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Scope of Symposium

This symposium will cover the field of growth and application of single crystals of considerable scientific and technological 
interest. Availability of high quality single crystals continuously determines the pace of progress in many areas of condensed 
matter physics; like for example in semiconductors, ferroelectrics, magnetics, optoelectronics, organic microelectronics 
or superconductivity. Crystal growth from its very beginning has included experts from different disciplines currying on 
interdisciplinary research focused on samples for basic research, technology or commercial interest. This symposium 
should encompass single crystal growers with single crystal users. Should help crystal growers to define current needs 
for samples leading to breakthrough enabling materials as well as allows crystal users to formulate the critical parameters 
achievable in crystal growth laboratories. This symposium will focus on interactions between growth, purity, quality 
or structure and physical properties. This symposium will provide a forum for exploring current results inspired by 
availability of single crystals. Abstracts are solicited on all aspects of properties and characterization of single crystals 
emerging from perfection of crystal growth technology.

Symposium Topics

• Methods and technologies of single crystal growth 
• Purity, structure, defects and characterization of crystals 
• Specific substances: organic and inorganic crystals 
• Intrinsic properties resulted from high quality of crystals 
• Crystalline samples required for basic research 
• Crystals of electronic materials 
• Anisotropy of physical properties 
• Growth of crystals composed from biological molecules 
• Selected high impact crystals, GaN, AlN, SiC, diamond, 
• Classical industry crystals, Si, GaAs, quartz 
• Single crystals of organic semiconductors 
• New materials and methods 





Symposium R - Single Crystals; Growth and Applications for Research and Industry     3

Contents

A00065-00578 Micro Hardness, Thermo Gravimetric and Structural Studies of Grown NaCl, NaF and NaCl +NaF 
Mixed Crystals
Ishverbhai B. PATEL; Ketki A. MISTRY 

7

A00070-00307 Detachment Influences Improvement in Crystal Quality of InSb Bulk Single Crystal Growth by Vertical 
Directional Solidification Technique
Dattatray GADKARI; Brijmohan ARORA 

7

A00101-00191 Effect Of Swift Heavy Ion Irradiation In Dyes Doped L-Arginine Phosphate Single Crystals For Laser 
Applications
Kumaresan PARASURAMAN 

7

A00121-01221 Growth and Characterization of L- Alaninium Fumarate - A New Organic Optical Material
C. Ramachandra RAJA; A. Antony JOSEPH 

8

A00121-01232 Growth and Characterization of L- Valinium Fumarate - A New Organic Optical Material
C. Ramachandra RAJA 

8

A00165-02122 Study on Ag Doping in Congruent Lithium Niobate Crystal
Minghua LI; Xinan LIANG; Xuewu XU; Sanjeev SOLANKI; Tow-Chong CHONG 

9

A00232-01688 Production and Thermionic Properties Anisotropy of LuB12 Single-crystals
Anatoliy TARAN; Daniel VORONOVICH; Natalya SHITSEVALOVA; Anatoliy DUKHNENKO; 
Volodymyr FILIPOV 

9

A00240-00450 Studies on Crystal Growth, Morphology and Polymorphic Phase Transformations of Glycine 
Polymorphs 
Karuppannan SRINIVASAN 

10

A00245-01345 Change of a Heat Field Symmetry and its Rotation as a Way of the Technologies Development by 
Different Crystal Growth Methods 
Aleksandr KOKH 

10

A00289-00527 Simulation of Stray Grain Formation During the Unidirectional Solidification
Xiangmei LI; Jieyu ZHANG; Bo WANG 

11

A00291-02002 Growth of Single Phase MnSi1.7  Silicide Layers on Si Substrates by Using MnCl2 Source
Junhua HU; Takanori KUROKAWA; Hirokazu TATSUOKA 

11

A00303-00557 Reactivity at Defects in Single Crystals of Bismuth with Weak Bases
Heli DESAI; Kishor PORIA 

12

A00332-00617 Effects of Mg Incoparation on the Structure and Optical Properties of the ZnO Thin Films Prepared by 
Sol-Gel Method
Rui DING; Chun Xiang XU; Bao Xiang GU 

12

A00415-02407 Enhancement of Optoelectronic Properties from Ti-doped ZnO Nanowires by Ion Implantation
Li-Wei CHANG; Yung-Chiao SUNG; Han-Chang SHIH; Jien-Wei YEH 

12

A00418-01202 Synthesis and Catalytic Activity of Transition Metal Incorporated Vanadium Phosphates - A Posteriori 
Approach
Monika AGARWAL; Arunachalam RAMANAN 

12

A00478-01742 Selected Single Phase Growth Based on Reactive Deposition Techniques for Semiconducting Silicides 
and Related Materials
Junhua HU; Mutsuo NISHIURA; Akihiko KATO; Hirokazu TATSUOKA 

13

A00540-01969 Study of Rutile TiO2 in situ Supported on Crude Sepiolite by Liquid Phase Method 
Xiaoyan WANG 

13

A00556-01024 Growth and Characterization of Copper Doped Transition Metal Dichlacogenide Single Crystals
Milind DESHPANDE; Manoj PARMAR; Nilesh PANDYA; Sunil CHAKI; Gunvant SOLANKI 

14

A00623-01129 Growth, Electrical Transport Properties and Microtopographic Studies of Mo0.3W0.7Se2 Single Crystals
Sunil CHAKI; Manish K. BHAYANI; Amit J. PATEL; Ashvinkumar R. JANI 

14



4     Symposium R - Single Crystals; Growth and Applications for Research and Industry

A00695-01249 Growth and Characterization of L – alanine Doped KDP Crystals
Ketan PARIKH; Dipak DAVE; Bharat PAREKH; Mihirkumar JOSHI 

14

A00708-01869 Single Crystal Growth of Organic Semiconductors from Solutions and Gas Phase
Ke Jie TAN; Hui JIANG; Jinbo ZHOU; Keke ZHANG; Christian KLOC 

15

A00733-01306 The Effect of Ru(III)- Doping on the Structure and Properties of Technologically Important Potassium 
Hydrogen Phthalate (KHP) Crystals 
Shanmugasundaram PARTHIBAN; Subbiah MEENAKHSISUNDARAM 

15

A00755-02641 Investigation of Crystal Growth and Phase Equilibria in the BaB2O4-NaF System
Tatyana BEKKER; Alexander KOKH; Nadezhda KONONOVA; Pavel FEDOROV; 
Sergej KUSNETSOV; Katerina NIGMATULINA 

15

A00756-02208 A Combinatorial Library of Primaryammonium Dicarboxylate Based Liquid Crystal Gelators: A 
Crystal Engineering Approach
Pathik SAHOO; N. N. ADARSH; George E. CHACKO; Srinivasa R. RAGHAVAN; 
Vedavati G. PURANIK; Parthasarathi DASTIDAR 

16

A00756-02253 THE Crystal Engineering Approach to Design the Aminoacid Based Low Molecular Weight Gelator: 
Charectirazation and Structure Property Correlation 
Pathik SAHOO; D. KRISHNA KUMAR; Parthasarathi DASTIDAR 

17

A00788-03010 Gel Growth and Kinetic Studies of Cadmium Tartrate Pentahydrate Single Crystals
Anjana KOTHARI; S. K. ARORA 

17

A00790-01384 Growth and Characterization of Borate Based Single Crystals for Laser Applications
Arun Kumar RAMAN; Dhanasekaran RAMASAMY 

17

A00954-03705 Chirality Control on Lipid Nanotubule Morphology Investigated by Circular Dichroism Study 
Yuwathida JANTIPPANA; Weerawat INTARATAT; Wisit SINGHSOMROJE; Sujint WANGSUYA; 
Piboon PANTU; Jumras LIMTRAKUL; Nattaporn CHATTHAM 

18

A00969-01702 Growth Morphology of Alpha Glycine Crystals in Aqueous Solutions: A Computational Study
Sivashangari GNANASAMBANDAM; Jianwen JIANG; Raj Rajagopalan  

18

A00973-03428 Activation Energy Diagnostics of Implantation-induced Defects 
Weera PENGCHAN; Toempong PHETCHAKUL; Amporn POYAI; Anucha RUANGPHANIT; 
Nopphon PHONGPHANCHANTRA 

19

A00975-02125 Vickers Micro-hardness Study of Urinary Type Struvite Crystals
Chetan CHAUHAN; Mihir JOSHI 

19

A01022-01793 Microstructural Study of 22wt%Cr-0.037wt%C Cast Duplex Stainless Steel
Surasak KUIMALEE; Torranin CHAIRUANGSRI; John T. H. PEARCE; David V. EDMONDS; 
Rik M. D. BRYDSON; Andrew P. BROWN 

20

A01053-01830 Nucleation Mechanism of Polytype Transformation in 6H-SiC Polytype Inclusions inside 15R-SiC 
Crystals
Yu ZHANG; Hui CHEN; Ning ZHANG; Michael DUDLEY; James H. EDGAR; K. GRASZA; 
Emil TYMICKI; Yimei ZHU 

20

A01100-01919 Growth of Lanthanum Calcium Borate (LCB) Single Crystals and its Characterization for Laser 
Applications
Senthilkumar MUTHUSAMY; Arun Kumar R.; Dhanasekaran R. 

21

A01101-02243 Growth and Characterization of Semi-organic Single Crystals for NLO Applications
Sathyalakshmi R.; Ramasamy P. 

21

A01152-01963 Single Crystal Growth of Transition Metal Dichalcogenides
Minglin TOH; Christian KLOC 

22

A01152-01971 Iron Arsenide for Superconducting Materials
Bryan TAN; Minglin TOH; Stevin SNELLIUS PRAMANA; Martin SCHREYER; Christian KLOC 

22

A01223-02090 Microwave Synthesis and Crystal Growth of [Co(H2O)4(bipy)].(H2bipy).2(SO4).2H2O 
Bunlawee YOTNOI; Timothy PRIOR; Santi MEANSIRI; Apinpus RUJIWATRA 

23

A01277-03530 Solution Growth of Organic Single Crystals of 4-hydroxycyanobenzene (4HCB) Suitable for 
Investigations on the Three-dimensional Transport Anisotropy in Organic Semiconducting Single 
Crystals
Alessandro FRALEONI-MORGERA; Beatrice FRABONI; Anna CAVALLINI 

23



Symposium R - Single Crystals; Growth and Applications for Research and Industry     5

A01326-04289 Doping Effects on Growth, Domain Structure and Optical Properties of LiNbO3 Crystals 
Xuewu XU; Xinan LIANG; Minghua LI; Sanjeev SOLANKI; Tow-Chong CHONG 

23

A01407-02443 Photoelectron Yield Spectroscopy as a Tool to Probe the Electronic Structures of Insulating Single 
Crystals
Hisao ISHII; Shinichi MACHIDA; Akihiro FUNAKOSHI; Naoki OGAWA; Yutaka NOGUCHI; 
Yasuo NAKAYAMA 

24

A01410-04136 Electron Irradiation Effects on SHG of a New NLO Organic Crystal.: 4-Amino-5-Mercapto-3-[1-(4-
Isobutylphenyl) Ethyl]-1, 2, 4-Triazole
Naseema K.; Vijayalakshmi RAO 

24

A01435-02492 Displacement Current Measurement of Rubrene Single Crystal Transistor
Akihiro FUNAKOSHI; Naoki OGAWA; Yuya TANAKA; Yasuo NAKAYAMA; Yutaka NOGUCHI; 
Hisao ISHII 

25

A01469-02549 Spectroscopical and Base Catalysis of High Surface Area Nano MgO Prepared by Hydration-
dehydration Method
Abd. Rahim YACOB; Mohd. Khairul Asyraf AMAT MUSTAJAB; Nur Syazeila SAMADI 

25

A01543-02693 Crystal Growth of Organic and Inorganic Compound from the Melt
Huamin HONG; Christian KLOC 

26

A01648-02852 A Study of Optical Band Gap in GeSxSe1-x (x= 0, 0.5, 1.0) Single Crystals Grown Using Chemical 
Vapour Transport Technique
G. K. SOLANKI; Sandip UNADKAT; Dipika B. PATEL; Trupti PATEL 

26

A01648-02891 Effect of Enhancement of Selenium Content in Germanium Sulphoselenide on its Photoelectrochemical 
Behaviour
G. K. SOLANKI; Trupti PATEL; Sandip UNADKAT; Dipika B. PATEL 

27

A01816-03164 Temperature-Dependent Single-Crystal to Single-Crystal Phase Transformation Based on 
Polyoxometalates
Li-Zhi ZHANG; Xin LIU; Zhili DONG 

27

A01915-03470 Fabrication of Single Crystal Bi2Sr2Ca1Cu2O8 (Bi-2212) Superconductor 
Isachar BERNALDEZ; Marvin HERRERA 

28

A01956-03406 Chair-Boat Form Transformation toward the Self-Assembly of Triangular Dirhenium Metallacycles 
Chung-Chou LEE; Shu-Chun HSU; Long-Li LAI; Kuang-Lieh LU 

28

A01992-03656 LiF-assisted Crystallization of Zinc 4-Carboxyphenylphosphonates with Pillared Layered Structures
Jintang LI; Xuetao LUO 

28

A02084-03590 Charge Transport in Field-Effect Transistors of Organic Semiconductor Single Crystals
Jun TAKEYA 

28

A02089-03691 Directional Compton Profile Study of β-phase of Cu-Zn Alloys
Vimal VYAS; Babu Lal AHUJA; BalKrishan SHARMA 

29

A02106-03625 Growth, Structure and Morphological Studies on MoXW1-XSe2 Single Crystals
Deepa MAKHIJA; R. J. PATHAK; K. D. PATEL; V. M. PATHAK; R. SRIVASTAVA 

29

A02106-04843 Transport Properties of Mo0.25W0.75Se2 Single Crystals 
Deepa MAKHIJA; K. D. PATEL; V. M. PATHAK; R. SRIVASTAVA 

30

A02114-03644 Monodispersed Nickel Nanoparticles by Thermal Decomposition
Nurul Hiqmah NORDIN; Boon Hoong ONG; Mitsunori MATSUMOTO; Teck Yong TOU 

30

A02139-03687 Growth of Some Zinc Chalcogenide Crystals by Physical Vapour Transport Technique and their 
Structural and Optical Characterization
J. R. GANDHI; K. D. PATEL; G. K. SOLANKI; S. G. PATEL 

31

A02144-03694 Current Transport Mechanisms Studied by I-V-T Measurement on Cu-nMoSe2 Schottky Diode
C. K. SUMESH; K. D. PATEL; V. M. PATHAK; R. SRIVASTAVA 

31

A02154-03706 Nitrogen Plasma-Minimized Abundant Defects and -Enhanced UV Photoresponse on ZnO Nanotubes 
Naratip CHANTARAT 

31

A02157-03708 Crystal Growth and Abnormal Physical Properties of Iron Arsenic High-Tc Superconductor 
Xianhui CHEN 

31



6     Symposium R - Single Crystals; Growth and Applications for Research and Industry

A02163-03724 Single Crystals of LnFeAsO1-xFx (Ln=La, Pr, Nd, Sm, Gd) and Ba1-xRbxFe2As2: Growth, Structure and 
Superconducting Properties 
Janusz KARPINSKI; Nikolai ZHIGADLO; Sergui KATRYCH; Zbigniew BUKOWSKI; Philip MOLL; 
Bertram BATLOGG; Stephen WEYENETH; Roman PUZNIAK; Mauro TORTELLO 

32

A02168-03732 Characterization of InSbBi Bulk Single Crystal Grown  by VDS Technique
Dilip MASKE; Pravin MORE; Danial CARVOLHO; Dattatray GADKARI 

33

A02286-03904 Single Crystal, Organic Semiconductor, Rubrene
Christian KLOC; Ke Jie TAN; Keke ZHANG; Minglin TOH 

33

A02303-03996 Crystal Growth and Characterization of Non Linear Optical 1,3-Diphenylprop-2-en-1-one
Dharmaprakash SAMPYADY; Ravindra H. 

33

A02336-04007 Crystal Growth of Rare-earth Orthovanadates 
A. A. NUGROHO; T. T. M. PALSTRA 

34

A02393-04161 Charge Carrier Mobility Control in Rubrene Single Crystal
Keke ZHANG; Ke Jie TAN; Minglin TOH; Hui JIANG; Lain-Jong LI; Subodh MHAISALKAR; 
Christian KLOC 

34

A02469-04219 Single Crystals of Organic Charge Transfer Compounds based on Perylene and 7, 7, 8, 
8-Tetracyanoquinodimethane (TCNQ) 
Hui JIANG; Ke Jie TAN; Keke ZHANG; Minglin TOH; Jinbo ZHOU; Christian KLOC 

34

A02474-04835 PEC Behaviour of Tin Monosulphide Single Crystals Grown Using Different Transporting Agents
G. K. SOLANKI; Sudeep GOYAL; Dipika B. PATEL; Sandip UNADKAT; M. K. AGARWAL 

35

A02476-04658 Thermo-luminescence Glow Curves and Photoluminescence of Ion Irradiated Al2O3 
K. S. JHEETA; D. C. JAIN 

35

A02559-04373 Micro and Nanometer Sized Organic Single Crystalline Devices
Wenping HU 

35

A02573-04398 The Growth Of Tungsten Single Crystals Of High Structural Quality By The Electron-Beam Floating 
Zone Technique 
Vadim GLEBOVSKY; Sergey BOZHKO 

35

A02627-04500 Protein Crystal Growth by New Techniques 
Kazufumi TAKANO 

36

A02652-04548 Nano- and Micro-Scale Organic Single-Crystal Transistors 
Alejandro L. BRISENO 

36

A02756-04725 Multiferroic BiFeO3 
Sang-Wook CHEONG 

36

A02813-04817 Growth and Characterization of GaInSb Bulk Semiconductors Crystal: Growth by VDS Technique
Pravin MORE; Dilip MASKE; Dattatray GADKARI 

36

A02855-04882 Electric Field Induced Superconductivity on Single Crystal Surfaces 
Yoshi IWASA 

37

A02870-04910 Single Crystal Growth of InBi 1-x Sbx by Syringe Pulling Method
Dimple SHAH; Girish PANDYA; Sandeep VYAS; Bhakti JARIWALA 

37

A02870-04915 Electrical, Mechanical and Structural Characterization of Bi2Te3 Single Crystals
Dimple SHAH; Bhakti JARIWALA; Girish PANDYA; Sandeep VYAS 

38

A02951-05050 Crystal Growth of Compounds with Volatile Elements Like As, Eu and Li 
Günter BEHR; Wolfgang LÖSER; Andreea Claudia BUDEA; Chongde D. CAO; Igor MOROZOV; 
Claudia NACKE; Nadja WIZENT; Bernd BÜCHNER 

38



Symposium R - Single Crystals; Growth and Applications for Research and Industry     7

Abstracts

 A00065-00578 

Micro Hardness, Thermo Gravimetric and 
Structural Studies of Grown NaCl, NaF and NaCl 
+NaF Mixed Crystals

Ishverbhai B. PATEL; Ketki A. MISTRY 
P. G. Department of Physics, Veer Narmad South Gujarat 
University, Surat/Gujarat, India

Water soluble Sodium chloride and sodium fluoride 
crystals are popular due to their optical properties. Various 
scientific applications were seen as NaCl in nano particles 
thin films, NaF in radioactive detector etc. NaCl, NaF 
and NaCl+NaF were synthesized by solution evaporation 
method at ambient temperature. The micro hardness 
of crystal was studied in two different ways. Thermal 
stability and kinetic parameters of these crystals were 
studied employing thermo gravimetric analysis (TGA), 
activation energy and frequency factor for decomposition. 
Also XRD, EDAX, and UV spectroscopy of crystals were 
studied.

 A00070-00307 

Detachment Influences Improvement in Crystal 
Quality of InSb Bulk Single Crystal Growth by 
Vertical Directional Solidification Technique

Dattatray GADKARI1; Brijmohan ARORA2 
1. Department of Physics, Mithibai College, Mumbai, 
India
2. DCMP & MS Tata Institute of Fundamental Research, 
Mumbai, India

Vertical directional solidification (VDS) technique has been 
developed to grow bulk single crystal of semiconductors, 
without seed and without contact to the ampoule wall. 
We have designed and fabricated the furnace with special 
axial and radial temperature gradients with optimized 
growth parameters. Recently, the gap formations into 
ampoule in a terrestrial growth of semiconductor crystals 
have fascinated the attention of the crystal growers. The 
goal is to develop gap for the growing crystal in ampoule 
without influence of the hydrostatic pressure of the melt 
and accomplish a melt meniscus between the crystal-melt 
interfaces. Therefore a tiny melt is lowered down from the 
hot zone for the constricted solidification, which will be 
under the influence of melt surface tension.

