking of nitrile 
group, cyclic, ladder, and the aggregation of particles 
during heat-treatment. They also provide the remarkable 
properties of high specific surface area, large pore volume, 
chemical inertness, and good mechanical stability. In this 
study, well-defined carbon nanoparticles were obtained 
through pyrolysis of poly(acrylonitrile-co-itaconicacid-
co-methylacrylate) particles. The precursor PAN-based 
nanoparticles were prepared by modified aqueous 
dispersion polymerization using hydrophilic poly(vinyl 
alcohol) in a water/ N,N-dimethylformamide mixture 
media. Synthesized precursor PAN-based nanoparticles 
have relatively monodisperse particles ranging 80 ~ 250nm. 
Stable spherical particles are obtained without coagulum 
or secondary particles in our system. The characteristic 
of the carbon nanoparticles were investigated in terms of 
surface area, morphology, and size distribution.

 A02367-04379 

Drug Delivery for the Treatment of Cancer, 
Inflammation, and Wound Healing Enabled by 
Nanodiamond-Based Devices and Materials 

Dean HO1;2;3 
1. Biomedical Engineering, Northwestern University, 
Evanston, IL, United States
2. Mechanical Engineering, Northwestern University, 
Evanston, IL, United States
3. Robert H. Lurie Comprehensive Cancer Center, 
Northwestern University, Chicago, IL, United States

Nanodiamonds (NDs) possess multiple properties that 
enable their application as versatile drug delivery vehicles. 
For example, they can be functionalized with a broad 
range of therapeutics which includes small molecules, 
proteins, antibodies, and RNA/DNA for applications 
in cancer treatment, cardiovascular medicine, wound 
healing, among others. In addition, NDs possess uniform 



Symposium I - Carbon Rich Materials (CRMs) and Applications     31

dimensions (~4nm in diameter per particle) and material 
stability that are coupled with observed biocompatibility in 
vitro and in vivo. Furthermore, NDs can be batch purified 
and functionalized for scalable and high yield processing. 
Among other functional groups, NDs also possess an 
abundance of surface-bound carboxyl groups which are 
conducive towards facile, application-dependent molecular 
linking onto the diamond surface via physisorption. 
Furthermore, NDs can be functionalized with additional 
chemical species to enable direct drug conjugation. Our 
previous studies have confirmed robust drug adsorption  
and desorption through UV-vis spectrophotometry, 
transmission electron microscopy (TEM) and Fourier 
transform infrared spectroscopy (FTIR) coupled with in 
vitro tracking of cellular internalization and quantitative 
demonstration of bio-amenable cell response through 
quantitative real time polymerase chain reaction (RT-
PCR) assays of inflammatory (e.g. IL-6, TNFα, and iNOS) 
and apoptosis-regulating gene expression programs. 
Furthermore ND-mediated drug release against HT-29 and 
Raw 264.7 cell lines has also been observed. Towards the 
broadening of ND applicability in clinically-significant 
treatment scenarios, recent work pertaining to ND-based 
microfilm device formation for localized chemotherapy, 
pH-dependent therapeutic protein and small molecule 
release, and pre-clinical efficacy and clearance trials will 
be discussed. 

 A02386-04077 

Using Plasma Density Simulation to Optimize the 
Sputtering Process and Prediction of DLC Film 
Properties

Chii Ruey LIN1; Chien Kuo CHANG2 
1. Department of Mechanical Engineering, National 
Taipei University of Technology, Taipei, Taiwan
2. Graduate Institute of Mechanical and Electrical 
Engineering, National Taipei University of Technology, 
Taipei, Taiwan

This study presents a procedure for predicting Ar 
plasma density in DLC film coating process using RF 
magnetron sputtering. Using the modules of plasma and 
electromagnetic field, two-dimensional discharge models 
of magnetron cathode module in RF sputtering system 
were completed by ESI-CFD-ACE+ software. The spatial 
distributions of ion number density Ar+  in argon plasma 
were simulated at 200W, 50 m Torr, and Carbon target. 
Various experimental parameters were used in the 
model to optimize the sputtering process and predict the 
properties of DLC film that coated onto Poly-crystalline 
cubic Boron Nitride (PCBN) for cutting tool applications. 
The result from these models shows the good quality of 
DLC film with 1.6 of ID/IG ratio and high hardness (33 
GPa).

