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Dr. S.M.Ravi Kumar
Convener-NCPCCM ‘16

Government Arts College
Tiruvannamalai

PREFACE
It is a great pleasure for us to organize the National Conference on Preparation and

Characterization of crystalline Materials (NCPCCM ’16) at PG & Research Department of
Physics, Government Arts College, Tiruvannamalai during 4 & 5 August 2016. We extend a
cordial welcome to all the honourable delegates of this two days national event. The PG and
Research Department of Physics of Government Arts College is committed for the Research
and Development of modern technologically and industrially important crystalline materials.

The purpose of this conference is to bring together scientists, experts, academicians
and other researchers from different parts of the country actively engaged in the forefront
of Preparation and characterization of crystalline materials for exchange of knowledge and
ideas and an in depth analysis of the subject. It will cover the entire field of preparation and
characterization of macro, micro and nano crystalline materials, from basic physical
phenomena to the recent significant advancements in preparation techniques, materials
characteristics, characterization techniques, etc. Special attention will be paid to the
prospects for future development of crystal preparation and characterization techniques.

I am very much pleased to note that there are 9 Invited talks and more than 125
contributed papers from various institutions covering different aspects of preparation and
characterization of crystalline materials. It is our sincere hope that the young researchers
will gain a lot from these high profile dedicated invited speakers and authors of contributed
papers and will pave a way for many productive and collaborative pursuits in this
technologically important area of research.

I am grateful to our Principal who has given us great strength and encouragement in
organizing this national conference. We express our sincere thanks to the Founder of ISPA
Dr. S. Gunasekaran, Dean-Research, St. Peters University, Avadi, Chennai for extending
collaboration and support in organizing this conference successfully. We express our
gratitude to Dr. P. Sagayaraj, Head, Department of Physics, Loyola College, Chennai and Dr.
R. Jayavel, Dean-Research, Anna University, Chennai for their kind and valuable guidance in
this effort. We also thankful to the advisory board members from various institutions for
their kind support and help.

I express my sincere thanks to my colleagues in our Department for their valuable
help and support in making this National level event successful. I thank all the invited
speakers for their technical and enlightening lectures, sharing their innovative ideas and
knowledge. Special thanks are due to the participants who have come from various parts of
India to share their scientific inventions and ideas in this conference.

The financial support extended by Tamil Nadu State Council for Higher Education
(TANSCHE) and Indian Spectrophysics Association (ISPA), Chennai are gratefully
acknowledged.

Dr. S.M.Ravi Kumar



Dr. P. Sagayaraj
Head &Associate Professor
Loyola College (Autonomous)
Nungambakkam
Chennai-600 034

I am very happy to know that a “National Conference on Preparation and
Characterization of Crystalline Materials” is organized by the Department of Physics,
Government Arts College, Tiruvannamalai, Tamil Nadu, India.

Crystalline materials provide the foundation of our modern technologically
driven world. The supremacy of materials is achieved through detailed scientific
research. Advances in the techniques of growing and characterizing ever more perfect
crystals of a wide range of materials lie at the roots of today's advanced technology.
The growth of crystal involves research by dedicated scientists and scholars in
academic world as well as industry involving a broad field of disciplines including
physics, chemistry, biology, material sciences and engineering. Significant
applications in information technology, photonics, energy storage and harvesting,
environmental protection and medicine require a deep understanding and control of
crystal growth.

The reason for growing single crystals is, many physical properties of solids
are obscured or complicated by the effect of grain boundaries. Hence, in order to
achieve high performance from the device, high quality single crystals are required.
The strong influence of single crystals in the present technology is evident from the
recent advancements in the above mentioned fields. The mostdynamic campaigns of
this conference shall be its intensive interaction with research community to inculcate
excitement regarding crystal growth, assessment and scientific method of knowledge
transfer. I am sure that this conference would rejuvenate younger minds to get new
ideas in the field of crystal growth and characterization.

I wish and thank the organizers for arranging such a conference and my best of
luck to all the organizing staffs and students, and all the participants.

Dr. P. Sagayaraj



Dr. S. Gunasekaran, M.Sc.,Ph.D.,D.Sc.
TANSA Awardee
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25.07.2016

Message
Hearty Greetings from ISPA!!!

In the modern era of science, contributions and significance of Physics thither technology is
remarkable. Dodging Physics and its adaptability to advancements is unpardonable but to form
a forum among the students, researchers, professors and scientists, The Department of
Physics, Government Arts College, Tiruvannamalai, Tamilnadu, India has organizing a
National Conference on Preparation and Characterization of Crystalline Materials
(NCPCCM 2016), during 4th &5th, August 2016.

It is appropriate to extend my greetings and felicitation to The Patron of this
Conference Prof. K. Kalidasan, Principal, Government Arts College,
Tiruvannamalai, for his enthusiastic encouragement and support for this scientific event.

I deem it a pleasure to wish The Conference Chairman Prof. R. Arunchunai
Annadurai, Head, PG & Research Department of Physics, Government Arts College,
Tiruvannamalai. His rapport towards the successful sculpturing of this National Scientific
event is a bench mark.

My congratulations and best wishes to the Convener Dr. S. M. Ravi Kumar,
Assistant Professor, Department of Physics and the Organizing Secretary Dr. M.
Balakrishnan, Associate Professor, Department of Physics, for being successful captains in
uniting their team to bring out this scientific mega event as a victorious one.  I extend my
wishes to their dedicated and sincere team members of the department of Physics.

I once again congratulate each and everyone, who worked behind the screen to make
NCPCCM’16 an event of razzmatazz and nostalgic.

(S. GUNASEKARAN)





Prof. K.Kalidasan
Principal (i/c)

FOREWORD

I am happy to note that the PG & Research Department of Physics,

Government Arts College, Tiruvannamalai organized the “National Conference on

Preparation and Characterization of crystalline Materials (NCPCCM ’16)” during

4 & 5 August 2016 in association with Indian Spectrophysics Association (ISPA) and

sponsoring by Tamil Nadu State Council for Higher Education (TANSCHE). This

conference aimed at brings out the relevance of the preparation and characterization of

crystalline materials for advanced applications in the various fields. It is an evident that

these types of conferences will encourage exchange of ideas, spreading knowledge and

innovations and report the progress in crystalline materials. I am very glad to

promulgate that conference days are fruitful for research delegates so that those

objectives of the conference will be accomplished to a very great extent. I wish to

express my appreciation to the convener Dr. S. M. Ravi Kumar for his dynamic work

in encouraging participants and securing substantial inputs of the papers from different

parts of India. I extend my sincere thanks to all the learned speakers and participants

for their commitments to come over Government Arts College, Tiruvannamalai and

share their experiences with us. I extent my heartfelt gratitude to all the organizers,

faculty members of various committees and student volunteers on their worth full

efforts to make this conference a great success.

I take this opportunity to welcome all the participants to Government Arts

College to make NCPCCM ’16 a memorable event and wish you all tot stay at

TIruvannamalai.

I wish NCPCCM ’16 a grand success

K.Kalidasan
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PG & Research Department of Physics,
Government Arts College, Tiruvannamalai – 600 603

National Conference on
PREPARATION AND CHARACTERIZATION OF CRYSTALLINE MATERIALS

(NCPCCM ’16 ) Program Schedule
Thursday, 4 August 2016

Time Program

8.30 A.M – 9.30 A.M Registration

9.30 A.M – 10.30 A.M Inauguration Function

10.30 -11.00
Inaugural Tea

11.00 – 12.00 P.M

Development of Morphology engineered DAST derivatives of DSCHS,
DASC and DAAS crystals for Terahertz applications
Dr. P. Sagayaraj
Head & Associate Professor, Department of Physics, Loyola College,
Chennai – 600 034

12.00 – 1.00 P.M

ATR Technique – A Fortune To FTIR Spectroscopy For Materials
Characterization
Dr. S. Gunasekaran
Dean, Research & Development
St. Peter’s Institute of Higher Education and Research,
St. Peter’s University, Avadi, Chennai – 600 054.

1.00  P.M – 2.00 P.M Lunch Break

2.00  P.M – 2.45 P.M

Improvement in crystallinity of unidirectional method grown
nonlinear optical (NLO) and ferroelectric single crystals for Second
Harmonic Generation and Infrared (IR) Detector Applications
Dr. Muthu Senthil Pandian
Research Scientists, SSN Research Centre,
SSN College of Engineering, Chennai-603 110, Tamilnadu

2.45  P.M -3.30 P.M

Anisotropic growth of silver nanostructures from silver spheres and
Cu@Ag nanoparticles for enhanced nonlinear optical applications
Dr. M. Jose,
Assistant Professor
Department of Physics, Sacred Heart College (Autonomous),
Tirupattur, Tamilnadu, India

3.30 P.M -3.45 P.M Tea Break

3.45 P.M -5.15 P.M POSTER/ORAL Presentation -1



PG & Research Department of Physics,
Government Arts College, Tiruvannamalai

National Conference on
PREPARATION AND CHARACTERIZATION OF CRYSTALLINE MATERIALS

(NCPCCM ’16)
Program Schedule
Friday, 5 August 2016

Time Program
9.30 A.M – 10.15 A.M Role Of GaAs Nano-Electronic Materials And Devices Fabrication

Technologies In Select Space And Defence Applications-A Bird’s
Eye View
Dr. V.N.Mani
Scientist, Centre for Materials for Electronics Technology,
Hyderabad 500 051

10.15 A.M – 11.00
A.M

Growth And Characterisation Of Pure And Copper Dopped Lithium
Sulphate Nlo Single Crystals

Dr. M. Selvapandiyan
Associate Professor, Department of Physics,
Periyar University PG Extension Centre, Dharmapuri, India-636 705.

11.00 A.M -11.15 A.M Tea Break

11.15 A.M - 12.00
Noon

Pump-probe thermal lens near-infrared spectroscopy and Z-Scan
study of (Tris) Thiourea Cadmium Sulphate

Dr. R. Rajasekaran
Former Professor & Principal,Government Arts and Science College,
Tiruvannamalai, Tamil Nadu, India.606 603

12.00  Noon – 1.00
P.M

Bimetallic Thiocyanate Complex Crystals for Optoelectronic Devices
Dr. Ginson P. Joseph
Assistant Professor, Department of Physics,
St. Thomas College, Pala, Kerala

1.00  P.M – 2.00 P.M Lunch Break

2.00 P.M – 3.00 P.M

Development of nano hybrid structures for DSSC and QDSSC
applications
Dr. R. Jayavel
Director-Research, Anna Univeristy, Chennai-25
Centre for Nanoscience and Technology, Anna University, Chennai-25

3.00 P.M -3.15 P.M Tea Break

3.15 P.M - 4.15 P.M ORAL /  POSTER Presentation -2
4.15 P.M -5.00 P.M Valedictory Function





Invited Talks



Development of Morphology engineered DAST derivatives of DSCHS, DASC
and DAAS crystals for Terahertz applications

Dr. P. Sagayaraj

Head & Associate Professor, Department of Physics, Loyola College, Chennai - 34
psagayaraj@hotmail.com

Terahertz (THz) waves are located between microwaves and infrared light, which contain

molecular information such as phonon modes of crystals and combined modes of low frequency

vibrations with rotation and tunneling in fluids. THz technology offers diverse applications such as

wireless communications, inspection of drugs, detection of explosives and metals, analysis of DNA, gas

sensing, imaging and spectroscopy. Organic non-centrosymmetric, nonlinear optical (NLO) crystals are

regarded as highly efficient THz emitters due to their very large NLO properties when compared to

semiconductors and inorganic materials. In this regard, an organic crystal DAST has attracted much

attention due to its very high NLO coefficients and its low dielectric constant making it highly suitable

for THz generation. It offers vast design possibilities to tailor the linear and nonlinear properties, and

owing to the almost completely electronic origin of the nonlinearity, they are well suited for future

high speed devices. Though DAST is considered as one of the best THz emitters, its development is

limited by its crystal growth characteristics. DAST has a high tendency to form multi-nucleation leading

to poly-crystallization and twinning which at the same time reduces the quality and size of the single

crystals. In this context, a number of stilbazolium derivatives with different types of counter anions

have been synthesized and investigated to understand the influence of counter anions on the growth,

NLO and THz properties. In this presentation, along with DAST, stilbazolium derivatives such as4-N,N-

dimethylamino-4-N’- methylstilbazolium 3-carboxy-4-hydroxy benzenesulfonate(DSCHS),4-N,N-

dimethylamino-4-N’-methylstilbazolium  4-aminotoluene-3-sulfonate (DAAS),4-N,N-dimethylamino-4-

N’- methylstilbazolium p-styrenesulfonate(DSSS), 4-N,N-dimethylamino-4-N’-methylstilbazolium  p-

methoxybenzenesulfonate (DSMOS), 4-N,N-dimethylamino-4-N’-methylstilbazolium  p-

chlorobenzenesulfonate (DASC) , 4-N,N-dimethylamino-4-N’-methylstilbazolium  m-

nitrobenzenesulfonate (DSMNS) are discussed from the view point to improve the growth conditions

of these potentially useful materials. The advantages of counter ion approach and slope nucleation

technique will be highlighted based on the hands on experience of the THz crystals developed by our

research group.The present investigation provides the growth aspects of the DAST- like crystals and

their morphology control by varying the supersaturation. The improvement in the size and the ability

to control the shape of the crystal assumes much significance as the materialsare environmentally

more stable than DAST and at the same time equally efficient.



ATR TECHNIQUE – A FORTUNE TO FTIR SPECTROSCOPY FOR MATERIALS
CHARACTERIZATION

Dr. S. Gunasekaran, Ph.D., D.Sc.

TANSA Awardee
Dean, Research & Development

St. Peter’s Institute of Higher Education and Research,
St. Peter’s University, Avadi, Chennai – 600 054.

Founder President, Indian Spectrophysics Association
Former Head, Department of Physics,  Pachaiyappa’s College, Chennai – 600 030,

Former Registrar, Periyar University, Salem.
E-mail : deanresearchspu@gmail.com

Website: www.ispa.wiki

Materials are the main source for revolutions, one such revolution is made in the infrared spectroscopy
is FTIR – ATR technique. The vital role in characterizing materials is played by matrix materials which
are transparent to infrared radiation.

Mid-infrared spectroscopy is an extremely reliable and well recognized finger printing method.
Many materials can be characterized, identified and also quantified. It is an analytical technique to
obtain spectra from a very wide range of solids, liquids and gases. However to good quality of spectrum
in the transmission, sample preparation is rectified for traditional infrared spectrometers. Where the
sample is in a liquid or solid form, the intensity depends more on the thickness or concentration of the
sample. The technique of Attenuated Total Reflectance has made revolutions in the analysis of solid and
liquid samples because it combats the most challenging aspects of infrared analysis.

The two most common forms of sample preparation for solids both involve grinding the
material to a fine powder and dispersing it in a matrix. The ground material can be dispersed in a liquid
to form a mull. The most commonly used liquid is mineral oil (nujol). Potassium bromide (KBr) is
probably the most widely used matrix material. Between 1 and 3 mg of ground material needs to be
mixed thoroughly with about 350 mg of ground KBr. The mixture is now transferred to a die that has a
barrel diameter of 13 mm. This is then placed in a suitable press and pressed at around 12,000 psi for
one to two minutes. Re-crystallization of the KBr results in a clear glassy disk about 1 mm thick. This
disk is now ready to be analyzed by transmission.

Liquids are traditionally analyzed as thin films in cells, a cell consists of two IR transparent
windows. A Teflon spacer is generally used to produce a film of the desired thickness or path length. A
constant path length is highly desirable when performing quantitative analyses. Overall, sample
preparation is easier for liquid transmission studies when compared to solid transmission sampling but
both suffer from inevitable reproducibility issues given the complexity of the sample preparation
methods. In addition, preparation can be very messy and time consuming and is further complicated by
difficulties in getting sample to matrix ratios correct and homogenous throughout the sample. The
materials involved are fragile and hydroscopic and the quality of measurements can be adversely
affected if handled or stored incorrectly. The technique of Attenuated Total Reflectance addresses these
issues.

An attenuated total reflection accessory operates by measuring the changes that occur in a
totally internally reflected infrared beam when the beam comes into contact with a sample. An infrared
beam is directed onto an optically dense crystal with a high refractive index at certain angle. This
internal reflectance creates an evanescent wave that extends beyond the surface of the crystal into the
sample held in contact with the crystal. It can be easier to think of this evanescent wave as a bubble of
infrared that sits on the surface of the crystal. This evanescent wave protrudes only a few microns (0.5 μ
- 5 μ) beyond the crystal surface and into the sample. Consequently, there must be good contact between
the sample and the crystal surface. In regions of the infrared spectrum where the sample absorbs energy,
the evanescent wave will be attenuated or altered. The attenuated energy from each evanescent wave is
passed back to the IR beam, which then exits the opposite end of the crystal and is passed to the detector
in the IR spectrometer. The system then generates an infrared spectrum.

For the technique to be successful, the following two requirements must be met:



The sample must be in direct contact with the ATR crystal, because the evanescent wave or bubble only
extends beyond the crystal 0.5 μ - 5 μ. The refractive index of the crystal must be significantly greater
than that of the sample or else internal reflectance will not occur – the light will be transmitted rather
than internally reflected in the crystal. Typically, ATR crystals have refractive index values between
2.38 and 4.01 at 2000 cm-1. It is safe to assume that the majority of solids and liquids have much lower
refractive indices.

When measuring solids by ATR, it is essential to ensure good optical contact between the
sample and the crystal. The accessories have devices that clamp the sample to the crystal surface and
apply pressure. This works well with elastomers, other deformable materials and also with fine powders,
but many solids give very weak spectra because the contact is confined to small areas. The effects of
poor contact are greatest at shorter wavelengths where the depth of penetration is lowest. The issue of
solid sample/crystal contact has been overcome to a great extent by the introduction of ATR accessories
with very small crystals, typically about 2 mm across. The most frequently used small crystal ATR
material is diamond because it has the best durability and chemical inertness. These small area ATR
crystal top-plates generally provide only a single reflection but this is sufficient, given the very low
noise levels of modern FT-IR spectrometers. Much higher pressure with limited force can now be
generated onto these small areas. A much smaller area of contact is now required in comparison to the
HATR units. As a result, spectra can be obtained from a wide variety of solid materials including
minerals.

Diamond is by far the best ATR crystal material because of its robustness and durability. The
original purchase cost is obviously higher than that of other crystal materials available, but over the
instrument’s lifetime replacement costs should be minimal. The same cannot be said of Zinc Selenide or
Germanium, both of which can scratch and break with improper use. As with all FT-IR measurements,
an infrared background is collected, in this case, from the clean ATR crystal.