VDS grown InSb crystals have been characterized for the 
macro and micro growth features of the ingots. Physical 
and electrophysical properties of InSb have studied to know 
the enhancement in crystallography and improvement in 
the crystal quality. Physical Properties of InSb showed 
improvement in the crystal quality for instance,  Mobility   

(μp)5.8x104 cm2/V.Sec, Band Gap Energy (Eg) 0.17 eV, 
Lattice constant  (a) 6.48 A0 ,  Resistivity  (ρ ) 3.02x10-

3 Ω.-cm,  Carrier Concentration (n) 3.79x1016cm -3, Hall 
Coefficient (Rh) 176 cm3 / Coul and XRD showed preferred 
plane of bulk single growth of prominently (220) plane with 
FWHM 16 arcsec. In comparison to the attached grown 
ingots with that of the detached a distinct improvement in 
the crystal quality has been investigated. The crystalline 
quality improvement sources have been discussed and the 
growth parameters and the conditions are optimized and 
will be reported.

For the gap formation analysis, more than 18 ingots of 
the InSb have been grown by VDS technique and it is 
attributed to the experimental evidence, for example ingots 
freely move inside the quartz ampoule by the detached 
growth, diameter of as grown ingot is smaller than the 
inner diameter of the ampoule, the detached ingot has dull 
surface appearances and no micro cracks. Prominently, 
gap shows improvement in a quality and crystallography 
of the as grown bulk single crystal semiconductor ingots.

For the influence of detachment in this research work, VDS 
grown results are studied and considered comparison with 
the analysis cited in literature for the space (microgravity), 
centrifuge and ground experiments on the detached growth 
of semiconductor crystals. The detached growth is possible 
due to the appropriate gap curved in between the solidifying 
melt and the wall of the ampoule. Typical ingots growth 
reveals high quality bulk single crystals growth and its un-
annealed substrate’s mobility is 5.8x104cm2/Vsec at 300K. 
In VDS, we propose that the detached solidification is 
possible and it is reproducible and reliable.

In this presentation, we will report in details the influence 
of the detachment on the crystal quality of bulk single 
crystal ingots, which is observed with this new technique.

 A00101-00191 

Effect Of Swift Heavy Ion Irradiation In Dyes 
Doped L-Arginine Phosphate Single Crystals For 
Laser Applications

Kumaresan PARASURAMAN 
Department of Physics, Adhiparasakthi Engineering 
College, Melmaruvathur, Tamil Nadu, India

The beauty of crystals has always been fascinating.  
Crystals lie at the root of today’s advanced technology. 
Over the past few decades, the advancement in science 
and technology has made single crystals indispensable 
for the development of new generation devices. The rapid 
development of optical communication system has led to 
a demand for nonlinear optical (NLO) materials of high 
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performance for use as components in optical devices. 
NLO materials are also used in frequency conversion, 
which is a popular and current technique for extending the 
useful wavelength range of lasers. L-Arginine Phosphate 
(LAP) crystal finds widespread use as frequency doublers 
in laser applications and was studied in great detail. 
Improvement in the quality of the LAP crystals and the 
performance of LAP based devices can be realized with 
suitable dopants. To analyze the influence of metal ions 
and dyes based dopants on the non-linear optical property 
of LAP crystals, efforts were made to dope LAP with dyes 
(Amaranth, Rhodamine B and Methyl orange). The effects 
of impurity atoms on the quality and performance of the 
crystals were analyzed. Bulk crystals of LAP and doped 
L-Arginine Phosphate crystal were grown by solution 
growth techniques.

Most irradiation studies in the hydrogen bonded 
ferroelectrics have been concentrated on the transient 
defects induced by ionising radiation such as UV light, 
where the defects are closely related to the optical 
properties. On the other hand, heavy ion beam irradiation 
effects have rarely been studied.

Li3+ irradiations lead to the development of a well-defined 
surface H peak in dyes doped LAP crystals. The depletion 
of hydrogen from the  –OH groups of LAP crystal in terms 
of the possible bond-breaking mechanism. Due to beam 
interaction, electron moves to the conduction band leaving 
behind the free hole, which can get self–trapped and 
configurationally changes occurring in the neighbouring 
structural units.

Irradiation effects diffuse the dyes uniformly in the crystal 
due to lattice disorder. The NLO efficiency is increased in 
dyes doped LAP crystals after irradiation. The stability of 
LAP was improved by doping organic dyes.  The nano-
islands of dyes in LAP are likely to be dissolved and enhance 
the non-linear optical properties of these materials. The 
structural, chemical, optical, mechanical and non-linear 
optical properties of the doped crystals were analyzed 
with the characterization studies such as powder XRD, FT-
IR, UV-Visible, Micro hardness and SHG measurements 
respectively. The results for doped LAP are compared with 
the results of the pure LAP crystals.

 A00121-01221 

Growth and Characterization of L- Alaninium 
Fumarate - A New Organic Optical Material

C. Ramachandra RAjA1; A. Antony JOSEPH2 
1. Physics, Government Arts College (Autonomous), 
Tamil Nadu, India
2. Physics, St. Joseph’s College of Engineering and 
Technology, Tamil Nadu, India

Effort has been successful to crystallize a new optical 
crystal. Low temperature solution growth method is 
employed for the growth of single crystal of L-Alaninium 
Fumarate (LAF) using deionized water as solvent. The 
synthesized organic optical material was purified by 
repeated recrystalization. Characterization of the crystals 
was made using single crystal X-ray diffraction and it reveals 
that crystal system was orthorhombic. The transmission 
range of grown crystals was identified by UV–Vis–NIR 
technique. Due to its wider transmission region, LAF can 
be used for optical applications. The functional groups and 
the modes of vibrations were found by using the Fourier 
transform infrared (FTIR) spectroscopy. Further studies 
are in progress and will be reported soon.

 A00121-01232 

Growth and Characterization of L- Valinium 
Fumarate - A New Organic Optical Material

C. Ramachandra RAjA 
Physics, Government Arts College (Autonomous), 
Tamil Nadu, India

The new organic optical material L- Valinium Fumarate 
(LVF) was grown by slow evaporation solution growth 
technique using deionized water as solvent. Purity of the 
grown crystal was achieved by repeated recrystallization. 
The lattice parameters of grown crystal have been 
calculated using single crystal XRD technique and crystal 
system also revealed as monoclinic. The transparency 
range of LVF was found using UV-Vis-NIR method in the 
range between 190 nm to 1100 nm. Presence of functional 
groups in grown crystal was identified by FT-IR method. 
Also, the presence of hydrogen and carbon atoms in the 
grown sample was confirmed using proton and carbon 
NMR spectra analyses. Further studies are in progress and 
will be reported soon.
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 A00165-02122 

Study on Ag Doping in Congruent Lithium Niobate 
Crystal

Minghua LI1; Xinan LIANG1; Xuewu XU1; 
Sanjeev SOLANKI1; Tow-Chong CHONG1;2 
1. Data Storage Institute, Agency for Science, Technology 
and Research, Singapore
2. Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore

Lithium niobate (LiNbO3, LN) crystal is widely used in 
the optical, laser and communications industry thanks 
to its high electro-optic, piezoelectric, acousto-optic and 
nonlinear optical coefficients, transparency in a wavelength 
range from near UV to far infrared, large photovoltaic 
effect and photocurrents in doped crystals. To develop 
favorable properties for optical purposes, doping plays 
an important role. For example, transition metal (e.g., Fe, 
Mn) increases the photorefractive sensitivity, while Ti-
doping makes excellent optical waveguides, and Mg- or 
Zn-doping above a threshold level increases the resistance 
of the crystal against laser damage. Among various doping 
impurities in LN crystal silver (Ag) is hardly studied. 
However, it has been reported to greatly increase the 
photorefractive beam coupling efficiency in potassium 
niobate crystal. In this paper, we report the experimental 
results of the structure and optical property measurements 
in Ag doped LN crystal. The influences of Ag-doping on 
the lattice structure and optical properties of LN crystal are 
also investigated.

Ag doped LN (Ag: LN) crystal has been grown in our lab 
by using vertical Bridgeman technique. Samples for optical 
measurements have been prepared by cutting the as-grown 
crystal into small rectangular pieces perpendicular to x- 
and z- axis, respectively, followed by optical polishing of 
both surfaces. Powder samples have also been prepared for 
X-ray diffraction (XRD) analysis. Undoped congruent LN 
crystal is also processed and characterized under the same 
conditions for comparison purpose.

The XRD pattern of Ag: LN shows only LN peaks, with 
no significant change compared to the undoped LN crystal. 
This can be attributed to the low doping concentration in the 
crystal (the concentration of Ag added into the melt was 500 
ppm). The optical absorption spectrum of Ag: LN shows 
that the absorption edge shifts towards the lower energy 
direction, indicating that the Ag-doping decreases the Li/
Nb ratio and enhances crystal structure imperfection. The 
refractive index change due to Ag doping is investigated 
by using an ellipsometer. Thermal annealing and UV light 
(300 – 400 nm) illumination are utilized to address the 
additional absorption and refractive index change, which 
provide important information of the energy level status 
of Ag impurity and other intrinsic defects, as well as the 
effect of Ag-doping on photorefraction of the LN crystal.

 A00232-01688 

Production and Thermionic Properties Anisotropy 
of LuB12 Single-crystals

Anatoliy TARAN1; Daniel VORONOVICH1; 
Natalya SHITSEVALOVA2; Anatoliy DUKHNENKO2; 
Volodymyr FILIPOV2 
1. Physics Department, National Aerospace University 
“Kharkiv Aviation Institute”, Kharkiv, Ukraine
2. Laboratory of Refractory Compounds of Rare Earth 
Metals, I. Frantsevich Institute for Problems of Materials 
Science, Kyiv, Ukraine

Thermionic properties of rare-earth hexaboride single 
crystal are characterized by anisotropy. It is proposed 
that the same anisotropy should be observed in rare-
earth dodecaborides. The aim of this work is preparation 
of lutetium dodecaboride single crystals {LuB12 (100), 
(110), (111)} and investigation of its thermionic property 
anisotropy.

LuB12 sample preparation is multistage process: 1) LuB12 
synthesis by a solid state reaction between Lu2O3 (4N) 
and amorphous Boron (3N) in vacuum at 1900 K; 2) the 
LuB12 powder compaction into rods and their subsequent 
sintering; 3) crucible free inductive zone melting of the 
sintered rods in an argon atmosphere (P=0.5 MPa) at 0.5 
mm/min crystallization rate with use of the crystal seeds; 
4) estimation of single-crystal quality and 5) preparation of 
the experimental samples from the oriented LuB12 [100], 
[110] and [111] single crystals.

The LuB12 crystal composition is estimated as LuB11.89±0.06; 
the total content of impurities in the crystals is less than 
10-3 mass %, the lattice parameter is equal to 7.464834 Å. 
According to the X-ray topography and Laue photograph 
analysis the single crystal real structure is highly perfect. 
The electron Kikuchi patterns and point electron diffraction 
patterns also keep this conclusion.

Thermionic current density measurements were carried 
out under the pulse current take-off at T = 1250…1900 
K. The results of thermionic study of the LuB12 single-
crystals showed that work function φ depends on emitting 
surface orientation. For all LuB12 crystallographic planes 
temperature dependences of the work function are 
described by the linear functions. The work functions are 
equal to 3.18, 3.12, 3.09 eV at 1400 K and 4.11, 3.87, 3.84 
eV at 1800 K for the LuB12 (100), (110), (111) accordingly. 
The modeling of the (111), (110) and (100) planes structure 
showed that the top layer of (111) consists of lutetium ions 
only, for (110) and (100) lutetium-boron ratios of 0.5 and 
0.25 accordingly. X-ray phase analysis of cathode emission 
surfaces showed that after 40 hours of thermionic tests at 
1900 K LuB12 transformed into LuB4 (001) mainly with 
(110), (210), (121) faces outcropping. The work functions 
are equal to 2.70, 2.84, 2.79 eV at 1400 K and 3.28, 3.55, 
3.50 eV at 1800 K for the transformed LuB12 (100), (110), 
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(111) accordingly. The scanning electron microscopy 
study of the LuB12 emitting surfaces after tests showed that 
the flat surfaces transformed into nonuniform and uneven 
coral-like surfaces. Preparation of LuB4 single crystals 
and investigation of its thermionic properties became 
the following stage. The LuB4 samples were prepared on 
the same procedure as the LuB12 samples. Thermionic 
measurements showed that the work function is equal to 
2.58 eV at 1400 K and 3.10 eV at 1800 K for LuB4 (001).

 A00240-00450 

Studies on Crystal Growth, Morphology and 
Polymorphic Phase Transformations of Glycine 
Polymorphs 

Karuppannan SRINIVASAN 
Department of Physics, School of Physical Sciences, 
Bharathiar University, Coimbatore, Tamil Nadu, India

Polymorphism is a phenomenon applies to materials that 
can crystallize into different crystal forms as a result of 
different molecular conformation. This is a function of the 
conditions of growth like temperature, pressure, relative 
humidity, solvent content, growth rate, etc. along with 
the interaction of the solute with solvents and additives. 
In many cases, a particular polymorph is metastable, 
meaning that this modification will eventually rapid in 
some systems while others they can be infinitely slow. 
The well-known amino acid glycine is an example of 
an organic polymorph which is able to form monoclinic 
and hexagonal crystals. Structurally, glycine exhibits 
in three different polymorphic forms: α, β and γ. The 
α and β forms crystallize in monoclinic system with 
centrosymmetric space groups and the γ crystallizes in 
trigonal-hexagonal system with non-centrosymmetric 
space group. Understanding the conditions of occurrence of 
the polymorphic forms and their transformations from one 
form into the other would be of great interest and useful for 
pharmaceutical applications. In the present investigation, 
conditions of crystallization of all the three polymorphic 
forms of glycine were studied and single crystals of 
them were grown from aqueous solutions. Pure aqueous 
solution yields metastable α form, aqueous solution with 
slow diffusion of ethanol yields unstable β and aqueous 
solution with selective additive sodium chloride yields the 
stable γ form. The form of crystallization was confirmed 
by X-ray powder diffraction. Morphology of the crystal 
forms was studied by goniometry and their relative growth 
rates along different crystal directions were examined. The 
γ crystals show asymmetric growth behaviour along their 
c-directions. The stability of the three forms at ambient 
conditions were found in the order γ > α > β. Polymorphic 
phase transformations from one form into the other at 
different environments were studied by TG and DTA and 
confirmed by DSC. 

 A00245-01345 

Change of a Heat Field Symmetry and its Rotation 
as a Way of the Technologies Development by 
Different Crystal Growth Methods 

Aleksandr KOKH 
Crystal Growth Laboratory, Institute of Geology and 
Mineralogy, Novosibirsk, Russian Federation

A new promising concept of low-energy influence on 
crystal growth processes consisting in symmetry change 
and rotation of the heat field was proposed. A main point of 
proposed approach is to produce heterogeneous heat field 
with stationary or cyclically changing parameters. Various 
symmetries and amplitude-frequency characteristics of 
the heat field are achieved by commutation of vertically 
aligned heaters placed around crystallizing medium. Based 
on this concept a new approach to control over heat-mass 
transfer processes during crystal growth by Czochralski, 
hydrothermal, Kyropulos and Bridgman methods was 
developed. Nonlinear beta-BaB2O4 (BBO) crystals 
are grown by the subkind of Czochralski method (top 
seeded solution growth technics) in stationary heat field 
with symmetry axis of third order. Such symmetrization 
of the heat field produces convection in three separate 
sectors along the whole height of the liquid. Theoretical 
assumptions about intensified and more uniform mixing in 
the melt-solution are corroborated by increased yield and 
quality of grown crystals. A main defect of BBO crystal 
is a column of inclusions located in center of the boule 
under the seed. However this feature may be eliminated 
by gradual shifting of the cold point from center of the 
crucible during crystal growth process. As a result we have 
obtained BBO crystals with possibility of making non-
linear elements 30x30x10 mm3 of sizes. Beryl crystal is 
an example of hydrothermal growth in rotating heat field. 
Because of high pressure conditions autoclaves are usually 
completely sealed. So it is impossible to directly affect a 
heat-mass transfer processes and growth phenomena. A 
most attractive feature of rotating heat field is the possibility 
of contactless influence on crystal growth process. Series 
of growth experiments had shown that action of a rotating 
heat field results in at least 1.5 times faster dissolution rate 
than for stationary and stable heat field. Bridgman crystal 
growth occurs in unstable regime of melt flows which often 
result in unpredictable formation of defects. Radical change 
of flow structure may be realized by means of rotating heat 
field. Experimental and numerical investigations showed 
formation of through convective cell. Obtained ingots of 
AGS (AgGaS2) and polycrystalline silicon confirm the 
supposition that periodic temperature oscillations near 
the growth interface favour the convective regime in 
the melt and growth of high-quality crystal. The sizes of 
AGS non-linear elements can reach 10x10x25 mm3. LBO 
(LiB3O5) crystal growth by Kyropulos technique in the 
stationary heat field of rhombic (L22P) symmetry was 
realized. In this case symmetry of the heat field is similar 
to that of crystal and we follow the Curie’s symmetry 
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principle, because LBO crystals belong to the rhombic 
symmetry (space group Pna21). Rhombic symmetry of 
the heat field gives us: 1) Improvement of solute transport; 
2) Realization of the seeding and growth of symmetric 
crystal; 3) Prevention of the contact between crucible and 
crystal. So, high quality crystals with weight up to 1500 
kg were grown. These dimensions allow to produce non-
linear optical elements up to 50 mm in diameter and 12 
mm in width.

 A00289-00527 

Simulation of Stray Grain Formation During the 
Unidirectional Solidification

Xiangmei LI; jieyu ZHANG; Bo WANG 
Shanghai Enhanced Laboratory of Ferro-metallurgy, 
Shanghai Unviersity, Shanghai, China

Unidirectional solidification technology is used to get 
special properties of casting, for example, to get the 
turbine blades with columnar or single crystal structures. 
However, one of the major problems encountered during 
the directional solidification and the single crystal growth 
is the formation of stray grains which can seriously 
reduce the production properties. In this paper, the grain 
structures of a unidirectionally solidified super alloy 
IN738LC casting with three platforms were investigated 
by using a 3D cellular automaton-finite element (CAFE) 
model within CALCOSOFT package. The grain number 
decreased and the grains transverse size increased with the 
increase of the distance from the bottom surface which was 
mainly due to the competitive grain growth. Several stray 
grains were found at the platforms and a few at the body 
of the casting. Then the influence of the casting conditions 
such as temperature gradient and heat flux of the side wall 
on the formation of stray grains was investigated in detail. 
It was found that either changing temperature gradient 
or heat flux of the side wall could result in an increased 
undercooling in the platform region, favoring the formation 
and growth of stray grains.

 A00291-02002 

Growth of Single Phase MnSi1.7  Silicide Layers on 
Si Substrates by Using MnCl2 Source

junhua HU1; Takanori KUROKAWA2; 
Hirokazu TATSUOKA1;2 
1. Graduate School of Science and Technology, Shizuoka 
University, Hamamatsu, Japan
2. Faculty of Engineering, Shizuoka University, 
Hamamatsu, Japan

Semiconductor silicides, which consist of nontoxic 
and naturally abundant source materials, have attracted 
much attention for their potential to create new classes 
of environmentally conscious electronics. In particular, 

β-FeSi2 has been researched extensively to realize the 
Si-based optoelectronics because of its direct band gap 
at an infrared region (1.55um) in the last decade of 20th 
century. Recently, much attention has been paid to other 
silicides, including manganese silicides, alkaline earth 
metal (AEM) silicides. They also possess interesting and 
useful properties from the viewpoints of optoelectronics 
and energy device application. Higher manganese 
silicide (HMS) with a composition near MnSi1.7 is one of 
semiconducting silicides with a direct band gap of 0.7 eV 
and stable at high temperature. Previous studies on the 
growth of the silicides have been performed by solid phase 
epiatxy, reactive deposition epitaxy, ion beam epitaxy and 
molecular beam epitaxy. However, the unusual crystalline 
structures of MnSi1.7 and multi-pahse existence in Mn-Si 
system make it difficult to grow high quality layers on high 
symmetric Si substrates.