 A02433-04150 

Synthesis of Centimeter-scaled Few-layer 
Graphene using Chemical Vapor Deposition 
Method 

Sung-Yen WEI; Zhen-Yu JUANG; Chih-Yu WU; 
Ang-You LU; Keh-Chyang LEOU; Fu-Rong CHEN; 
Chuen-Horng TSAI 
Department of Engineering and System Science, National 
Tsing Hua University, Hsinchu, Taiwan

In this report, the centimeter-scaled highly crystalline few-
layer graphene (FLG) have been synthesized by chemical 
vapor deposition (CVD) method using Ni foil as substrates. 
Varied hydrocarbon precursors were chosen as carbon 
sources for the synthesis of FLG. With appropriate control 
of process conditions, centimeter-scaled FLGs were 
synthesized on the surface of Ni foil during CVD process. 
In our CVD process, low cost Ni foil has advantages of that 
could be cut into arbitrary size and shape. Furthermore, the 
FLG could be easily transferred to other substrates such 
as glass and PET sheets by etching Ni with solvents. The 
preliminary experimental results reveal that our process has 
potential be applied into industrial roll-to-roll process. The 
conception of roll-to-roll process will also be mentioned 
in this report.

 A02465-04217 

Fe Deposition on Epitaxial Graphene Layer: A 
Photoemission Study 

Shi CHEN1; Xingyu GAO1; Dongchen QI1; 
Yuzhan WANG1; Andrew T. S. WEE1; 
Xiaojiang YU2; Herbert O MOSER2 
1. Physics, National University of Singapore, Singapore
2. Singapore Synchrotron Light Source, Singapore

The deposition of Fe atoms on epitaxial graphene 
surface was monitored by the synchrotron based X-ray 
Photoemission Spectroscopy (XPS) and Ultraviolet 
Photoemission Spectroscopy (UPS) From the change of 
work function, the model of Fe deposition was suggested 
to be island growth instead of thin film growth. The 
deposited iron layer had a weak dipole interaction (0.1eV) 
with the substrate. However, after annealing at 600°C, 
the 0.2eV core level shift for C 1s and Si 2p as well as a 
new photoemission component of Si 2p at 99.5eV were 
observed. This observation suggested that the iron atoms 
penetrated the outmost graphene layer and reacted with the 
Si atoms in the buffer layer or substrate. After annealing 
at 1000°C, the vanishing of Fe 2p signal suggested the 
iron atoms were removed from graphene substrate. The 
penetration of iron atoms provided the new possibility for 
the construction of heterojunction on epitaxial graphene.
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 A02468-04218 

Substrate Bias Effect on the Structure and 
Mechanical Properties of DLC Films by a Linear 
Ion Beam System 

Wei DAI; Li-Li SUN; Ai-Ying WANG 
Division of Surface Engineering and Remanufacturing, 
Ningbo Institute of Materials Technology and 
Engineering - Chinese Academy of Sciences, Ningbo, 
China

Diamond-like carbon films were synthesized on P type Si 
(100) substrates by an advanced linear ion beam system 
using the precursor gas of acetylene. Effect of substrate 
negative bias on the microstructure and properties of DLC 
films were investigated by Raman spectroscopy, stress 
tester and nano-indenter respectively. The tribological 
behavior of films as a function of the bias was also studied 
by a homemade ball-on-disk tribometer. With increasing 
the bias from 0 to -200V, it was found that the G-peak 
position of the raman spectra had a lowest value at the 
bias voltage of -100V, which represented the highest sp3 
fraction in the DLC films. Correspondingly, the highest 
residual stress, hardness and Young’s modulus of were 
also observed when the negative bias voltage was -100 
V, respectively. The minimum friction coefficient of 0.05 
and the wear depth of film were also indicated at the 
bias of -100V, which was both correlated with the film 
microstructure and the formed graphitic transfer layer 
during the tribological test. 

 A02468-04246 

Structure and Mechanical Properties of Cr-C:H 
Nanocomposite Films Deposited by a Hybrid 
Linear Ion Beam System

Wei DAI; Guo-Song WU; Ai-Ying WANG 
Division of Surface Engineering and Remanufacturing, 
Ningbo Institute of Materials Technology and 
Engineering - Chinese Academy of Sciences, Ningbo, 
China

The Cr doped amorphous hydrogenated carbon (Cr-C:H) 
nanocomposite films were prepared on silicon (100) wafer 
by a hybrid linear ion beam system composed of a DC 
rectangular sputtering source of Cr. Cr concentration 
in the film could be controlled by changing the C2H2 
fraction of the mixed Ar/C2H2 sputtering gas. Residual 
stress, hardness, elastic modulus, adhesion to the metal 
alloy and electrical resistivity were investigated as a 
function of Cr concentration, respectively. The effect of Cr 
concentration on the microstructure of the deposited films 
was characterized by Raman spectroscopy, XRD and high 
resolution TEM. It was shown that the films consisted of 
nano-sized chromium carbide particles embedded in an 
amorphous hydrocarbon matrix and were nanocomposite 
thin films at a higher Cr concentration. The residual stress 

was significantly decreased by the small amount of Cr 
Incorporation. The mechanical properties of the films were 
discussed according to the microstructure and distribution 
of the chromium carbide particles.