The crystals are usually cleaned by using a solvent soaked piece of tissue. Typically water, methanol or
isopropanol are used to clean ATR crystals. The ATR crystal must be checked for contamination and
carry over before sample presentation, this is true for all liquids and solids.
After the crystal has been cleaned and an infrared background has been collected, the liquid is simply
poured onto the crystal. The whole crystal must be covered if performing a quantitative or qualitative
analysis. The crystal is recessed into the metal plate to retain the sample. Pastes and other semi-solid
samples are readily measured by spreading them on the crystal. Horizontal ATR units are often used for
quantitative work in preference to transmission cells because they are easier to clean and maintain.

Solids are generally best analyzed on the single reflection ATR accessories; diamond being the
preferred choice for most applications because of its robustness and durability. After the crystal area has
been cleaned and the background collected, the solid material is placed onto the small crystal area.
Experience has shown that ideal results from powder samples have been achieved by placing just
enough samples to cover the crystal area. The sample height should not be more than a few millimeters.
Once the solid has been placed on the crystal area, the pressure arm should be positioned over the
crystal/sample area. When using the Spectrum 100 Series’ Universal ATR accessory, the pressure arm
locks into a precise position above the diamond crystal. Force is applied to the sample, pushing it onto
the diamond surface.

ATR is an IR sampling technique that provides excellent quality data in conjunction with the
best possible reproducibility of any IR sampling technique. It has revolutionized IR solid and liquid
sampling through:

• Faster sampling
• Improving sample-to-sample reproducibility
• Minimizing user to user spectral variation

Most importantly, the improved spectral acquisition and reproducibility associated with this
technique leads to better quality database building for more precise material verification and
identification. ATR is clearly an extremely robust and reliable technique for quantitative studies
involving liquids.



Improvement in crystallinity of unidirectional method grown Nonlinear optical (nlo)
and ferroelectric single crystals for Second harmonic generation and infrared (ir)

detector applications
Muthu Senthil Pandian*, P. Ramasamy

SSN Research Centre, SSN College of Engineering, Chennai-603 110, Tamilnadu
Email: senthilpandianm@ssn.edu.in

Gravity driven concentration gradient is used in the uniaxially solution-crystallization
method of Sankaranarayanan-Ramasamy (SR). TGS, GPI, KAP, SSDH, DGZCD, DGBCM,
benzophenone and many more crystals have been successfully grown by SR method. Longest
benzophenone crystal having dimension of 1350 mm length and 55 mm diameter was grown
for the first time in solution growth by SR method. Starting with a thin plate as seed a large
size crystal can be grown. Facets can be generated after cylindrical growth which may have its
own added advantage in device making effort. Crystals with different crystallographic faces
can be grown from conventional method and for practical applications where the specimen
should have more size along a particular direction, therefore after the studies, the
conventional method grown crystals with unique properties are collected and the chosen
seeds are mounted in the SR method set up to get very high quality large size single crystals
with minimum duration. Using slotted ampoule it was possible to avoid the accumulation of
the segregated impurities while using not so very pure crystal ingredients. The experimental
parameters involved in the present study were investigated in detail and a constant growth
rate was achieved by compensating the loss of growth units in the solution. Using
conventional and SR methods crystals have been grown and they were subjected to various
studies like HRXRD, laser damage threshold, chemical etching, Vickers microhardness,
birefringence, UV-Vis NIR, dielectrics and piezoelectrics. The SR method grown crystals show
excellent optical, mechanical, dielectric and piezoelectric behavior and higher laser damage
threshold capability compared to the conventional method grown crystals. HRXRD and
etching studies showed that the quality of the SR method grown crystal is better than
conventional method grown crystal. Similar enhanced performance was discovered in all the
crystals studied. 100% solute-crystal conversion efficiency of SR method is an added
advantage. We have performed real time and in-situ optical imaging of concentration and
convection fields during unidirectional growth of benzophenone crystal. The shadowgraph
technique is used to visualize convection, to quantify the thickness of the solutal boundary
layer and the crystal growth rate. The Mach-Zehnder interferometry is used to quantify the
gravity driven concentration profiles during growth. Special growth apparatus was designed
and fabricated for performing the imaging experiments.



Anisotropic growth of silver nanostructures from silver spheres and Cu@Ag
nanoparticles for enhanced nonlinear optical applications

A. SakthiSabariMoorthi and M. Jose*

Department of Physics, Sacred Heart College (Autonomous), Tirupattur, Tamilnadu,

India

*Corresponding author E-mail id: mjosh1231@gmail.com, jose@shctpt.edu

A well-designed two-step solution-based method has been proposed to switch

isotropic silver nanospheres to anisotropic nanoprisms using sodium carboxy methyl

cellulose as surfactant. This method has several clear advantages including simplicity

and high stability. Silver prisms with a nanometer scale diameter could be judiciously

prepared when the precursor concentration was slightly changed. The obtained samples

have been characterized by X-ray diffraction, UV–Vis absorption spectroscopy,

scanning electron microscopy, and transmission electron microscopy. The experiments

show that the concentration of AgNO3, is an important factor for controlling the

morphology of the products.

We also prepared core-shell structured Cu@Ag nanoparticles by a facile redox-

transmetalation process at room temperature. The SPR band at 405 nm is indicative of

the formation of Cu@Ag nanoparticles. The powder X-ray diffraction and energy

dispersive X-ray analyses were carried out to elucidate the structure and chemical

composition respectively. The morphological investigations made by electron

microscopes revealed that the particles are spherical in shape with core-shell structures

having size of about 50 nm. The X-ray photoelectron spectroscopy was performed to

elucidate surface state composition of the core-shell structured nanoparticles based on

the binding energies and confirmed the formation of Cu@Ag core-shell nanoparticles.

The enhanced non-linear optical response of the Cu@Ag core-shell nanoparticles was

demonstrated by z-scan experiment using He-Ne laser.



ROLE OF GaAs NANO-ELECTRONIC MATERIALS AND DEVICES
FABRICATION TECHNOLOGIES IN SELECT SPACE AND DEFENCE

APPLICATIONS-A BIRD’s EYE VIEW

V. N. Mani
Centre for Materials for Electronics Technology,

Department of Electronics & Information Technology, Govt. of India,
Cherlapalli, Hyderabad 500 051, India

E-mail: vnmanicrystal272001@gmail.com

Solid State Electronics has become the key technology of our time. Whatever the major field of social
activity or world industry is selected, it will be realized that electronics is playing an increasingly
dominant role in it. The invention of the transistor and the laser has provided the starting blocks for
incredible developments in technology and application or solid-state electronics. So impressive it was
that the last two decades of technological development in the field are often quoted as unique in the
whole history of human technological achievements. The long lasting period of development in
micro-optoelectronics has produced a wide range of distinct high purity electronic materials, single
crystals, epitaxial structures and devices where Silicon and III-V binary, ternary and quaternary
compounds are of pivotal importance. Among the process technologies, epitaxial growth represents a
building block upon which many device structures have been developed. Epitaxial layers have been
used for the fabrication of integrated circuits and discrete devices. Much progress in micro-
optoelectronics technology during the last decade has been based on epitaxial technologies in the
growth of multilayered structures for device applications. The success of advanced multi-layered
structures and devices in the laboratory and in production depends heavily on the advanced epitaxial
techniques used to grow them. The various forms of epitaxial methods appear to be leading candidates
for the fabrication of these devices.

In this overview talk,  our decade long efforts in developing ultra hig  pure (7N) gallium, indium and
recent results on germanium, GaN, which are required for epitaxial opto and nano- electronics and
optoelectronics will be highlighted. The talk will also cover technological issues namely multi-pass
zone-refining, directional solidification and associated chemical engineering, instrument development
aspects, preparation of bulk crystals and substrates including VLSI principles and practices. The class
clean and green processing scheme(s) for sample homogenization, preparation, processing analysis
and packaging, the usage of the class clean room (1000), clean benches (100) environment  and
characterization  issues will be dealt with.
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Crystals are the pillars of modern technology. Without crystals, there would be no

electronic industry, no photonic industry, and no fibre – optic communications. Nonlinear

optical materials are reputed candidates for device fabrication due to good mechanical

strength, better nonlinearity, high thermal stability and large laser damage threshold. The large

second order non linear optical materials find in various fields of applications such as laser

technology, laser telecommunications, optical computing,  Optical data storage devices,

frequency conversion, modulation, optical memory storage and optical switching. In this paper

describes that the growth and characterisations of pure and copper doped single crystals. The

energy band gap of the pure and copper doped Lithium sulphate crystals are found to be 3.24

eV and 3.25 eV. The observed results confirmed that the grown materials belong to the

categories of typical insulating materials. The presence of functional group on the modes of

vibration of the grown pure and copper doped Li2SO4 single crystal were analysed by using

Perkin Elmer spectrum two FTIR / ATR spectrometer with the frequency range between 4000

cm-1 and 450 cm-1. The results of the Vickers hardness studies suggests that the grown

materials are belongs to soft in nature and working in the load range between 1 gm and 100

gm. The dielectric constant of material decreases with increasing of frequency. The dielectric

loss of material also decreases with increasing of frequency. The grown materials are

well suited to apply the optoelectroinic device application because the dielectric loss of

material very low at high frequencies. The sharp endothermic peaks of Differential Thermal

Analysis curves are 145˚C and 167˚C which represents the melting point of the grown pure

and copper doped Li2SO4 crystals.
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Nonlinear optics (NLO) has emerged as one of the most attractive fields of

current research in view of its vital applications in areas like optical modulation,

optical switching, optical logic, frequency shifting and optical data storage for

developing technologies in telecommunications and signal processing. Materials with

large SONLO properties, short transparency cut off wavelengths and stable

physicochemical performance are needed to realize many of the above applications.

Bimetallic thiocyanates of type AB(SCN)4 with A=Zn, Co, Ni, Mn, Cd and B=Cd, Hg

are one among those which satisfy the above mentioned features. Their crystal

structure consists of two kinds of slightly flattened tetrahedral: AN4 and BS4. The most

striking features are the –N=C=S– bridges, which connect the center atoms of the

infinite three dimensional–A–N=C=S–B– networks.  The metal ligand bonding in

organometallics gives rise to the large macroscopic nonlinearities and excellent

physicochemical stabilities due to the transfer of electron density between the metal

atoms and the conjugated ligand systems. The double ligand model theory facilitates

the researchers to develop this new class of materials. These materials have the

potential for combining the high optical nonlinearity and chemical flexibility of

organics with physical ruggedness and excellent transmittance of inorganic. Like

organic materials, organo-metallic compounds also offer the advantage of architectural

flexibility and ease of fabrication and tailoring. The main focus of this talk is on the

synthesis, growth, electrical, thermal and  non-linear optical properties of thiocyanate

complex and its lewis base adduct crystals.
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Abstract

A novel use of the pump-probe thermal lens spectroscopy and Z-Scan

techniques for the measurement of the small absorption coefficient in a semi organic-

nonlinear optical crystal (Tris) Thiourea Cadmium Sulphate.The absorption spectrum

and the absolute values of the absorption of the crystal in the near infrared region(700

nm-980 nm).A maximum absorption coefficient of ~ 0.04 cm-1 is reported.
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Hybrid (organic/inorganic) nanostructures continue to attract research interest

owing to their potential applications in electronic and optoelectronic devices. Recently,

nanostructures of inorganic semiconducting materials are looked upon for energy

conversion aspects along with their organic counterparts. Fabrication of a new class of

hybrid organic/inorganic material systems has envisaged a new dimension in the field of

Dye sensitized solar cells (DSSC). The study of such systems could be of great help in

improving the device performance and lowering their fabrication cost considerably. In

this regard, a systematic approach has been made on the development of PPy/TiO2 and

PPy/ZnCoO hybrid layers. Undoped and Co doped ZnO nanocrystallite were prepared

through a simple two-step chemical approach. The hybrid layers have been fabricated at

room temperature through electro-polymerization reactions (assisted by UV radiation).

FT-IR and Raman spectroscopy have been used to ensure the formation of polypyrrole

deposits. The flat band potential for the hybrid systems assimilated from the Mott

Schottky plots was observed to shift towards the negative direction, presumably due to

the higher concentration of the polymer composites, which gives rise to a more negative

potential. Preliminary photovoltaic studies were carried out under AM1.5, 1 sun

condition for these photoelctrodes, which showed a photovoltage of 0.45 V.  One of the

critical issues in dye sensitized solar cell structure is the poor stability of dye molecules.

Recently, Quantum Dots have been considered as a potential substitute for dye molecules

with improved stability.  Fabrication of QDSSC structures and their device performance

will be discussed in detail.
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Spectroscopic investigations in different regions of the electromagnetic

spectrum provide information regarding translational, rotational, vibrational and

electronic energy levels of molecules. Vibrational spectroscopy deals with the

interaction of electromagnetic radiation with molecular vibrations and this is one of the

most useful spectroscopic tools for basic research. Information regarding molecular

structure, stereochemistry of complex molecules, hydrogen bonding and inter and intra

molecular processes can be obtained from the vibrational spectra. Fourier Transform

Infrared (FTIR) is one of the most exciting scientific investigations which can be

attempted to understand the basic units of matter and how they are held together.

Thiourea is potentially capable of forming co-ordinate bonds through both

sulphur and nitrogen. Both these possibilities will be reflected in the FT-IR spectra of

the complexes. Bonding through sulphur, the C-S stretching frequency should decrease

and C-N should increase. If, on the contrary, a nitrogen – metal bond is formed just the

opposite effect is to be expected.  Furthermore, the N-H frequency should decrease if

the metal is coordinated through nitrogen, while remaining substantially unaffected if

the bonding is through sulphur. Among the semi-organic materials, complexes of

thiourea are interesting because of their large nonlinear property, lower UV cut off,

wide transparency and good thermal stability. Thiourea as a ligand possesses a large

dipole moment and has the ability to form extensive network of hydrogen bonds. The

well known thiourea complex which are proved to have good SHG efficiency are bis

(thiourea) cadmium chloride (BTCC), bis(thiourea) zinc chloride (BTZC),

bis(thiourea) cadmium acetate (BTCA), bis(thiourea) cadmium formate (BTCF). The

FTIR results of some of the thiourea complex will be discussed in detail.
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ABSTRACT 

In the present work, CdSe/ZnS core-shell quantum dots (QDs) were synthesized via chemical 

route using bio-conjugated organic amino acid (L-Cysteine). The high intensity XRD result (002) 

plane the right panel of CdSe/ZnS QDs is identical with the c-axis of the wurtzite structure. The 

diameter of the resulting QDs was about 3 nm with uniform size distribution. The synthesized QDs 

exhibited an absorption and emission peak at 515 and 525 nm respectively, at room temperature. QDs 

with emission in the spectral range of 516-535 nm are special for their application in green LEDs and 

white-light generation.  

Keywords: CdSe/ZnS, Core-shell quantum dots, Luminescence, Optical properties, green and white-

light LEDs. 

1. INTRODUCTION 

Core-shell quantum dots (QDs) have attracted considerable attention as potential candidates 

in various applications including LED displays, photoluminescent, chemiluminescent and biological 

labels [1-3]. The CdSe/ZnS core- shells QDs with emission in the spectral range of 516-535 nm are 

used for application in LEDs [4]. The various semiconductor QDs of II -VI group metal 

chalcogenides such as ZnS, CdSe and CdTe have been studied by researchers because of their 

quantum confinement effects which include size dependent photoemission properties. The 

photoluminescence (PL) spectra of these QDs can be turned over a wide range of the electromagnetic 

spectrum with control in size and composition. Studies are being carried out on the effect of size on 

their physico-chemical properties. As their size decreases to their Bohr radius (usually around a few 

nanometers), all the electronic properties changes. QDs have many advantages compared to organic 

dyes, such as high PL intensity with narrow bandwidth and high photo-stability against photo 

bleaching [5]. Due to these properties QDs have potential application in biomedical tags and light 

harvesting devices.  

Many synthesis routes have been developed during the past decades including organometallic 

precursor route , non-organometallic precursor route, microwave irradiation route , solvothermal route 

and sonochemical route All these methods include the hot co-ordination solvent method using tri-n-

octylphosphine oxide (TOPO) and trioctylphosphine (TOP) which is identified as a prominent method 

to synthesize semiconductor QDs.  However, these methods require higher temperature and toxic 

materials. Therefore, we have succeeded in developing an environmental friendlier method to 

synthesis CdSe/ZnS QDs for the first time unlike previous researchers.  The as-prepared QDs were 

characterized by structural (XRD), morphological (SEM/EDAX, TEM) and optical properties  (UV & 

PL) studies. 

2. EXPERIMENTAL PROCEDURE 

2.1 Synthesis  

  The synthesis procedure of CdSe is already described by our group [6]. The as prepared ZnS 
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and CdSe are mixed thoroughly with 25 ml L-Cysteine. After stirring for 2 hrs, the mixture was 

transferred into a Teflon lined stainless autoclave of 200 ml capacity (with 75 % filling). The 

autoclave was sealed tightly and heat treated at 200 °C in an electrical oven for about 6 hrs and then 

allowed to cool down to room temperature naturally. Finally, a deep dark red powder was collected, 

after centrifugation and it was repeatedly washed with water and ethanol to remove unwanted species 

present in the product.  Finally the sample was dried at 120°C for 3 hrs. 

3. RESULTS AND DISCUSSION  

3.1 Powder X-ray Diffraction and EDAX Analysis  

Powder XRD patterns of monodispersive CdSe/ZnS QDs are shown in     Figure 1. The 

evolution of the powder X-ray diffraction patterns during the growth of the shells around spherical 

ZnS nanoparticles shows that the hexagonal (wurtzite) phase of CdSe. The higher intensity and the 

smaller width (002) of the reflection ( Fig.1) show that the right panel of CdSe/ZnS QDs is identical 

with the c-axis of the wurtzite structure. All the observed peaks can be indexed to the wurtzite 

structure, with a lattice constant slightly compressed from that of bulk CdSe due to the CdSe/ZnS 

coating, which were well consistent with the characterized peaks of wurtzite hexagonal CdSe/ZnS 

core-shell (JCPDS card No:77-2307, 89-7385).  

3.2. SEM & TEM Analysis  

The size and shape of the particles of CdSe/ZnS core-shell QDs was investigated by TEM.  