It has been reported that the structural property and the 
interfacial smoothness of Mn-silicide/ Si structure were 
improved by surfactant growth technique. Using these 
growth techniques, it is difficult to grow continuous and 
homogeneous layers with large area for the application of 
electric and optical devices. The MOCVD is an advanced 
growth method for the production of large area thin films, 
but the use of the precursors makes the operation and 
maintenance of the growth system more difficult. In our 
previous works, MnSi1.7 layers were grown by simply 
heating the Si substrate in the atmosphere of MnCl2 at 500°C. 
It was found that the MnSi1.7 domains of Mn silicides were 
widely elongated and the thickness was limited within 
50nm. Unfortunately, the additional formation of MnSi 
on the top of MnSi1.7 grown from MnCl2 was also found 
by TEM observation. The growth behavior was discussed 
with the diffusion coefficient and the formation energy of 
Mn-silicides. In this paper, to get the single phase MnSi1.7 
silicide layer, the growth of mono-silicide, namely MnSi, 
will be suppressed by separately heating the MnCl2 source 
and Si substrate. The outward diffusion of Si was enhanced 
by increasing heating temperature of substrate compared 
with that of MnCl2 source. The growth behavior of MnSi1.7 
layer was analyzed and compared with that of growth in 
isothermal condition. Successful growth of MnSi1.7 single 
phase layers by simple method will help us to disclose 
their electrical property and fabricate electric devices 
using these materials. And the growth method employed 
here can be developed for the growth of other single phase 
silicides layers of multiple phase system.
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 A00303-00557 

Reactivity at Defects in Single Crystals of Bismuth 
with Weak Bases

Heli DESAI1; Kishor PORIA1;2 
1. Physics, C. K. Pithawalla College of Engineering & 
Technology, Surat/Gujarat, India
2. Physics, Veer Narmad South Gujarat University, Surat/
Gujarat, India

Chemical etching is an authentic tool to understand the 
lateral motion of steps at dislocation sites. The heterogeneity 
of reactivity at crystal surfaces suggests the interrelation 
between the heterogeneities and dislocations. Bismuth 
material of 5N purity was used for the growth of Bismuth 
single crystals. The (111) cleavage faces of Bismuth 
single crystals were etched in different compositions of 
etchants. The etchants were prepared using 9 cc of distilled 
water / acetone and 1 cc of weak base to 1 cc of distilled 
water / acetone and 9 cc of weak base. The etchants were 
performed from room temperature to 50º C with an interval 
of 5º C. All etchants produced triangular crystallographic 
oriented well defined etch pits were observed at sites of 
dislocation. An attempt is made to understand the kinetic 
and thermodynamic parameters like the activation energy, 
the frequency factor, the enthalpy of activation, the entropy 
of activation and the Gibb’s free energy of activation which 
were calculated for different compositions of etchants.

 A00332-00617 

Effects of Mg Incoparation on the Structure and 
Optical Properties of the ZnO Thin Films Prepared 
by Sol-Gel Method

Rui DING; Chun Xiang XU; Bao Xiang GU 
School of Electronic Science & Engineering, Southeast 
University, Nanjing, China

Well-crystallized MgxZn1-xO thin films with hexagonal 
wurtzite structure were fabricated by using the sol-gel 
method with a variation of x value from 0 to 0.3. X-ray 
diffraction patterns, UV-vis absorption spectra and 
photoluminescence spectra were used to characterize the 
structure and optical properties of the ternary alloy thin 
films. It was found that the band gap of the films increased 
with the increasing of the Mg content, while the average 
grain size d and the lattice constants a and c were reduced . 
It was worth noting that the absolute intensity of the band-
edge luminescence(BEL) of the Mg doped films were 
enhanced . The mechanism of the phenomenon has been 
discussed.
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 A00415-02407 

Enhancement of Optoelectronic Properties from 
Ti-doped ZnO Nanowires by Ion Implantation

Li-Wei CHANG1; Yung-Chiao SUNG1; 
Han-Chang SHIH1;2; jien-Wei YEH1 
1. Department of Materials Science and Engineering, 
National Tsing Hua University, Hsinchu, Taiwan
2. Institute of Materials Science and Nanotechnology, 
Chinese Culture University, Taipei, Taiwan

Ti-doped ZnO nanowires are fabricated by the thermal 
evaporation and ion implantation process. The fraction 
of Ti is estimated to be 0.33 at% to 2.36 at% based on 
x-ray photoelectron spectroscopy measurement. The 
X-ray diffraction and Raman spectrum indicated that the 
Ti-doped ZnO nanowires are similar to ZnO nanowires 
in the crystal structure, respectively, which has been 
explained no phase of titanium oxide to be produced. The 
cathodoluminescence spectrum (CL) and field emission 
(FE) of Ti-doped ZnO nanowires have been investigated. 
CL taken from Ti-doped ZnO nanowires at room 
temperature exhibited three distinct emission peaks at 3.29, 
2.46, and 0.61 eV and the CL intensity was much stronger 
than that of undoped ZnO nanowires. The measurement 
of FE revealed that the Ti-doped ZnO nanowires have a 
turn-on field of 6.53 V/um at the current density of 0.0001 
A/cm2. In electrical measurement, the resistivity of a 
single ZnO nanowire decreases from 0.122 Ωcm to 0.035 
Ωcm because of Ti doping and is 71.3% smaller than the 
resistivity of undoped ZnO nanowire. At the same time, 
the piezoelectric effect causes the resistivity of a single 
Ti-doped ZnO nanowire increased when bending. This 
approach provides the possibility of one-dimensional 
nanostructures for application as optoelectronic devices.

 A00418-01202 

Synthesis and Catalytic Activity of Transition 
Metal Incorporated Vanadium Phosphates - A 
Posteriori Approach

Monika AGARWAL; Arunachalam RAMANAN 
Chemistry, Indian Institute of Technology, New Delhi, 
India

Vanadium phosphates offer a wide variety of solid 
materials. Depending upon the interlinkage between 
vanadyl octahedra and phosphate tetrahedra, variable 
oxidation state and reaction conditions many crystalline 
phases Viz. VOPO4, VOHPO4.0.5H2O, VOHPO3.1.5H2O, 
VOHPO4.4H2O are known in VPO catalytic system. 
Among these phases VOHPO40.5H2O is well studied 
because it is precursor of VO2P2O7, a well-known catalyst 
in the selective oxidation of n-butane. The incorporation of 
transition metal in the framework of vanadium phosphates 
varies its structural as well as catalytic property. Recently, 
there has been considerable interest in extending the use 
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of heterogeneous catalysis in the fine chemical industry. 
The acid- base properties of vanadium phosphates make it 
potential catalyst in various reactions other than oxidation 
of lower alkanes. However many research groups 
have investigated the catalytic properties of vanadium 
phosphates in other reactions like aldol condenstation, 
selective oxidation of toluene etc. Still this area of research 
in VPO system is open. In this context we have explored 
the catalytic activity of vanadium phosphates hemihydrate, 
vanadyl pyrophosphate and transition metal incorporated 
vanadium phosphates. In this poster we present the 
synthesis, crystal structure of Cu intercalated VOPO4 and 
its catalytic activity in detail.

 A00478-01742 

Selected Single Phase Growth Based on Reactive 
Deposition Techniques for Semiconducting 
Silicides and Related Materials

junhua HU1; Mutsuo NISHIURA2; Akihiko KATO3; 
Hirokazu TATSUOKA1;2 
1. Graduate School of Science and Technology, Shizuoka 
University, Hamamatsu, Japan
2. Faculty of Engineering, Shizuoka University, 
Hamamatsu, Japan
3. FDK Corporation, Kosai, Japan

Semiconducting silicides and related materials have 
attracted significant attention for applications in new 
functional electric-, optical- and magnetic devices. 
However, it is generally difficult to grow single phase 
materials and fabricate heterostructures, because of their 
multiphase formation during the growth.

Recently, a simple growth procedure was developed on 
the basis of reactive deposition techniques, and the alloys 
have been grown by an interdiffusion process between 
the deposited atoms and the appropriately selected 
substrates. The free energy of formation, ternary phase 
diagram, the diffusion coefficient of moving species 
and the vapor pressure of the constituents of the alloys 
would provide a basic guideline for the growth process. 
This growth procedure has opened the possibility of the 
growth of a variety of binary and ternary alloys and their 
heterostructures. So far, Mg2Si, Ca2Si, Sr2Si, Ca5Si3, Sr5Si3 
and MnSi1.7 crystals have been grown using this growth 
procedure. However, the details of the growth evolution 
of the alloys are still not completely understood, for 
example, single-phase Ca5Si3 and Sr5Si3 powders were 
synthesized by the exposure of Si powders to Ca and Sr 
fluxes, respectively. However, these phases did not appear 
in the case of layer growth on substrates.

On the other hand, no study of Fe-Si alloys using this 
growth technique has been reported, even though the Fe-
Si system has various phases such as the semiconducting 
β-FeSi2, nanocrystalline FeSi2, nonmagnetic metallic 

FeSi, and ferromagnetic Fe3Si. The DO3-type Fe3Si can be 
regarded as a Heusler alloy, and high spin polarization is 
expected at the Fermi level.

In this study, the growth procedure was applied to the 
growth of Fe-Si compounds in this study. Fe3Si and 
β-FeSi2 were grown on Si (111) substrates using FeCl2 
as the source material. The substrate and FeCl2 source 
were located in a loosely sealed glass container, which 
was loaded into a vacuum chamber with a base pressure 
of 10-6 Torr. The container was heated to a temperature of 
typically around 800 - 900 oC for several hours. During the 
heat treatment, the Si substrates were exposed to the iron 
chloride vapor. The structural properties of the resultant 
layers were characterized. It was found that the layers with 
the β-FeSi2 layers were directly grown on the Si substrates. 
In addition, the formation of nano-, or micro-structured 
FeSi and Fe3Si phases is also observed.

The selected phase growth and their growth evolution are 
systemically discussed for various kinds of silicides, i.e. 
Mg2Si, Ca2Si, Sr2Si, Ca5Si3, Sr5Si3 and MnSi1.7, and also 
including β-FeSi2, FeSi and Fe3Si. The formation energies 
of these alloys with a wide range of stoichiometric 
compositions were calculated, and the predicted growth 
phase is discussed and compared to the experimental 
results. The discussion will contribute to understanding 
the growth phenomena of all of the semiconducting 
silicide families and their applications to future functional 
devices.

 A00540-01969 

Study of Rutile TiO2 in situ Supported on Crude 
Sepiolite by Liquid Phase Method 

Xiaoyan WANG 
China Building Materials Academy, Beijing, China

The photocatalysts TiO2 and TiO2/sepiolite composite 
were synthesized using TiCl4 and crude sepiolite as raw 
materials by boiling reflux method. According to the X-ray 
diffraction, TiO2 is rutile-anatase mixing type while the 
composite prepared by the same method is rutile crystal. 
Scanning electron microscope study shows that TiO2 balls 
grow mostly at the end of sepiolite fibre in the composite. 
The TiO2 particles are spindle under transmission 
electronic microscope. The photocatalytic performances 
are evaluated through studying the ability of generating 
hydroxyl radical (·OH) by electron spin resonance(ESR), 
and the decomposition rate of methyl orange in aqueous 
solution. It is found that the quantity of hydroxyl radical 
increases and the photocatalytic activity is enhanced for 
TiO2/sepiolite composite under natural light.
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Growth and Characterization of Copper Doped 
Transition Metal Dichlacogenide Single Crystals

Milind DESHPANDE1; Manoj PARMAR2; 
Nilesh PANDYA3; Sunil CHAKI1; Gunvant SOLANKI1 
1. Department of Physics, Sardar Patel University, 
Vallabh Vidyangar, India
2. Department of Physics, The HNSB Ltd. Science 
College, Himatnagar, India
3. A. D. Patel Institute of Technology, New Vallabh 
Vidyangar, India

Transition metal dichalcogenides of group IVB, VB and 
VIB have received considerable attention because of the 
great diversity in their physical properties, 2H-WSe2 an 
interesting member of transition metal dichalcogenide 
(TMDC’S) family is known to be a semiconductor useful 
for photovoltaic and optoelectronic applications. Owing 
to the layered structure, the electronic properties of the 
transition metal dichalcogenide can be essentially modified 
by doping or intercalation of different chemical species 
between layers. Therefore, in this work we carried out 
systematic growth of copper doped tungsten diselenide i.e. 
CuxWSe2 (x = 0, 0.5, 1) single crystals by vapour transport 
method and its characterization by different techniques.

Single crystals of copper doped tungsten diselenide were 
grown in a two zone horizontal furnace with source 
zone at 1080°C and growth zone at 1060°C in 10 days 
within a quartz ampoule successfully. EDAX confirms 
the stoichiometry of the grown crystals with no impurity 
content in them. XRD shows that all crystals belong to the 
hexagonal system with few extra peaks corresponding to 
the planes of copper in doped samples. Using Scherrer’s 
equation, we estimated the crystallite size which varies 
in the range 117Å to 980Å for all the samples. Stacking 
fault probabilities i.e. growth fault and deformation fault 
were also calculated using X-ray diffractograms. The 
microstructural studies using optical microscope reveals 
beautiful Frank read sources and spiral features on the 
surface of crystals indicating that the crystals are grown 
by screw dislocation mechanism. The surface of crystals 
were also studied using Atomic Force Microscope(AFM) 
for section analysis i.e. periodicity and angle. Result and 
discussion will be explained in detail in the paper.

 A00623-01129 

Growth, Electrical Transport Properties and 
Microtopographic Studies of Mo 0.3W0.7Se2 Single 
Crystals

Sunil CHAKI; Manish K. BHAYANI; Amit j. PATEL; 
Ashvinkumar R. JANI 
Department of Physics, Sardar Patel University, Gujarat, 
India

Layered structure transition metal dichalcogenides 
(TMDC) have been extensively used as potential materials 
in photovoltaic and photoelectrochemical (PEC) solar 
cells because of their inherent resistive nature to photo-
corrosion, a main stumbling block in the use in such 
devices. These compounds have the general formula TX2, 
where T=Mo, W,… and X=S, Se,… having MoS2, MoSe2, 
WS2 and WSe2, etc. which are typically semiconductors in 
the pure stoichiometric state, are also used as antifriction 
agents, catalyst in dehydrosulphurization and in providing 
atomically flat substrate surface for the deposition of thin 
organic films. In recent time scant work is reported on 
the mixed transition metal dichalcogenides having series 
Mo1-xWxSe2 (1≥ x ≥0) with diselenides of molybdenum 
and tungsten (MoSe2, WSe2) as the end compounds of 
the series. The authors decided to carry out growth of 
Mo0.3W0.7Se2 (with x = 0.7) single crystals of the Mo1-

xWxSe2 (1≥ x ≥0) series, by direct vapour transport 
technique (DVT). The stoichiometric composition and 
the crystallographic lattice parameters of the grown 
crystals were determined by energy dispersive analysis of 
X-ray (EDAX) and X-ray diffraction (XRD) techniques, 
respectively. The energy bandgap of the crystal was 
determined from the analysis of the optical absorption. 
The Hall coefficient measurement and the d.c. electrical 
resistivity variation with temperature confirmed that the 
grown single crystals were semiconductor. The variation 
of the d.c. electrical resisitivity with pressure was studied 
on the grown single crystals. The growth mechanism is 
explained by studying the surface microtopography of the 
as-grown single crystals.

 A00695-01249 

Growth and Characterization of L – alanine Doped 
KDP Crystals

Ketan PARIKH1; Dipak DAVE1; Bharat PAREKH2; 
Mihirkumar JOSHI1 
1. Department of Physics, Saurashtra University, Rajkot/
Gujarat, India
2. School of Petroleum Technology, Pandit Deendayal 
Petroleum University, Gandhinagar/Gujarat, India

Potassium Dihydrogen Phosphate (KDP) is an excellent 
inorganic non – linear optical (NLO) material with 
different device applications. Most of amino acids are 
exhibiting NLO property; therefore, it is of interest to dope 
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them in KDP crystals. In the present study, amino acid, L 
– alanine doped KDP crystals are grown by slow aqueous 
solvent evaporation technique. The doping of L – alanine 
was confirmed by the paper chromatography, the CHN 
analysis and the FT – IR spectroscopy. The powder XRD 
was carried out to assess the single phase nature of the 
samples. The effect of the doping on the thermal stability 
of the crystals was studied by TGA and the thermodynamic 
and kinetic parameters of dehydration were evaluated. As 
the amount of doping increased the thermal stability of 
crystals decreased slightly. However, the second harmonic 
generation (SHG) efficiency and the UV – Vis spectroscopy 
studies indicated that as the L – alanine doping increased 
the SHG efficiency and optical transmission percentage 
increased. The dielectric behavior of the samples has been 
studied. The variation of dielectric constant, dielectric 
loss (tanδ), a. c. resistivity and a. c. conductivity with 
frequency of applied field in the range from 100 Hz to 100 
kHz is reported. The dielectric constant and dielectric loss 
decreased with increase the value of frequency of applied 
field. The dielectric constant and the dielectric loss of L – 
alanine doped KDP crystals were found to be lower than 
the pure KDP crystals. The results are discussed.

 A00708-01869 

Single Crystal Growth of Organic Semiconductors 
from Solutions and Gas Phase

Ke jie TAN; Hui JIANG; Jinbo ZHOU; Keke ZHANG; 
Christian KLOC 
School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

To evaluate the best practically achievable charge transport 
properties of organic semiconductors, the single crystals 
of rubrene, tetracene, pentacene, TCNQ or perylene have 
been grown. Due to the relative high vapor pressure and 
low thermal stability of many organic semiconductors 
the crystal growth from organic solvents and physical 
vapor transport have been chosen for crystals preparation. 
Binary compound of TCNQ and perylene have also 
been crystallized. The quality of single crystals have 
been characterized by optical spectroscopy and X-ray 
diffraction techniques. The purity has been measured by 
chromatography and mass spectroscopic methods. Solvent 
grown crystals were compared with gas phase grown 
crystals. It was found that the purity of available starting 
materials and resulting crystals need to be characterized on 
the ppm level, typical for inorganic semiconductors. The 
crystal growth process and apparatus used for crystal growth 
have been modified for specific molecules. The crystals 
have been used for charge transport measurement. The 
highest mobility measured in our organic semiconductor 
was 12 cm2/Vs in Rubrene.

 A00733-01306 

The Effect of Ru(III)- Doping on the Structure 
and Properties of Technologically Important 
Potassium Hydrogen Phthalate (KHP) Crystals 

Shanmugasundaram PARTHIBAN; 
Subbiah MEENAKHSISUNDARAM 
Department of Chemistry, Annamalai University, Tamil 
Nadu, India

A systematic analysis of ruthenium concentration effects 
(0.055, 1.06 and 1.45 mg L-1) on Ru(III)-doped black 
colored potassium hydrogen phthalate (KHP) single 
crystals grown at 30 °C from aqueous growth solution by 
slow evaporation solution growth technique (SEST) has 
been made. Considerable influence of doping ruthenium 
on the structure, optical properties and morphology 
of KHP are observed. Further, the effects are more 
pronounced with heavy doping. The effect of substitution 
of ruthenium for potassium in the KHP crystals has been 
studied by XRD, OH- IR absorption, UV, SEM, EDS, 
ICP and SHG measurements. Even though, low quantity 
doping reduces the second harmonic generation (SHG) 
conversion efficiency considerably, further addition of 
ruthenium(III) improves the efficiency to a significant 
extent. The OH- IR absorption spectra reveal that there 
is a change in the position of absorption band and this 
observation is in tune with the lattice stress and defective 
structure by doping. Significant peak shifts and changes 
in intensity patterns observed in the powder XRD of 
doped specimens clearly reveal the lattice distortion and 
the incorporation of ruthenium into the crystal matrix is 
well confirmed by EDS and ICP measurements. SEM 
reveals the changes in surface morphology with change in 
ruthenium concentration of the as-grown specimens.

 A00755-02641 

Investigation of Crystal Growth and Phase 
Equilibria in the BaB2O4-NaF System

Tatyana BEKKER1; Alexander KOKH1; 
Nadezhda KONONOVA1; Pavel FEDOROV2; 
Sergej KUSNETSOV2; Katerina NIGMATULINA3 
1. Institute of Geology and Mineralogy Siberian Branch 
of Russian Academy of Science, Novosibirsk, Russian 
Federation
2. General Physics Institute Russian Academy of Science, 
Moscow, Russian Federation
3. Novosibirsk State University, Novosibirsk, Russian 
Federation

Single crystals of low-temperature barium borate 
modification β-BaB2O4 (BBO) are an important material 
for nonlinear optics; they are used for frequency conversion 
in the visible and UV ranges.
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The most widespread solvents for growing β-BaB2O4 
crystals are Na2O and some compositions of the BaO-B2O3-
Na2O system. However, the process is hindered by the high 
viscosity of the melt and its ten dency to supercooling. The 
BaB2O4-NaF system is of great interest for growing BBO 
crystals due to the essential viscosity reduction. According 
to the data obtained from literature, the BaB2O4-NaF 
system is quasybinary and does not contain any intermediate 
phases.

In successive growth cycles on β-BaB2O4 crystal growth in 
the BaB2O4-NaF system we observed the essential decrease 
of yield coefficient and, accordingly, the sizes and weight 
of grown crystals. Another specific feature of the growth 
in the BaB2O4-NaF system was the significant change in 
the growth onset temperature.  We suggested that the melt 
instability can be related to chemical reactions in the melt, 
which should change the ratio of the initial components.  
The BaB2O4-NaF system was investigated by the modified 
method of visual polythermal analysis, spontaneous 
crystalli zation on the platinum loop, solid-phase synthesis, 
X-ray diffraction and differential-thermal analysis.

It was found that BaB2O4-NaF system is not quasi-binary. 
The concentration range from 47.5 to 65 mol.% NaF 
corresponds to primary crystallization area of the new 
compound Ba2Na3[B3O6]2F. It crystallizes in hex agonal 
system, P63/m, Z=2, a = 7.346(1), с = 12.636(2) Å, 
dcalc=3.484 g/cm3, R[F2 > 2σ(F2)] = 0.017. Single cryslals 
of Ba2Na3[B3O6]2F up to 50 g in weight were grown in the 
BaB2O4-NaF system.