 A02570-04392 

Control of Porous Properties of Resorcinol and 
Formaldehyde Carbon Xerogels by Solvent 
Exchange

Kriangsak KRAIWATTANAWONG1; 
Sureeporn TUNTITANYAKUN1; Prakob KITCHAIYA1; 
Piyasan PRASERTHDAM2 
1. Department of Chemical Engineering, King Mongkut’s 
Institute of Technology Ladkrabang, Bangkok, Thailand
2. Department of Chemical Engineering, Chulalongkorn 
University, Bangkok, Thailand

The study of solvent exchange to control the porous 
properties of resorcinol and formaldehyde (RF) carbon 
xerogel is investigated.  In this work, RF hydrogel is 
synthesized by using sodium carbonate as a catalyst, 
resorcinol, formaldehyde and distilled water as solvent 
by sol-gel method followed by the aging, the solvent 
exchange, conventional evaporation drying and pyrolysis 
under inert atmosphere to derive the RF carbon xerogels.  
Under the solvent exchange, the solvents used in the 
solvent exchange are verified: distilled water, acetone, ethyl 
alcohol and tertiary butyl alcohol.  The porous properties 
of carbon xerogels are characterized by nitrogen adsorption 
apparatus and their morphology is investigated by scanning 
electron microscope (SEM).  The SEM photographs reveal 
the dense pore structures in nanoscales and the very small 
nanoparticles.  The porous properties can be noticed by 
nitrogen adsorption.  The porous properties of carbon 
xerogels can be increased by the solvent species in this 
order: distilled water < ethyl alcohol < acetone < tertiary 
butyl alcohol.  The specific surface area of carbon xerogel 
can be increased from 20 m2/g (using distilled water) to 
740 m2/g (using tertiary butyl alcohol).  The mesopore 
volume, the micropore volume, the peak of pore radius 
are also increased and controlled by the solvent species.  
Interestingly the surface tension of each solvent is not the 
only crucial parameter influenced on the preparation of the 
high porous properties of the carbon xerogels. 
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 A02570-04410 

Enhancement of the Mesoporous Properties of 
Carbon Xerogels by Chemical Treatment

Kriangsak KRAIWATTANAWONG1; 
Prakob KITCHAIYA1; Piyasan PRASERTHDAM2 
1. Department of Chemical Engineering, King Mongkut’s 
Institute of Technology Ladkrabang, Bangkok, Thailand
2. Department of Chemical Engineering, Chulalongkorn 
University, Bangkok, Thailand

The study of mesopore structure enhancement by chemical 
treatment for the preparation of mesoporous carbon 
xerogels are carried out in this work.  The resorcinol 
and formaldehyde (RF) carbon xerogels are prepared 
by sol-gel method and then cured at high temperature, 
treated by 1 mol/dm3 of hydrochloric solution (HCl) at 
high temperature, washed by distilled water, dried by 
conventional evaporation drying and pyrolyzed under 
inert atmosphere, respectively.  Here the time of treatment 
(0, 4 and 7 days) and the solvent species (distilled water 
and tertiary butyl alcohol) in the solvent exchange resulted 
in the mesoporous properties of RF carbon xerogel is 
investigated.  The carbon xerogels are characterized by 
nitrogen adsorption apparatus and scanning electron 
microscope (SEM).  The SEM pictures show the very fine 
nanoparticles of the carbon xerogel.  The specific surface 
area, the micropore volume and the peak of pore radius 
carbon xerogel treated by HCl solution and using distilled 
water in the solvent exchange are inclined to decrease 
when the time of treatment is increased.  The mesopore 
volume of carbon xerogel decreases from 0.56 cm3/g for 
the untreated carbon to 0.37 cm3/g for the treated carbon.  
Contradictorily, the specific surface area, the micropore 
volume and the peak of pore radius of carbon xerogel 
treated by HCl solution and using tertiary butyl alcohol 
in the solvent exchange are trended to increase when the 
time of treatment is increased.  The mesopore volume of 
carbon xerogel increases from 0.56 cm3/g for the untreated 
carbon to 0.80 cm3/g for the treated carbon.  Therefore the 
chemical treatment can enhance the mesoporous properties 
of RF carbon xerogels using tertiary butyl alcohol in the 
solvent exchange. 