The Figures shows the XRD, molecular structure and TEM image of hydrothermally grown 

CdSe/ZnS core-shell QDs. It is interesting to note that the presence of highly monodispersed and 

absolute spherical QDs. Further, a close examination of   last figure below suggests that the less 

agglomeration of QDs. As seen in the TEM image, honeycomb of QDs size is ranging from 2-4 nm.  

We surveyed approximately 150 QDs and their histograms confirm the average diameter is about 3 

nm and the particles have a narrow size distribution.  

3.4 Optical Properties Studies  

From the Figure below shows, a sharp absorption features (λabs ~ 515 nm) suggest 

monodispersity of CdSe/ZnS nanoparticles and the narrow PL emission λemi ~ 525 nm) indicates near 

band edge emission. The fact that the PL emission maximum lies close to its absorption-onset 

indicates that the PL emission arises as a result of the direct recombination between LUMO and 

HOMO charge carriers [7-8]. 

 

3.4 Optical Properties Studies  

From the Figure below shows, a sharp absorption features (λabs ~ 515 nm) suggest monodispersity of 

CdSe/ZnS nanoparticles and the narrow PL emission   (λemi ~ 525 nm) indicates near band edge 
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emission. The fact that the PL emission maximum lies close to its absorption-onset indicates that the 

PL emission arises as a result of the direct recombination between LUMO and HOMO charge carriers 

[7-8]. QDs with emission in the spectral range from 516 to 538 nm are of special interest for the 

preparation of QDs based green and white LEDs. So, we suggest that CdSe/ZnS core shell QDs 

prepared in the present study is promising candidates [9-10]
 
for light harvesting applicationsaround 

R=3 nm in the present work. Thus, the decreased (R<< aB) regime indicate that the strong-quantum 

confinement effect. 

 

 

 

 

 

4. CONCLUSIONS 

Summarizing, we have developed a novel type synthesis of luminescent semiconductor 

nanocrystals consisting of CdSe core and ZnS as outer shell. The size of CdSe/ZnS QDs was 

successfully controlled by environmental friendly solvent. The powder XRD pattern and EDX 

analysis confirmed the structure, purity and composition of the obtained product. X-ray diffraction 

analysis confirmed the crystallization of hexagonal CdSe/ZnS QDs. The absorption and emission edge 

is a clear indication of visible light response of the particles and thus showing the promise for various 

light harvesting and fluorescence applications. QDs with emission in the spectral range of 516-535 nm 

are special for their application in green LEDs and white-light generation.  
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ABSTRACT 

      PbS nanoparticles were synthesized using wet chemical method. The synthesized product has been 

characterized by X-ray diffraction (XRD), FE-SEM, energy dispersive X-ray spectroscopy (EDX), 

Optical,FTIR studies and their results have been discussed in detail. 

1. Introduction 

 Lead sulfide is a good IV-VI group semiconductor, which has attracted considerable attention 

due to its special small direct band gap (0.41 eV) and large excitonic Bohr radius of 18nm[ 1,2]. PbS 

has been widely used in many fields such as  Pb2+ ion selective sensor, IR detectors, solar absorber 

and photography[ 3-5]. The band gap of PbS can be easily adjusted up to a few electron volts when 

the size of the particles is reduced. Such a significant widening of the band gap is associated with 

small effective masses of electrons and holes (me = mh = 0.09 m0) as well as with a large exciton Bohr 

radius (20 nm) of PbS [1]. Nanomaterials of PbS have been discovered to have exceptional third-order 

nonlinear optical property with potential applications in optical devices such as optical switches [2]. A 

lot of effort has been focused on the synthesis of PbS nanostructures and recently complex PbS 

structures such as dendritic or flower-like structures have attracted much attention because of their 

interesting morphologies and potential applications [3-6]. Aqueous phase routes have been employed 

to obtain PbS microcrystals with a flower-shaped or clover-like structure [4, 5]. Different dentritic 

PbS nanostructures can be synthesized through a surfactant-assisted hydrothermal process [3].Nano-

particles of lead sulfide have been synthesized recently by different chemical method with controlled 

particle size distribution [ 6-9]. During wet chemical synthesis of nanoparticles organic stabilizers are 

normally used to prevent them from aggregation by capping their surface. Moreover, the introduction 

of stabilizers influences on the chemical properties as well as the physical properties of semiconductor 

materials. Therefore, the choice of a suitable capping agent, the dynamic of binding, and its 

concentration becomes the pre-requisite for the particle size regime, stabilization against aggregation 

and high quantum yield during synthesis of nanoparticles. In this paper, we have prepared PbS 

nanoparticles by simple method and characterized by different techniques and their results were 

discussed. 

2. Experimental details 

Lead acetate trihydrate was dissolved in deionized water and stirred at room temperature. 

Then PEG was added drop wise to lead acetate solution and the sodium sulfide was dissolved in 

deionised water. The prepared sodium sulfide solution was added drop wise to lead acetate solution 

under constant magnetic stirring. The colour of the solution changed to black. The above mixed 

solution was stirred at 50ºC for 2 hours and the products were separated by centrifugation at 2000rpm. 

The solution was washed with deionised water, acetone and ethanol to remove the impurities of the 

sample. After completing washing the sample was dried in hot air oven at 100ºC for 4 hours and 

collected as the yield. The crystal structure of as synthesized PbS NCs was investigated using X-ray 

Proceedings of the National Conference on Preparation and Characterization of Crystalline Materials (NCPCCM 2016) 



 

5 

 

diffraction model Bruker D8 advance with monochromated Cu, kα  radiation (λ=1.541A°). The 

morphology of the synthesized samples was investigated by using field emission scanning electron 

microscopy (FESEM, ZEISS). The ultraviolet-visible spectra were recorded at room temperature 

(UV-ESECDB-205). The FTIR analysis of the sample was recorded in a range from 400cm
-1

 to 4500 

cm
-1

. The formation of PbS crystals were confirmed using EDAX(Bruker). 

3. Results and discussion 

The XRD pattern of synthesized PbS nanoparticles are shown in figure1. It shows several diffraction 

peaks at 2θ values of 26.48, 30.575, 43.544,51.444,53.895,63.001,69.322, 71.374 and 79.336 which 

correspond to the miller index of the reflecting planes for (111), 

(200),(220),(311),(222),(400),(331),(420) and (422). All the diffraction peaks in the spectra are 

analogous to the literature pattern of cubic phase  powder (JCPDS file no 01-005-0592) of the PbS. 

This confirms the formation of PbS nanoparticles. The strong and sharp diffraction peaks suggest that 

the particles are well crystallized. No other impurity peas have been observed from the XRD pattern 

which confirms the formation of pure PbS nanocrystals. It is observed that all the peaks are very much 

prominent which implies the high crystallinity of the PbS nanocrystals. The crystallite size was 

calculated using Debye-Scherrer formula. D=Kλ/(β cos θ) Where, λ is the wavelength of X-rays 

(1.5404Å), β is the full width at half maximum, and θ is the Bragg‘s diffraction angle obtained from 

2θ value corresponds to the maximum intensity peak in XRD pattern. 

 

Fig.1.XRD pattern of synthesized PbS 

 

Fig.2 FESEM image of PbS 

The average calculated particle size is 24.9nm and they are agglomerated. It clearly indicates 

the formation of spherical shaped PbS nonaparticles. The formation of PbS nanoparticles was 

confirmed from EDAX spectrum which is given in Fig.3. The morphology of as synthesized PbS 

nanoparticles was investigated using field emission scanning electron microscopy (FESEM). The 

FESEM image of PbS nanoparticles is shown in Fig 2. It shows that the synthesized PbS nanoparticles 

contain mainly the grains of spherical particles  

FTIR was used to study the purity and functional group composition of the PbS nanoparticles. 

The dried PbS nanoparticles were mixed with KBr to form pollets and then characterized with FTIR. 

The transmittance peak in the range from 4500-500cm
-1

corresponds to the OH group of water 

observed by the sample. Since PbS had no characteristic absorption peaks in the range 4000 – 500 cm
-

1
, the observed peaks at 1113 and 623 cm

-1
 were attributed to the PEG. 
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Fig.3.EDAX Spectrum of PbS 

 

Fig.4. FTIR spectrum of PbS nanoparticles 

        A fundamental property of semiconductor is the band gap-the energy separation between the 

filled valence band and the empty conduction band. The room temperature UV-visible spectrum in the 

absorption mode was measured for PbS nanoparticles and given in Fig.5. The optical band gap of the 

nanoparticles is calculated from the UV absorption study using the following formula.   E = hc ⁄ λ 

        The samples exhibit a strong absorption at 823 and 880nm. The band gap energies of the samples 

corresponding to the absorption edge are found to be 1.507 and 1.409 eV which are higher than the 

bulk value (0.41 eV). It shows that the absorption edge is shifted to blue region which may be due to 

the quantum size effect.   

 

Fig.5. Optical absorption spectrum of PbS 

CONCLUSION 

         PbS nanoparticles are successfully synthesized by wet chemical method. X-ray diffraction 

pattern indicates the formation of good crystalline cubic structure of  PbS nanoparticles. The FESEM 

image reveals that the PbS nanoparticles have regular spherical shapes. The optical analysis reveals 

that the spectrum of PbS nanoparticles shows a blue shift in the band gap energy due to small 

crystallite size. 
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ABSTRACT 

The present study reveals green synthesis of SnO2 nanoparticles (NP‘s) that is non-toxic, 

novel and eco-friendly using syzygium cumini. This synthesis approach is cost effective, eco-friendly 

and promising for applications in medical field. The characterization such as XRD, FTIR, FESEM, 

and Dielectric studies and were analyzed for synthesized SnO2 NP‘s. 

  Keywords:  SnO2 nanoparticles, Green synthesis, syzygium cumini leaf extract 

INTRODUCTION 

Currently there has been a signification increase in the area of nanotechnology in terms of 

research due to the applications of nanoparticles. The development of green processes for the 

synthesis of Tin oxide nano particles (SnO2NPs) is evolving an important branch of Nanotechnology 

[1]. Biologically synthesized SnO2NPs have drawn the attend of scientist[2], because of the  extensive 

applications  in the development of  new technology in the areas  of electronics , material science and 

medicine  at the nanoscale [3].The process involved in biosynthesized of Tin oxide nanoparticles  

have  already reported from the leaf extract of   Eucalyptus chapmania Lantharana camera, etc. SnO2 

nanoparticles it is usually synthesis from medical applications from cancer, bacteria fungal tolerance 

towards metal high bonding capacity and   intracellular uptakes metals [4]. SnO2NPs have been 

widely employed due to their physicochemical properties. In the present study, Tin oxide 

nanoparticles are synthesized by using the leaf extract of the plant Syzygium cumini (also known as 

Jamun) belongs to Mirthaze  family; The plants are used for the regulation of menstrual cycles [5]. In 

addition the plant is known to possess many pharmaceutical activities. Synthesis of Tin oxide nano 

particles with the extract of the plant leaf may increase their properties in lesser quantities and can act 

as a potential application in the field of medicine. 

2. MATERIALS AND METHODS 

2.1 Biosynthesis of Tin oxide nanoparticles 

The collected Syzygium cumini plant leaves were surface cleaned with tap water followed by 

distilled water. A plant leaves, dried at room temperature and powdered  Then weighted for 10g,  

dried powder  mixed  with  100 ml ethanol  and mixture was  heated at 90
ᶱ
C , for  4hours .It was  

filtered by using  whatmann filter paper and  the filtrate was collected. This leaf extract mixed with 90 

ml tin oxide aqueous solution in 250 ml solution. The colour of solution is changed greenish yellow to 

pale yellow colour. It is the primilary identification at a formation of Tin oxide nanoparticles. 

3. RESULTS AND DISCUSSION 

3.1 X-ray diffraction pattern (XRD)   

Figure 1 shows  X-ray diffraction patterns obtained for the SnO2 nanoparticles synthesized 

using leaf extract confirmed the formation of Tetragonal structure SnO2 nanoparticles. The crystal 
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structure of  biosynthesized SnO2 Nps different temperature  400ᶱ C, and  600ᶱ C at 2 hours, which 

shown well defined diffraction peaks at 26.75ᶱ, 37,343ᶱ, 37.88ᶱ,51.95ᶱ,54.50ᶱ,57.93ᶱ, 

62.09ᶱ,64.95ᶱ,66.8ᶱ,71.70ᶱ,and 79.13ᶱ can be indexed to  (1 1 0),( 1 0  1),(2 0 0) ,(2  1 1),( 2  2  0), ( 0 

0  2), ( 3  1 0),( 1  1  2), ( 3 0 1),( 3 2 0 ) and ( 3 2 1) crystal planes of tetragonal  SnO2 compared 

JCPDS card no( 41-1445).            

 

Fig 1. XRD patterns of (400
0
C, (M1). (600

0
C) (M2) of biosynthesized SnO2 Nps 

The formation of  the biosyntheses of   high purity  SnO2 Nps . The diffracted pattern using Debye‘s 

Scherer‘s formula D= (0.9λ)/βcosɵ. Sample M1 Crystalline size D=6nm,and lattice parameters 

a=4.764, c=3.203nm, and lattice strain=0.492 ɛ x10
-3. 

The M2 crystalline average size 11 nm, 

calculated lattice parameters a=4.720, c=3.179 and   lattice strain 4.1 nm obtained. 

3.3   FESEM analysis: 

 

Fig.2.FESEM analysis of biosynthesized SnO2 Nps 

   The morphology of biosynthesized SnO2 Nps was obtained by FESEM as shown figure.2.FESEM 

images of SnO2 Nps at different temperature 400ᶱ C, 600ᶱ C at 2hours. It‘s formed SnO2 Nps shows 

spherical shape structure. The biosynthesized of SnO2 Nanoparticles particle size analyzed average 

size 54nm.     

  

Fig.3. Dielectric – complex impedance analysis of biosynthesized SnO2 Nps 

3.4 Dielectric -– Complex Impedance analysis   

The dielectric properties of the SnO2 nanoparticles studied dielectric -complex impedance analysis as 

shown figure 3. The impedance is measured at different frequency. The electrical current of SnO2 

Proceedings of the National Conference on Preparation and Characterization of Crystalline Materials (NCPCCM 2016) 



 

9 

 

NP‘s found to be frequency dependence which increased linearly with applied frequency and also 

measure dielectric constant (∑r) for SnO2 nanoparticles at various frequency.   

Conclusion  

The SnO2 nanoparticles  synthesized successfully with leaf extract by green synthesis method. The 

physic – chemical properties of synthesized SnO2 nanoparticles were investigated by  XRD , UV-

Visible , FT-IR , FESEM, and Dielectric study analysis indicating  the properties of synthesized  SnO2 

nanoparticles. 
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Abstruct 

             The single crystals of 8-hydroxyquinoline, a organic material, were grown by the solvent 

evaporation technique from an ethyl alcohol solution of at ambient temperature. The novel non-linear 

optical single crystal 8-hydroxyquinoline has been successfully synthesized by Good optical quality 

single crystals of size  were grown in a period of 5 days. A since the morphology found to depend on 

dielectric crystal, electric susceptibility studies. Powder X-ray diffraction (XRD),UV and Fourier 

transform infrared transmission (FTIR) have confirmed the formation of the new crystal. The grown 

crystals were characterized by single-crystal XRD analysis to study the crystal structure.  From this 

analysis we found that the quality of the crystal was quite good.  UV–Vis spectrum was recorded to 

study the optical transparency of the grown crystals and functional group of above crystal was finding 

by FTIR. 

 Introduction 

    Crystalline organic compounds represent a new class of multifunctional group of material with 

introducing simultaneously optoelectronic and photo refractive properties of a wide range of 

application. Molecular materials are considered now as a very important alternative for electrodes of a 

crystalline stricter compounds and electrical active device manufacturing energetic structure, 

electrical compounds and optical properties are determined by their molecular configuration and 

particularity applications of the construction. For future application in electronics it will necessary to 

utilize the compounds with big molecule, less volatile and in very small geometrical configuration to 

complete with the modern tendency of the miniaturization. 

            Solid can defined by the way their constituent atoms or ions (or) molecule packed. If the 

packing of specific material is regular, forming an infinite three domination array exhibiting long-

range Oder, it is said to crystallization plays a part in almost every area of science and technology. 

           To attempt this aim very important the crystal purity and quality. The purity requirements for 

the organic materials are difficult and problem that as to be solved. Ordinarily, we can characterize a 

material after its capacity to crystalline good. Transparent crystalline structures and its spectra in the 

optical wavelength range. But these measurements are not very sensitive to the pressure of the 

impurities traces that an affect the crystal growth process.   

  A good knowledge of the fundamental aspects of crystallization is particularly important in 

the optical and communication industry for number of reasons. Firstly, crystallization is generally 

carried out on a large scale. So the system must be well understood to ensure a good yield to material. 

Secondly, to avoid the classic formulation problems associated with pure filtering. It is vitally 

important that the crystalline product exhibits manufacturing and uniformly from batch-to-batch (i.e.) 

the particles exhibit similar sizes and morphologies. This crystal has the same structure and a similar 

degree of perfection. 
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 Molecular structure 

 

Fig Structure of 8-Hydroxyquinoline 

    An off white needles crystal derived from quinoline-8-sulfonic acid and commonly used as a 

chelating agent and also used as liquid bandages. 

3.4 Preparation of 8-hydroxyquinoline 

 

 Physical nature 

          The appearance of the 8-hydroyxyquinoline colorless crystalline needles, it is and in the same 

times a bi-functional hydrogen bonding molecule. The conjugated organic materials that are 

functionalized by electron-donor moiety coupled, through a π conjugated bridge to an electron-

acceptor moiety, can exhibit large optical non-linear (NLO) properties. The new materials exhibiting 

NLO effects are of great technological importance for use in application with in electronic and 

photonics. 

          8-hydroxyquinoline is easily soluble in acetone, insoluble in cold water, hot water, freely 

soluble in alcohols, chloroform and aqueous mineral acids soluble in acetic, hydrochloric and formic 

acids, alkalis 

Experimental Details 

       The starting materials are commercially available . The solvent evaporation technique was used to 

grow single crystals of 8-HQ. The corresponding 8-HQ salt was dissolved in acetone to prepare a 

saturated solu-tion and the solution was filtered using Whatmann filter paper. The filtered solution 

was then taken in a beaker which was hermetically sealed to avoid the evaporation of the solvent. 