New form of phase diagram of the BaB2O4-NaF system 
has been obtained as the result of comprehensive 
investigations.

 A00756-02208 

A Combinatorial Library of Primaryammonium 
Dicarboxylate Based Liquid Crystal Gelators: A 
Crystal Engineering Approach

Pathik SAHOO1; N. N. ADARSH1; 
George E. CHACKO2; Srinivasa R. RAGHAVAN2; 
Vedavati G. PURANIK3; Parthasarathi DASTIDAR1 
1. Organic Chemistry, Indian Association for the 
Cultivation of Science, Kolkata, India
2. Department of Chemical and Biomolecular 
Engineering, University of Maryland, Maryland, 
United States
3. Center for Materials Characterization, National 
Chemical Laboratory, Pune, India

Starting from protoplasm to shaving cream, gels are 
omnipresent. They are solid like materials comprised of 
two components- gelator(s) and solvent(s). While cooling 
a hot solution of low molecular weight gelator (LMWG) 
below a critical temperature (Tg), the solvent molecules 

are trapped by the 3D supramolecular cage to form gel. 
Gel formation is thought to be occurring via self-assembly 
process wherein the LMWG molecules recognize each 
other via various noncovalent interactions to form one 
dimensional (1D) network known as self assembled fibrillar 
networks (SAFINs), which are shown to cross-link among 
themselves via “junction jones” to produce a 3D network 
within which the solvent molecules are immobilized.

Recent years have witnessed a surge of research work 
dedicated to LMWGs because of their various potential 
applications in sensors, electrooptics, structure directing 
agents, cosmetics, conservation of arts, drug delivery and 
bio-medical applications etc. Due to lack of knowledge in 
molecular level interaction of gelleing process, designing 
a LMWG is still a major challenge. Some anisotropic 
interactions of the gelator molecules allow growth in one 
direction to form 1D fiber which is indispensable rather 
than a sufficient condition to form SAFIN.

Crystal engineering approach wherein robust 
supramolecular synthons are identified and exploited 
may be useful in generating materials with desired 
supramolecular structures and properties. Using crystal 
engineering concepts, we have been able to design various 
LMWGs. Recently, we showed that how long chain alkyl-
alkyl interactions induced hydrogen bond isomerism 
in primary ammonium dicarboxylate (PAD) synthon to 
generate 1D nanotubular construct displaying gelling 
ability. Inspired by these results, we decided to explore this 
new 1D nanotubular synthon in searching for intriguing 
gelling agents in a series of PAD salts using a combinatorial 
library approach. For this purpose, we synthesized a library 
of 35 PAD salts using 7 dicarboxylic acids (malonic, 
succinic, adipic, L-tartaric, maleic, phthalic, isophthalic 
acid) and 5 alkyl amines R(CH2)n-NH2 (n = 11-15).

The gels were characterized by rheology, optical and 
scanning electron microscopy and small angle neutron 
scattering (SANS), differential scanning calorimetry 
(DSC). We also report single crystal structures of a few 
gelators and nongelators and attempt a structure-property 
correlation. All the crystals crystallized in triclinic Pī space 
groups. Many of the gelators and non gelators showed 
the liquid crystalline property. The salts derived from 
dicarboxylic acids having flexible backbone (malonic 
acid to tartaric acid) irrespective of the alkyl chain length 
of the ammonium moiety showed gelation. On the other 
hand, salts derived from dicarboxylic acids having rigid 
backbone (maleic acid to isophthalic acid) did not show 
gelation except the ones having ammonium moiety with 
n = 15. These results clearly indicate the importance 
of the acid backbone.  SANS data on some of the 
hexadecylammonium salts followed the Porod’s law, i.e., 
I ~ q–4, which indicated the presence of sharp interfaces in 
the gel state.
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THE Crystal Engineering Approach to Design 
the Aminoacid Based Low Molecular Weight 
Gelator: Charectirazation and Structure Property 
Correlation 

Pathik SAHOO1; D. KRISHNA KUMAR2; 
Parthasarathi DASTIDAR1 
1. Organic Chemistry, Indian Association for the 
Cultivation Of Science, Kolkata, India
2. Chemistry, State University of New York at Albany, 
Albany, United States

A hot solution of low molecular weight gelator (LMWG) 
when cooled below a critical temperature (Tg) forms gel. 
Gel formation is thought to be occurring via self-assembly 
process wherein the LMWG molecules recognize each 
other via various noncovalent interactions to form one 
dimensional (1D) network known as self assembled 
fibrillar networks (SAFINs). SAFINS are shown to cross-
link among themselves via “junction jones” to produce a 
3D network structure capable of immobilizing the flow 
of organic solvent or water/aqueous solvent to generate 
the organogel or hydrogel respectively. It has recently 
been pointed out that 1D hydrogen bonded network is 
one of the prerequisites for a molecule to show gelation 
properties. Crystal engineering approach wherein robust 
supramolecular synthons are identified and exploited may be 
useful in generating materials with desired supramolecular 
structures and properties. Using crystal engineering 
concepts we have been able to design various LMWGs. A 
series of biologically important aminoacid methyl esters 
were reacted with cinnamic acid analogs. The salts are 
crystallized in orthorhombic (P212121) system. Some of 
them turned out to become good gelators. A structure-
property correlation was attempted based on the single 
crystal X-ray structures, small angle neutron scattering 
(SANS), of some of the gelators and nongelators.

 A00788-03010 

Gel Growth and Kinetic Studies of Cadmium 
Tartrate Pentahydrate Single Crystals

Anjana KOTHARI1; S. K. ARORA1;2 
1. Dr. K. C. Patel Research and Development Centre, 
Education Campus Changa, Gujarat, India
2. Department of Physics, Sardar Patel University, 
Anand, India

Cadmium tartrate single crystals belong to the monoclinic 
crystal system with space group P21/m and have very 
good birefringence and piezoelectric properties. These 
single crystals have been grown by gel technique using 
precursor solutions of cadmium chloride and tartaric acid. 
Slow migration of crystal constituents (ions) through 
silica hydro-gel results into the formation of a sparingly 
soluble compound at a very slow and sluggish reaction 

rate. The crystal is formed when the concentration of these 
compound ions exceeds their solubility limits. Since the 
gel plays a vital role over a control of the flow of reacting 
ions, it is important to study the effect of gel parameters 
for the desired yield of crystallization. Therefore, to 
control the nucleation and growth for a desirable size 
of crystals kinetic study of growth parameters has been 
done. The material crystallizes in the form of dendrites as 
well as single crystals. The number of dendrites decreases 
using the gel density 1.05 gm/c.c. aged for 5 to 6 days. 
The higher concentration of supernant solution gives 
single crystals whose number decreases with increasing 
concentration. The higher pH gels are more effective for 
dendritic growth. The growth of cadmium tartrate crystals 
as a function of gel density, gel pH, gel aging, amount 
and concentration variation of the supernant solution, etc. 
is presented. Crystals grown at higher concentration of 
supernant solution are more transparent than those grown 
at lower concentration. Decrease in gel density increases 
gel transparency. The use of intermediate neutral gel 
column and molarity of supernant solution considerably 
reduces the number of nucleation sites. The number of 
crystals is more sensitive to molarity of supernant solution 
and gel aging and less sensitive to gel pH and gel density. 
High density and high pH gels produces opaque crystals 
while good quality transparent single crystals are obtained 
at low density low pH gels.

 A00790-01384 

Growth and Characterization of Borate Based 
Single Crystals for Laser Applications

Arun Kumar RAMAN; Dhanasekaran RAMASAMY 
Crystal Growth Centre, Anna University Chennai, 
Chennai, India

Research in the field of solid state lasers for industrial 
and a variety of applications is intensely carried out in 
many laboratories. The fascinating idea of adding dopants 
to a crystal to make it ‘laser-active’ has attracted many 
researchers to grow single crystals for optical applications. 
Several borate based crystals are attractive nonlinear optical 
(NLO) materials, as they exhibit the non-centrosymmetric 
structure. Further, the borate materials have an outstanding 
laser induced damage threshold property which makes them 
to withstand high power lasers. The single crystal growth 
of inorganic borate crystals - lanthanum calcium oxy 
borate (LCOB) and neodymium doped lanthanum calcium 
oxy borate (Nd:LCOB) is carried out and reported.

LCOB and Nd:LCOB polycrystalline materials were 
synthesized from high pure chemicals (>4N purity) by 
solid-state reaction method. The synthesized materials 
were characterized by powder x-ray diffraction analysis. 
The melting point of the materials is around 1410 °C. 
Single crystals of LCOB and Nd:LCOB were grown from 
their respective melts in platinum crucibles at the optimized 
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cooling rates of 0.5 – 60 °C/hr. Several transparent single 
crystals with the dimensions of 15 x 9 x 5 mm3 (LCOB) 
and 5 x 5 x 3 mm3 (Nd: LCOB) were obtained.

The unit cell parameters identified for the crystals by single 
crystal XRD analysis are: a=8.14 Å, b=16.01 Å, c= 3.60 Å, 
α=γ= 90° and β = 101.2° for LCOB and a=8.043 Å, b=15.953 
Å, c= 3.512 Å, α=γ= 90° and β = 101.2° for Nd:LCOB 
respectively. Both the crystals exhibit the monoclinic 
structure with Cm space group. The as-grown crystals are 
highly transparent in the UV and visible regions with the 
cutoff wavelength at 210 nm. The characteristic absorption 
for the Nd: LCOB crystals occur at 355, 535, 585, 595, 
742, 810,815 and 875 nm which can be attributed to the 
inter-sub band transitions of the Nd3+ ion. The FTIR results 
indicates the presence of all the functional groups such as 
(BO3)

3-, La-O and Ca-O. The powder SHG efficiency of 
LCOB and Nd: LCOB crystals were found to be 3 and 3.3 
times that of KDP. The dielectric constant and dielectric 
loss curves for LCOB and Nd:LCOB crystals are similar. 
The dielectric constant and dielectric loss decreases slowly 
with the increasing frequencies and attains saturation 
at higher frequencies. The low value of dielectric loss 
indicates that the grown crystals contain minimum defects. 
The IR emission at 1064 nm for the Nd:LCOB crystal was 
successfully demonstrated by pumping the crystal with a 
He-Cd laser source. Specific heat studies carried out on the 
Nd:LCOB crystal reveals that the crystal posses the high 
specific heat value of 0.1723 J/g.°C (at 55 °C) and 0.9759 
j/g.°C (at 550 °C). The laser induced damage tolerance of 
LCOB and Nd:LCOB single crystals are 2.206 and 2.209 
GW/cm2 respectively. The synthesis, crystal growth and 
the characterization will be presented.

 A00954-03705 

Chirality Control on Lipid Nanotubule Morphology 
Investigated by Circular Dichroism Study 

Yuwathida JANTIPPANA1; Weerawat INTARATAT1; 
Wisit SINGHSOMROJE2; Sujint WANGSUYA2; 
Piboon PANTU3; jumras LIMTRAKUL3; 
Nattaporn CHATTHAM1 
1. Department of Physics, Kasetsart University, 
Bangkok, Thailand
2. Department of Physics, Mahidol University, 
Bangkok, Thailand
3. Department of Chemistry, Kasetsart University, 
Bangkok, Thailand

Self-assembled cylindrical tubules of chiral 1,2-bis(tricosa-
10,12-diynoyl)-sn-glycero-3-phosphocholine (DC8,9PC) 
formed under controlled cooling process. A mixture of 
DC8,9PC in ethanol : water [75:25 (v:v)], was heated to 50 
°C to dissolve the lipid, and then was allowed to cool to 
room temperature with controlled cooling rate. Ribbons 
of lipid bilayers self assembled into tight helical structure 
forming hollow cylindrical nanotubules during the cooling 

process. Images from Atomic Force Microscopy (AFM) 
revealed strong dependence of helical pitches on cooling 
rates. The helical pitches increase with decreasing cooling 
rate. We report experimental measurement on absorption 
of two orthogonal circularly polarized light by chiral 
lipid nanotubules of different helical pitches. The optical 
experiment is carried out with 532 nm, 632 nm and 810 
nm lasers. The preference of absorption of one handed 
of circularly polarized light is revealed through circular 
dichroism study along with an evidence of absorption 
strength increasing with the length of lipid tubule helical 
pitches. Thus, other than molecular chirality, chirality 
of lipid tubules can be enhanced through controlled 
cooling process during the lipid tubule formation. This 
work is supported by Kasetsart University Research and 
Development Institute, National Research Council of 
Thailand and National Nanotechnology Center, Thailand.
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Growth Morphology of Alpha Glycine Crystals in 
Aqueous Solutions: A Computational Study

Sivashangari GNANASAMBANDAM1; 
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1. Chemical & Biomolecular Engineering, National 
University of Singapore, Singapore
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Predicting the crystal shape of organic compounds as 
a function of molecular architecture and environment 
in solutions has been a long term objective in the 
crystallographic community. In particular, the properties 
of potential drugs in the pharmaceutical industry, namely, 
dissolution rate, solubility and bioavailability are greatly 
dependent on the morphology of crystals and hence control 
of the growth habit is necessary. The solvent has a strong 
influence on the crystal shape; however, it is not clear 
whether the solvent-solute interactions at the interfaces 
enhance or inhibit crystal growth and changes the shape 
of the crystals. The objective of our work is to predict the 
morphology of glycine crystals in aqueous solutions using 
computational methods.

A combination of theoretical formalism and molecular 
dynamics simulations are used for predicting the relative 
growth rate of morphologically important (MI) faces. A 
simulation box consists of crystalline glycine and solute 
glycine in bulk solution which is supersaturated with 0.96 
molefraction of glycine for the MI faces of (010) and (011) 
glycine crystal. The simulation methodology consists of 
NPT (anisotropic) ensemble at 1 bar and 298 K and NVT 
ensemble at 298 K for 10 ns.

Molecular dynamics simulations is performed on the 
system which consists of glycine in solid and fluid states. 
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The interface is identified on both the surfaces and the 
concentration of adsorbed growth units which have the 
same orientation as that of the solid units are calculated 
based on orientational distribution function as well as the 
potential of the adsorbed solute molecules at the interface. 
The concentration of the adsorbed molecules at the two 
surfaces are used to find the relative growth rate for the 
faces using the expression developed by Liu et al. The 
relative growth rate is used to predict the morphology of 
glycine in aqueous solution using wulff plot. The predicted 
morphology have the ratio (b/c axis) of 2.24 which is in 
very good agreement with the experiment observation of 
2.6 ± 0.5. The methodology is further in use to explore 
the effect of other solvents and impurities in directing the 
morphology of glycine crystals.
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Activation Energy Diagnostics of Implantation-
induced Defects 

Weera PENGCHAN1; Toempong PHETCHAKUL1; 
Amporn POYAI2; Anucha RUANGPHANIT2; 
Nopphon PHONGPHANCHANTRA2 
1. Electronics, King Mongkut’s Institute of Technology 
Ladkrabang, Bangkok, Thailand
2. Thai MicroElectronics Center (TMEC), National 
Electronics and Computer Technology Center, 
Chachoengsao, Thailand

Low power consumption device can be realized by low 
junction leakage current. This leakage current relates to 
the defects in the depletion region of p-n junction. Among 
variety process steps, implantation step may generate 
defects. Therefore, the implantation-induced defects have 
been studied from the activation energy which has  been 
obtained from the leakage current of p-n junction.  The 
different geometry p-n junctions have been fabricated by a 
standard CMOS technology. The current-voltage (I-V) and 
high frequency capacitance-voltage (C-V) characteristics 
of p-n junctions with temperature dependence have be 
measured. The electrically active defects from implantation 
process can be extracted from the junction generation 
current density versus temperature. Base on this analysis, 
it will be  demonstrated that the implantation-induced 
defects have been found in p+- n-well more than in n+- 
p-substrate. Finally, the possible nature of the defect will 
be discussed.

 A00975-02125 

Vickers Micro-hardness Study of Urinary Type 
Struvite Crystals

Chetan CHAUHAN1;2; Mihir JOSHI1 
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2. Department of Physics, H. & H. B. Kotak Institute of 
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The formation of urinary stones, known as nephrolithiasis, 
urolithiasis, renal calculi or kidney stone is a serious, 
debilitating problem in all societies throughout the 
world. Struvite or Ammonium Magnesium Phosphate 
Hexahydrate, (NH4) MgPO4 6H2O, is one of the components 
of urinary stones (calculi).  Struvite stones are commonly 
found in women as a result of urinary tract infection with 
ureolithic urea splitting micro organisms.

Struvite crystals were grown by single diffusion gel growth 
technique in glass test tubes. Sodium metasilicate solution 
of specific gravity 1.08 was mixed with 1.5 M aqueous 
solution of ammonium dihydrogen phosphate (ADP) in 
such a manner that desired 7.5 pH of the mixture could be 
set. This mixture was allowed to set in the gel form. After 
the gelation, equal amount of supernatant solution of 1 M 
Magnesium acetate was gently poured on the set gels in 
the respective test tubes in the aseptic medium. Struvite 
crystals of different morphology were harvested.

Struvite single crystals of platelet type morphology with 
smooth faces were selected for micro- hardness study.  
Vickers micro-indentation hardness study was carried 
at different loads varying from 0.005 to 0.125 kg. The 
variation of Vickers micro-hardness with applied load 
suggests that the hardness increases with load with 
certain variations. The variations may be correlated to the 
different slip systems operative at various load values. The 
Kick’s law was also verified from the plots of log P versus 
log d and the value of work hardening coefficient n was 
found to be greater than 2. The values of yield stress and 
elastic stiffness constant were calculated. The proportional 
specimen resistance (PSR) model was also tested. This 
Vickers micro-hardness study and related mechanical 
properties may provide useful information to fracture 
the Struvite stones and the power required to fracture in 
Extracorporeal Shock Wave Lithotripsy (ESWL).
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Microstructural Study of 22wt%Cr-0.037wt%C 
Cast Duplex Stainless Steel
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john T. H. PEARCE3; David V. EDMONDS4; 
Rik M. D. BRYDSON4; Andrew P. BROWN4 
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Mai, Thailand
3. National Metals and Materials Technology Centre, 
Patumthani, Thailand
4. Institute for Materials Research, The University of 
Leeds, Leeds, United Kingdom

Duplex stainless steels- (DSS) consist of both ferrite 
and austenite. Comparing to austenitic stainless steels, 
these alloys have much higher strength and comparable 
corrosion resistance. These alloys have good weldability, 
reasonable ductility, reasonable intergranular sensitisation 
and low cost. Thus, DSS have been increasingly used in 
conditions inwhich the superior corrosion resistance is 
needed, especially in chloride-containing environments, 
marine environments, oil and gas, pulp and paper, chemical, 
petrochemical, and power industries.

In this work, characterisation of a 22wt%Cr-0.037wt%C cast 
duplex stainless steel has been studied. The microstructure 
was investigated by electron microscopy. The duplex 
stainless steel was heat-treated at 1175 oC for 1 hr, then 
water- and furnace-cooled. Slow rate cooling in furnace 
resulted in an unknown precipitate at the ferrite-austenite 
interphase boundaries. The precipitate has a detrimental 
effect on corrosion resistant of the duplex stainless steel. 
The results from SEM and TEM investigations of the 
precipitate phase revealed their grain size of about 200-
500 nm and a presence of faulting contrast.
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Nucleation Mechanism of Polytype Transformation 
in 6H-SiC Polytype Inclusions inside 15R-SiC 
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A model is presented for the nucleation mechanism of 
6H-SiC polytype inclusions in Physical Vapor Transport 
(PVT) grown 15R-SiC boules. According to this model, 
inhomogeneous densities of screw dislocations replicated 
from the seed lead to uneven growth rates in the boule 
resulting in a quasi-vicinal growth surface. Subsequent 
interference between advancing vicinal growth steps and 
screw dislocation spiral growth steps lead to complex step 
overgrowth processes which can suppress all or part of 
the 15R 1c screw dislocation Burgers vector through the 
creation of Frank faults and Frank partial dislocations on 
the basal plane. Combined with stacking shifts induced by 
the passage of basal plane partial dislocations (observed 
to be in plentiful supply in the boule) it is shown that 
suppression of 9/15 of the 15R 1c dislocation Burgers 
vector by such step overgrowth can leave behind a 
residual Burgers vector corresponding to a 1c dislocation 
in 6H-SiC. This residual dislocation then acts as a nucleus 
for reproduction of the 6H SiC structure at the surface of 
the 15R crystal. Competition between the 6H nucleus and 
the surrounding 15R matrix eventually leads to lenticular 
shaped 6H inclusions approximately parallel to the 15R 
basal plane.