 A02599-04439 

Nitrogen Incorporated Nanodiamond Electrode 
for Selective Detection of Bio-analyte 

Supil RAINA; Weng Poo KANG; J. L. DAVIDSON 
Vanderbilt University, Nashville, United States

Bio-analyte such as dopamine (DA) is an important 
catecholamine neurotransmitter in the central nervous 
system and has been linked to diseases such as schizophrenia, 
Parkinsonism and to HIV infection. Electrochemical 
approach is one of the common techniques used to 
detect DA, but the interference from ascorbic acid (AA) 

and uric acid (UA) in the bioanalyte is a major problem 
for conventional electrode. Techniques using surface 
modification and functionalization to improve the electrode 
selectivity have shown some success but with no promise 
for long-term and real-time detection. CVD diamond, such 
as boron-doped diamond and nanodiamond, has shown 
interesting electrochemical behavior and candidacy for 
use as a sensor due to properties such as chemically inert, 
a wide potential window, low background noise, fouling 
resistance, bio-compatible, and mechanically stable. This 
paper reports new findings for bio sensing utilizes nitrogen 
incorporated nanodiamond electrodes. Specifically, 
the selective detection of bioanalyte such as DA in the 
interference of AA and UA are presented. The findings 
demonstrate the first success utilization of diamond 
electrode for detection of DA and its metabolic, without 
the need of electrode surface modification, immobilization 
or functionalization.

The nitrogen incorporated nanodiamond electrodes 
were grown on n++ silicon substrate in a 1.5kW, 2.45 
GHz ASTEX MPECVD machine using H2/CH4/N2 
(9:1:30) gases in plasma. Using potassium ferrocyanide 
K4(FeCN)6.3H2O in 0.1M KCl, we observed a potential 
window of ~3V, comparable to that of conventional boron-
doped diamond electrodes when scanned at 100mV/s. The 
cyclic voltammograms (CV) of the electrode showed 
distinct redox peaks with linear calibration curves. The 
scan rate vs. √time for 10mM ferrocyanide at different 
scan rates shows linear behavior, indicating that planar 
diffusion is the dominant form of mass transport. 

The electrodes show distinct behavior for detection 
of dopamine with very well defined redox peaks, 
including dopamine, o-quinone, dopaminechrome, 
leucodopaminechrome are distinctively detectable due 
to redox reactions. The CV obtained from 800µM DA 
in 0.1M PBS at a scan rate of 100mV/s and pH 7 shows 
distinct redox peaks of the analyte species. The relationship 
between the peak-oxidation current for the redox reactions 
and dopamine concentration was linear. The electrode 
showed excellent sensitivity compared to the other types 
of electrodes, such as graphite fiber and boron-doped 
diamond electrodes. The sluggish response of those 
electrodes could be attributed to reactions downstream 
of DA oxidation that forms intermediates, some of which 
are also redox-active compounds, complicating the CV 
interpretation. Naturally occurring DA metabolites also 
interfere with DA sensing. These factors, coupled with 
the linear diffusion-limited transport at macroelectrodes 
makes planar diamond electrodes, in general, unsuitable 
for DA sensing unless additional surface modification is 
performed. However, in this work we report the ability 
to detect bioanalyte without the need of functionalization 
or modification of the electrode surface, realized with N2 
incorporation in nanodiamond electrode. Moreover, the 
CV clearly demonstrates selective detection of DA in the 
presence of AA and UA, showing distinct redox peaks of 
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AA, DA, UA and DA intermediate analyte species. Detailed 
experimental results and discussions will be presented.

 A02599-04440 

Carbon-Derived Field Emission Micro- and Nano-
Electronic Devices 

Weng Poo KANG; J. L. DAVIDSON; 
K. SUBRAMANIAN; Y. M. WONG 
Dept. of Electrical Engineering and Computer Science, 
Vanderbilt University, Nashville, United States

Field emitter arrays (FEAs) need improved novel 
cold cathode materials for better and more reliable 
performance. The presence of negative electron affinity 
(NEA) on hydrogen-terminated diamond surfaces and the 
high aspect ratio of carbon nanotubes (CNT), coupled with 
practical chemical vapor deposition (CVD) processing of 
deposited nanocrystalline diamond and CNT on a variety of 
substrates, have promoted further interest in the use of these 
carbon-derived materials as field emitters. Experimentally, 
nanodiamond and CNT emitters have been observed to 
emit electrons at relatively low electric fields and generate 
useful current densities. In this work, nanocarbon-derived 
vacuum devices, viz., the nanodiamond lateral triodes and 
transistors and the CNT integrated amplifiers are examined. 
The material properties, device structure and fabrication 
process, and the electrical performance of these devices 
are presented.