Optically defect free good quality single crystals of 8-HQ with reasonable dimensions were harvested 

in a month. In the present work, good optical quality crystals of pure 8-HQ are harvested. 
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Result and Discussion 

FTIR spectroscopy 

      The 8- HYDROXYQUINOLINE crystal is characterized by FTIR, UV and XRD analyzing 

techanique.These are discussed below.  Fourier transform spectroscopy is to study the infrared spectra 

now been developed into a very powerful technique for the detection of very weak signals from their 

environmental technique to resolve a complex wave into its frequency components.  The FTIR 

spectrum of the sample was recorded in mid and far IR regian and is used for the present 

investigation. Interpretation of FTIR spectrum of 8- HYDROXYQUINOLINE: 

1) Amines in 8- HYDROXYQUINOLINE (N-H) 

         Its observed at 3300 cm
-1

.It represents in an primary Amines group present in 3388.8 ,its due to N-H 

stretching mode of vibration. 

2) Amino  in 8- HYDROXYQUINOLINE (N-H) 

      It‘s observed at 3287 cm
-1

.It represents in amino group present in 8- HYDROXYQUINOLINE due to N-H 

stretching mode of vibration. 

3) Heteroaromatics in 8- HYDROXYQUINOLINE(ring structure) 

         It‘s observed at 2110.69 cm
-1

.It represents in Heteroaromatics group present in 8- 

HYDROXYQUINOLINE due to Ring stretching mode of vibration. 

4) C-N Amines in 8- HYDROXYQUINOLINE(C-N) 

       It‘s observed at 1488.80 cm
-1

.It represents in amines group present in 8- HYDROXYQUINOLINE shows 

strong band due to C-N stretching mode of vibration. 

5) Thicarbonys in 8- HYDROXYQUINOLINE(C=S) 

      It‘s observed at 1351.51 cm
-1

.It represents in Thicarbonys group present in 8- HYDROXYQUINOLINE 

due to C-N stretching mode of vibration. 

6) Silicon components in  8- HYDROXYQUINOLINE(Si-X) 

           It‘s observed at 1084.73 cm
-1

.It represents in Silicon components   group present in 8- 

HYDROXYQUINOLINE shows a Weak band due to S-X stretching mode of vibration. 

7) Phosphorus Compounds in 8- HYDROXYQUINOLINE(S-S) 

          Its observed at 928.01 cm
-1

.It represents in Silicon components group present in 8- 

HYDROXYQUINOLINE shows a Weak band due to S-X stretching mode of vibration. 

8) Pyrrole in   8- HYDROXYQUINOLINE(C-H) 

        It‘s observed at 828.01 cm
-1

.It represents in Pyrrole components   group present in 8- 

HYDROXYQUINOLINE shows a Weak band due to C-H stretching mode of vibration. 

9) Iodides in 8- HYDROXYQUINOLINE(C-X) 

       It‘s observed at 770.00 cm
-1

.It represents in Iodides components group present in 8- 

HYDROXYQUINOLINE shows a Weak band due to C-H stretching mode of vibration. 

10) Disulfides in 8- HYDROXYQUINOLINE(S-S) 

         It‘s observed at 514.82 cm
-1

.It represents in Disulfides components group present in 8- 

HYDROXYQUINOLINE shows a Weak band due to S-S stretching mode of vibration. 
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UV Absorption spectrum: 

         UV visible spectral studies the cut off wave length and transmission band are occur at 204 

nm.The UV Absorption study it identifies the π- π
*
 transition. 

XRD Interpretation 

The powder XRD Interpretation for the grown crystal 8- HYDROXYQUINOLINEis taken in XRD 

curve source that the material 8- HYDROXYQUINOLINE in in crystalline nature. The planes of 

reflection are shown in the graph that is the graph is indexed. The X-axis of the graph is 2θand the Y-

axis gives the intensity the units are arbitrary.  The 8- HYDROXYQUINOLINE single crystal is 

belongs to the structure of MOMOCLINIC.and also its having  a = 11.765Å ;  b = 6.9092Å ;  c = 

14.571Å and also,    α = β = 90: ‡ϒ. 

  

CONCLUSION 

         Good quality of 8- HYDROXYQUINOLINE single crystal was grown successfully by slow 

evaporation technique using the solvent Ethyl Alcohol at ambient temperature. The crystal was light 

yellow transparent.    Powder X – Ray diffraction studies were carried out. It shows sharp peaks 

confirming its crystalline and the lattice parameter were calculated. The XRD data of the crystals 

confined that the 8- HYDROXYQUINOLINE grown crystal in monoclinic system.  FTIR analysis 

confirms the presence of functional group in the grown crystals. The FTIR spectrum 8- 

HYDROXYQUINOLINE contains amines at wave number 3388.80cm
-1

 and other datas are tabulated.  

UV visible spectral studies the cut off wave length and transmission band are occur at 204 nm.The 

UV Absorption study it identifies the π- π
*
 transition. 
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Abstract 

The Fourier-transform Infrared spectrum (FT-IR) and Fourier-transform Raman spectrum         

(FT-Raman)  of  4-Phenylbenzophenone were recorded in the region 4000-400 cm
-1

 and 4000-100 cm
-

1
 respectively. The spectra were interpreted with the aid of full structure optimization based on HF 

(Hartree Fock) using 6-31 G(d,p) and DFT (Density Functional Theory) B3LYP using 6-31 G(d,p) 

basis sets. A complete vibrational assignment aided by the theoretical harmonic frequency analysis 

has been compared with experimental FT-IR and FT-Raman spectra. Stability of the molecule arising 

from hyperconjugative interactions, charge delocalization have been analyzed using natural bond 

orbital analysis (NBO). The results show that charge in electron density (ED) energies confirm the 

occurance of ICT (Intramoleculr Charge Transfer) within the molecule. The calculated HOMO and 

LUMO energy gap also confirms that charge transfer occurs within the molecule. A Sufficient general 

agreement between the experimental and theoretical spectra have been achieved. 

Keywords: 4 Butyrylbiphenyl; HF; DFT; FT-IR; FT-Raman; HOMO-LUMO; NBO. 

1. Introduction 

Biphenyl is an organic compound and used to prevent the growth of molds and fungus, and also 

used as a preservative  particularly in the preservation of citrus fruits during transportation. It is mildly 

toxic, but can be degraded biologically by conversion into nontoxic compounds. Some bacteria are 

able to hydroxylate  biphenyl and its polychlorinated biphenyls (PCBs) [1, 2].  

2. Experimental: Structure and Spectra 

The sample was obtained from M/s. Sigma Aldrich Co., with a stated purity of 99% and was used 

as such without further purification. The Fourier transform infrared spectra are recorded using Perkin 

Elmer spectrometer in KBr dispersion in the range of 4000 to 400 cm
−1

.  The FT-Raman spectrum 

was recorded using the 1054 line of a Nd:YAG laser as excitation wavelength in the region 4000-100 

cm
−1

 on a Bruker model IFS 66 V spectrophotometer equipped with an FRA 106 FT-Raman module 

accessory. 

3. Computational details 

In the present work, the density functional method (DFT) [3] has been employed using Becke‘s 

three parameter hybrid exchange functional with the Lee-Yang –Parr correlation functional [4] to 

optimize the structure of the molecule and also to calculate the electronic structure of the title 

molecule. The entire calculations were performed at  ab-initio Hartree Fock(HF) and DFT method 

using B3LYP  levels at 6-31 G(d,p) basis sets on a Pentium V/ 1.6 GHz personal computer using 

Gaussian 09W program package [5-7]  and applying geometry optimization Initial geometry 

generated was minimized at the Hartree Fock level using 6-31 G (d,p) basis set. 

4. Results and Discussion 

The optimized structure of 4 Butyrylbiphenyl is shown in Figure 1. The FTIR and FTRaman spectra is 

given in Figure 2 and Figure 3.The global minimum energy obtained by DFT structure optimization is 
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found to be -694.5942 Hartree. The optimized values of bond length and bond angle are shown in 

Table 1. The carbonyl group draws electrons and thereby weakens the resonance. Hence the inductive 

effect predominates resulting in an increase in the C=O force constant and slight increase in the 

corresponding bond length than the    standard C=O bond length (1.220 Å) [8]. 

 

Figure 1.The Optimized Structure of 4 Butyrylbiphenyl at DFT/B3LYP/6-31 G(d,p) 

Table 1: Optimized geometrical parameters of 4 Butyrylbiphenyl obtained by B3LYP/6-31G density 

functional calculations 

Bond Length / Å Bond Angle / o 

O1 – C2 1.223 O1-C6-C3 120.364 

C8– C10 1.391 O1-C6-C2 120.763 

C3 – C6 1.499 C5-C7-C14 120.949 

C4 – H21 1.095 C14-C16-H32 119.659 

C16 –H32 1.086 C2-C4-C12 112.611 

4.1 Vibrational Assignments 

The molecule 4 Butyrylbiphenyl contains 33 atoms, and it has 93 normal modes of vibration. 

According to group theory, the point group for this molecule is C1 symmetry and all the  fundamental 

vibrations are IR active. 

 

Figure 2. FTIR spectrum of 4 Butyrylbiphenyl 

 

Figure 3. FTRaman spectrum of 4 Butyrylbiphenyl 

C-H Vibrations 

Normally, aromatic compounds commonly exhibit multiple weak band in the region 3100-3000 

cm
-1

 due to aromatic C-H stretching vibrations. In the present study, the C-H vibrations of the title 

compound are observed at 3187 cm
-1

 in the DFT/B3LYP method and it is observed at 3197 cm
-1

 in the 

FT-IR spectrum and 3072 cm
-1

 in the FT-Raman spectrum [9]. All the compounded bands for the C-H 

vibrations by DFT/B3LYP method   show excellent agreement with recorded spectrum as well as with 

the literature values. 

C-C Stretching Vibrations 

The ring stretching vibrations are very important in the spectrum of pyridine and its derivatives 

and are highly characteristic of the aromatic rings. The aromatic ring carbon-carbon stretching 

vibrations occur in the region 1625-1430 cm
-1

. In the present work, the C-C aromatic stretch is 
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observed in the region 1644-1588 cm
-1

 in the DFT/B3LYP calculations. In FT-IR spectrum, it is 

observed in the region 1601and 1581 cm
-1 

and in Raman spectrum, it is observed in the region 1677 

and 1588 cm
-1. 

These vibrations are in good agreement with the calculated values. The C-C in-plane 

and out-of-plane vibrations are in good agreement with the literature values [10].  

CH2 Vibrations 

The symmetric CH2 stretching vibration is observed at 3031 and 2987 cm
-1

  in DFT/B3LYP 

method and the asymmetric CH2 stretching vibration is observed at 3081 and 3056 cm
-1

 in 

DFT/B3LYP method. The observed bands at 3058 and 3089 cm
-1 

in IR spectrum is assigned to 

symmetric and asymmetric CH2 stretching vibration. In FTRaman, CH2 stretching vibration is 

observed at 3072 cm
-1

. The CH2 wagging is observed at 1330 cm
-1

 in DFT method and in FTIR 

spectrum it is observed at 1340 cm
-1

  and in FT Raman spectrum, a band observed at band at 1330 cm
-

1
 is assigned to CH2 wagging. The CH2 scissoring is observed at 1456 cm

-1
 in DFT method and in 

FTIR spectrum it is observed at 1448 cm
-1

  and in FT Raman spectrum, a band observed at band at 

1459 cm
-1

 is assigned to CH2 wagging. The CH2 rocking is observed at 1239 cm
-1

 in DFT method and 

in FTIR spectrum it is observed at 1222 cm
-1

  and in FT Raman spectrum, a band observed at band at 

1234 cm
-1

 is assigned to CH2 rocking. The CH2 twisting  is observed at 1313 cm
-1

 in DFT method and 

in FTIR spectrum it is observed at 1314 cm
-1

  and in FT Raman spectrum, a band observed at band at 

1320 cm
-1

 is assigned to CH2 twisting. The most important ring stretching vibration is the ring 

breathing vibration at mode 43. In this mode, all bonds of the rings appear to stretch and contract in-

phase with each other [11,12]. In the experimental infrared spectrum of ciprofloxacin, this mode 

appears at 1001 cm
−1 

in FT-IR  and in FTRaman it is observed at 999 cm
−1 

 and the computed value 

by DFT/B3LYP method was found to be 1013 cm
-1

.  

 

C=O Vibrations 

The sharpest peak in the band at 1750 cm
-1

 is due to C=O stretching mode and the corresponding 

C=O stretching vibration is observed at 1749 cm
-1

 in DFT/B3LYP method are in good agreement with 

the literature values [13]. 
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Other Molecular Properties 

The thermodynamic properties calculated at HF and DFT/B3LYP/6-31 G (d,p) levels of the title 

compound is presented in Table 2. According to HF and B3LYP calculations, the largest dipole 

moment were observed for DFT and decrease in the energy were observed for DFT.  

Table 2: Thermodynamical properties of 4 Butyrylbiphenyl 

5 Conclusions 

The present investigation thoroughly analyzed the vibrational spectra, both infrared and Raman of 

4 Butyrylbiphenyl. The optimized geometries, harmonic vibrational wavenumbers and intensities of 

vibrational bands of 4 Butyrylbiphenyl have been carried out using the DFT/B3LYP method using the 

standard 6-31 G (d,p). The theoretical results were compared with the experimental vibrations and it 

can be seen that the values obtained from DFT levels matches well with the experimental values. 

Also, thermodynamical properties  were tabulated. This DFT based quantum mechanical approach 

provides the most reliable theoretical information on the vibrational properties of 4 Butyrylbiphenyl. 
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Abstract 

The molecular vibrations of 4-Phenylbenzophenone  has been investigated at room 

temperature by Fourier transform infrared (FTIR) and Fourier transform Raman (FTR) spectroscopy. 

The solid phase FTIR and FT-Raman spectra of the title compound have been recorded in the regions     

4000-400 and 4000-100 cm-
1
. A satisfactory band assignment has been made on the fundamental 

modes of vibration. Employing the ab - initio Hatree –Fock (HF) and Density Function Theory (DFT) 

methods. The theoretical vibrational frequencies and geometry parameters like bond lengths and bond 

angles have been calculated and compared with the experimental values. HF and DFT calculations 

were performed using the standard B3LYP/6-31 G(d,p) basis set combination. Optimized geometries 

were obtained using the global optimization procedure. Theoretical investigations of harmonic 

vibrational frequencies and thermodynamic properties viz. the zero point vibrational energy (ZPVE), 

entropy, heat capacity have been carried out. It has been found that both methods gave consistent data 

for geometric parameters, but DFT yielded vibrational frequencies much closer to the experimental 

values. 

Keywords:  4-Phenylbenzophenone; HF; DFT; FT-IR; FT-R; 

1. Introduction 

Phenylbenzophenone with the molecular formula C19H14O is an organic compound  insoluble in 

water. The benzophenone derivatives are known to be pharmacologically active in the interaction with 

B-DNA.  The  successive photo induced energy transfer is at the  base of benzophenone activity as a 

DNA photosensitizers and may explain part of its therapeutic potentialities [1 -  2]. 

2. Experimental: Structure and Spectra 

The sample was obtained from M/s. Sigma Aldrich Co., with a stated purity of 99% and was used 

as such without further purification. The Fourier transform infrared spectra are recorded using Perkin 

Elmer spectrometer in KBr dispersion in the range of 4000 to 400 cm
−1

.  The FT-Raman spectrum of 

ciprofloxacin was recorded using the 1054 line of a Nd:YAG laser as excitation wavelength in the 

region 4000-100 cm
−1

 on a Bruker model IFS 66 V spectrophotometer equipped with an FRA 106 FT-

Raman module accessory. 

3. Computational details 

In the present work, the density functional method (DFT) [3] has been employed using Becke‘s 

three parameter hybrid exchange functional with the Lee-Yang –Parr correlation functional [4] to 

optimize the structure of the molecule and also to calculate the electronic structure of the title 

molecule. The entire calculations were performed at  ab-initio Hartree Fock(HF) and DFT method 

using B3LYP  levels at 6-31 G(d,p) basis sets on a Pentium V/ 1.6 GHz personal computer using 

Gaussian 09W program package [5-7]  and applying geometry optimization Initial geometry 

generated was minimized at the Hartree Fock level using 6-31 G (d,p) basis set. 
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4. Results and Discussion 

4.1 Molecular geometry 

The optimized structure of 4-Phenylbenzophenone is shown in Figure 1. The FTIR and FTRaman 

spectra of 4-Phenylbenzophenone are shown in Figure 2 and Figure 3. The optimized geometrical 

bond parameters are tabulated in Table 1. From the table, it is clear that the bond length of C13 –O14 

is 1.226 Å. The bond length of C10 – C13 is 1.498 Å and bond length of C4-C7  is 1.484Å where the 

bond length is shortened by 0.01 Å. Also the bond length of C 1 – C2  is 1.395Å where it is shortened 

by 0.1 Å as we move from Ring R2 to Ring R1 due to the electronegative oxygen atom attached in 

Ring R2 [8]. 

 

Table1 Optimized Bond parameters of 4-Phenylbenzophenone 

 

 

Figure 1. Optimized Structure of 4-Phenylbenzophenone 

 

Figure 2. FTIR Spectrum of 4-Phenylbenzophenone 

 

Figure 3.   FT-Raman spectrum of 4-Phenylbenzophenone 

4.2 Vibrational Assignments 

The molecule 4-Phenylbenzophenone contains 34 atoms, and it has 96 normal modes of vibration. 

According to group theory the point group symmetry for the molecule is C1 symmetry and all the 

fundamental modes of vibrations are IR active. The harmonic vibrational frequencies calculated have 

been compared with the experimental frequencies and is given in Table 2. 

C-H Stretching 

Normally, aromatic compounds commonly exhibit multiple weak band in the region 3200-3000 

cm
-1

 due to aromatic C-H stretching vibrations. In the present study, the C-H vibrations of the title 

compound are observed at 3205 cm
-1 

(Ring R2, R3),  3036 cm
-1 

 (Ring R1, R2,) and 3016 cm
-1 

(Ring 

R1,),  in the DFT/B3LYP method. A band  observed at 3278,3076and 3026 cm
-1

 in the FT-IR and 

3065 and 3015 cm
-1

 in FTRaman are assigned to C-H stretching vibrations. All the compounded 

bands for the C-H vibrations by DFT/B3LYP method   show excellent agreement with recorded 

spectrum as well as with the literature values [9].  
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Table 2: Vibrational assignments of 4-Phenylbenzophenone 

 

C=O stretching 

The most characteristic feature of carboxylic group is a singleband observed usually in the range 

of 1700–1800 cm
-1

 This band is due to the C=O stretching vibration. The C=O stretching mode is 

observed at 1578 cm
-1

 in FT-IR spectrum and observed at 1598 cm
-1

  in FT-Raman spectrum The 

theoretical values of the C=O band show very good agreement with experimental results, which are 

predicted at 1561 cm
-1

 [10]. 