In this paper we will present evidence in support of 
our model mainly comprising synchrotron white beam 
and monochromatic topography images recorded in 
transmission from thin wafers cut parallel to the [0001] 
growth axis of the 15R boule. Images recorded from 3 
different a-plane wafers show uneven densities of screw 
dislocations with an excess occurring on one side of the 
wafer. 6H nucleation is believed to have occurred in close 
to these screw dislocations due to overgrowth by the 
vicinal steps. Evidence for the nucleation of Frank faults 
and Frank partial dislocations in these regions is also 
presented on these topographs. Supporting evidence for 
the presence of the Frank faults and partial dislocations 
is provided by HRTEM images recorded from regions 
close to the interface between the 15R substrate and the 
6H inclusion. It is also noted that the 6H inclusions can act 
as barriers to other screw dislocations in the 15R crystal. 
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However, once the inclusion is eventually fully enclosed 
by 15R crystal, the net Burgers vector eliminated from the 
15R at the lower side of the inclusion must be equal to 
that emerging from the upper side. In some cases this can 
lead to accumulation of screw dislocation Burgers vector 
into micropipes. Occasionally, a screw dislocation from 
the 15R is admitted into the 6H inclusion and either is 
terminated on the upper side of the inclusion or emerges 
from the other side back into the 15R. Rules governing 
such processes are discussed.

 A01100-01919 

Growth of Lanthanum Calcium Borate (LCB) 
Single Crystals and its Characterization for Laser 
Applications

Senthilkumar MUTHUSAMY; Arun Kumar R.; 
Dhanasekaran R. 
Crystal Growth Centre, Anna University Chennai, 
Chennai/Tamilnadu, India

The development and availability of efficient and powerful 
lasers has had a profound effect on fields ranging from 
basic research to medical diagnostics and therapies. For 
many applications however, a required frequency is not 
directly available from a convenient laser source. The 
required frequency may be generated with a NLO crystal 
which plays a very important role in the performance of 
high power solid-state lasers for industrial applicaitons.  
Borate crystals with B-O bonds are often used for high-
power UV light generation. A series of borate crystals 
were developed like CBO, CLBO, YCOB, GdYCOB, and 
KAB, which display vital role in the field of non-linear 
optics, especially in UV applications due to their high UV 
transmittance and high damage threshold.

Lanthanum Calcium Borate - La2CaB10O19 (LCB) is a 
recently developed NLO material. LCB is a biaxial crystal 
belonging to the monoclinic system with space group C2. 
Rare earth ions like La3+, Nd3+, Yb3+, and Er3+ can be doped 
with LCB crystal to convert as a laser crystal and it exhibits 
good laser properties. Rare earth doped LCB crystal has 
potential applications in medicine, opto-communication, 
NLO and lidar systems. LCB has been grown from 
the stoichiometric melt by Czochralski technique. The 
synthesized material of LCB was melted at 1080 °C. After 
cooling to 1065 °C at the rate of 1 °C/hr, the melt was 
soaked at 1065 °C for 12 h for homogenization. The LCB 
crystal was grown in a two zone resistance heated furnace. 
The growth parameters are: Pulling rate – 0.2 mm/hr, 
Rotation rate 10 – 15 rpm, Cooling rate during growth 0.1 
– 0.5 °C/hr, Seed – Platinum wire, Crucible - Platinum. 
During slow cooling, several crystals were obtained. Using 
a LCB seed formed at the tip of the platinum wire, a crystal 
of size 9 x 6 x 5 mm3 was obtained.

The polycrystalline synthesized LCB compound was 
confirmed by using powder X-ray diffraction analysis. 

Single crystal XRD analysis reveals that LCB crystallized 
in the monoclinic crystal system with the C2 space group 
and the unit cell parameters are determined to be, a = 11.059 
Ǻ, b = 6.582 Ǻ, c = 9.146 Ǻ, α = γ = 90°, β = 91.63°. The 
TG-DTA analysis was performed for the LCB compound 
and a sharp endothermic peak associated with the melting 
of LCB at 1040 °C was observed. Using FTIR analysis, 
the bond assignments for the fundamental vibrations of 
(BO3)

3- and La3+ were identified. UV-VIS-NIR spectrum 
was recorded for a 3 mm thick LCB crystal. It is observed 
that the crystal has cutoff less than 190nm and is more than 
50% transparent in the UV and visible region. Specific 
heat of LCB is measured from 55°C to 550°C. The crystal 
has specific heat values of 0.666 J/g°C and 3.511 J/g°C at 
55°C and 550°C respectively. Etching studies were carried 
out to find the growth pattern of LCB. The experimental 
results will be presented and discussed in detail.

 A01101-02243 

Growth and Characterization of Semi-organic 
Single Crystals for NLO Applications

Sathyalakshmi R.1; Ramasamy P.2 
1. Crystal Growth Centre, Anna University Chennai, 
Chennai/Tamilnadu, India
2. Electrical and Electronics Engineering, 
Sri Sivasubramaniya Nadar College of Engineering, 
Kalavakkam/Tamilnadu, India

High-power ultraviolet (UV) lasers are of great importance 
in the fields of medical surgery, chemistry, materials 
research, lithography and in industrial applications. An 
effective technique for UV generation is cascaded sum-
frequency generation pumped by the output of near-IR (λ 
∼µm) solid-state lasers by using nonlinear optical (NLO) 
crystals. NLO crystals are extremely important to meet the 
required applications like second harmonic generation, 
optical parametric oscillators, electro optic modulators, 
amplifiers for high power lasers. There are a wide range of 
NLO materials which are majorly classified as inorganic, 
organic and semi-organic materials.

Semi-organics are a range of materials that combine the 
advantageous properties of the organic molecules with 
inorganic counter ion. L-Glutamic acid is one of the 20 
amino acids with two carboxylic groups. L-Glutamic 
acid Hydrochloride (L-GluHCl) and L-Glutamic acid 
Hydrobromide (L-GluHBr) are amino acid derivative. 
These materials combine the high optical non linearities of 
the organic compound retaining the favorable mechanical 
and thermal properties of inorganic counter ion. L-GluHCl 
and L-GluHBr were synthesized and is purified by 
repeated recrystallization was taken as the raw material for 
growth. The growth conditions were optimized and single 
crystals of L-GluHCl and L-GluHBr were grown using 
conventional SEST technique and by SR method.
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Single crystal X-ray diffraction analysis was carried out 
for L-GluHCl and L-GluHBr crystals to determine unit 
cell dimensions and morphology. Both are crystallizing 
in orthorhombic crystal system with space group P212121. 
The cell parameters of L-GluHBr are a = 5.361(5) Ǻ, b 
= 11.738(5) Ǻ, c = 13.372(5) Ǻ, α = 90.000(5) deg, β = 
90.000(5) deg and γ = 90.000(5) deg, volume = 841.5(9) 
Ǻ. Atomic coordinates and bond lengths with bond angles 
for L-GluHBr were determined. High Resolution-XRD 
analysis were done using mulitcrystal X-ray diffractometer 
and the value of FWHM of L-GluHCl and L-GluHBr are 12 
and 25 arc s respectively, which reveals good crystallinity 
of the grown crystals by SEST. For SR grown L-GluHCl 
the value of FWHM is 6 arc s which is much better than 
conventional SEST. FTIR spectrum was recorded and 
bond assignments were determined. Solubility studies 
for different temperature were measured. The melting 
behavior of both the crystals was studied. The UV-Vis-
NIR spectral transmittance was studied for L-GluHCl 
and L-GluHBr which has lower cut-off values at 235nm 
and 260nm respectively. L-GluHCl and L-GluHBr 
were subjected to dielectric studies and found that both 
the crystals possess low dielectric loss which indicates 
minimum defects. Vickers-micro hardness measurements 
were performed and it is observed that the hardness (Hv) 
of both the crystals was found to increase with an increase 
in the indenter load. NLO test of the grown crystals were 
carried out using Kurtz-Perry powder technique and it is 
observed that both the crystals possess NLO efficiency 
comparable to that of KDP. The results will be presented 
and discussed  in detail.
 

 A01152-01963 

Single Crystal Growth of Transition Metal 
Dichalcogenides

Minglin TOH; Christian KLOC 
School of Materials Science and Engineering, 
Nanyang Technological University, Singapore

Transition metal dichalcogenides single crystals had been 
grown via the Chemical Vapour Transport (CVT) Method. 
These binary compounds are formed from transition metals 
(Tungsten, Niobium, Molybednum, Titanium, Zirconium 
and Hafnium) and a chalcogenide (Sulphur, Selenium and 
Tellurium). The synthesis took place in vacuum sealed 
quartz ampoules. Iodine was used as the transport agent. 
A maximum temperature of 1050°C had been employed 
with varying temperature gradients. Commercial transition 
metals had been purified by reduction with hydrogen gas 
before use to ensure more complete reaction and proper 
stoichiometry of the products.

X-ray powder diffraction (XRD) and Energy-dispersive 
X-ray (EDX) analysis had been performed on the products 
of the CVT reactions and proper stiochiometry and phases 
of the desired compounds had been determined. Due to the 

two-dimensional character of transition metal compounds, 
preferred orientations of certain crystal planes were 
observed in the XRD spectra collected. The narrow X-ray 
peak widths indicated on high quality of produced single 
crystals.

Sizes of the single crystals formed were found to vary 
with different reaction conditions. A small temperature 
gradient around 1000°C yielded larger sized crystals. 
Also, it was observed that hydrogen reduction of transition 
metals before crystal growth improved significantly the 
dimensions and quality of resulting crystals.

 A01152-01971 

Iron Arsenide for Superconducting Materials

Bryan TAN1; Minglin TOH1; 
Stevin SNELLIUS PRAMANA1; Martin SCHREYER2; 
Christian KLOC1 
1. School of Materials Science and Engineering, 
Nanyang Technological University, Singapore
2. Institute of Chemical and Engineering Sciences, 
Singapore

Iron arsenide is a crucial component for the synthesis 
of iron-based superconducting materials and exists as 
layers within the crystal lattice of the superconducting 
compounds. The study of the intrinsic properties for FeAs 
would hence be useful for understanding the origin of 
superconductivity in doped iron pnictides.

Elemental forms of iron and arsenic had been weighed 
in the stoichiometric ratio and vacuum sealed in quartz 
ampoules. It was then subjected to a temperature of 1000°C 
for duration of three days. The end products of the reaction 
had been characterized with powder X-ray diffraction 
(XRD) and 99 wt.% had been identified as the FeAs.

An open setup had been applied for the crystal growth of 
iron arsenide. The synthesized FeAs powder was mixed 
with antimony (the flux material) in the ratio of 1:4 and 
placed in a quartz ampoule. Constant argon gas flow at 
60cc/min was provided to the reaction chamber which was 
placed in a vertical tube furnace at approximately 800°C 
for one day. Thereafter, the system was subjected to a 
cooling rate of 0.5°C/min. FeAs single crystals with sizes 
up to 0.5mm embedded in Sb were observed by a scanning 
electron microscopy. Energy-dispersive X-ray analysis 
(EDX) was performed on the crystals and showed an 
approximately 1:1 atomic proportion of iron to arsenic. The 
EDX spectra also indicated a small amount of antimony in 
FeAs crystals. This suggested an antimony doping into the 
single crystals.
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 A01223-02090 

MICROWAVE SyNTHESIS AND CRySTAL GROWTH 
OF [CO(H2O)4(BIPy)].(H2BIPy).2(SO4).2H2O 

Bunlawee YOTNOI1; Timothy PRIOR2; 
Santi MEANSIRI3; Apinpus RUJIWATRA1 
1. Department of Chemistry, Chiang Mai University, 
Chiang Mai, Thailand
2. Department of Chemistry, University of Hull, Hull, 
United Kingdom
3. Department of Physics, Khon Kaen University, 
Khon Kaen, Thailand

Single crystals of a new coordination polymer 
[Co(H2O)4(bipy)].(H2bipy).2(SO4).2H2O could be rapidly 
synthesized and growth using microwave heating of a 
mixture prepared from Co(NO3)2.6H2O, 4,4′-bipyridine, 
H2SO4 and H2O at 630 W for 5 minutes. The crystal 
structure can be solved and refined in monoclinic P21/n 
with a = 9.4120(18) Å, b = 13.0143(13) Å, c = 22.155(3) 
Å, β = 97.943(13)°, V = 2687.8(7) Å3 and Z = 4. The 
one dimensional structure is built up of the [CoIIO4N2] 
octahedra and the bridging 4,4′-bipyridine along <101> 
direction. The adjacent {Co(H2O)4(bipy)} chains are 
interconnected by forming hydrogen bonds to H2bipy, 
SO4

2- and H2O motifs, which are arranged in a pseudo-
honeycomb fashion. The compound shows ferromagnetic 
coupling with the maximum χm of 29.38 x 10-3 emu.mol-1 
at zero applied field.

The Thailand Research Fund, the Center for Innovation in 
Chemistry, Faculty of Science, Chiang Mai University and the 
Royal Golden Jubilee Ph.D. Program are acknowledged for 
financial support.

 A01277-03530 

Solution Growth of Organic Single Crystals 
of 4-hydroxycyanobenzene (4HCB) Suitable 
for Investigations on the Three-dimensional 
Transport Anisotropy in Organic Semiconducting 
Single Crystals

Alessandro FRALEONI-MORGERA1; 
Beatrice FRABONI2; Anna CAVALLINI2 
1. Sincrotrone Trieste SCpA, Trieste, Italy
2. Department of Physics, University of Bologna, 
Bologna, Italy

Semiconducting organic single crystals (OSCs) represent, 
due to their favourable physical characteristics (absence of 
defects related to grain boundaries, well defined geometrical 
disposition of molecules, high degree of order), attractive 
model compounds for assessing the three-dimensional 
transport anisotropy in organic materials. Up to now, 
however, OSCs for electronic transport characterization 
have been grown up almost exclusively starting from 
vacuum techniques.

Here we present solution growth technique for the 
preparation of beautiful, macroscopic (up to a few 
millimeter sized) single crystals of 4-hydroxycyanobenzene 
(4HCB). These crystals have been recently demonstrated 
of high interest for the community working on organic 
semiconducting single crystals, since it has been possible 
to use them for probing the anisotropic three-dimensional 
carrier mobility in a pretty reproducible manner. Moreover, 
also a three-dimensional Density of States (DOS) of deep 
traps in the same crystals have been detected, and likely 
intrinsic mobilities for the a-b plane of these crystals 
have been obtained. The crystals are easily grown from 
solutions of ethylic ether, and recovered from the bottom 
of a glass container (tipically a beaker) after slow solvent 
evaporation. The role of additional non-solvent (i.e. 
petroleum ether) in the tuning of the dimensions of the 
crystals is discussed.

 A01326-04289 

Doping Effects on Growth, Domain Structure and 
Optical Properties of LiNbO3 Crystals 

Xuewu XU1; Xinan LIANG1; Minghua LI1; 
Sanjeev SOLANKI1; Tow-Chong CHONG1;2 
1. Agency for Science, Technology and Research, 
Data Storage Institute, Singapore
2. Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore

Lithium niobate (LiNbO3) single crystal has extensive 
applications in science and engineering such as acoustic 
wave device, laser frequency converter, wavelength filter, 
optical modulator, optical switch, and optical waveguide 
in integrated optics. Photorefractive LiNbO3 crystal has 
also been widely investigated as a promising rewritable 
holographic storage medium due to its availability in large 
size and good quality. Recently doped LiNbO3 crystals 
have attracted much attention as one can effectively solve 
the long-standing volatile readout problem of recorded 
holograms by using doubly- or triply-doped crystals and 
the photorefractive performance of the crystal can be 
significantly improved through various doping. In this 
paper we report the latest research progress of doped 
LiNbO3 crystals and their application to holographic data 
storage. The doping effects on the crystal growth, domain 
structure and optical properties are also reviewed and 
presented.

The undoped and doped LiNbO3 crystals are usually grown 
by the Czochralski method. We have grown various doped 
LiNbO3 crystals with one inch in diameter by using the 
vertical Bridgman method in DSI. The influence of dopants 
on the crystal growth process has been investigated in 
terms of impurity segregation and absorption. The domain 
structure of the as-grown crystal has been studied by etching 
with HF:HNO3 = 1:2 at 100oC for 15 minutes. It is shown 
that the Bridgman-grown doped LiNbO3 crystals have a 
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single domain structure while the Czochralski-grown 
crystals have a multi-domain structure. As compared with 
the Czochralski method, the vertical Bridgman method 
has a specific furnace structure and a more stable thermal 
condition that results in a steadier solid-liquid interface. 
This makes it possible to directly grow single domain 
LiNbO3 with the vertical Bridgman method. A mechanism 
based on Li-diffusion and dopants in the crystal is proposed 
to explain the formation of single domain structure.

The doping effects on the optical properties of LiNbO3 
crystals have been investigated by measuring the optical 
spectra before and after the UV light illumination with a 
Shimadzu UV-VIS-NIR spectrophotometer. The optical 
inhomogeneity along the growth direction can be ascribed 
to the nonunity segregation and slight evaporation of 
dopants. The doped LiNbO3 crystals have shown much 
improved holographic recording performance in terms of 
photorefractive sensitivity, dynamic range, nonvolatility and 
lifetime of recorded holograms. Nonvolatile holographic 
storage has been successfully achieved in several doped 
crystals such as Cu:Ce:LiNbO3 and Ce:Tb:LiNbO3. High 
sensitivity of around 0.68cm/j and high dynamic range 
have also been achieved in as-grown Ag-doped LiNbO3 
crystal. The nonvolatile recording and readout mechanism 
is discussed based on the energy band diagram proposed 
for the doped LiNbO3 crystals.

 A01407-02443 

Photoelectron yield Spectroscopy as a Tool to 
Probe the Electronic Structures of Insulating 
Single Crystals

Hisao ISHII1;2; Shinichi MACHIDA2; 
Akihiro FUNAKOSHI2; Naoki OGAWA2; 
Yutaka NOGUCHI1;2; Yasuo NAKAYAMA1 
1. Center for Frontier Science, Chiba University, 
Chiba, Japan
2. Graduate School of Advanced Integration Science, 
Chiba University, Chiba, Japan

The information on the electronic structures of materials 
such as ionization energy and density of states is 
indispensable for better understanding of the nature of 
the materials and their application to devices. So far, 
ultraviolet photoelectron spectroscopy (UPS) has been 
applied to investigate the electronic structures of a wide 
range of materials. For insulating single crystals, UPS 
often encounters difficulties; single crystals are often thick, 
and if they have poor conductivity, UPS is not feasible due 
to sample charging effect. That is, the holes left on the 
crystal surface region after the emission of photoelectron  
suppress further photoemission and make the spectrum 
distorted. In addition, the sample should be kept in vacuum 
for the UPS measurements, but, the atmospheric gas effect 
on the electronic properties of the crystals, which is often 
important to discuss the real device in air, can not be 
examined.

Very recently we have demonstrated that photoelectron 
yield spectroscopy (PYS) in current detection mode 
enable us to investigate the electronic structures of highly 
insulating materials [Y. Nakayama et al., Appl. Phys. Lett., 
92, 153306 (2008) ].  In PYS, the sample is irradiated 
by vacuum ultraviolet light and the yield of the emitted 
photoelectrons is recorded as a function of the photon 
energy. The energy threshold of the yield spectrum gives 
the ionization energy of the sample, and the derivative 
spectrum corresponds to the density of states in the valence 
top region. In our method, the photocurrent can be measured 
as a displacement current by using capacitor arrangement 
of the sample. Actually, PYS of a diamond ring and an 
organic film on mm-size mica film are possible.

In this paper, we report on our recent study to investigate 
the bulk and interfacial electronic structures of rubrene 
signle crystal by PYS. Rubrene single crystal has attracted 
much attention in organic electronics field because its field 
effect transistor shows highest carrier mobility among 
organic semiconductors. It is suggested that oxygen-
induced state significantly improves the mobility, and the 
electronic structure in atmospheric condition is highly 
necessary while UPS is not feasible to the crystal. Our 
PYS measurements revealed that the ionization potential 
of the rubrene single crystal is 0.4eV smaller than that of 
the evaporated amorphous thin film. Also we found a tail 
structure in HOMO-LUMO gap in the derivative spectrum, 
which may be related to the oxygen-induced state.  Rubrene 
/ Ag and rubrene / Au interfaces are also investigated by 
PYS, and the hole injection barrier for these interfaces 
in air codition was successfully determined. These 
results demonstrate the potential of PYS measurement to 
explore the electronic structures of other insulating single 
crystals.

This work was financially supported by the G-COE Program 
(Advanced School for Organic Electronics) and KAKENHI 
(Grant Nos. 18350093 and 19655065).
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Electron Irradiation Effects on SHG of a New NLO 
Organic Crystal.: 4-Amino-5-Mercapto-3-[1-(4-
Isobutylphenyl) Ethyl]-1, 2, 4-Triazole

Naseema K.; Vijayalakshmi RAO 
Department of Materials Science, Mangalore University, 
Karnataka, India

In this paper ,we report the synthesis and characterization 
of a new organic NLO single crystal of  4-amino-5-
mercapto-3-[1-(4-isobutylphenyl)ethyl]-1,2, 4-triazole. 
. The intensity of second harmonic generation effect 
is 50% that of KDP and the effect is phase matchable. 
The effect of 8 MeV electron beam on the properties of 
the single crystal has been studied. Single crystals were 
irradiated with electron beam of different doses and were 
characterized by powder XRD, UV-Vis, FTIR, DSC, micro 
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hardness and SHG measurements. XRD peaks are shifted 
due to irradiation. The SHG efficiency has been found to 
be increasing rapidly with irradiation dose, which suggests 
that electron irradiation can be used to enhance the NLO 
property of crystals.