Nanocarbon-derived electron emission devices, 
specifically, nanodiamond lateral field emission triodes 
[1], transistors [2] and integrated CNT amplifiers [3, 4] 
are new configurations for robust nanoelectronic devices. 
These novel micro/nanostructures provide an alternative 
and efficient means of accomplishing electronics that are 
impervious to temperature and radiation.  For example, 
nitrogen-incorporated nanocrystalline diamond has been 
lithographically micropatterned to utilize the material 
as an electron field emitter. Arrays of laterally arranged 
“finger-like” nanodiamond emitters constitute the cathode 
in a versatile diode configuration with small interelectrode 
separation. A low diode turn-on field of 1 V/ μm and a high 
emission current of > 100 μA at an anode field of ~ 7 V/
μm are reported for the nanodiamond lateral device. More 
importantly, depending on the design and configuration 
of the three-terminal implementation, we have realized 
distinct triode and transistor devices.  Also, field emission 
integrated amplifiers based on self-align gated CNT arrays 
with low turn-on voltage and negligible gate leakage 
current and high performance differential amplifier 
characteristics have been achieved. We have also proven 
that this technology can be operated electronically to high 
temperatures tolerance (>400 °C) and radiation hardness 
(>20Mrad(SiO2), high total fluence of 4.4(1013) neutrons/
cm2). The frontier research in carbon-derived field emission 
nanoelectronic devices will be further discussed. 

 A02616-04470 

Versatile Character of Carbon

Haibin SU 
Division of Materials Science, Nanyang Technological 
University, Singapore

The discovery of carbon nanotubes (CNT) and C60 
fullerenes has created an enormous impact on next 
generation nano devices. There exist two fascinating 
hybrid structures built by C60 and CNT: peapod and 
NanoBuds. First, we apply both density functional theory 
and the recently developed Reactive Force Field (ReaxFF) 
to study the reaction dynamics of C60 dimerization and 
the more challenging complex tubular fullerene formation 
process in the peapod structures. As a brief interlude, a new 
generation of peapod nano-oscillators will be introduced 
with an operating frequency in the tens-of-gigahertz 
range. Secondly, we are currently investigating effects 
of chirality, curvature and topology on another intriguing 
hybrid nanostructure, NanoBuds, where the geometry 
induced electronic frustration will be highlighted. Finally, 
we report the opto-electronic properties of ultra-narrow 
semiconducting graphene nanoribbons. The width of 
the ribbons as well as the nature of the edges, including 
geometry and passivation are considered as control 
parameters for their opto-electronic properties. 
 

 A02847-04874 

Phonon Symmetry Breaking in Graphene 
Monolayers by Molecular Decoration 

Lain-Jong LI1; Dong XIAOCHEN2; Peng CHEN2; 
Zhao yANG1 
1. Materials Science & Enginerring, Nanyang 
Technological University, Singapore
2. School of Chemical and Biomedical Engineering, 
Nanyang Technological University, Singapore

The existence of monolayered graphene is discovered 
very recently through mechanical exfoliation of graphite. 
Its unique electrical, physical and optical properties 
promise a variety of fundamental studies and applications. 
Here we show that the aromatic molecule tetrasodium 
1,3,6,8-pyrenetetrasulfonic acid (TPA) can effectively 
exfoliate graphite into graphene monolayers with the aid 
of sonication in aqueous solutions. Almost 90% of the 
graphene sheets dispersed on SiO2 substrates are identified 
as monolayered. Normally only a single G-peak (1580 up 
to 1590 cm-1) is present in the Raman spectrum of pristine 
graphene due to that the two optical phonons (LO and 
TO) of graphene are known to be energy-degenerate at 
the Gamma-point. Surprisingly, the Raman G-band of the 
aromatic molecule-dispersed graphene monolayer is split 
into two distinct peaks. We note that such an unambiguous 
G-band splitting was only observed in single-walled carbon 
nanotubes due to symmetry-breaking related to the rolling-
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up of graphene monolayers. In this work we demonstrate 
that interactions between aromatic molecules and the 
graphene monolayers can induce the G-band splitting 
through lifting the 2-fold degeneracy of LO and TO at the 
Gamma-point of pristine graphene. This is corroborated 
by our symmetry-based force-constant-model calculations 
considering up to 4th-neighbor interactions.