C-C stretching Vibrations  

In the present work, the wave numbers observed in the FTIR spectrum at 1576 cm
-1

 (Ring R1,R2 ) 

and 1519 cm
-1

  (Ring R3) are assigned to C-C Stretching vibrations. A band observed at 1598 cm
-1

 

(Ring R1, R2 ) and 1550 cm
-1

  (Ring R3) in FT-Raman are assigned to C-C Stretching vibrations.    

The theoretically computed values at 1561 cm
-1

 (Ring R1, R2 ) 1554 cm
-1

  (Ring R3) agree well with 

the experimental and literature values[11]. 

4.3 Mulliken Population analysis 

The Mulliken population analysis of 4-Phenylbenzophenone was calculated using HF/6-31 

G(d,p) and DFT/B3LYP/6-31 G(d,p) level and given in Figure 4. The charge distribution of the 

molecule in Fig.4. Shows that the carbon atoms attached to oxygen atoms are having positive charges. 

So, the remaining carbon atoms are negative, whereas all the hydrogen atoms have positive charges 

[12].   

 

Figure 4. Mulliken atomic charges of 4-Phenylbenzophenone 

Conclusion 

The FT-IR and FT-Raman spectral studies of 4-Phenylbenzophenone have been carried out for 

the first time. A complete vibrational and molecular structure analysis has been performed based on 
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the quantum mechanical approach by DFT calculations. The difference between the observed and 

scaled wave number values of most of the fundamentals is very small. Therefore assignments made at 

DFT level of theory with only reasonable deviations from the experimental values seem to be correct. 

Mulliken analyses have also been computed. 
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Abstract 

 In the present work Lithium Cobalt Oxide LiCo1-x-yO2 based layered oxide material with 

Chromium(Cr)x/Magnesium(Mg)y as dopants in three stoichiometric ratios LiCo1-x-yCrxMgyO2 has 

been prepared by sol-gel process, and as-prepared layered oxide materials  (ASLOMs) are labeled as  

LiCoO2 (OCL), LiCo0.9Mg.1O2 (OML), LiCo0.9Cr.08Mg.02O2 (OML1), LiCo0.9Cr.06Mg.04O2,(OML2), 

LiCo0.9Cr.04Mg.06O2 (OML3)  enroute as electrodes in Li-ion batteries.  Furtherance these ASLOMs are 

annealed at 200, 400 and 600   C to understand the structural/ stoichiometric compatability through 

XRD studies and the results confirms that all ASLOMs have in Rhombohedral structure (JCPDS 

card no: 50-0653). The surface morphology  (SEM) on ASLOMs show that the samples which are 

annealed at 600   C have uniform and homogeneous distribution than ASLOMs at 200 and 400   C. The 

FTIR studies confirms molecular interaction via the vibrational bands (shifts, change in intensity and 

absence)   between various constituents found in 400-1500 cm
-1

.                                                                                   

Keywords:  LiCoO2, sol-gel process, XRD, Annealing.  

 INTRODUCTION 

Materials for cathodes in rechargeable Lithium ion batteries have attracted the much 

concentration of research in recent years, both from the experimental and the theoretical point of 

view.  Lithium based layered transition metal oxides LiMO2 (M = Ni, Co, Mn, Fe, V) have attracted 

great interest worldwide and most studied for demand of high capacity energy storage devices [1]. 

Among this group, LiCoO2 is one of the most promising materials for commercial application because 

of its favorable features such as good capacity, excellent electrochemical stability, good power rates, 

low self-discharge and excellent life cycle. LiCoO2 crystals in particular have attracted attention due 

to their layered structure because Li
+
 ions are easily removed from LiCoO2 structure [2-5]. The 

structural stability of the LiCoO2 cathode material is such that the layered cation ordering extremely 

preserved even after a repeated process of insertion and extraction of Li
+
 ions [6]. However, due to its 

inherent drawbacks doping of Al, Mg, Cr and its binary stoichiometry have been attempted to 

promote the structural integrity and electrochemical performance. In these connections many 

researchers have done lot of works on the mixed doping on LiCoO2. Based on these review as no one 

has ever reported on stoichiometry effect of Mg, Cr to the host pristine LiCoO2. Thus objective of 

work has been designed in such way that stoichiometric effect as well as  the temperature influence on 

as synthesized at 200◦C, 400◦C, 600◦C has been attempted and  structural (XRD), molecular 

interaction (FTIR) and surface morphology studies have been planned on the systems.     

MATERIALS AND METHODS 

The LiCH3COO.2H2O, Co(CH3COO)2.4H2O, and Mg (CH3COO)2.4H2O are purchased from 

Alfa Acer with 99% purity and used without further purification. The Cr (NO3)3.9H2O, are purchased 

from Sigma Aldrich with 99% purity and used without further purification. LiCH3COO.2H2O, 

Co(CH3COO)2.4H2O, Mg(CH3COO)2.4H2O, Cr(NO3)3.9H2O and citric acid  were used as starting 
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materials to synthesize LiCo1-xCrxMgyO2 by a sol-gel method. The entire stoichiometric amounts of 

precursor were initially dissolved in distilled water. The amount of distilled water is 3 equal to the 

total molar amount of precursors. The entire solution was stirred at 60◦C with dropwise addition of 

the citric acid for controlling pH and avoiding the precipitation.   At last, the pink color gel has 

obtained. The xerogel was pre-calcined at 400◦C and the black color poly crystalline powder has been 

obtained and grinded agate mortar. The obtained powder was calcined at 600◦C for 6 h in air, cooled 

at room temperature, and then the annealing was carried out at 200◦C, 400◦C and 600◦C for 6 hrs in 

each. The XRD, FTIR and SEM studies were carried out for as-prepared powders. 

RESULT AND DISCUSSION 

XRD STUDIES: 

  

XRD diffractogram of as-synthesized sample (reported) has been taken as reference for the 

study as it is room temperature. A very short doublet appeared at 31    and 32   , a medium peak  around 

36    and the doublet one with higher intensity and other one with lesser intensity  noted at 42    and 44    

and lesser intensity short peak is noted around 62    and prior to 80   , a very shortest peak are noted , as 

per the literature and with JCPDS index, the peaks at 42    and the smallest hump 52   , the peak at 62    

and the near peak at 74    are correspond to CoO [7]. In the present study XRD pattern of as-

synthesized (reported) at 30   C has been compared with as-synthesized sample (prepared) at 200   C,  

400   C  and 600   C (fig.1a). Certain characteristic peaks noted in as-synthesized sample (reported) are 

not appeared with distinct  appearance are noted at 18   as a sharp medium peak , at 36   as a very short 

peak and very enhanced sharp peak at 44    are noted. While comparing  the  as-synthesized  sample 

with  200   C  annealed sample (prepared), it  is  found  that  the new  peak  appeared  near  18   and the 

peaks found at 36   and 44   (as-synthesized) appeared but change in FWHM and intensity.  These 

suggest that some kind of structural orientation has taken place at 200   C. Comparing the XRD pattern 

of 200   C with the 400   C, the peaks again appeared but change in FWHM and intensity are noted 

which are higher than that of  200   C particularly the increasing intensity  of  peak  at  44     while  

observing  the  600   C  with the reference to 400    C and 200   C, the drastic increase  in intensity 

corresponds as referred peaks at 200   C and 400   C. Suggest that the higher temperature in this  study 

at 600   C has shown the considerable temperature impact on the as-synthesized sample particularly Li 

and Co-O orientation. At 600   C (fig.1b) the pristine LiCoO2 where in 003 index of Lithium at 2θ = 

18  , the doublets at 101/ (102/006) at 36.8 and 38.7   and 104 hkl index at 44   have appeared with 

enhanced sharp intensity with increase in height and reduced FWHM suggest that the Lithium and 

Cobalt Oxide have improved their orderliness in the inner lattice seen very clearly. This highly 

orderliness of inner lattice  associated with the phase of CoO2  has not been  seen in 400   C as well as 
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200   C but while doping Mg, these characteristics peaks have been highly suppressed as that observed 

at 200   C expect the 104 hkl plane associated with the CoO2. In this regard, it confirmed that the as-

prepared powder also in Rhombohedral structure with the reference of JCPDS card no: 50-0653  

 FTIR STUDIES:       

       The following vibrational bands found 

in the region 400-4000cm
-1 

such as 556cm
-1

, 

599cm
-1

, 863cm
-1

, 1080cm
-1

 are assigned 

rocking vibrations. O-Co-O symmetric 

vibration at 1505cm
-1

(out of plane) and 

asymmetric vibration at 1435cm
-1

(out of 

plane) are assigned to cobalt and oxygen 

coordination sites  [8]. The Li-O 

coordination site has not been traced because 

the vibrational band observation carried out 

from 400cm
-1

 instead of 200cm
-1

 wherein it 

has to be referred. Doping of magnesium has 

completely trunked off the vibrational bands 

found out 1435cm
-1

 and 1505cm
-1

 states that 

the magnesium replaces the Co sites and having coordination with oxygen [9]. Further the magnesium 

influence in the pristine Co-O has been distinctly made possible by the appearance of multiplets 

vibrational bands i.e 592cm
-1

, 568cm
-1

 and 538cm
-1

 in the 400-600 cm
-1

 region, all correspond to the 

spurious effect of magnesium participation  with  oxygen  compared  to  the  pristine  LiCoO2  

wherein  doublet  599cm
-1

  and 556cm
-1

 are appeared (fig.2). The binary stoichiometry performance of  

Mg, Cr has also been observed by doping 0.04 ≤ Cr ≤ 0.08 to 0.06 ≤ Mg ≤ 0.02. The vibrational bands 

have been noted after doping  Cr  in  the  stoichiometry  as  mentioned  earlier,  and  it  is  found  that  

the 1642cm
-1

 RCO3Li [10-14] which has appeared as a very smallest kink in OCL has dominantly 

grown and showed its vibrational bands in the same location as due to the influence of enriched Cr in 

OCM1 but it is returned to the same trace as found in LiCoO2 (OCL) in OCM3 due to the lesser 

stoichiometry influence is conformed. The Cr influence has been seen irrespective of its stoichiometry 

in the wavenumber region 400-600cm
-1

 with the index of 599cm
-1

. The temperature influence on these 

samples LiCoO2(OCL), LiMg0.1Co0.9O2 (OML), LiMgCrO2 (OCM1/OCM2/OCM3) at 600   C have 

also been performed to understand the temperature effect on stoichiometry. The no trace of 1383cm
-1
 

O-Co-O in plane at 600   C also noted.   

 

 

 

 

 

   

 

 

 

 

 

 

 

  

Fig.2: FTIR studies of pure and Mg,Cr doped LiCoO2 
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SEM STUDIES 

 

LiMg0.02Cr0.08Co0.9O2 (OCM1) 

 

LiMg0.04Cr0.06Co0.9O2(OCM2) 

 

LiMg0.06Cr0.04Co0.9O2(OCM3) 

 

LiCoO2 (OCL) 

 

LiMg0.1Co0.9O2 (OML) 

Fig.3 SEM Studies of pristine and Mg, Cr doped LiCoO2  t 600     

The SEM surface profile of pristine LiCoO2 as shown inhomogenity dispersed of it, as like that of 

inhomogenity distribution of dry cotton flaks. While doping, the Mg inhomogenity cotton flaks 

appearance has been distorted and within the distorted region, the Mg as showed its presence as 

shown in fig.3.The stoichiometry   morphology on surface of OCM1, OCM2 and OCM3 have been 

closely examined and showed that the enriched Cr has not shown any appreciable effect on LiCoO2 as 

evidenced that the inhomogenity Cobalt flaks dispersion with orientational change of Cobalt flaks. On 

other hand the Mg has shown its stoichiometry performance in OCM2 as Mg completely quivering 

the Co flaks has been seen that Mg plays a vital role than the Cr is noted.  

CONCLUSION: 

 The pure and Mg, Cr doped LiCoO2 materials have been prepared by conventional sol-gel 

process. 

 The XRD studies confirmed that all the as-prepared samples were in R-3m structure with the 

reference of JCPDS index. Cation and anion coordination sites have been well ordered at high 

temperature is noted. The enriched stoichiometry Cr and enriched role of Mg have been seen in 

XRD. 

 The Cr-O (599cm
-1

) coupled with 566cm
-1

 through O sites have been in FTIR studies as a doublet. 

 The Mg replaces certain Co-O sites have been seen in XRD and reflected in SEM morphology 

also. 
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Abstract 

 The present work focuses on synthesis and study of new novel layered oxide materials for 

electrode (cathode) preparation to their end utility in Li-ion batteries i.e Lithium Cobalt Oxide 

material with Aluminium and Chromium as dopants in three stoichiometric ratios, labeled as  

LiCoO2(OCL), LiCo0.9Al.1O2(OAL), LiCo0.9Cr.08Al.02O2 (OAL1), LiCo0.9Cr.06Al.04O2 , (OAL2),and 

LiCo0.9Cr.04Al.06O2 (OAL3). These as-prepared layered oxide materials (ASLOMs) have been 

annealed from 200-600   C in steps of 200   C  difference in order to understand localization nature of 

the dopants by XRD studies. Thus study on these ALSLOMs reveal that structural domains including 

with pristine LiCoO2  have confirmed their Rhombohedral structure with point group symmetry of α- 

NaFeO2 (R-3m) JCPDS card no: 89-0912,  and changes placed in their FWHMs however are not 

found to be  varying  with temperature. The surface morphology (SEM) on ASLOMs show that the 

samples annealed at 600   C have sintered  uniform disperoid than that of at 200 and 400   C. The FTIR 

studies confirms molecular interaction via the vibrational bands (shifts, change in intensity and 

absence)   between various constituents found in 400-1500 cm
-1  

region
 
.                                                                                    

Keywords:  LiCoO2 ,sol-gel process, XRD, annealing 

INTRODUCTION 

Materials for cathodes in rechargeable Lithium ion batteries have attracted the much 

concentration of research in recent years, both from the experimental and the theoretical point of 

view.  Lithium based layered transition metal oxides LiMO2 (M = Ni, Co, Mn, Fe, V) have attracted 

great interest worldwide and most studied for demand of high capacity energy storage devices [1]. 

Among this group, LiCoO2 is one of the most promising materials for commercial application because 

of its favorable features such as good capacity, excellent electrochemical stability, good power rates, 

low self-discharge and excellent life cycle. LiCoO2 crystals in particular have attracted attention due 

to their layered structure because Li
+
 ions are easily removed from LiCoO2 structure [2-5]. The 

structural stability of the LiCoO2 cathode material is such that the layered cation ordering extremely 

preserved even after a repeated process of insertion and extraction of Li
+
 ions [6]. However, due to its 

inherent drawbacks doping of Al, Mg, Cr and its binary stoichiometry have been attempted to 

promote the structural integrity and electrochemical performance. In these connections many 

researchers have done lot of works on the mixed doping on LiCoO2. Based on these review as no has 

reported on stoichiometry Al, Cr to the host pristine LiCoO2. This work has been attempted and the 

temperature influence on the systems and the stoichiometry and their relation have been planned 

through some of the characterization techniques XRD, FTIR and morphology studies.     

MATERIALS AND METHODS 

The LiCH3COO.2H2O, Co(CH3COO)2.4H2O, and Al (NO3)3.9H2O, are purchased from Alfa 

Acer with 99% purity and used without further purification. The  Cr (NO3)3.9H2O, are purchased from 

Sigma Aldrich with 99% purity and used without further purification. LiCH3COO.2H2O, Co(CH-

3COO)2.4H2O, Al(NO3)3.9H2O, Cr(NO3)3.9H2O and citric acid  were used as starting materials to 
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synthesize LiCo1-xCrxAlyO2 by a sol-gel method. The entire stoichiometric amounts of precursor were 

initially dissolved in distilled water. The amount of distilled water is 3 equal to the total molar amount 

of all the precursors, for controlling pH and avoiding precipitation the citric acid was slowly added in 

drop wise with 60   C of continuous stirring for 6 hrs. At last, the pink colored gel has obtained. The 

xerogel was pre-calcined at 400   C for 6 hrs, then the black color poly crystalline powder has obtained 

and grinded with agate mortar. The obtained powder were calcined at 600 ◦C for 6 hrs in air, cooled at 

room temperature, and then the annealing process was carried out  at 200   C, 400   C  and 600   C  for 6 

hrs in each. The X-ray diffractometry (XRD) with Cu Kα radiation, at 2θ = 10–80◦, scanning electron 

microscopy and FTIR studies were carried out for as-prepared powders. 

RESULT AND DISCUSSION 

XRD STUDIES 

          XRD diffractogram of as-synthesized sample (reported) has been taken as reference for 

the study as it is room temperature. A very short doublet appeared at 31    and 32   , a medium peak  

around 36    and the doublet one with higher intensity and other one with lesser intensity  noted at 42    

and 44    and lesser intensity short peak is noted around 62    and prior to 80   , a very shortest peak are 

noted , as per the literature and with JCPDS index, (fig.1a) the peaks at 42    and the smallest hump 52   

, the peak at 62    and the near peak at 74    are correspond to CoO [7]. In the present study XRD 

pattern of as-synthesized (reported) at 30   C has been compared with as-synthesized sample 

(prepared) at 200   C, 400   C and 600   C. Certain characteristic peaks noted in as-synthesized 

sample(reported) are not appeared with distinct  appearance are noted at 18   as a sharp medium peak , 

at 36   as a very short peak and very enhanced sharp peak at 44    are noted. While comparing  the  as-

synthesized  sample with  200   C  annealed sample(prepared), it  is  found  that  the new  peak  

appeared  near  18   and the peaks found at 36   and 44   (as-synthesized) appeared but change in 

FWHM and intensity.   