 
 A01435-02492 

Displacement Current Measurement of Rubrene 
Single Crystal Transistor

Akihiro FUNAKOSHI1; Naoki OGAWA1; 
Yuya TANAKA1; Yasuo NAKAYAMA2; 
Yutaka NOGUCHI1;2; Hisao ISHII1;2 
1. Graduate School of Advanced Integration Science, 
Chiba University, Chiba-Shi, Japan
2. Center for Frontier Science, Chiba University, 
Chiba-Shi, Japan

Recently organic field effect transistors (OFETs) have 
attracted considerable interests. Especially, organic single 
crystal OFET has been extensively studied not only 
because it provides with an ideal system to research the 
basic mechanism of organic semiconductor devices, but 
also because rubrene (5, 6, 11, 12-tetraphenylnaphtharene) 
single crystal FET shows highest hole mobility at room 
temperature among organic materials so far studied. 
Despite of extensive studies, the OFET device physics is 
not yet well understood. To understand the mechanism and 
improve the performance of OFET, it is important to probe 
the detailed carrier behavior inside the devices in addition 
to conventional electric measurement of the transistors.

In recent years, we have extended a method called 
“Displacement current measurement (DCM)” to investigate 
the carrier behavior in organic thin film electronic 
devices. DCM is a simple method in which the actual 
and displacement current through a device is measured 
under an application of a triangular voltage wave. This is 
a kind of cyclic voltammetry for solid state device. The 
observed current is basically proportional to the effective 
capacitance of the device, but additional change and shift 
of current curve due to carrier injection, accumulation, 
and trapping etc is often observed [Y. Noguchi, et al. Appl. 
Phys. Lett. 92, 203306 (2008) and references therein] . So, 
DCM is a powerful tool to investigate a carrier behavior in 
organic devices. The application of DCM has been limited 
for thin film organic devices, but it is expected to give 
useful information also for organic single crystal devices. 
In this study, we investigated rubrene single crystal FET 
using DCM.

The rubrene single crystal was grown by physical vapor 
transport (PVT) method. Choosing a flake-shaped crystal, 
we fabricated OFET. The crystal was placed on oxidized 
p-Si wafer with 300nm thick SiO2 layer. The Ag paste was 
used as an electrode material for source and drain. The 
fabricated transistor showed typical p-type performance. 

For DCM measurement, the source and drain electrodes 
are grounded and the gate voltage was scanned.

We report on the following results of DCM. 

During one cycle of a triangular voltage scan, 1) 
charges are accumulated and then discharged. The 
difference between accumulated and discharged 
charges corresponds to the total amount of charges 
trapped during the scan. Actually, the trap density was 
quantitatively evaluated. In this technique, temperature 
scan is not necessary in contrast to conventional trap 
spectroscopy.

During the scan, a peak structure with an current 2) 
overshoot more than expected from the effective 
capacitance of the device. This peak structure can 
be ascribed to lateral spread of injected holes along 
SiO2/Rubrene interface. Frequency dependence gave 
information on carrier diffusion nature.

In addition, atmospheric gas effect to DCM measurements 
and source-drain voltage dependence of DCM curve are 
also presented.

This work was financially supported by the G-COE Program 
(Advanced School for Organic Electronics) and KAKENHI 
(Grant Nos. 18350093 and 19655065).
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Spectroscopical and Base Catalysis of High 
Surface Area Nano MgO Prepared by Hydration-
dehydration Method

Abd. Rahim YACOB; 
Mohd. Khairul Asyraf AMAT MUSTAJAB; 
Nur Syazeila SAMADI 
Department of Chemistry, University Technology of 
Malaysia, Skudai, Malaysia

Magnesium oxide or MgO is a cheap, most abundance 
and very applicable in many fields such as toxic waste 
remediation, superconductor product and catalysis. Beside 
that, MgO have unique characterize which highly ionic and 
high melting; attract researchers to choose this material 
for study. Furthermore, a very small particle of MgO had 
shown stability, isolable, high surface area and reactivity. 
Undoubtedly, reactivity of MgO depends on the surface 
area and particle size. Here, this study was conducted to 
modify surface area of MgO from commercial MgO to 
produce high surface area and small particle size. Purposely, 
this study was looked at the intrinsic differences between 
commercial MgO, hydration-dehydration prepared MgO 
and autoclave prepared MgO. The results was shown 
generation of three different range of surface area and 
particle size, related to method of preparation. Autoclave 
preparation method produced MgO with surface area 
around 300 – 400 m2/g with particle size around 4 – 10 
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nm, while hydration-dehydration method generated MgO 
with surface area around 150 – 250 m2/g and particle size 
about range of 16 to 26 nm, comparable with commercial 
MgO with surface area 10 - 30 m2/g and particle size about 
80 – 105 nm.

 A01543-02693 

Crystal Growth of Organic and Inorganic 
Compound from the Melt

Huamin HONG; Christian KLOC 
School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

Developing high quality, high purity crystals is one of the 
vital subjects in the science of crystal growth. Silicon, a 
homopolar crystal is one of the few materials in the present 
where tons of dislocation free crystals are produced for 
microelectronic applications. For other substances, the 
knowledge of perfecting the crystal growth is limited because 
the high price of single crystals justifies only specialized 
application of crystals for high end devices. Nevertheless, 
crucial to the determination of many physical properties 
of materials for industrial usage is the ability to grow ultra 
pure, fully ordered single crystals for the measurements 
of intrinsic properties. Numerous studies have indicated 
the superiority of single crystals for equipments such as 
scintillators, piezoelectric, thermoelectric and transistors 
etc. Hence, there is an urge desire of research community 
for single crystalline samples and a commercial need for 
large crystals of organic and inorganic materials with 
increased perfection.

Traditionally, large single crystals of industry important 
materials have been grown from melt. Smaller but high 
quality crystals have been grown from the vapour or from 
the solution. Every material requires specific growth 
technique and individual parameters. Crystals grown 
by Bridgman method suffers from mechanical damage 
oriented by the contact of the growing crystal with the 
walls of a container. Meanwhile, Czochralski method 
provides a melt growth technique in which single crystal 
has no contact with container. Therefore, this technique 
enables the formation of large single crystal with low 
density of defects at fast growth rate. However, the need of 
crucibles limits the applicability of the czochralski method 
for growing high temperature melting materials.

The next alternative is to apply the floating zone technique 
which is a widely used method for crystal growth for 
research purposes. This method does not require any 
crucible and can be adopted to grow crystals with high 
melting temperatures. In addition, the problems of the 
reaction between the melt and crucible are avoided. This 
technique allows one to crystallize also many compounds 
exhibiting peritectic point reaction. However, the main 
disadvantage of the floating zone method results from 

the large temperature gradient along the crystal and 
requirement for low vapour pressure materials. Meanwhile, 
the surface tension of organic melts is too low to keep a 
stable molten zone for floating zone growth under normal 
gravity. Therefore a zone melting, where a melted zone is 
enclosed inside a growth tube may be used. In addition, 
strong oscillatory thermocapillary convection in the melt 
zone may cause the formation of striations in the resultant 
crystals.

Hence, every technique needs to be modified before their 
full potential can be realized for harvesting crystals free 
from defects, better surface finish and improved cross 
section uniformity.

 A01648-02852 

A Study of Optical Band Gap in GeSxSe 1-x (x= 0, 
0.5, 1.0) Single Crystals Grown Using Chemical 
Vapour Transport Technique

G. K. SOLANKI; Sandip UNADKAT; Dipika B. PATEL; 
Trupti PATEL 
Department of Physics, Sardar Patel University, Gujarat, 
India

In this paper authors present their investigation on growth 
of GeSxSe 1-x (x= 0, 0.5, 1.0) single crystals by Chemical 
Vapour Transport (CVT) technique using iodine (I2) as 
a transporting agent. The structural characterization was 
accomplished by X-ray Diffraction (XRD) studies and it 
was found to be Orthorhombic, lattice parameters, Unit 
cell volume and X-ray density have been measured for the 
grown crystals. Also stoichiomatery of the grown crystals 
is conformed by Energy Dispersive Analysis of X-rays 
(EDAX).

The Optical energy band gap of GeSxSe 1-x (x= 0, 0.5, 
1.0) crystals were  determined from the analysis of 
the absorption spectrum near the fundamental edge at 
ambient temperature and pressure using light parallel to 
c-axis incident normally on the basal plane. On the basis 
of two and three dimensional model it was found that 
both direct and indirect band transition took place, and 
indirect transition was allowed type with a good account 
of absorption edge.  The energy gap and phonon energies 
were determined and band gap varies smoothly with S/Se 
composition x, indication that the nature of band edge is 
similar for GeSxSe 1-x.
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 A01648-02891 

Effect of Enhancement of Selenium Content 
in Germanium Sulphoselenide on its 
Photoelectrochemical Behaviour

G. K. SOLANKI; Trupti PATEL; Sandip UNADKAT; 
Dipika B. PATEL 
Department of Physics, Sardar Patel University, Gujarat, 
India

The orthorhombic semiconducting compound germanium 
sulphoselenide possesses interesting electrical and 
optical properties and has been the subject of numerous 
investigations. Authors have carried out growth of these 
compounds by Chemical Vapour Transport technique 
using iodine as a transporting agent. The grown crystals 
have been characterized by X-ray diffraction and Energy 
Dispersive Analysis of X-rays (EDAX).

The development of photoelectrochemistry as a field of 
science in past two decades was simulated largely by the 
need for working out a Photoelectrochemical (PEC) solar 
energy conversion as a new ecologically clean method 
to harness the inexhaustible source of energy. In this 
paper authors have attempted to fabricate PEC solar cell 
with single crystals of GeSxSe1-x (x=0.0.5 & 1.0) (grown 
by chemical vapour transport technique using I2 as a 
transporting agent). These as grown crystals of GeSxSe1-x 
have been used as working photoelectrodes in the liquid 
junction photoelectrochemical solar cells with I2/I

- 
electrolyte.  These PEC solar cells have been investigated 
in detail to evaluate their photoconversion characteristics 
which in turn has been used to find out the important 
chacterizing parameters (viz. Photoconversion efficiency, 
fill factor, open circuit voltage, short circuit current etc).

The parameters like open circuit voltage and the 
photoconversion efficiency directly depend on the location 
of valence band, conduction band and the Fermi level in 
the semiconducting material with reference to the redox 
level of the electrolyte. Therefore the energy band location 
in GeSxSe1-x has been made using the investigation of the 
capacitance voltage characteristics of the PEC solar cells 
which are also called the Mott-Schottky plots. These 
investigations justify the selection of an appropriate 
electrolyte for PEC work. The same Mott-Schottky 
have been used to find out the acceptor concentration 
level in GeSxSe1-x . In order to see the effect of different 
concentration of sulphur content, all the electrodes were 
prepared from crystals showing absolutely plane faces 
obtained through the act of cleavage with help of an 
adhesive tape. The photoconcersion characteristics and the 
capacitance voltage characteristics have been investigated 
for all the three compositions of GeSxSe1-x (x=0.0.5 & 1.0). 
The results of these investigations have been used to study 
the comparative characteristics of these PEC solar cells 
with reference to the change in sulphur content in GeSxSe1-x 
(x=0.0.5 & 1.0). The results of all these investigations have 
been analyzed and discussed in detail.

 A01816-03164 

Temperature-Dependent Single-Crystal to 
Single-Crystal Phase Transformation Based on 
Polyoxometalates

Li-Zhi ZHANG1; Xin LIU2; Zhili DONG1 
1. School of Materials Science and Engineering, Nanyang 
Technological University, Singapore
2. Department of Chemistry, Nankai University, China

Single-crystal to single-crystal (SCSC) phase 
transformations, which involve cooperative movement 
of atoms in the solid state, have received considerable 
attention in crystal engineering. However, such SCSC 
phase transformations are very rare since crystals can 
hardly retain as single crystalline materials after the 
solid-state rearrangement of atoms. Herein, we report 
a temperature-dependent SCSC phase transformation 
based on the polyoxometalate [Tm2(H2O)14CrMo6O24H6]
[CrMo6O24H6]·16H2O.

Reaction of TmCl3·6H2O and Na3[CrMo6O24H6]·8H2O 
in an aqueous solution followed by slow evaporation at 
room temperature resulted in pink single crystals. X-ray 
analyses at 294 K revealed that the compound crystallized 
as [Tm2(H2O)14CrMo6O24H6][CrMo6O24H6]·16H2O (1) 
belonging to the triclinic system with the lattice parameters 
of a = 11.0989(13) Å, b = 11.7203(14) Å, c = 13.9843(16) 
Å; α = 74.993(2)°, β = 84.548(2)°, γ = 89.545(2)°. When 
the crystal was cooled from 294 K to temperatures 
below ca. 113 K, the change in lattice parameters was 
observed. Phase 1′ belongs to the triclinic system with 
the lattice parameters of a = 15.607(4) Å, b = 15.934(5) 
Å, c = 16.088(5) Å; α = 86.667(12)°, β = 72.242(9)°, γ = 
64.394(9)°.

One of the most important properties of polyoxometalates 
is the capability to accept a large number of water molecules 
in their crystal lattice. Since it has been demonstrated 
that water molecules can play an important role in SCSC 
phase transformations as a function of temperature, it is 
believed that polyoxometalates can be good candidates 
for investigation into temperature-dependent SCSC phase 
transformations.

The authors are grateful for funding support from Nanyang 
Technological University.
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 A01915-03470 

Fabrication of Single Crystal Bi2Sr2Ca1Cu2O8 
(Bi-2212) Superconductor 

Isachar BERNALDEZ; Marvin HERRERA 
Physics Division - Institute of Mathematical Science 
and Physics, University of the Philippines, Los Banos, 
Philippines

The study attempted to grow single crystals of 
Bi2Sr2CaCu2Ox (Bi-2212) by melting technique using 
Al2O3 crucible to stabilize the molten zone of 870˚C as 
well as to control the formation of Bi-2212 single crystals. 
The sample was then characterized using Scanning Electron 
Microscopy. As the results of crystal growth, a maximum of 
soft surface alignment of 1.27 mm long and 0.48 wide was 
produced. Therefore, having high temperature and a low 
cost crucible may be an effective way on the fabrication of 
single crystal Bi-2212.

 A01956-03406 

Chair-Boat Form Transformation toward the Self-
Assembly of Triangular Dirhenium Metallacycles 

Chung-Chou LEE1; Shu-Chun HSU2; Long-Li LAI2; 
Kuang-Lieh LU1 
1. Institute of Chemistry, Academia Sinica, Taipei, Taiwan
2. Department of Applied Chemistry, National Chi Nan 
University, Nantou, Taiwan

New generation of flexible, yet controllable, bipyridine-
based ligand, 1,4-bis(4-pyridyl)piperazine (bpp), with two 
stable states (chair and twist-boat forms) was  employed 
in the construction of unusual triangular dirhenium 
metallacycles. A novel type of triangular dinuclear 
metallacycle, containing two rhenium centers, one 
bis(chelating) dianion, and one bpp adopting twist-boat 
form, was assembled in high yields. The flexible and 
controllable properties of the bpp ligand not only modulate 
the rigidity of the traditional bipyridine derivatives but also 
avoid the uncontrollable nature of other flexible ligands. 
The successful isolation of the dirhenium metallacycles 
proves the applicability of the concept for self-adaptation 
and switching of the title unit.

 A01992-03656 

LiF-assisted Crystallization of Zinc 
4-Carboxyphenylphosphonates with Pillared 
Layered Structures

jintang LI; Xuetao LUO 
Department of Material Science and Engineering, 
Xiamen University, Xiamen, China

Three new zinc phosphonates, namely 
Zn2Li2(OOCC6H4PO3)2 (1), Zn2(OOCC6H4PO3)
F (2) and Zn3(OOCC6H4PO3)2(H2O) (3) were 
hydrothermally synthesized by reacting zinc sulfate 
with 4-carboxyphenylphosphonic acid in the presence of 
additional LiF. All display pillared layered structures, but 
with different layer topologies. In compound 1, {ZnO4} 
and {LiO4} tetrahedra are connected by {CPO3} tetrahedra 
via corner-sharing, forming an inorganic net-like layer 
containing 3-membered rings. In compound 2, the fluoride 
anion serves as a μ3-bridging ligand coordinating to three 
Zn atoms. The inorganic layer consists of chain (I) made up 
of edge-sharing {ZnO3F2} and chain (II) made up of edge-
shared dimers of {ZnO4F} and O-P-O units, which are 
fused together in an alternative way through fluoride and 
phosphonate oxygen atoms. In compound 3, double chains 
composed of corner-sharing {ZnO4} and {CPO3} tetrahedra 
are linked by {ZnO5} trigonal bipyramids, forming an 
inorganic layer containing large 8-membered windows. 
The organic groups of 4-carboxyphenylphosphonate 
ligands fill in the interlayer spaces in all cases.

 A02084-03590 

Charge Transport in Field-Effect Transistors of 
Organic Semiconductor Single Crystals

jun TAKEYA 
Graduate School of Science, Osaka University, Japan

The structure of field-effect transistors enables carrier 
accumulation by applying “gate” electric field at the 
surface of organic semiconductors, which is usually a good 
insulator without the carriers. Therefore, the function of the 
electric-field driven switching between the conducting on 
state and the insulating off state realizes device operations 
for logic-circuit components and current amplifiers.

Developing high-performance organic field-effect 
transistors (OFETs) is one of the key technologies to 
establish an extensive market of organic electronics, 
providing matrix-controlling devices for flexible displays, 
as well as easy-to-fabricate switching components in 
logic circuits, for examples. In this presentation, we 
report our recent progresses towards their maximum 
field-effect performances with the use of organic crystal 
semiconductors.
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The presentation begins with development of the organic 
single-crystal devices, high carrier mobility exceeding 20 
cm2/Vs in p-type rubrene single-crystal transistors, and 
their band-like charge transport mechanism evidenced by 
Hall-effect measurement. The Hall-effect measurement 
also gives a direct estimation of density of the electric-
field induced carriers. A consequence of the above 
experiments is that a good prescription for realizing high-
mobility devices is to induce carriers in inner crystals to 
avoid scattering at the surfaces. Intrinsic-semiconductor 
character of the high-purity organic crystals favors thermal 
diffusion of the carriers into the crystals in the presence of 
weak gate-electric fields.

Furthermore, we report our recent progresses on organic 
transistors of various single-crystal semiconductors, 
including development of air-stable high-mobility 
n-type transistors, ionic-liquid gated transistors with the 
highest amplification property i.e. transconductance, and 
transistors of donor-acceptor hetero-interfaces.

We built highly electron-affine TCNQ crystal transistors 
in air and measured their performance also in air. All 
the devices exhibited text-book like characteristics with 
relatively high mobility of 0.5 cm2/Vs, which is essential 
in designing high-performance complementary logic 
devices. In particular, the absence of the threshold voltage 
is contrasting to former n-type transistors. The result 
indicates that no essential obstacle appears to prevent 
the air-stable n-type field-effect operation as long as the 
electron-affinity of the organic semiconductor is large 
enough.

For p-type devices, since high mobility is achieved 
approaching intrinsic material performance, the next is 
to reflect the excellent charge transport property in real 
current-enhancement function. Combination of rubrene 
single crystals and ionic-liquid electrolytes realizes the 
highest current enhancement per VG ever achieved in 
organic transistors (sheet transconductance of 20 µS with 
drain voltage 1 V). The result comes from high mobility 
of the rubrene crystal, efficient carrier accumulation using 
electrolyte, and most importantly, minimized damage at 
the crystal surface interfacing the liquid.

Finally, we have developed a three-dimensional multi-
channel structure of organic semiconductors for highly 
contrasting pixel-controlling devices. In our prototype 
devices, the field-induced current reaches 0.1 mA per 100-
µm pixel, which well exceeds the requirement for driving 
organic displays.

 A02089-03691 

Directional Compton Profile Study of β-phase of 
Cu-Zn Alloys

Vimal VYAS1; Babu Lal AHUjA2; 
BalKrishan SHARMA3 
1. Department of Physics, Banasthali University, 
Rajasthan, India
2. Department of Physics, M. L. S. University, Rajasthan, 
India
3. Department of Physics, University of Rajasthan, 
Rajasthan, India

We have studied experimental directional Compton 
profiles of β-phase of Cu-Zn alloys (β-brass) along three 
principal directions [100], [110] and [111] using 59.54 
keV γ-radiations. To compare our experimental data, we 
have also compute theoretical Compton profiles of β-brass 
in these directions in the framework of the Hartree-Fock 
method of CRYSTAL03 code. A better agreement is 
found between theoretical calculation (HF) and absolute 
experimental profiles and the trend in experimental 
anisotropies agrees well with the HF calculations. A 
quantitative comparison reveals some accurate information 
about the electron momentum density.