 A02847-04875 

Effective Doping of Single-Layer Graphene from 
Underlying SiO2 Substrates 

Lain-Jong LI; Yumeng SHI; Wenjing FANG 
School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

When a single-layer-graphene (SLG) is on SiO2 substrates, 
the charge exchange at their interface results in a dipole, 
which direction strongly depends on the contact potential 
difference between the SLG and the substrates. Due to the 
longer experimental charge screening length of SLG than 
its thickness, the charge redistribution imposes effective p- 
or n-doping to SLG films. The substrate-dependent doping 
of SLG films is further confirmed by Raman and electrical 
measurements. Also, the unique electronic structures of 
SLG films make them sensitive to the doping rather than 
effective gating from the SiO2 substrates.

 A02894-04945 

Carbon Nanotubes as Nanosieve for the Selected 
Assembly of Quantum Dots 

Chorng-Haur SOW1;2; Xiaodai LIM1; 
Suresh VALIYAVEETTIL2;3 
1. Department of Physics, National University of 
Singapore, Singapore
2. NUS Nanoscience and Nanotechnology Initiative, 
National University of Singapore, Singapore
3. Department of Chemistry, National University of 
Singapore, Singapore

In this presentation, we report techniques to create patterned 
array of multi-walled nanotube (MWNT) microstructures 
decorated with quantum dots (QDs). Using aligned array 
of intertwined MWNTs as supporting template, a droplet of 
solution comprising QDs was deposited onto the MWNTs. 
When the solution evaporated away, QDs were left behind 
on the MWNTs template. Coupled with the technique of 
laser pruning, a wide variety of QDs-decorated MWNT 
microstructures were created. The aligned array of 
MWNTs was found to be effective NanoSieve that could 
sort out QDs with a very small size difference. In this 
case, a droplet of solution comprising QDs of different 
sizes was placed on aligned array of MWNTs. During 
the deposition, the smaller QDs were found to assemble 
deeper into the MWNTs. These QDs can be revealed 

after part of the MWNTs was removed by laser pruning. 
Fluorescence microscopy (FM) showed multi-colored 
MWNT microstructures due to preferential decoration 
of these QDs with difference sizes. The characteristics of 
the size dependence decoration of QDs onto the MWNTs 
forest will be presented.

 A02900-04958 

Magnetic Properties of Nanographene and Their 
Chemical and Physical Modifications 

T. ENOKI 
Tokyo Institute of Technology, Japan

The electronic structure of nanographene crucially 
depends on their edge geometry. The circumference of an 
arbitrary shaped nanographene sheet is described in terms 
of a combination of armchair and zigzag edges. In zigzag 
edges, nonbonding π-electron states are created at the Fermi 
energy at which the bonding π- and antibonding π*-states 
touch to each other, in spite of the absence of such states 
in armchair edges. The edge states localized in the zigzag 
edges makes nanographene magnetic as they have localized 
spins. This situation is relevant to neutral radical states in 
the non-Kekule polycyclic hydrocarbon molecules. The 
magnetic features of the edge-state spins vary strongly by 
chemical and physical stimuli. We investigated the magnetic 
properties of nanographene, using nanoporous activated 
carbon fibers (ACF). The structure of ACFs comprises 
a 3D disordered network of nanographite domains, each 
of which is a loosely stacked 3-4 nanographene sheets. 
The irregularly shaped individual nanographene sheet 
is ferrimagnetic with a net magnetic moment due to the 
cooperation of strong intra-zigzag-edge ferromagnetic 
interaction and inter-zigzag-edge ferro/antiferro-magnetic 
interactions having intermediate strengths. In addition, 
nanopores surrounded by nanographite domains provide 
huge specific surface areas ranging 1500-3000 m2/g. The 
chemical reactions and physisorption of guest species in 
nanographene sheets was found give a variety of changes 
in the magnetic properties. 
  