 

These suggest that some kind of structural orientation has taken place at 200   C. Comparing 

the XRD pattern of 200   C with the 400   C, the peaks again appeared but change in FWHM and 

intensity are noted which are higher than that of  200   C particularly the increasing intensity  of  peak  

at  44     while  observing  the  600   C  with the reference to 400    C and 200   C, the drastic increase  in 

intensity corresponds as referred peaks at 200   C and 400   C. Suggest that the higher temperature in 

this  study at 600   C has shown the considerable temperature impact on the as-synthesized sample 

 

a) XRD pattern of Pristine  LiCoO2 for 200 -600 °C 

 

b) XRD pattern of  Al doped LiCoO2 at 600 °C 
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particularly Li and Co-O orientation. XRD pattern fig (1b) shows the  stoichiometry effect of Al/Cr at 

600°C, and which confirmed that the α- NaFeO2 (R-3m) structure with the reference of JCPDS card 

no: 89-0912  . The crystalline peaks how it can be distracted for the pristine host LiCoO2 due to the 

stoichiometry influence has been seen based on their manifestations of them through change in 

intensity and particularly FWHM either is broaden or narrow. While observing, the 600°C XRD 

pattern, it could be noted that the doublets at 101 and 102/006 [8-11] have emerged in sample OCA3 

suggest that high temperature exfoliates the Li2Co3 and Co3O4 phases [12-13] referring for orderliness 

has noted with enriched Al phase and poor Cr phase have been vacillating the structure by the 

temperature is noteworthy. And the sharpness mitigation of the peak ascribed to (003) is well 

registered at 2ө=18° and such a mitigation. Thus the temperature profusely showed its influence on  

LiCoO2 sites through their respective stoichiometry. 

 SEM STUDIES 

 

Li Al0.1Co0.9O2 

 

LiCoO2 

 

LiAl0.06Cr0.04Co0.9O2 

 

LiAl0.02Cr0.08Co0.9O2 

 

LiAl0.04Cr0.06Co0.9O2 

The LiCoO2 has appeared like inhomogeneous dried cotton flakes at 600 ° C. But the Al 

abruptly changes its dried CoO2 surface morphology as distorted and appeared as tiny globules 

conglomerated that Al highly distorts the phasial appearance by localizing their presence (fig.2) With 

reference to the stoichiometry of further adding Cr brings back the same surface profile has noted in 

OCL. But it has drastically varied with a strangled spherical globules blended with CoO2. As per the 

SEM Al0.04Cr0.06 this surface profile appeared as delinked bundles of Flake like appearance when Al 

rich presence so the stoichiometry of influence of Al and Cr on LiCoO2 have shown a different 

surface morphology as will be understood. 

FTIR STUDIES 

The  FTIR spectroscopy study has been carried out in order to elucidate the coordination between 

cations and anions comprising of Li
+ 

 ion and CoO2 of LiCoO2 layered oxide material. As for the 

literature some of the IR irrational bands are reported in the wavenumber region 400 Cm
-1

- 2000 Cm
-1

 

, ie., 437 Cm
-1

 (very short) 556 Cm
-1

 (CoO2), 865 Cm
-1

 (very sharp peak) 1087 Cm
-1

 (shortest peak) 

and the doublets 1443 Cm
-1

 O-Co-O (asymmetric vibration) and 1506 Cm
-1

 (symmetric vibration) are 

exactly matches [14]. Further while looking in to 400-700 Cm
-1

 region there are vibration bands 
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440Cm
-1

, 560Cm
-1

, 600Cm
-1

 are assigned to CoO2 while spanning on the wavenumber region beyond 

700 Cm
-1

  - 2000 Cm
-1

  one sharp singlet at 866 Cm
-1

 CoO Rocking vibration followed by 1384 Cm
-1

 

O-Co-O in plane bending. While comparing the stoichiometric performance of the binary Al and Cr 

as shown in fig -3 respectively with increasing Al participation with reference to the corresponding 

increasing in Cr stoichiometric as labeled as OCA1, OCA2 and OCA3 for 0.02/0.08,0.04/0.06 and 

0.06/0.04, vibrational bands have been closely differentiated with the fundamental vibrational modes 

of LiCoO2 band position as stated earlier.  

   

  

Fig.3:FTIR studies of pristine and doped LiCoO2. 

CONCLUSION 

 The pristine and AL, Cr doped LiCoO2 have synthesized by sol-gel process. 

 XRD revealed that the rhombohedral structure of the as-prepared materials, and the high 

order  of crystallanity is noted at high temperature treated material.  

 FTIR confirmed the ligand and base interaction and phase morphology confirmed the 

inhomogeniety of the flake like surface.  

REFERENCE 

1. J. M. Tarascon, M. Armand, Nature 414, 359 (2001).  

2. C. H. Han, Y. S. Hong, C. M. Park, and K. Kim, J. Power Sources 92, 95 (2001).  

3. T. Bak, J. Nowotny, M. Rekas, C. C. Sorrell, and S. Sugihara, Ionics 6, 92 (200).  

4. T. Nagaura, K. Tozawa, Prog. Batteries Solar Cells 9 (1990) 209. 

5. M. Catti, Phys. Rev. B, 61, 1795 (2000).  

6. R. Koksbang, J. Barker, H. Shi, and M. Y. Saidi, Solid State Ionics 84, 1 (1996).  

7. M. M. Thackeray, J. Electrochem. Soc. 142, 2558 (1995).  

8. L. Predoana, A. Barau, M. Zaharescu, H. Vasilchina, N. Velinova, B. Banov, and A. 

Momchilov –4–9 Sept. 2004, Sofia, Bulgaria.  

9. K. Teshima, S. H. Lee, Y. Mizuno, H. Inagaki, M. Hozumi, K. Kohama, K. Yubuta, T. 

Shishido, and S. Oishi, Cryst. Growth Design 10, 4471 (2010).  

10. S.M. Lala, L.A.Montoro, V. Lemos, M. Abbate, J.M. Rosolen, Electrochim. Acta 51 7(2005). 

11. Seung-Taek Myung, Naoaki Kumagai, Shinichi Komaba, Hoon-Taek Chung, Solid State 

Ionics 139 (2001) 47–56 

12. S.M. Lala, L.A.Montoro, V. Lemos, M. Abbate, J.M. Rosolen, Electrochim. Acta 51 (2005) 7. 

13. H.Y. Xu, S. Xie, C.P. Zhang, C.H. Chen, J. Power Sources 148 (2005) 90. 

 

 

Proceedings of the National Conference on Preparation and Characterization of Crystalline Materials (NCPCCM 2016) 



 

30 

 

GROWTH AND CHARACTERISATION OF PURE AND HIPPURIC ACID DOPED ZINC 

THIOUREA SULPHATE (ZTS) SINGLE CRYSTAL 

M. Selvapandiyan
a
, J. Arumugam

b 

a
Department of Physics, Periyar University, PG Extension center, Dharmapuri- 636 705 

b
Department of Physics, Sri Vidya Mandir Arts & Science College, Uthangarai- 636 902 

Abstract 

 Zinc tris-thiourea sulphate (ZTS) is promising semiorganic nonlinear optical material in the 

field of photonics and optoelectronics. Pure and hippuric acid doped Zinc tris thiourea sulphate single 

crystals were grown from aqueous solution by slow evaporation method at room temperature. The 

grown crystals are subjected to various characterisations such as single crystal X- ray diffraction 

studies to know that the crystal structure. Grown crystals have low cut off wavelength it is confirmed 

by UV- visible absorption studies. The mechanical strength of the grown crystals was tested by 

Vicker‘s micro hardness tester. The nonlinear optical property of the grown crystals was confirmed by 

Kurtz powder technique. 

Keywords:  Slow evaporation, nonlinear optical material, second harmonic generation, single crystal 

X-ray diffraction, micro hardness. 

1. Introduction 

Nonlinear optics is playing a major role in the emerging photonics and optoelectronics 

technologies. New non linear optical frequency conversion materials have a significant impact on 

laser technology, optical communication and data storage.Recent interest in quantum electronics has 

centered on finding a new materials for efficient second harmonic generation[1-2]. Due to poor 

mechanical and thermal properties most of the organic materials are susceptible to damage, hence in 

last several years many researchers mainly concentrated on new types of NLO materials which 

combine the advantages of organic and inorganic materials called semiorganic materials.The organic 

materials exhibit high nonlinearity compared to inorganic material. A close literature survey shows 

that the various amino acids exhibit enhanced NLO properties[3]. Hence in this present study an 

attempt has been made to grow pure and dopedZinc-tris thiourea sulphate crystal (ZTS). ZTS crystal 

having 1.2 times more nonlinear than that of KDP and ZTS possesses orthorhombic structure with 

Pca21 space group [4].In the present work hippuric acid was added in molar percent in saturated ZTS 

solution to enhance second harmonic generation property.  

2. Experimental 

The Zinc tris-thiourea sulphate salt was synthesised by dissolving high purity AR grade zinc 

sulphate and thiourea in molar ratio 1:3[5] in deionized water. The solution was stirred by magnetic 

stirrer. White crystalline ZTS salt was obtained immediately. 

ZnSO4 .10H2O + 3[CS (NH2)2]               Zn [CS (NH2)2]3 SO4[1] 

The salt was purified by repeated recrystallization. Then the saturated solution of ZTS was 

prepared at room temperature and then filtered by whattman filter paper. The obtained saturated ZTS 

solution was kept in a glass vessel covered with polythene paper for slow evaporation. The good 

quality transparent ZTS crystal was harvested at the end of 10 days. The saturated homogeneous pure 

ZTS solution was kept in a beaker and then 1 mol % of hippuric acid solution was added to the ZTS 

solution and same procedure was followed as in case of pure ZTS crystal. After 20 days, optical good 
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quality of transparent crystals were harvested. Fig. 1 and 2 shows that the photograph of as grown 

pure and 1 mol % hippuric acid doped ZTS single crystals. 

 

Fig.1 As grown pure ZTS single crystal 

 

         Fig.2 As grown hippuric acid doped ZTS single crystal 

 

3. Result and discussion 

 3.1 Single crystal X-ray diffraction analysis 

 Single crystal X- ray diffraction analysis of grown pure and hippuric acid doped ZTS single 

crystal was carried out using Enraf Nonius CAD4 X-ray diffractometer with Mokα radiation of 

wavelength of 0.71073 Å. The obtained lattice parameter values and volume of grown crystals are 

tabulated in Table-1.The grown pure and hippuric aciddoped ZTS crystals belong to 

orthorhombiccrystal system[5]. 

Table-1 Lattice parameters of pure and 1 mol % hippuric acid dopedZTS single crystals 

Grown crystal a (Å) b (Å) c (Å) V (Å
3
) 

Pure ZTS 11.166 7.792 15.491 1347.8 

1 mol % hippuric acid doped ZTS 11.131 7.791 15.485 1343.0 

3.2 UV- visible spectral analysis 

The UV- visible absorption studies of pure and 1mol % hippuric acid doped ZTS single 

crystals were carried out by using Lambda 35 model. UV-visible spectrometer in the range of 190 to 

1100 nm. The optical absorption spectra of grown pure and hippuric aciddoped ZTS single crystals 

shown in fig.3. From the spectra, it is evident that the grown crystals have low UV cut-off 

wavelengths about 279nm and 296 nm along with a large transmission window in the entire visible 

region [7]. The optical band gap of the grown crystals was determined from the absorption spectra 

using the relation Eg=hc/λ, where h is Planck
‘
s constant, c is speed of light and λ is the wavelength. 

The calculated band gap of the grown pure and hippuric acid dopedZTS single crystals are 4.4eV and 

4.1 eV from this band gap results the grown pure and hippuric acid dopedZTS crystals belongs to the 

insulating material [7].  

3.3 Micro hardness Studies 

The mechanical behavior of the grownpure and hippuric acid doped ZTS single crystalswas 

analysed by using Vicker‘s microhardness tester HMV-2T model.The hardness values of grown 

crystals were measured by applying different loads like 25 gm, 50gm, and 100gm. This is shows that 

the hardness values of grown crystal are increased with increasing of load. The graph was plotted 

between load P and hardness number (Hv) which is a straight line (Fig.4).  If we increase the load 

beyond 100 gm the crystal will be breaked. The graph is also plotted between log P and log d and is 
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also a straight line (Fig.5). The slope of the straight line gives the work hardening co-efficient (n) 

value. The calculated work hardening coefficient of pure and hippuric aciddoped ZTS crystals are 2.5 

and 2.2[8]. The obtained values of n confirmed that the grown both pure and hippuric aciddoped ZTS 

single crystals belong to categories of soft in nature.  
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3.4 SHG test  

The second harmonic generation studies of the grown crystals were carried out by using Kurtz 

powder technique. The grown pure and hippuric acid doped ZTS crystals were illuminated using Q –

switched Nd-YAG laser with wavelength of 1064 nm as a input and power input as 0.70J.The NLO 

property of the sample was confirmed by the sample was emission of bright green radiation as output 

with wavelength of 532 nm. The relative second harmonic generation efficiency of the both pure and 

hippuric acid doped materials was calculated which are around 1.2 and 1.23 times higher than that of 

KDP [9-10]. These results confirmed that the grown materials are well suitable one for nonlinear 

optical applications. 

4. Conclusion 

 Optical quality single crystals of pure and hippuric acid doped ZTS crystals were grown by 

slow evaporation technique.  Single crystal X ray diffraction confirms that there is no change in basic 

structure of ZTS while doping. The unit cell parameters show that the grown crystals are belong to 

orthorhombic structure.The UV-Vis-NIR absorption spectra of the grown pure and hippuric acid 

doped crystals shows that the crystals have lower cut-off   wavelengths less than 300 nm.The 

calculated work hardening coefficient of pure and hippuric aciddoped ZTS crystals are 2.5 and 2.2. 

The obtained values of n confirmed that the growncrystals belong to categories of soft in nature. The 

relative second harmonic generation efficiency of the both pure and doped materials wascalculated 

which are around 1.2 and 1.23 times higher than that of KDP.  
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 ABSTRACT 

Nanostructured thin films have engrossed the research community all over the world. This is 

because of the properties of thin films are quite different from the bulk materials and they show 

impending application in semiconductor industry, microelectronic devices, telecommunication 

devices, optical coatings, sensors, photo conductors, catalysts and IR detectors etc. Successive Ionic 

Layer Adsorption and Reaction (SILAR) technique is well suited for producing large area deposition 

and multilayer thin films especially for solar cell like Dipping time, precursor concentration and 

number of process cycle. In the present investigation lead Sulphide (PbS), cadmium and strontium 

doped PbS thin films are deposited on a glass substrate by SILAR process at room temperature to 

study the various structural and optical properties of them. The crystalline nature of the nanofilms is 

confirmed from X-ray diffraction analysis and they exhibit tetragonal structure. From Scherer formula 

the average particle size is found to be 18nm to 30nm. The lattice parameters, strain (  and 

dislocation density (  of the materials are also calculated from XRD data. The different molecular 

vibrations are confirmed through FTIR vibrational spectra. From the UV-VIS spectroscopic data 

using the Tauc relation the energy gap (Eg) at the edge of absorbance band is calculated as 2.53eV, 

2.15eV and 2.33eV for PbS, PbCdS and PbSrS respectively. The refractive index (n) and thickness of 

the thin films are calculated by using Swanpoel method. The morphological studies are done through 

SEM microscope. 

I.INTRODUCTION 

Thin films studies have advanced in many new areas of research in solid state physics because of 

it‘s uniquely characteristics of the thickness, geometry and structure of the thin films [1]. In the last 

few years, nano crystalline thin film materials find significant interest due to their various 

applications. Lead Sulphide (PbS) is an important direct band gap semiconductor material with a 

narrow band gap of 0.4 eV at 300K and a relatively large excitation Bohr radius of 18nm [2] . Due to 

their suitable band gaps, PbS thin films are extensively used in infrared detection application [3], 

photography [4], Pb
2+

 ion selective sensors
 
[5], and solar absorption

 
[6]. In addition, PbS has been 

utilized as photo resistors, diode lasers, humidity & temperature sensors, decorative and solar control 

coatings
 
[6, 7]. These applications depends on selection of materials, mostly from II and IV 

semiconductors such as Sr, Ba, and Cd. These properties have been correlated with the growth 

conditions and the nature of the substrate. High quality thin films are produced by different techniques 

such as electro deposition[8], spray Pyrolysis[9], microwave heating[10] and chemical bath 

deposition[11], Successive Ionic Layer Adsorption And Reaction (SILAR)[12]
 
etc.  

Successive Ionic Layer Adsorption and Reaction (SILAR) is a simplest method to produce larger 

area deposition, easy control of thin film thickness, economically inexpensive and capable of yielding 

good quality thin films. In the present work PbS, Cd doped Lead Sulphide (PbCdS) and Sr doped 

Lead Sulphide (PbSrS) are synthesized by SILAR [12] Method at room temperature under 

atmospheric pressure. First time an attempt is made for preparation of these thin films (PbS, PbCdS 

and PbSrS) has been attempted for the improvement of IR detective sensor performance and 
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The microscope glass slides of the dimension 75mm X 25mm X 1.35mm substrate was cleaned 

as in the following steps (1) Boiling in concentrated chromic acid for 1 Hour, (2) Rinsed with acetone 

for 10 Minutes (3) Rinsed with double Deionized water for few seconds (4) Dry the substrate for few 

seconds in air[13].   

(b) Deposition of thin films: 

Lead nitrate (Pb(NO3)2. 4H2O), Cadmium nitrate (Cd(NO3)2. 4H2O) and Strontium chloride 

(SrCl2) are taken as a cationic precursors. The Sodium Sulphide (Na2S. XH2O) is taken as anionic 

precursor. The Cationic and Anionic precursors are taken with definite molar ratio of 1:1. The cleaned 

substrates are used to deposit the desired thin films with SILAR technique of predetermined program 

for deposition, rinsing and drying time. 

Reaction mechanism, 

The reaction mechanism observed to be [14], 

Pb(NO3)2. 4H2O  +  H2O           Pb
2+ 

+ 2NO2 + 5H2O + O2    (1) 

Cd(NO3)2. 4H2O  +  H2O           Cd
2+ 

+ 2NO2 + 5H2O + O2   (2) 

SrCl2. 6H2O   +  H2O            Sr
2+  

+ Cl2 +  7H2O       (3) 

Na2S   +  H2O            S
2- 

 + SH
-    

+ OH
-     

(4) 

Pb
2+  

+  Cd
2+                    

Pb
2+

Cd
2+      

(5)
 

Pb
2+  

+  Sr
2+              

Pb
2+

Sr
2+       

(6)
 

Pb
2+ 

 + S
2-                  

PbS
         

(7)
 

Pb
2+

Cd
2+ 

+ 2 S
2- 

             PbCdS2      (8)
 

Pb
2+

Sr
2+ 

+ 2 S
2- 

            PbSrS2      (9) 

The deposited films are calcinated at 120
0
C to remove impurities of any. The deposited thin films 

are subjected to different characterization. 