 A02106-03625 

Growth, Structure and Morphological Studies on 
MoXW1-XSe2 Single Crystals

Deepa MAKHIJA1; R. j. PATHAK2;3; K. D. PATEL1; 
V. M. PATHAK1; R. SRIVASTAVA1 
1. Department of Physics, Sardar Patel University, 
Gujarat, India
2. R. R. Mehta College of Science, Hemchandracharya 
North Gujarat University, Gujarat, India
3. C. L. Parikh College of Commerce, 
Hemchandracharya North Gujarat University, Gujarat, 
India

Transition metal dichalcogenides (TMDCs) MX2 (M = Mo, 
W; X = S or Se) are semiconducting compounds exhibiting 
a layered structure. These compounds consist of weakly 
coupled sandwiched layers i.e. X – M – X in which M 
atom layer is enclosed within two X chalcogenes layers. 
The metal atom is always coordinated by six chalcogene 
atoms octahedrally or trigonally. The interlayer binding 
forces are of van der Waals nature resulting in large 
interlayer distances and easy cleavability of these crystals. 
This structure makes these crystals extremely anisotropic 
in character and leads to unusual structural properties. The 
Molybdenum diselenide, tungsten diselenide and mixed 
compounds of molybdenum and tungsten diselenides are 
diamagnetic indirect semiconductors belonging to this 
family. These materials have been widely used as PEC 
solar cells, catalysts and also as good lubricants.
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Single crystals of MoSe2, WSe2 and mixed system of 
these two compounds have been grown by direct vapour 
transport (DVT) technique using a two zone furnace from 
stoichiometric mixture of molybdenum (99.95% pure), 
tungsten (99.99% pure) and selenium (99.9 % pure). The 
source zone and growth zone temperatures were 10800C 
and 10600C.The grown crystals were found to be grey and 
shiny irregular platelets. The average crystal dimensions 
were 3-10mm2 in cross sectional area and few micrometers 
in thickness. The structural and physical surface features of 
as-grown crystals have been studied with the help of X-ray 
diffraction (XRD), Optical Microscopy and Scanning 
Electron Microscopy (SEM) techniques. The crystals 
grown by direct vapour transport technique possess 
2H-hexagonal structure having P63/mmc space group 
and also contain only a little proportion of 3R polytype 
form. The optical micrograph shows the presence of screw 
dislocation on the surface of the grown crystals, which is 
clearly an indication that the growth of present materials in 
the form single crystals takes place via screw dislocation 
mechanism. Also the simultaneous presence of 2H and 
3R polytypes is clearly seen in the optical micrograph, 
which conform the results of XRD. The scanning electron 
micrographs show the presence of hexagonal crystallites 
on the surface of as grown crystals. Such crystallites form 
island on the as-grown surface where other units come 
and sit. However, the size and properties of grown crystals 
as well as the surface morphology has been found to 
depend on the growth conditions e.g. temperature profile, 
heating and cooling rate, duration of growth in addition to 
transporters used etc.

 A02106-04843 

Transport Properties of Mo0.25W0.75Se2 Single 
Crystals 

Deepa MAKHIJA; K. D. PATEL; V. M. PATHAK; 
R. SRIVASTAVA 
Department of Physics, Sardar Patel University, Gujarat, 
India

Transition metal dichalcogenides possess the layer-type 
structure in which the X-M-X layers are bound to each 
other with weak van der Waals forces, whereas X and M 
atoms form the covalent bonding.  As a result, the transport 
properties along the a – axis (within the layers) and along 
the c – axis (across the layers) have large variations.  The 
present paper reports some investigations on the studies 
of transport properties along the a – axis and c – axis. The 
transport properties of Mo0.25W0.75Se2 single crystals grown 
by direct vapor transport technique have been characterized 
by the thermoelectric power, Hall effect and resistivity 
measurements normal and parallel to c – axis by four probe 
method and two probe methods at high temperatures in the 
range of 327K to 573K. The temperature dependence of 
Seeback coefficient (S) shows semiconducting behaviour 
of as-grown crystals. The value of S is found to be negative 

over the entire range of temperatures, revealing n-type 
nature of the crystals. This is also conformed by Hall 
effect measurements.  From the thermoelectric power, the 
Fermi energy (EF) and the scattering parameters have been 
determined. It is inferred that the optical phonon / defect 
scattering is the dominating scattering mechanism. The 
relation between the thermoelectric power (TEP) and the 
concentration of charge carriers has also been investigated. 
It has been used to obtain the effective density of states 
and effective mass of charge carriers. From temperature 
variation of resistivity measurements, it is found that the 
crystals exhibit extrinsic semiconducting behaviour in 
most of the investigated temperature range. Also, these 
crystals show anisotropic behaviour and this anisotropy 
varies with temperature. 
 

 A02114-03644 

Monodispersed Nickel Nanoparticles by Thermal 
Decomposition

Nurul Hiqmah NORDIN; Boon Hoong ONG; 
Mitsunori MATSUMOTO; Teck Yong TOU 
Faculty of Engineering, Multimedia University, Selangor, 
Malaysia

In size range 20nm or below, a particle is usually in a 
single-domain state, with all spins align in one direction. In 
order to understand the magnetism of these single-domain 
magnetic nanoparticles and apply such understanding to 
technological applications, it is crucial to fabricate either 
2D or 3D nanoparticles arrays where magnetic properties of 
each particles and interparticle spacing are well controlled. 
Solution phase chemical synthesis is a convenient way for 
making surfactant coated magnetic nanoparticles. In this 
research, Nickel (Ni) nanoparticles were prepared from 
the thermal decomposition of nickel (II) acetylacetonate 
in oleylamine where oleic acid and trioctylphosphine 
oxide (TOPO) were used as surfactants. Products were 
prepared from different concentration of solution mixture 
by controlling the ratio of the metal salt and surfactants, 
different heating rate and different resolution of stirring 
rate were applied to analyse the reaction of nanoparticles. 
Depending on the reaction conditions, monodispersed 2D 
or 3D magnetic nanoparticles with face-centered cubis 
(fcc) or hexagonal close-packed (hcp) can be obtained. 
The magnetic properties of the hcp nickel nanoparticles are 
quite different from those of the fcc nickel nanoparticles 
but both are found to be superparamagnetic. From the TEM 
characterisation, the nanoparticles possessed a spherical 
morphology and a 6% particle size distribution with a 
mean particle diameter of 15 nm which were organised in a 
compact hexagonal network. This indicates that an amount 
of surfactants, metal salts and different stirring rate applied 
also play important role in the phase control of the nickel 
nanoparticles.
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 A02139-03687 

Growth of Some Zinc Chalcogenide Crystals by 
Physical Vapour Transport Technique and their 
Structural and Optical Characterization

j. R. GANDHI; K. D. PATEL; G. K. SOLANKI; 
S. G. PATEL 
Department of Physics, Sardar Patel University, Gujarat, 
India

Zinc chalcogenides, having a direct wide band gap in 
excess of 2eV, attracted many researchers because of their 
important luminescence properties. Here authors present 
their work on growth of ZnS, ZnSe and ZnTe crystals 
by Physical Vapor Transport Technique. Several crystal 
growth runs have been conducted in order to optimize 
the growth conditions in each case. Structural, chemical 
compositional and optical characterizations have been 
carried out by X-ray diffraction study, EDAX and UV-VIS-
NIR spectroscopy of grown crystals. Structural parameters 
like lattice constant, unit cell volume and x-ray density 
have been calculated for the grown crystals. Optical band 
gap have been found to be 3.6eV, 2.6eV and 2.1eV for 
ZnS, ZnSe and ZnTe crystals respectively.  Microscopic 
observations of the surface of crystals have been made 
using Optical and Scanning Electron Microscope (SEM) 
to study growth features.

 A02144-03694 

Current Transport Mechanisms Studied by I-V-T 
Measurement on Cu-nMoSe2 Schottky Diode

C. K. SUMESH1; K. D. PATEL2; V. M. PATHAK2; 
R. SRIVASTAVA2 
1. Charotar Institute of Technology, Educational Campus 
Changa, Gujarat, India
2. Department of Physics, Sardar Patel University, 
Gujarat, India

Cu-nMoSe2 Schottky diode has been fabricated and the 
current transport mechanism of the prepared diode have been 
investigated for a temperature range of 320K-20K. From 
the I-V result various Schottky parameters were evaluated.  
It has been observed that the ideality factor increases with 
decrease in temperature and its value increases from: 1.1 
at 320K to 67.3 at 50K (along c-axis), 1.81 at 320K to 
230 at 50K (basal-plane).  On the other hand, the barrier 
height decreases with decrease in temperature and its value 
at 320K is 0.72eV which becomes 0.1eV at 50K (along 
c-axis), 0.71eV to 0.1eV for basal-plane geometries.

 A02154-03706 

Nitrogen Plasma-Minimized Abundant Defects 
and -Enhanced UV Photoresponse on ZnO 
Nanotubes 

Naratip CHANTARAT 
Materials Science and Engineering, National Chiao Tung 
university, Hsinchu, Taiwan

This letter reports a technique for increasing the 
photoresponse of the one-dimensional ZnO nanowires 
(NWs) and nanotubes (NTs) through doping or surface 
passivation with nitrogen plasma. Photoluminescence 
analysis revealed that the oxygen defects and impurities 
are occupied by the presence of nitrogen atom in ZnO. 
For high surface-to-volume NTs the manifest I-V and 
I-t characteristics were suggested to be dominated by 
electron-hole excitation under long-wave UV irradiation 
(325 nm) in atmosphere at room temperature. Here, 
the highest reliable photoconductivities were found at 
0.571×10-7A and 4.83×10-7A in NWs and NTs, respectively, 
at the extended UV exposure time: 900 sec, which the 
photoelectric behavior examined the nitrogen incorporation 
into outer surface and small-diameter pore without surface 
deterioration. Thus this rectified structure achieves high 
quality of photoresponsitive UV-absorber depending on 
the morphology of the nanotubes and their durability.

 A02157-03708 

Crystal Growth and Abnormal Physical Properties 
of Iron Arsenic High-Tc Superconductor 

Xianhui CHEN 
Department of Physics and Hefei National Laboratory for 
Physical Science at Microscale, University of Science and 
Technology of China, Anhui, China

In this report, we will mainly introduce our recent work 
on crystal growth and abnormal physical properties of 
iron arsenic superconductor. We have sucessfully used the 
self-flux method to grow sizable single crystals of “122”-
type iron arsenic superconductor, including (Ba,K)Fe2As2, 
(Eu,La)Fe2As2, Ba(Fe,Co)2As2, Eu(Fe,Co)2As2 et al.

For parent compoud BaFe2As2, the resistivity anisotropy 
(ρc/ρab) is as large as 150 and independent of temperature. 
A linear temperature dependent susceptibility occurs from 
the spin-density-wave (SDW) transition temperature, (Ts), 
to 700 K. This result suggests that strong antiferromagnetic 
correlations are present well above Ts. A twofold symmetry 
of susceptibility in the ab-plane indicates a stripe-like spin 
structure as observed by neutron scattering. For Co-doped 
BaFe2As2 single crystals, systematic measurement on 
transport, susceptibility and heat capacity are used to study 
the phase diagram. In the underdoped region, spin density 
wave (SDW) transition is observed in both resistivity and 
susceptibility. The magnetic susceptibility shows unusual 
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T-linear dependence above SDW transition up to 700 K. 
With Co doping, SDW ordering is gradually suppressed and 
superconductivity emerges with a dome-like shape. Our 
results indicate that SDW and superconductivity coexist in 
the sample BaFe2-xCoxAs2 around x = 0.17, being similar 
with (Ba,K)Fe2As2. When x>0.34, the superconductivity 
completely disappears. A crossover from non-Fermi-liquid 
state to Fermi-liquid state is observed with increasing Co 
doping.

For Eu1-xLaxFe2As2 single crystals, it is found that a 
metamagnetic transition from A-type antiferromagnetism 
to ferromagnetism occurs at a critical field for magnetic 
sublattice of Eu2+ ions. Further, a two-folding in-plane 
magnetization is found in antiferromagnetic state which 
is similar with SDW order. In contrast, isotropic in-
plane magnetization is presented in both ferromagnetic 
and paramagnetic state. Moreover, ferromagnetic state 
becomes more easily established under external field 
with suppressing SDW order. These results suggest that 
metamagnetism of Eu2+ ions is somewhat related to 
SDW order. A detailed H-T phase diagrams for x=0 and 
0.15 crystals are given, and possible magnetic structure 
is proposed. Further, Co-doped EuFe2As2 is found to 
be superconducting around doping level x=0.25~0.4. 
Surprisingly, competing between antiferromagnetism of 
Eu2+ and superconducting was observed below Tc. These 
results indicate that Co-doped EuFe2As2 is a new model 
system to study the relationship between superconducting 
and magnetism.

Finally, we will also introduce ESR result on polycrystalline 
LaFeAsO1−xFx (x=0 and 0.13). Our results indicate a 
strong-coupling picture with existence of local moment. 
And “bottleneck” effect due to coupling of local moments 
and itinerant electrons was also observed. In addition, a 
Curie-Weiss-type behavior is also observed in temperature 
dependent spin susceptibility. Our results strongly support 
the existence of local moments in these materials.

Collaborators: T. Wu, G. Wu, R. H. Liu, H. Chen, X. F. 
Wang, Y. L. Xie, J. J. Ying, Y. J. Yan, P. C. Shi, Q. J. Li

 A02163-03724 

Single Crystals of LnFeAsO1-xFx (Ln=La, Pr, Nd, 
Sm, Gd) and Ba1-xRbxFe2As2: Growth, Structure 
and Superconducting Properties 

Janusz KARPINSKI1; Nikolai ZHIGADLO1; 
Sergui KATRYCH1; Zbigniew BUKOWSKI1; 
Philip MOLL1; Bertram BATLOGG1; 
Stephen WEYENETH2; Roman PUZNIAK3; 
Mauro TORTELLO4 
1. Laboratory for Solid State Physics, ETH Zurich, 
Zurich, Switzerland
2. Physik-Institut, Universität Zürich, Zurich, Switzerland
3. Institute of Physics, Polish Academy of Sciences, 
Warsaw, Poland
4. Dipartimento di Fisica, Politecnico di Torino, Torino, 
Italy

A cubic anvil high pressure technique has been applied 
for the growth of LnFeAsO1-xFx (Ln1111) crystals, while 
Ba1-xRbxFe2As2 crystals were grown using quartz ampoule 
method. We succeeded in the growth of the first free-
standing FeAs-pnictides crystals (SmFeAsO1-xFy) using a 
high-pressure technique and NaCl/KCl flux [1]. The NaCl/
KCl flux has very low solubility at temperatures below 
1000°C used for processes in quartz ampoules, therefore 
crystal growth at this temperature is extremely slow. In 
order to increase the solubility in NaCl/KCl flux for more 
efficient crystal growth higher temperature should be 
used, but Ln1111 becomes unstable. High pressure of 30 
kbar was applied to stabilize the structure of Ln1111 at 
high temperature of 1400°C. This allowed the growth of 
Ln1111 single crystals.  Single crystals of BaFe2As2 can 
be grown from Sn flux at low pressure. Tin is practically 
the only metal that dissolves iron reasonably well and 
does not form stable unwanted compounds. Single crystals 
were used for electrical transport, structure, magnetic, 
torque and spectroscopic studies [2]. The availability 
of Ln1111 single crystals made it possible to determine 
several basic superconducting parameters, such as upper 
critical fields and their anisotropy γH and penetration depth 
anisotropy γλ. The anisotropy γλ is temperature dependent 
and increases with decreasing temperature from γλ(Tc)= 
γH(Tc)=7 towards γλ(0)=19, while the anisotropy γH varies 
much less and decreases towards γH(0)=2 with decreasing 
temperature. This is suggestive of two superconducting 
gaps, similarly to the situation in MgB2. Point-Contact 
Andreev-Reflection spectroscopy studies support this 
scenario and show the existence of two gaps in Sm1111 
crystals, 6.45 meV and 16.6 meV.  Structure investigation 
confirmed high structural perfection and show less than 
full occupation of the (O,F) position in superconducting 
LnFeAsO1-xFx crystals. Resistivity measurements on 
LnFeAsO1-xFx crystals show a significant broadening of 
the transition in high fields, while in to Ba1-xRbxFe2As2, 
the resistive transition simply shifts to lower temperature. 
Critical current density for both compounds is relatively 
high and exceeds 2x109 A/m2 at 15 K in 7 T field.  
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Ba1-xRbxFe2As2 crystals are electronically more isotropic, 
indicative of better coupling of the FeAs layers by the 
(Ba,Rb) layers than by the Sm(O,F) layers.

[1] N.D. Zhigadlo et al., J. Phys.: Condens. Matter 20 (2008) 
342202.

[2] J. Karpinski et al., Physica C, in print, arXiv:cond-
mat/0902.0224

 A02168-03732 

Characterization of InSbBi Bulk Single Crystal 
Grown  by VDS Technique

Dilip MASKE1; Pravin MORE1; Danial CARVOLHO1; 
Dattatray GADKARI1;2 
1. Department of Physics, Mithibai College, 
Maharashtra, India
2. Department of Physics, University of Mumbai, 
Maharashtra, India

Growth of III-V group of semiconductor materials, 
especially InSbBi crystal was done without seed by Vertical 
Solidification Technique (VDS). Proper composition of 
the source materials filled with argon in a quartz ampoule 
at low pressure (200 torr) was synthesized for 72 hr at 
temperature 900 oC. The ampoule was lowered at the rate 
of 2 mm/hr and rotation speed of 12 rpm in the temperature 
zone with the temperature gradient 24 oC/cm. The grown 
ingot in the ampoule was kept at 300 oC for    48 hr. The 
mirror polished substrates were obtained by cutting the 
crystal along the axis and perpendicular to the axis. These 
substrates were characterized by X-ray diffraction, EDAX, 
etching and microstructure, Hall measurements and optical 
FTIR. Results of the experimental data will be presented 
and discussed in the paper.

 A02286-03904 

Single Crystal, Organic Semiconductor, Rubrene

Christian KLOC; Ke jie TAN; Keke ZHANG; 
Minglin TOH 
School of Materials Science and Engineering, 
Nanyang Technological University, Singapore

The band structure and the crystalline structure of organic 
semiconductors are determined by the chemical formula 
of molecules arranged into a single crystal. The physical 
properties resulting from that composition and structure, 
the intrinsic properties, are not straightforwardly available 
for measurements. The direct measured electrical and 
optical properties of organic semiconductors are shaped 
by defects and contaminants. Therefore, the structure – 
properties relations, explored for numerous individual 
molecular semiconductors are experimentally determined 
for specific substance and only partially useful for design 
of new, more efficient organic semiconductors. Thus, 

separation of external properties from intrinsic properties 
and generalization of those onto large families of organic 
compounds would require purification and growth of high 
quality crystals, as well as development of impurities 
and defects characterization methods suitable for organic 
semiconductors.

Rubrene is an ideal candidate for studies of such defects since 
it crystallizes readily and shows relative high mobility of 
charge carriers. To study the physical properties of rubrene 
we optimized the purification process of commercial 
powder. Single crystals were grown in an atmosphere of 
inert gas or hydrogen and evaluated by photoluminescence, 
x-ray topography, and transport measurements. The 
impurities formed during the synthesis, as well as formed 
during rubrene reaction with ambient atmosphere were 
detected and separated by a liquid chromatography and 
mass spectroscopy. The photoluminescence spectra show 
peaks with systematic dependence on growth conditions. 
We correlate the appearance of photoluminescence peaks 
with oxygen-related defects and associate the observed 
spectra with crystal growth environment. The relationship 
between crystal purity and quality versus transport 
properties, optical properties, and resulting characteristics 
of single crystal field effect transistors will be discussed.

 A02303-03996 

Crystal Growth and Characterization of Non 
Linear Optical 1,3-Diphenylprop-2-en-1-one

Dharmaprakash SAMPYADY; Ravindra H. 
Department of Physics, Mangalore University, 
Mangalore, India

Single crystals of 1,3-diphenylprop-2-en-1-one have 
been grown using solution growth method by slow 
cooling of its molten solution. The seed crystal required 
for the bulk growth of 1,3-diphenylprop-2-en-1-one was 
obtained by the slow evaporation of methanol solution. 
The grown single crystals of 1,3-diphenylprop-2-en-1-
one was characterized using elemental analysis, Fourier 
transform infrared spectroscopy and powder X-ray 
diffraction technique.  The nonlinear optical second 
harmonic generation (SHG) conversion efficiency for the 
crystal was measured to be four times larger than that of 
urea using Kurtz powder technique. The observed large 
SHG efficiency in this chalcone is attributed to the zigzag 
head-to-tail alignment of molecules in the crystal structure 
supported by weak C-H…π hydrogen bond interactions. 
The UV-visible spectra recorded indicated that this crystal 
is transparent in the visible region with lower optical cutoff 
at 415 nm. The laser damage resistance for this crystal was 
determined to be >1 GW/cm2 at 1064 nm. Owing to large 
SHG efficiency, good optical transparency and high laser 
damage resistance this crystal may be used for frequency 
doubling of diode lasers down to 415 nm.
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 A02336-04007 

Crystal Growth of Rare-earth Orthovanadates 

A. A. NUGROHO1; T. T. M. PALSTRA2 
1. Institut Teknologi Bandung, Bandung, Indonesia
2. Solid State Chemistry, Zernike Institute for Advanced 
Materials, RuG, Groningen, Netherlands

We describe the use of floating zone techniques for 
growing the single crystalline sample of Rare-earth 
Orthovanadates, RVO3. The preparation of the feed rod and 
the growth conditions such as the growth rate, the growth 
atmosphere and the temperature gradient within molten 
zone will be discussed. A review of physical properties of 
the RVO3 single crystal, including unpublished findings by 
the present authors demonstrates that the spin and orbital 
orderings of single-crystalline materials are different from 
those of the polycrystalline materials. We further show 
that the properties related to those orderings in the single-
crystalline materials are found to be associated with the 
lattice strain effect. Other examples of oxide materials 
having the same features will also be discussed.