Chemically inert species such as rare gas, water, organic 
molecules work to compress the nanographite domains when 
they are condensed in the nanopores above the threshold 
vapor pressure (Pc) of the physisorption. This mechanical 
compression enhances the inter-nanographene- sheet 
antiferromagnetic interaction, resulting in a discontinuous 
decrease in the magnetic moments at Pc as magnetic 
switching effect. Particularly, OH-including molecules 
give better performance due to the hydrophobic nature 
of graphene sheet. Indeed, this effect is enhanced when 
the weight of OH group in the guest molecule increases 
in the order of C2H5OH<CH3OH<H2O. Sulfonation of the 
nanographene edges makes the water-induced switching 
effect more efficient. 
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Magnetic oxygen molecules (S=1) seriously affect the edge-
state spins even in the extremely low oxygen pressure. In 
the high temperature range above ca.100 K, physisorbed 
oxygen molecules interact with the edge-state spins 
through the dipolar interaction. Below that temperature, 
oxygen molecules weakly chemisorbed to the edge region 
have exchange interaction with the edge-state spins. 
  
Halogen species give a variety of effects on the edge-state 
spins. Iodine molecules do not affect the edge-state spins 
although they are accommodated with a slight charge 
transfer with the nanographene. Bromine molecules are not 
only subjected to charge transfer with graphene but also 
form covalent bonds with the edge carbon atoms. These 
reduce the concentration of the edge-state spins in different 
manners. Fluorine which is the strongest chemical species 
destroys the edge state due to the formation of covalent 
bonds with the edge carbon atoms, resulting in the serious 
reduction of the edge-state spins. 

 A02961-05068 

Microwave Synthesis of Graphene Sheets and 
Catalysis by Metal Nanocrystals Supported on 
Graphene

M. Samy EL-SHALL 
Department of Chemistry, Virginia Commonwealth 
University, Richmond, VA, United States

Graphene has attracted great interest both for a fundamental 
understanding of its unique structural and electronic 
properties and for important potential applications in 
nanoelectronics and devices. The combination of highest 
mobility, thermal, chemical and mechanical stability with 
the high surface area offers many interesting applications 
in a wide range of fields including heterogeneous catalysis 
where metallic and bimetallic nanoparticle catalysts can be 
efficiently dispersed on the graphene sheets.
  
In this talk, we will present a facile and scalable chemical 
reduction method assisted by microwave irradiation for 
the synthesis of chemically converted graphene sheets 
and metal nanoparticles dispersed on the graphene sheets. 
The method allows rapid chemical reduction of exfoliated 
graphite oxide (GO) using a variety of reducing agents 
in either aqueous or organic media. It also allows the 
simultaneous reduction of GO and a variety of metal salts 
thus resulting in the dispersion of metallic and bimetallic 
nanoparticles supported on the large surface area of the 
thermally stable 2D graphene sheets. Furthermore, the 
method can also be used for the synthesis of graphene-based 
polymer nanocomposites using a variety of hydrophilic as 
well as organic polymers.
  
Nanocatalysis is a phenomenon of significant fundamental 
research and important practical applications in a 
variety of fields such as chemistry, physics, materials, 

environmental and atmospheric sciences in addition to its 
traditional significance in advancing the petroleum field. 
It encompasses supported or unsupported nm-scale metal 
catalytic structures (spherical nanoparticles, nanorods, 
nanoplates, nanocubes etc.) where the catalytic phenomena 
are specific to that length scale and, in general, are related 
to the high surface area and the density of the unsaturated 
surface coordination sites of the nanocatalysts. We will 
present the catalytic activity of several metallic and 
bimetallic nanoparticle catalysts efficiently dispersed on 
the graphene sheets for the CO oxidation. Finally, we will 
discuss the developments of new nanocatalysts supported 
on graphene that combines high efficiency and selectivity 
for several important chemical reactions.  

 A02971-05081 

IR Excited Photo Luminescence (PL) of Natural 
Diamonds Containing Nickel:  Electron-Vibration 
Interaction of NE8 Centre at 800nm

M. D. SASTRY1; Sandesh MANE1; 
Mahesh GAONKAR1; K. V. R. MURTHY2; 
Shripalkumar DESAI1; Hemlata BAGLA3; 
K. T. RAMCHANDRAN1 
1. Gemmological Institute of India, Mumbai, India
2. Department of Applied Physics, M. S. University, 
Baroda, Gujarat, India
3. Department of Chemistry, K. C. College of Science, 
University of Mumbai, Mumbai, India

The nickel-nitrogen complex stabilized in diamond  with 
substitutional  Ni coordinating to  four nitrogens at nearest 
neighbour sites ,designated as  NE8, has been shown to be 
a stable single- photon  source  in the near infrared (800nm) 
at room temperature .This was found to be suitable for fibre 
based quantum cryptography  schemes[1],but  electron-
vibration interactions , their temperature dependences and 
the conditions of  Ni-based centre stabilizations  have not 
been discussed much in the literature. We have detected 
intense photo luminescence due to NE8 in some natural 
diamonds after electron beam irradiation, on excitation 
with 785nm  diode laser. The IR excited PL of NE8 centre 
had shown strong temperature dependence  in 100-400K 
region, with line position  shifting to  longer wave lengths 
and FWHM  increasing with increase of temperature. This 
behaviour was analysed in terms of quadratic electron-
vibration  interaction. 