III. RESULT AND DISCUSSION 

A. Structural Characterization 

The deposited PbS, Sr doped PbS and Cd doped PbS thin films are analyzed using X-Ray 

Diffraction technique. The broadened peak in XRD indicates that the synthesized thin  

films has very small crystalline size they exhibit tetragonal structure for all deposited thin films (PbS, 

PbCdS2 and PbSrS2). Using XRD data the average particle size [15] and Dislocation Density [16] are 

calculated from below Debye- Scherrer formula. The Strain [17] are found using Williamson- Hall 

plot, they are tabulated.                  D = k λ/β cosθ            (10) 

Where k is a constant taken to be 0.94, D is average particle size, λ wavelength of X-ray source (λ= 

1.5418), β full width half maximum, θ diffraction angle.  

optoelectronic device applications. The coated thin films properties are studied various different types 

of characterization techniques are reported below.  

II. MATERIALS AND METHODS 

(a) Cleaning of the substrate: 
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Fig.1 XRD analysis of PbS, PbCdS2 and PbSrS2 thin films 
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Fig.2 Williamson-Hall plot for PbS, PbCdS2 and PbSrS2 

TABLE 1 

S. No PROPERTIES PbS Cd doped PbS Sr doped PbS 

1. Crystal structure Tetragonal Tetragonal Tetragonal 

2. Lattice parameters 

a=4.437Å 

b=4.437Å 

c=24.48Å 

a=13.815Å 

b=13.815Å 

c=4.79Å 

a=11.867Å 

b=11.867Å 

c=4.476Å 

3. Particle size (D) 18nm 18nm 24nm 

4. Strain (Ɛ) 0.3012 0.2269 0.2000 

5. 
Dislocation density 

(  
2.832X10

-17
m

-2
 2.935X10

-17
m

-2
 1.684X10

-17
m

-2
 

6. Volume 482.75m
3
 914.27m

3
 630.36m

3
 

B. Fourier transforms infrared spectroscopy (FTIR) 

FTIR is a powerful tool for identifying types of chemical bonds in a molecule by producing an 

infrared absorption spectrum. The FTIR spectra are recorded in region of 400 - 4000 cm
-1

. The 

various transmittance peaks of deposited thin films as shown in the fig.2 which reveals the 

conformation analysis of functional groups and metal sulphide groups.  

 

Fig.2 FTIR vibrational spectra of PbS, PbCdS and PbSrS thin films 

The transmittance peaks at the observed frequencies 470cm
-1

, 424cm
-1 

and 478cm
-1

 for PbS, 

PbCdS2 and PbSrS2 exhibits the presence of metal groups. The frequencies 623cm
-1

, 621.08cm
-1

, 

621.01cm
-1

, 839cm
-1

 and 856cm
-1

 are conform the Sulphide groups presence in the region [18]. The 

stretching vibration of Cd-S is observed 659cm
-1

[19]. The well defined S=O stretching vibrations are 

presence in the region of 1554cm
-1

, 1543cm
-1

[20]. The strong O-H stretching vibration 2922cm
-1

 and 

2924cm
-1

 are present in the deposited thin films respectively.    
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C. Optical study 

The UV-VIS absorbance spectra are recorded in the range of 200-800 nm. The study of optical 

absorption is to calculate the cutoff wavelength (λ), absorption co-efficient (α) and energy band gap 

(Eg) of semiconductors. The cutoff wavelengths are calculated for PbS, PbCdS2 and PbSrS2 are 

shown in below figure 3. 
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Fig.3(a) for PbS      Fig.3(b) for PbCdS2          Fig.3c absorption spectra PbSrS2 

From Fig.3a and 3b shows the PbS and PbCdS2 thin film exhibit the less absorption in the range 

of 290-800nm respectively. Fig.3c PbSrS molecules more absorption in visible region comparing with 

other deposited films. The variation of the optical absorption coefficient with wavelength is analyzed 

to find out the nature of the electronic transition across the optical band gap (Eg). The nature of the 

transition is determined by using the Tauc relation,   

αhv = B(hv-Eg)
n
       (13) 

Where B is a constant, h is the planks constant, v is the frequency of incident photon and n half integer 

for direct band gap and integer values for indirect band gap. Band gap energy of PbS, Cd and Sr 

doped PbS thin films obtained from (αhv)
 n 

vs. hv graph as shown in below Fig.4. 
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Fig.4 Tauc plot for the deposited PbS, PbCdS2 and PbCdS2 thin films 

The thin films extrapolating the straight line of (αhv)1/2 vs. hv curve intercept the horizontal hv 

axis as show in above figure. It can be seen that the direct band gap of the films determined as 

1.94eV, 1.93eV and 2.69eV for PbS, PbCdS2and PbCdS2 respectively. The high values of band gap 

can be attributed to the quantum confinement effect, due to small grain size in nanocrystalline thin 

films [21, 22]. For (αhv)
2 

vs. hv curve the straight line nature of the plots over a wide range of photon 

energy suggested allowed indirect type of transition. It was found that the optical band gap to be about 

3.00eV, 2.81eV and 1.82eV for thin films PbS, PbCdS2 and PbSrS2 respectively. So they are widely 

used in the fields of optoelectronic devices in IR region and solar cell applications.  

The refractive index (n) and thickness (d) of a thin film can be calculated from a simple 

transmittance spectrum using the Swanpoel method [23]. According to Swanpoel method, the 
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refractive index (n) of the deposited thin films is 2.043, 1.960 and 1.880 for PbS, PbCdS2 and PbSrS2 

respectively.  Calculated thin film thickness is 0.00234μm for PbS, 0.00202 μm for PbCdS2 and 

0.00230 μm for PbSrS2. Thickness of the films are plays a major role in yielding good quality thin 

films. 

IV CONCLUSION 

Thin films of Lead Sulphide (PbS), Cadmium doped PbS and Strontium doped PbS were 

prepared on glass substrate at room temperature under atmospheric pressure by SILAR method. XRD 

results show that the obtained films have tetragonal structure. From the XRD data the lattice 

parameters, the average particle size of PbS, PbCdS2 and PbSrS2 are 18nm, 18nm & 24nm and Strain 

(Ɛ) is found to be 0.3012, 0.2269 and 0.2000 respectively. The dislocation densities (

2.832X10
-17

m
-2 

for PbS, 2.935X10
-17

m
-2 

for PbCdS2 and 1.684X10
-17

m
-2

 for PbSrS2 thin 

films. FTIR vibrational spectra shows different types of functional groups are present in the deposited 

thin films are verified. Optical properties of the thin films are studied by UV-Visible spectroscopy. 

The optical band gap (Eg) was found 1.94 eV, 2.69 eV and 1.93eV from Tauc relation. So this band 

gap (Eg) materials are widely used in IR detection sensors and Solar cell applications because of low 

cost of precursor and good quality, large area deposition is possible.     
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Abstract 

Zinc Thiourea Sulphate (ZTS), crystal is an excellent metal organic compound, which 

combines the advantages of both organic and inorganic materials when compared with other 

conventional non-linear optical materials, and therefore can be used in a wider range of applications. 

Recent efforts at producing new frequency conversion materials have focused primarily on increasing 

the magnitude of the NLO properties that can frequency double low peak power sources, such as 

diode lasers. The UV – Vis spectral studies were carried out using double beam spectrometer in the 

range 100–1200 nm. The thermo gravimetric analysis (TGA) and differential thermal analysis (DTA) 

were carried out using Seiko thermal analyzer at heating rate 20°C/min in air to determine the thermal 

stability of the compound. ZTS crystals were grown by slow cooling technique.The growth rate of 

ZTS crystals for different pH values has been discussed. This enables the growth of bulk crystals 

along all the three directions at an optimum pH. FTIR studies show that in the spectra of ZTS there is 

a shift in the frequency band in the low-frequency region which reveals that thiourea forms sulfur-to-

zinc bonds in the ZTS crystal. The growth experiment in large scale with this optimized pH values is 

expected to yield bulk crystals suitable for laser fusion experiments and SHG device application. 

1. INTRODUCTION 

Non-linear optical (NLO) materials have a significant impact on laser technology, optical 

communication, optical storage technology and electro optic modulation. The search for new 

frequency conversion materials over the past decade has led to the discovery of many semi organic 

materials. These materials posses large nonlinearity, high resistance laser induced damage and low 

angular sensitivity. The semi organic NLO materials gain importance over organic and inorganic 

NLO materials because of their large polarizability and wide transmission window. Extensive 

investigation in this direction resulted in the discovery of a new phase match inorganic material like 

ZTS crystals. 

2.  EXPERIMENTAL PROCEDURE 

2.1 Crystal Growth 

Pure ZTS crystals were grown from aqueous solution by slow evaporation and also by slow 

cooling method (0.5
0
 C/Day). The same method is followed for doped Thiourea crystals (0.1 mole % 

of Xylenol Orange). The solubility of doped ZTS in the solvent was measured for each dopant, it was 

found to be 31.5-gms/100 ml at 42
o
C for Xylenol Orange. The seed crystals are prepared at low 

temperature by spontaneous nucleation. The seed crystals (Fig. 1) with perfect shape and free from 

macro defects were used for growth experiments. Large single crystals of ZTS and doped ZTS were 

grown using constant temperature bath (CTB) controlled with an accuracy of 0.01
0
C. The mother 

solution was saturated with the initial pH value, 4.2 for Xylenol Orange. The growth was carried out 

for more than 22 days by keeping the bath at a temperature of 39
0
C. 
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Figure 1. Xylenol Orange doped ZTS Crystal 

 

 

Figure 2.  FT-IR spectra of (a) pure and (b) Xylenol 

Orange doped ZTS crystal 

2.2       FT-IR Analysis 

 The FT-IR spectrum was recorded between 1000 cm
-1

 and 4000 cm
-1

, using BRUKER IFS 

66V FT-IR spectrometer.  The FT-IR Spectra of both the pure and doped ZTS crystals are shown in 

Figure 2.  The FT-IR spectra of pure and doped ZTS appear almost similar to each other.  N-H 

stretching frequencies of amino group are found between 3026cm
-1

 and 2923 cm
-1

 for both pure and 

doped crystals. Both the pure and doped compounds show absorption at 1620 cm
-1

 indicating the 

presence of primary amino group. The characteristic absorption for the -NH group in the aromatic 

ring is observed at 2421 cm
-1 

for ZTS. The broad absorption around 3000 cm
-1 

indicates the co 

presence of C=O stretching and O-H stretching.  

 The FT-IR spectra of both the pure and doped ZTS confirm the structural aspects.  Doping of 

metal ion into the crystal lattices does not show any significance change in absorption pattern.  Some 

of the absorptions show a marked difference in percentage transmittance. The percentage change of 

transmittance especially, at 950 cm
-1

 and 690 cm
-1

 are worth noting. It is inferred that the metal ion, 

form weak linkages in the interstices of the corresponding crystals.   

2.3 MICROHARDNESS STUDIES 

 Microhardness is one of the important mechanical properties of the ZTS crystals. It can be 

suitably used to measure the plastic properties and strength of a material. Microhardness 

measurements were carried out using Leitz Weitzler hardness tester fitted with a diamond 

indenter(Fig.3). The well-polished doped ZTS crystal was placed on the platform of the Vickers micro 

hardness tester and the loads of different magnitudes were applied over a tester at a fixed interval of 

time. The indentation time was kept as 8 sec for all the loads. The microhardness value was calculated 

using the relation Hv = 1.8544 X P/d
2
 kg/mm

2
, where P is the applied load in kg and d is the diagonal 

length of the indentation impression in mm. Dye doping improves the mechanical strength of ZTS.  

 
Figure3. Microhardness studies of (a) Xylenol 

Orange doped ZTS and (b) Pure ZTS crystals 

 
Figure 4. TGA curves of Xylenol Orange doped 

ZTS Crystal 
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2.4  THERMAL STUDIES     

 Figure 4. illustrates the Differential Thermal Analysis (DTA) and Thermo-Gravimetric Analysis 

(TGA) curves for the grown Coumarine doped ZTS crystal. The DTA curve implies that the material 

undergoes an irreversible endothermic transition at 200°C where the melting begins. This peak was 

endothermic peak, represents the temperature at which the melting terminates which corresponds to 

its melting point at 210°C. Ideally, the melting point of the trace corresponds to a vertical line. The 

sharpness of the endothermic peak shows good degree of crystallinity of the grown ingot. The 

exothermic peak at 290°C indicates a phase change from liquid to vapour state as evident from the 

loss of weight of about 87% in TG curve. 

CONCLUSION 

 The dye doped GLS crystals are used for the generation of second harmonics of Nd-based near-

infrared solid-state lasers. The fundamental of an Nd:YAG laser (1064 nm) can be converted to 532 

nm of second harmonic or its 355 nm of third harmonic or its 266 nm of fourth harmonic by using 

ZTS crystals. In order to confirm the suitability of the doped GLS crystal, the non-linear application, 

harmonic generation was tested using the Nd-YAG laser. A small crystal was placed on the sample 

holder and the YAG laser beam was made to pass through the crystal and the output conversion of 

input as green light SHG was analyzed. The efficiency of doped ZTS crystals were compared with 

pure ZTS and also show that dye doped ZTS crystal has higher efficiency. A sample of ZTS, also 

powdered was used for the same experiment as a reference material in the SHG measurement. It was 

found that the frequency doubling efficiency of the doped ZTS was better than KDP.  
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Abstract 

Titanium dioxide (TiO2) nanoparticles were synthesized by Sol-Gel route using Titanium 

Tetraisopropoxide (TTIP) as the precursor. The synthesized product was characterized by Powder X-

Ray diffraction. The X-Ray diffraction pattern indicates the presence of pure crystalline anatase phase 

of TiO2. The microstructure and phase composition were analyzed by High Resolution Scanning 

Electron Microscope (HR-SEM) and Energy Dispersive X-ray Analysis (EDAX). Fourier Transform 

Infrared Spectroscopy (FTIR) spectra showed the vibrational bands of Ti-O metal oxygen bonds. 

From Ultraviolet visible (UV-Vis) spectra the optical properties of TiO2 were studied. 

Keywords: TiO2, XRD, SEM, FTIR, UV-Vis. 

INTRODUCTION 

Titanium dioxide (TiO2) exists in three different phases, i.e., anatase, rutile, and Brookite. 

Anatase and rutile are the active crystallite phases of titanium dioxide [1]. TiO2 is the promising 

material as semiconductor having high photochemical stability with low cost. Titania nanoparticles 

with very fine sizes are promising in many applications such as pigments, adsorbents, catalytic 

supports, paints, toothpaste, UV protection, photocatalysis, photovoltaics, electrochromics, and 

photochromics [2]. TiO2 has been studied extensively as photocatalyst to deal with environmental 

pollutions such as water purification, wastewater treatment, hazardous waste control and air 

purification. Photocatalytic oxidation reactions are initiated when a photon of higher energy level or 

equal to the band gap energy is absorbed by a TiO2 catalyst promoting an electron (e‾) from the 

valence band to the conduction band with simultaneous generation of a positive hole (h+) in the 

valence band [3]. The enhancement of optical properties of TiO2 has been the center of study in the 

recent years. The use of large surface area semiconductor materials in dye sensitized solar cells 

(DSSC) is necessary to provide sufficient light absorption and charge separations which are the two 

critical stages in the solar electric energy conversion [4]. TiO2 can be synthesized by various 

techniques such as chemical precipitation, chemical vapour deposition, sol-gel technique, micro 

emulsion method, spray deposition, hydrothermal method and solvothermal method. Among these 

sol-gel technique is a simple method to synthesis TiO2 nanoparticles. The sol-gel synthesis of metal 

oxides offers advantages such as high purity, good homogeneity, and low processing temperature [5]. 

In the current study, a simple Sol-gel route is used for the synthesis of TiO2 nanoparticles, 

which are analyzed for their crystallinity, crystallite size, band gap and structural properties. 

EXPERIMENTAL PROCEDURE 

Stotaw Talbachew Hayle et al [2] have reported Sol-gel method to prepare highly crystalline 

phase of anatase TiO2 for different calcination temperatures. Here also TiO2 nanopowder was 

prepared by Sol-gel route. The synthesized product TiO2 was obtained from Titanium (IV) 

isopropoxide (TTIP) and Isopropyl alcohol as precursors. In a typical process, 100 ml of isopropyl 

alcohol was added to 15 ml of TTIP. The whole mixture was stirred for 25 min using magnetic stirrer. 

10 ml of deionised water was added drop by drop to the above solution for hydrolysis reaction. Then 
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the mixture was continuously stirred for 2hrs and it gets transformed to gel. After an aging period of 

24 hrs the gel is filtered and dried in vaccum oven at 80
°
C for 3 hrs. The obtained TiO2 was calcinated 

at 550
°
C for 4 hrs. Finally the TiO2 nanoparticles were obtained. 

RESULT AND DISCUSSION 

X-ray diffraction (XRD) analysis 

The XRD pattern of the as synthesized TiO2 is shown in fig.1. The XRD pattern of TiO2 

nanoparticles with 2Ө peak at 25.4
°
 confirm pure TiO2 anatase phase. The crystal structure with peaks 

at 25.4
°
, 37.9

°
, 48.1

°
, 53.9

°
, 62.8

°
 correspond to (101), (004), (200), (105), (204)  planes respectively. 

The lattice parameter of TiO2 nanoparticles were a=b= 3.785 Å c=9.513 Å. This is in accordance with 

the reported value (JCPDS card 21-1272 [6]). The intense sharp peak indicates the crystalline phase of 

anatase TiO2. The intensity of the diffraction signal increases with the increasing calcination 

temperature. Using the Scherrer equation, the average crystalline size was estimated to be 24 nm for 

anatase TiO2 nanoparticles.  

 
Fig.1 XRD spectrum of TiO2 nanoparticles 

 
Fig.2. FTIR spectrum of TiO2 nanoparticles 

Fourier Transform Infrared (FT-IR) Analysis 

The FTIR transmission spectra of TiO2 nanoparticles are shown in fig 2. FTIR analysis was 

used to determine the functional groups of titanium dioxide nanoparticles. It can be observed 

apparently that the strong band in the range of 580 to 660 cm
-1

 was assigned to be Ti-O stretching 

bands. The absorption at around 3426 cm
-1

 indicates the presence of hydroxyl group (stretching). The 

1630 cm
-1

 absorption peak may be related to hydroxyl (bending) representing the water as moisture in 

the sample. There is no peak at 2900 cm-
1 

which means all organic compounds are removed from the 

sample after calcination. S. Perumal et al [1] have reported similar absorption peaks observed in the 

synthesis of TiO2 nanopowders. 