The work was supported by Zernike Institute for Advanced 
Materials, RuG and KNAW, Dutch Royal Academy of Sciences, 
through the SPIN-Program. AAN gratefully acknowledges travel 
support from Faculty of Mathematics and Natural Sciences, 
Institut Teknologi Bandung.

 A02393-04161 

Charge Carrier Mobility Control in Rubrene Single 
Crystal

Keke ZHANG; Ke jie TAN; Minglin TOH; Hui JIANG; 
Lain-jong LI; Subodh MHAISALKAR; Christian KLOC 
School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

Rubrene has the highest field effect charge mobility 
among organic semiconductors. It has been used oft for 
the fundamental research of intrinsic charge transport 
properties. Whether the high mobility is attributed to 
the pristine rubrene or to oxidation process of rubrene 
surface, it remains an open question. The rubrene single 
crystals were grown by physical vapor transport (PVT) 
technique with flow of Ar or H2 gas at ambient pressure. 
Crystal purities were analyzed by Fourier Transform Infra-
Red (FT-IR), High-Performance Liquid Chromatography 
(HPLC) and Liquid Chromatography Mass Spectroscopy 
(LCMS). The photoluminescence spectroscopy (PL) was 
used to investigate the surface of rubrene. In these studies, 
the charge transport of rubrene single crystal was studied. 
Rubrene single crystal air-gap field-effect transistors 
(FET) were made by polydimethylsiloxane (PDMS) stamp 
technique.

The PL data of pristine rubrene shows two distinct peaks at 
570 nm and 600 nm. A new peak at 650 nm appears when 
the crystals were exposed to oxygen for several hours. To 
modulate the rubrene surface oxidation of the transistor 
conducting channel, the reducing gas (H2) or oxidizing 
gas (O2) was introduced into the channel. The mobility 
changed dramatically depending on the gas environment. 
Under hydrogen ambient, the mobility decreased from 
10 cm2/Vs to as low as 10-3 cm2/Vs. Subsequently, when 
switched to oxygen ambient, the mobility returned to 10 
cm2/Vs. The highest mobility achieved so far was 12 cm2/
Vs. The oxidation and reduction were reversible and the 
rubrene single crystal mobility was modulated repeatedly 
in the range of 10-3 to 10 cm2/Vs by introducing oxygen or 
hydrogen into the channel. This experiment suggested that 
the oxidation of rubrene surface was responsible for the 
high charge mobility.

 A02469-04219 

Single Crystals of Organic Charge Transfer 
Compounds based on Perylene and 7, 7, 8, 
8-Tetracyanoquinodimethane (TCNQ) 

Hui JIANG; Ke jie TAN; Keke ZHANG; Minglin TOH; 
Jinbo ZHOU; Christian KLOC 
School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

Organic charge transfer compounds have been 
investigated for its special charge transfer and physical 
properties. Binary compounds of perylene and 7, 7, 8, 
8-tetracyanoquinodimethane (TCNQ) were synthesized 
and the structure was analyzed. Single crystals of these 
binary compounds were grown by solution and the gas 
phase methods. The single crystals were characterized 
by high-performance liquid chromatography (HPLC), 
Fourier transform infra-red spectroscopy (FT-IR), 
photoluminescence spectroscopy, ultraviolet spectroscopy 
and X-ray diffraction (XRD). The results show that from 
different solvents different molecular complexes can be 
grown, perylene-TCNQ, 1:1 with needle-like crystals can 
be obtained from toluene while that of 3:1 with block-
like crystals were grown from benzene. The conductivity 
measurements of the complexes display that they’re organic 
semiconductors. Single crystal field effect transistors 
based on these two different structures were fabricated to 
determine charge transport. The potential applications of 
charge transfer complexes for organic electronics will be 
discussed.
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 A02474-04835 

PEC Behaviour of Tin Monosulphide Single 
Crystals Grown Using Different Transporting 
Agents

G. K. SOLANKI; Sudeep GOYAL; Dipika B. PATEL; 
Sandip UNADKAT; M. K. AGARWAL 
Department of Physics, Sardar Patel University, Gujarat, 
India

In this paper authors have attempted to fabricate PEC solar 
cells with SnS crystals grown using different transporting 
agents. Energy band location and redox analysis of the 
material have been made using Mott – Schottky plots. 
These Studies justify the selection of an appropriate 
electrolyte for PEC work. Various solar cells have been 
fabricated with single crystals of SnS(PVT) , SnS (I2) and 
SnS (NH4Cl) . The solar cell parameters e.g. the fill factor 
(FF), open circuit voltage (Voc), short circuit current (Isc) and 
efficiency η for all the different cells have determined. In 
order to see the effect of using different transporting agents 
in the growth of SnS on its photoresponse, the electrolyte 
and intensity of illumination were kept constant and all the 
electrodes were prepared from crystals showing absolutely 
plane faces obtained through the act of cleavage with the 
help of an adhesive tape. The results have been thoroughly 
described and implications have been discussed.

 A02476-04658 

Thermo-luminescence Glow Curves and 
Photoluminescence of Ion Irradiated Al2O3 

K. S. jHEETA1; D. C. JAIN2 
1. S. M. S. Medical College, Jaipur, India
2. University of Rajasthan, India

Thermo-luminescence (TL) spectra of single crystals of 
Al2O3 (sapphire) irradiated with 200 MeV swift Ag ions at 
different fluence in the range 1х1011 to 1х1013 ions/cm2 has 
been recorded at room temperature by keeping the warming 
rate 2K/min. The TL glow curve of the irradiated samples 
has a simple structure with a prominent peak at ~ 500 K 
with one small peak at 650 K. The intensity of main peak 
increases with the ion fluence. This has been attributed to 
the creation of new traps on irradiation. Also, a shift of 8 K 
in the peak position towards low temperature side has been 
observed at higher fluence 1х1013 ions/cm2. In addition, 
photoluminescence (PL) spectra of irradiated samples have 
been recorded at room temperature upon 2.8 eV excitation. 
A broad band consisting of mainly two emission bands, 
respectively at 2.5 and 2.3 eV corresponding to F2 and F2

2+ 
defect centers is observed. The intensity of these bands 
shows an increasing trend up to fluence 5х1012 ions/cm2 
and then decreases at higher fluence 1х1013 ions/cm2. The 
results are interpreted in terms of creation of newly defect 
centers, clustering/aggregation and radiation-induced 
annihilation of defects.

 A02559-04373 

Micro and Nanometer Sized Organic Single 
Crystalline Devices

Wenping HU 
Laboratory of Organic Solids, Institute of Chemistry, 
Beijing, China

The use of the micro and nanometer sized organic single 
crystals to fabricate devices can keep all the advantages of 
single crystals, avoid the challenge for the growth of large 
sized crystals, and provide a way to characterize organic 
semiconductors more efficiently. Moreover, the effective 
use of such “small” sized crystals will be meaningful for 
nanoelectronics. Here, organic single crystalline devices 
based on micro/nanometer-sized structures, namely the 
fabrication method and related technical issues, devices 
properties and present challenges are introduced.

 A02573-04398 

The Growth of Tungsten Single Crystals of High 
Structural Quality by the Electron-beam Floating 
Zone Technique 

Vadim GLEBOVSKY; Sergey BOZHKO 
Materials Science & Technology, Institute of Solid State 
Physics - RAS, Chernogolovka, Russian Federation

W single crystals of high chemical purity and excellent 
structural quality have been grown by both the electron-
beam floating zone melting and the high-temperature 
recrystallization. Techniques have been developed for 
growing W single crystals, which demonstrate an extremely 
low dislocation density and insignificant mosaic spread. 
Our studies on the growth of W single crystals revealed the 
conditions where the dislocation density and mosaic spread 
are ultimately low. The 6–8% deformation is found to be 
optimal to get large grains after recrystallization. It was 
achieved by the solid-phase recrystallization consisting 
of plastic deformation followed by high-temperature 
annealing. The deformation of the single crystals with the 
[111] growth axis by vacuum rolling along [112] is the 
most suitable for recrystallization. The vacuum conditions 
are required for the crystal deformation by rolling, because 
they enable to avoid an oxidation of the crystal surface 
during deformation at high temperature. The block 
structure and the perfection of the crystals were controlled 
by the XRD technique and by anomalous transmission of 
the X-rays procedure. The dislocation density determined 
from diffraction data is close to the density values obtained 
from etch pits. The high-purity single crystals of low 
dislocation density and free of small-angle boundaries 
were produced.
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 A02627-04500 

Protein Crystal Growth by New Techniques 

Kazufumi TAKANO1;2;3 
1. Graduate School of Engineering, Osaka University, 
Suita, Japan
2. SOSHO Inc., Osaka, Japan
3. CREST, JST, Suita, Japan

We have developed novel techniques for protein 
crystallization by femtosecond laser and solution stirring. 
Femtosecond laser technique enables to exceedingly 
increase the crystallization probability. It induces 
the nucleation at low supersaturated solution where 
spontaneous nucleation dose not occur. Because the laser-
induced crystals grow slowly at the low supersaturated 
solution, the crystals exhibit high crystallinity. Solution 
stirring technique also contributes the improvement of 
protein crystal quality. We have succeeded in obtaining 
high-quality crystals of various proteins by this technique, 
and the precise structural information of the protein 
molecules from the X-ray analysis. Furthermore, we have 
developed a new device for manipulating protein crystals, 
which directly captures a crystal in solution by an adhesive. 
The method realizes convenient capture of protein crystals 
without causing mechanical damage and enables to acquire 
X-ray diffraction data with lower background noise. These 
techniques are able to accelerate structural biology and 
subsequent structure-based drug discoveries.

 A02652-04548 

Nano- and Micro-Scale Organic Single-Crystal 
Transistors 

Alejandro L. BRISENO 
Polymer Science and Engineering, University of 
Massachusetts, Amherst, United States

Organic single crystals are important for the fundamental 
understanding of charge transport in field-effect transistors. 
Although polycrystalline thin film devices are easier to 
fabricate compared to organic single crystal devices, their 
performance are limited by structural imperfections. We 
have developed unconventional methods of fabricating 
single-crystal transistors from vapor and solution-phase 
routes in order to improve the efficiency of device 
throughput fabrication. Mobilities larger than 1.0 cm2/
Vs have been achieved from both vapor and solution-
phase crystal growth. In order to demonstrate solution-
processability of single-crystals, we prepared one-
dimensional (1-D) organic single-crystal nanowires from 

a variety of p- and n-type organic semiconductors. We 
fabricated nanowire transistors on mechanically flexible 
substrates to evaluate their potential for applications in 
flexible electronics and determined that the mobility is 
nearly unaffected as mechanical strain is applied to the 
flexible substrates. The results demonstrate the durability 
of the test structures to mechanical stress and imply that 
flexible transistors fabricated from 1-D nanowires may 
have use for applications that require non-breakable or 
highly bendable substrates. A brief summary of our recent 
work on organic-inorganic hybrid nanowires for use in 
photovoltaics will also be presented. The presentation 
will conclude with some perspectives on future research 
opportunities in the area of organic nanowire single-crystal 
transistors.

 A02756-04725 

Multiferroic BiFeO3 

Sang-Wook CHEONG 
Rutgers University, United States

BiFeO3 (BFO) is considered as the holy grail of multiferroics 
in the sense that the magnitude of ferroelectric polarization 
is large (about 90 µC/cm)  - similar with that of standard 
ferroelectrics such as BaTiO3 and PbTiO3. In addition, 
both magnetic and ferroelectric temperatures are much 
high than room temperature. BFO has been extensively 
studied, but mostly in the form of films. In order to explore 
the intrinsic properties of BFO and also properties that 
cannot be measured in film forms, we have investigated 
comprehensive physical properties of bulk BFO single 
crystals using a number of techniques such as neutron 
scattering, piezoelectric force microcopy and transport 
property measurement. Our results reveal the fascinating 
nature of ferroelectrics with non-zero d electrons.

 A02813-04817 

Growth and Characterization of GaInSb Bulk 
Semiconductors Crystal: Growth by VDS 
Technique

Pravin MORE2; Dilip MASKE1; Dattatray GADKARI1;2 
1. Department of Physics, Mithibai College, Mumbai, 
India
2. Department of Physics, University of Mumbai, 
Mumbai, India

An III-V ternary semiconductors crystal of GaxIn1-xSb with 
x = 0.7 have been grown, without seed, using indigenously 
fabricated unit of Vertical Directional Solidification 
(VDS) technique. Attempts were to grow defect free bulk 
crystal with improved axial and radial solute segregation. 
The growth rate was optimized to 2mm/hour with axial 
temperature gradient of 20 0C/cm. The resulted ingot was 
characterized using analysis techniques like XRD, FTIR, 
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EDAX, Hall-Van der Pauw measurements and chemical 
etching. At ambient temperature (29 0C), the Hall-Van der 
Pauw measurement showed the n- type semiconductor 
with mobility of the order of 4.4 x103cm2/Vs, resistivity 
2x10-3 Ω-cm and carrier concentration 6.8 x 1017 cm-3.

The microstructure analysis revealed the formation of 
crystal defects such as inclusions, dislocations and twin 
boundary. To remove these microstructure defects and 
improve the crystalline quality, the as grown ingot has been 
annealed under argon atmosphere at 400 0C for 20 hours. 
The effect of constitutional super cooling on formation 
of multiphase has been discussed. This work shows the 
applicability of VDS technique for obtaining the defect 
free bulk substrates of compound semiconductors crystals 
with variable energy band gaps and lattice constants.

The detailed research work of this growth will be reported 
during presentation.

 A02855-04882 

Electric Field Induced Superconductivity on 
Single Crystal Surfaces 

Yoshi IWASA 
Institute for Materials Research, Tohoku University, 
Sendai, Japan

Electrostatic carrier doping in MIS-FET structures has 
been expected as a potentially powerful tool for controlling 
electronic states of matter for many years, because it is 
basically free from disorder effects. However, the phase 
control by electric field has been seriously limited so far, 
because the maximum voltage available in the conventional 
MIS-FETs is not sufficient for inducing electronic phase 
changes. Here we propose a novel approach for this 
purpose by employing an electrochemical device concept.

When voltage is applied between two electrodes in an 
electrochemical cell, ions in electrolyte move toward 
both electrodes driven by the electric field. Finally, ions 
are stabilized right above the electrode surface to form an 
electric double layer (EDL), a kind of capacitor, which 
has an ability of high density charge accumulation. This 
capacitor device, called electric double layer capacitor 
(EDLC) is already on market as a high density and high 
speed capacitor. If one of the electrodes is replaced by a 
semiconductor with a source and drain electrodes, this 
device works as a field effect transistor, which can be 
called an electric double layer transistor (EDLT). EDLT 
can be also formed using another type of ionic conductors, 
which is ionic liquid.

For the above purpose, single crystalline materials have 
a great advantage, because the electrical current flow 
takes place surface. We have tested this type device 
on semiconductor single crystals, including oxide 

semiconductors, using electrolytes and ionic liquids, and 
found that the high density charge accumulation up to 6 x 
1014 cm-2 is indeed achieved in the EDLTs. We talk about 
charge accumulation behavior in EDLTs with particular 
emphasis on oxide semiconductor single crystals, and 
associated electronic behaviors, such as gate-induced 
insulator-metal transition in ZnO and superconductivity in 
SrTiO3.

This work has been carried out in collaboration with H. Shimotani, 
H. T. Yuan, J. T. Ye, A. Tsukazaki, A. Ohtomo, K. Ueno, and M. 
Kawasaki.

 A02870-04910 

Single Crystal Growth of InBi 1-x Sbx by Syringe 
Pulling Method

Dimple SHAH1; Girish PANDYA2; Sandeep VYAS3; 
Bhakti JARIWALA1 
1. Physics Section - Ash Department, Sardar Vallabhbhai 
National Institute of Technology, Surat, Gujarat, India
2. Physics Department, The M. S. University Baroda, 
Vadodara, Gujarat, India
3. Physics Department, Gujarat University, Ahmedabad, 
Gujarat, India

In recent years, III-V compound have received some 
attention as potential candidate for infrared application 
in the 8-12µ range. Single crystal of InBi:Sb belonging 
to the same system has been grown by Syringe pulling 
method . The charge was allowed to cool freely to room 
temperature, which took about 10 minutes. The stainless 
steel needle serves as heat sink and site of nucleation. 
Crystals were cleaved along the cleavage plane (001) 
parallel to the vertical growth axis. Growth features were 
studied on the surface of crystals. XRD technique has been 
used for testing the presence of constituent element of 
InBi:Sb single crystal. Standard test for a new dislocation 
etchant has been carried out successfully and results are 
reported. The optical absorption was measured in the wave 
number range 500cm -1to 4000cm -1. The band gap has 
been evaluated from these data and studied as a function 
of concentration. The increase in concentration has been 
also found to affect there hardness.
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 A02870-04915 

Electrical, Mechanical and Structural 
Characterization of Bi2Te3 Single Crystals

Dimple SHAH1; Bhakti JARIWALA1; Girish PANDYA2; 
Sandeep VYAS3 
1. Physics Section - Ash Department, Sardar Vallabhbhai 
National Institute of Technology, Surat, Gujarat, India
2. Physics Department, The M. S. University Baroda, 
Vadodara, Gujarat, India
3. Physics Department, Gujarat University, Ahmedabad, 
Gujarat, India

Single crystals of Bi2Te3 have been prepared by Zone 
Melting Method. The freezing interface temperature 
gradient was 60°C/cm and the best quality crystals has been 
obtained at growth velocity 1.5 cm/hr. EDAX technique has 
been used for testing the presence of constituent element 
of Bi2Te3 single crystals. The mechanical strength of As-
grown, quenched and annealed crystals is carried out by 
Vickers Hardness Indenter. The temperature dependence 
of electrical resistivity of Bi2Te3 single crystal samples 
were studied using four probe technique. From these 
measurements, micro hardness and activation energy has 
been reported.

 A02951-05050 

Crystal Growth of Compounds with Volatile 
Elements Like As, Eu and Li 

Günter BEHR1; Wolfgang LöSER1; 
Andreea Claudia BUDEA1; Chongde D. CAO1;2; 
Igor MOROZOV3; Claudia NACKE1; Nadja WIZENT1; 
Bernd BüCHNER1 
1. IFW Dresden, Dresden, Germany
2. Department of Applied Physics, Northwestern 
Polytechnical University, Xi’an, China
3. Inorganic Chemistry Department, Moscow State 
University, Moscow, Russian Federation

Large high quality single crystals are necessary to 
investigate the intrinsic properties of different types of 
compounds. In case of the presents of volatile components 
like As, Eu or Li usual growth methods like zone melting 
or Bridgman technique have to be modified due to the high 
vapor pressure of components.

For the different types of compounds BaFe2As2 and 
related compounds like LiFeAs, Eu2CuSi3 and Li2CuO2 the 
challenges of crystal growth by floating zone, Bridgman 
and flux methods are discussed. In case of floating zone 
growth of BaFe2As2, Eu2CuSi3 and Li2CuO2 a new high 
pressure facility (SFZ, IFW Dresden) was used which 
reduces the evaporation by orders of magnitude applying 
high argon or argon/oxygen pressures up to 15 MPa gases 
or gas mixtures. While BaFe2As2 needs argon pressure 
above 10 MPa, Eu2CuSi3 was grown in 5 MPa argon and 

Li2CuO2 in 5 MPa gas mixture of Ar:O2=4:1 to prevent 
evaporation as well as compound decomposition. The 
Bridgman growth of BaFe2As2 was conducted in closed 
Ta or Nb ampoules under Argon atmosphere whereas 
the LiFeAs was grown from a Sn flux in closed silica 
ampoules. The growth conditions of all compounds are 
discussed in detail.

All crystals were carefully characterized by XRD, analytical 
scanning electron microscopy, optical microscopy and 
different physical properties.

Some authors express their gratitude for the financial support 
under Grant No.SFB 463 and Be1749/8 and Be1749/12 of the 
Deutsche Forschungsgemeinschaft G.B., W.L., A.C.B and C.N., 
N.W., the Alexander von Humboldt-Stiftung C.D.C, and the NSF 
of China and NPU-FIST C.D.C.
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