1. T.Gaebel et. al New Journal of Physics6(2004)98.
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 A03007-05132 

Top Gated Single and Bilayer Graphene 
Transistors 

A. K. SOOD 
Department of Physics, Indian Institute of Science, 
Bangalore, India

The talk will cover our work on the in-situ Raman studies 
of top-gated single layer graphene field effect transistor 
[1]. We show that electrochemical top gating using solid 
polymer electrolyte can achieve much higher doping than 
back-gating geometry.  The G-phonon and 2D modes in 
graphene are strongly affected by electron and hole doping. 
Our recent studies on phonon renormalization in bilayer 
graphene reveal interesting differences as compared to the 
single layer graphene [2]. The results are quantitatively 
explained using ab-initio calculations that take into 
account effects beyond adiabatic approximation.  Finally, 
I will show our most recent results on current saturation 
in bilayer graphene FET with simultaneous back and top 
gates.  The experimental results are quantitatively modeled 
using space-dependent doping and finite band gap opening 
[3].

[1] Monitoring Dopants by Raman Scattering in Top Gated 
Graphene transistor ; Anindya. Das, S. Pisana, B. Chakraborty, 
S. Piscanec, S. K. Saha, U. V. Waghmare, R. Yiang, H. R. 
Krishnamurhthy, A. K. Geim, A. C. Ferrari and A. K. Sood; 
Nature Nanotechnology 3, 210 - 215 (2008).
[2] Phonon renormalization in doped bilayer graphene ; 
Anindya Das, B. Chakraborty, S. Piscanec, A.K. Sood and A.C. 
Ferrari; Phy. Rev. B (2009). 
[3]B. Chakraborty, A. Das and A.K. Sood (2009). 

 A03008-05133 

Nano-scale Organic Semiconductors for Highly 
Stable Light-emitting Diodes and Lasers 

Ling-Hai XIE1;2; Wen-Yong LAI1;2; Wei HUANG1;2 
1. Jiangsu Key Laboratory for Organic Electronics & 
Information Displays, Nanjing University of Posts and 
Telecommunications, Nanjing, China
2. Institute of Advanced Materials, Nanjing University of 
Posts and Telecommunications, Nanjing, China

To control electron density distribution and molecular 
size are two fundamental platforms to tune optoelectrical 
behaviours and achieve high-performance of diodes and 
lasers in organic electronics. In contrast to polymers 
and small organic molecules, these starburst compounds 
and dendrimers are characterized by superior structural 
uniformity and chemical purity as well as highly branched 
and dendritic structures, which are capable of preventing 
close packing and spatial reorientation of the molecules, 
thus suppressing self-aggregation and favouring the 
formation of high quality amorphous films. Recently, one 
of our directions is focusing on well-defined Ï€-conjugated 

oligomers to understand the relationship between molecular 
and devices. 

The molecular regiochemical effect of linear and cruciform 
pâ€“n diblock and triblock oligomers on HOMO/LUMO 
energy levels was investigated via the electrochemical curves 
and optical spetra.1,2 A series of H-shaped dispirofluorenes 
and Nonplanar complicated diarylfluorenes show stable 
amorphous glassy states without the low-energy emission 
band (LEEB) located at ca. 530 nm in polyfluorenes 
(PFs)-based electroluminescent devices.3-7 Planar starburst 
fluorene/triazatruxene co-oligomers show a rather low turn-
on voltage (3.3 V) and a high device efficiency (2.16 % @ 
2382 cd mâ€“2) as well as a high brightness (7714 cd mâ€“2 
@ 10 V) with deep-blue emission and CIE coordinates of 
(0.16, 0.15).8-10 Multiarmed hybrids show that the relatively 
short arm length compounds offer a stable pure-deep-blue 
emission that matches well the NTSC and PAL television 
color standards. Excellent lasing characteristics (e.g., Eth

 

laser â‰ˆ 0.4 nJ/pulse (1.3 mJ cmâ€“2), slope efficiency â‰ˆ 
5.3% for Î»laser = 437 nm) are found for 1D-DFB lasers 
using multiarmed Ï€-systems as gain medium.11 Spin-
coating WOLEDs was also achieved using pyrene-based 
oligofluorenes.12
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