Scanning electron microscopy (SEM) studies 

Using High Resolution Scanning electron microscope the surface structure of the as prepared 

sample was probed. Fig 3 shows SEM images for different magnification. The morphology of the as 

synthesized nanoparticles was spherical in shape with strong agglomeration. Sample shows uniform 

morphology in the form of TiO2 nano clusters. In general the morphology, shape and particle size of 

TiO2 depend on the calcination temperatures.  

    

Fig.3. SEM micrograph of TiO2 nanoparticles 
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Energy dispersive X-ray (EDX) analysis 

Energy dispersive X-ray (EDX) spectra revealed the presence of stoichiometric proportion of 

Ti and O elements without extra signals. This confirms the pure phase of antase TiO2. 

 

Fig.4 EDX analysis of TiO2 nanoparticles 

UV- Visible Spectroscopy 

UV-Visible absorption and band gap spectra for TiO2 nanoparticles are shown in fig 5. The 

spectrum shows the band edge-absorption peak which is found to be at 410 nm. In UV-Vis, high 

energy electromagnetic radiation in the wavelength range of 100-2000 nm is utilized to promote 

electrons to higher energy orbitals. From the UV spectra, it is clear that the absorbance decreases with 

increase in wavelength. This decrease in absorption indicates the presence of optical band gap in the 

material. The band gap energy (Eg) of the synthesized TiO2 nanomaterials was obtained using the 

equation, Eg = 1240/λ eV. Where Eg the band gap in electron volt (eV) and λ is is the wavelength of 

the absorption edges in nanometer (nm). Using equation the calculated value for the band gap energy 

of the synthesized TiO2 nanoparticle is 3.025 eV. The band gap increases with the decrease in the 

particle size. The direct energy band gap is calculated from the (αhν)
 1/n

 Vs hν plot. The value of bulk 

TiO2 nanoparticle is 3.2 eV. Smaller crystallite size will have larger band gap and larger crystallite 

size will have smaller band gap.  

  
Fig.5 UV-Vis spectrum  nd hν Vs (αhν)

2
 

CONCLUSION 

TiO2 nanopowder synthesized by Sol-gel method was annealed at 550
°
C for 4 hrs. The X-ray 

diffraction confirms the pure anatase of TiO2 nanoparticles. The FTIR spectra of TiO2 with absorption 

peaks at 619 cm
-1

 is for Ti-O stretching vibration mode and the presence of O-H groups at 3426 and 

1640 cm
-1

 are in conformation with that of the literature reports. The SEM image confirms the 

morphology of TiO2 nanoparticles as spherical in shape. The agglomeration may be because of the 

higher calcination temperature as reported by Muneer M. Ba-Abbad et al [3]. The crystallites develop 

in size as the calcination temperature is increased and move towards the bulk crystalline material.  

EDAX confirms the pure form of the sample. From UV-Vis Tauc plot the band gap of TiO2 is 

estimated to be 3.025 eV which is a blue shift.    
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Abstract 

Potassium Dihydrogen Phosphate (KDP)  is a popular nonlinear optical materials that is widely used 

in the field of nonlinear optics for the frequency conversion processes. Optically good quality L-Malic 

acid doped KDP (LMKDP) crystals have been grown by slow evaporation method at room 

temperature. The crystallinity of the LMKDP crystals has been studied. The presence of the functional 

group for LMKDP crystals are qualitatively analyzed from FTIR and FT-RAMAN spectra. The 

second harmonic generation (SHG) efficiency was measured by using Kurtz powder technique. The 

dielectric behavior of grown crystals has been studied in the frequency range from 50 Hz to 50 MHz.  

 KEYWORDS:  PXRD, FT-IR, FT-RAMAN, NLO studies, Dielectric studies. 

1. INTRODUCTION 

Nonlinear optical (NLO) single crystals have been wide applications in high energy lasers for 

inertial confinement fusion research, color displays, electro-optic switches, frequency conversion etc. 

In this modern era of information and technology with fast and high data storage capacity, data 

retrieving, processing, and transmission demands the search of new NLO materials with unique 

physical properties. Hence there is a great demand for synthesize the new NLO materials and grow 

their single crystals. KDP is among the most widely used NLO material.  Many methods have been 

tried to improve the NLO properties of KDP crystal. The rapid growth of good quality KDP crystals 

and the addition of the doped organic and inorganic KDP crystals are newly developed and have been 

reported by several researchers [1-6]. With the aim of improving the second harmonic generation 

(SHG) efficiency of KDP, researchers have attempted to modify KDP crystals by doping different 

types of impurities. L-Malic acid of 0.2 molar percentages has been doped with KDP material. The 

grown L-Malic acid doped KDP (LMKDP) crystals were characterized by PXRD, FTIR, FT-

RAMAN, NLO, Dielectric studies. 

2. EXPERIMENTAL METHOD 

2.1 CRYSTAL GROWTH 

In the present study, L-Malic acid of 0.2 molar percentages has been doped with KDP 

material. The solution was thoroughly stirred for homogenization and then filtered into a borosil 

beaker using whatmann filter paper.  It was porously sealed and placed in a dust free atmosphere for 

slow evaporation technique at room temperature. Single colorless and optically transparent crystals 

were harvested within 30 days.   

3. RESULT AND DISCUSSION 

3.1 POWDER X-RAY DIFFRACTION ANALYSIS 

Powder X-ray diffraction technique is a powerful tool to analyze the crystalline nature of 

materials. Powder X-ray diffraction analysis was carried out by using XPERTPRO X-Ray 

diffractometer with CuKα radiation (λ=1.5406 Å).  The cell parameter values for LMADP are 
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a=b=0.634Å, c=0.524Å with the angles         °. The samples were scanned over the range 

10-70°.  The sharp and well defined peaks at specific 2Ɵ values indicate the high crystalline nature of 

the crystal.  Powder XRD graph has been shown in the Figure 1. 

 
Figure 1.  Powder XRD pattern of LMKDP 

3.2 FT-IR AND FT-RAMAN ANALYSIS 

FT-IR and FT-Raman spectra of LMKDP crystal were recorded and the spectrums of      

LMKDP crystals are shown in Figure 2 and Figure 3.  The functional groups of the LMKDP crystals 

have been identified by the spectrum.  In the high frequency region of IR spectra, the sharp peaks 

observed at 546 cm
-1 

are described to PO4 stretching vibration in the crystal.  The O-H deformation 

and P=O stretching will be observed in the frequency of 1320 cm
-1

.  In FTIR the absorption band at 

914 cm
-1

 is due to P-O-H bending vibration in the LMKDP.  In Raman studies the sharp peak will be 

observed at 914.08 cm
-1

 are described to P-O-H stretching molecule in the LMKDP crystals.   

 
Figure 2.  FT-IR studies of LMKDP  

Figure 3. FT-RAMAN studies of LMKDP 

3.3 KURTZ AND PERRY POWDER TEST 

  Kurtz and Perry second harmonic generation efficiency test (SHG) was performed for the 

comprehensive analysis of second order nonlinearity. Nonlinear optical measurements were carried 

out by using Kurtz powder technique. A Q-switched Nd:YAG laser beam of 1064 nm wavelength 

with 1.9 mJ/pulse input power, 8 ns pulse width and repetition rate 10Hz was used to estimate SHG 

efficiency of the grown LMKDP crystals. KDP crystalline powder was the reference material, the 

output of SHG range was compared and found that the SHG conversion efficiency of LMKDP is 1.4 

times greater than that of reference KDP. 

3.4 DIELECTRIC STUDIES 

 Every material has a unique set of electrical characteristics that are dependent on its dielectric 

properties. The variation of dielectric constant and dielectric loss of the sample with frequency is 

studied at room temperature by H10K1 3532 LCR HITESTER in the frequency range 50 Hz to 50 

MHz and is shown in Figure 4 and Figure 5.  The high value of dielectric constant at high frequency 

may be due to the presence of all the four polarizations namely space charge, orientation, electronic 

and ionic. The dielectric characteristic of a crystal are determined by the dielectric constant and 
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dielectric loss.  The low value of dielectric loss indicates that crystal posses the good quality. These 

parameters have vital importance for NLO application. 

     

           Figure 4.  Dielectric constant Vs Log f               Figure 5. Dielectric loss Vs Log                                  

 4. CONCLUTION 

High quality stable and transparent L-Malic acid doped potassium dihydrogen phosphate 

(LMKDP) has been grown by slow evaporation method at room temperature. Powder XRD studies 

shows that the grown crystals are crystalline in nature and tetragonal in structure. The vibrational 

frequencies were assigned from FT-IR and FT RAMAN spectral analysis which confirms the 

presence of functional groups. The SHG efficiency of the grown crystal was measured by Kurtz and 

Perry power test and its efficiency was found to be 1.4 times that of the standard KDP crystal. The 

dielectric properties of the grown samples have been studied.      
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Abstract 

Cadmium selenide nanoparticle [CdSe] is an important chemical substance gaining great importance 

and widely used as an additive in the production of various, industrial products like rubber, cosmetics, 

catalyst, optical materials solar cells etc. CdSe being a wide band gap material and  with better lattice 

matching properties made it suitable option for solar cell  applications, Nano crystalline samples of 

cadmium Selenide were prepared by hydrothermal method. The morphological, structural, and optical 

properties of prepared samples were characterized by Transmission electron microscopy [TEM], X-

ray diffraction [XRD] analysis and UV-Vis absorption spectroscopy studies. The crystalline size of 

the synthesized CdSe nanoparticles was calculated from XRD pattern and it was also confirmed 

through TEM. The broadened XRD peaks revealed that the formation of nanorods with Wurtzite 

structure. The low-resolution TEM images confirm the formation of CdSe nanorods, and also the 

agglomeration of nanoparticles and the presence of few spherical nanoparticles. 

Keywords: CdSe nanorods, XRD, TEM, UV-Vis, etc 

1.  Introduction 

Semiconductor nano crystals have attracted impressive attention, because of their novel optical and 

electronic properties [1]. One of the most important II – VI group semiconductors and nano 

crystalline Wurtzite structured Cadmium Selenide has attracted great interest in their various 

promising optoelectronic applications owing to its excellent optical conductivity such as 

photoelectron – chemicals, photoconductors , thin film transistor [2-4]. 

Many strategies have been utilized to prepare 1-D nano structural materials, where wet chemical 

method is considered as a practical and effective method for the synthesis of 1-D nano materials 

because it is more convenient and facile to be compared with most physical methods and need little 

expensive equipment by which CdSe nanorods, nanowires and nanotubes have been prepared 

successfully. Recently, many wet chemical methods have been applied to synthesize CdSe, and most 

noticeable hydrothermal or solvothermal technique [5-8]. Hydrothermal synthesis is becoming 

popular for environmental reason, since water is used as reaction solvent than organics. This method 

has been widely used to prepare nanostructures due to its simplicity, high efficiency and low cost. The 

prepared samples were characterized structurally and optically using powder X – ray diffraction, UV-

visible spectroscopy, Transmission Electron Microscopy (TEM).  

2. Experimental Procedure 

2.1. Synthesis of cdse nanoparticles 

All the chemicals were used of highest purity analytical grade, Cadmium nitrate (Cd(NO3)2 4H2O, 

Merck 99%) and Sodium selenite (Na2SeO3, Merck 90%), no need to undergo any post treatment after 

the reactions with excess of (N2H4.H2O) and ammonia (NH3 H2O). During the synthesis, the molar 

ratio of Cd(NO3)2 4H2O and Na2SeO3 was kept at 2:1. Cadmium nitrate Cd(NO3)2 4H2O (0.01 mol) 

was dissolved in 10 ml of Milli Q – water and then NH3.H2O was slowly added into the solution, 
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which initially led to the formation of white precipitate, however with further addition of ammonia, a 

clear solution was formed. This indicates the conversion of Cd
2+

 into Cd(NH3)4
2+

. The Se source, 

Na2SeO3 (0.005 mol) was stirred for 5 min with 15 ml of hydrazine hydrate (N2H4 H2O) and it was 

mixed with the previously prepared solution (Cd source), this resulted in colorless and transparent 

solution. The final solution was transferred into Teflon – coated autoclave and then filled with Milli Q 

– water up to 70% of filling capacity. The pH of the solution was found to be 11 before heating. The 

autoclave was sealed and heated at 180°C for a reaction time of 4 hr. After the completion of the 

reaction, the autoclave was allowed to cool up to room temperature. Finally, the deep dark red product 

was collected, washed repeatedly with Milli Q – water, ethanol and then dried at 80°C.      

3. Results & Discussions 

3.1. XRD studies 

The structural properties of the prepared nanoparticles were studied using X – ray diffraction. Fig.1 

shows the XRD pattern of CdSe nanoparticles. All the peaks correspond to the Wurtzite phase of 

CdSe the lattice parameter values a, b and c have been calculated and are found to be a = 4.218 A° b = 

4.218 A° and c = 6.887 A° which are in good agreement with the JCPDS 77 – 2307. The presence of 

small and broad peaks in the X – ray diffractogram reveals that the formation of nanoparticles. The 

average size of particles has been obtained from the X – ray diffraction pattern using the Scherrer 

formula, D = 0.89λ/βcosθ, where D is the grain size, β is the full width at half maximum (FWHM) 

and λ is the wavelength of X - ray (1.5466 A°). The obtained average particle size of the prepared 

CdSe nanorods is 35 nm. 

 
Fig. 1. XRD pattern of CdSe nanorods 

3.2. Optical analysis 

  In order to determine the band gap of CdSe nanoparticles the optical properties of the 

nano materials depend on the size and shape of the particles. UV – Visible absorption spectrum of 

CdSe nanorods is shown in Fig. 2. The absorption edge of CdSe nanorods is 645 nm. The excitonic 

absorptions are very sharp. The absorption edge of CdSe nanorods at 645nm to be blue shifted. The 

blue shift of the absorption curves is a reduction of the band gap energy. The band gap energy of the 

material is calculated using the formula, Eg =  
 

 
 × 6.2415 × 10

18 
eV. Where h = Planks constant = 

6.626 × 10
−34 

Js, C = Speed of light = 3.0 × 10
8 

m/s,   = Cut-off wavelength = 645 × 10
−9 

m. The 

calculated band gap energy of the CdSe nanorods is 1.9235 eV. 
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Fig. 2. UV-vis absorption spectra of CdSe nanorods 

3.3. TEM analysis 

The structure and morphologies of the CdSe nanoparticles were characterized using 

transmission electron microscopy. The TEM images of CdSe shown in Fig. 3 confirm the uniform 

size and shape distribution of CdSe nanorods. The morphologies of the CdSe nanorods were mainly 

affected by the amount of hydrazine hydrate and the reaction temperature. The CdSe nanorods 

synthesized in this method are in good shape with less pronounced stacking faults with their measured 

values of mean diameter and length 25 nm and 82 nm respectively. 

 

Conclusion 

CdSe nanoparticles have been synthesized by the hydrothermal method with better control 

over the morphology and crystalline quality. The particle size and morphology were verified by 

powder XRD and transmission electron microscopy (TEM). The optical properties were studied by 

UV-Visible spectrum and the band gap value was found to be 1.9235 eV. This study opens up new 

avenues for research to find suitable experimental conditions and the possibilities of using different 

reaction mechanisms to bring out better control over the size/morphology of the semi conducting nano 

particles. 
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ABSTRACT 

Single crystals of a novel organic Urea Phthalic acid (UPA) were grown by slow solvent 

evaporation method. The triclinic structure of UPA was confirmed by single crystal X-ray diffraction 

(XRD). The presences of various functional groups in the crystal are confirmed by FT-IR analysis. An 

ultraviolet - visible (UV–vis) absorption spectrum was obtained to investigate the optical properties. 

The response of dielectric constant and dielectric loss has been investigated and results are discussed.  

Keywords: Organic NLO crystal, FTIR, Optical and Dielectric studies. 

Introduction  

 The nonlinear organic materials have attracted great attention and are gaining enormous 

demand due to their wide application in the recent technologies like opto-electronics, area of optical 

switching, optical data storage for the developing technologies in telecommunication and signal 

processing [1,2]. Organic crystals are found to possess high nonlinear optical efficiencies and 

additionally offer large number of design possibilities [3]. Urea is one of the most promising materials 

for nonlinear optical application in UV region and it has a high birefringence and a high laser-damage 

threshold. However, the growth of high quality and large-sized urea crystals is difficult due to 

unfavourable growth habits, and it also serves a better crystal compared to KDP for its NLO 

efficiency. The combination of both organic materials such as urea with tartaric acid and urea with L-

malic acid form non-centrosymmetric crystal structure, because the interesting nonlinear optical 

properties. With this reported background, we have ventured into growth and characterization of Urea 

Phthalic acid (UPA) crystal. In this paper, the grown UPA crystal was subjected to various 

characterizations such as Single crystal XRD, FT-IR studies, linear optical studies and dielectric 

studies are reported and discussed.  

2. Experimental 

2.1 Crystal growth 

In the present study UPA crystals were grown by slow evaporation solution growth technique. 

Urea and Phthalic acid were taken in the stiochiometric ratio of 1:1 in methanol and stirred separately 

for about half an hour using a magnetic stirrer. After that these solutions were mixed together and 

stirred well for about 1h and the saturated solution was filtered. A colourless transparent crystal was 

obtained and is shown in Fig.1.   

                                                    

Fig.1. Photograph of as grown crystal of UPA by slow evaporation method 
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3. Result and discussions   

3.1 Single crystal XRD analysis  

The single crystal X-ray diffraction analysis for the grown UPA crystal has been carried out 

using an ENRAF NONIUS CAD4 automatic X-ray diffractometer. The UPA crystal retained its 

triclinic structure with lattice parameter values are a=7.402 Å, b=7.654 Å, c=10.052 Å and α=85.92°, 

β=81.94°, γ=65.20° and the volume of the crystal V=511.9 Å 
3
. The lattice parameters are in good 

agreement with the reported values [4].  

3.2 FTIR studies 

Fig. 2 shows the FTIR spectrum of UPA crystal. In the high energy region between 3458 and 

2511cm
–1

, the appearance of broad absorption band is attributed to (NH2) hydrogen bond symmetric 

and asymmetric vibrations. Moreover, the absorption band appears at 1687 cm
–1

, which is attributed 

to NH2 deformation. Bands above 2000 cm–1 correspond to absorption due to –CH2 grouping. The 

band at ~922 and 1014 cm
–1

 corresponds to CCN stretching vibrations. The absorption peaks at ~705, 

550 and 495 cm
–1

 can be assigned to COO– rock, wag and bend vibrations, respectively.   

 

Fig. 2. FT-IR spectrum of UPA crystal 

3.3 UV- Visible spectral absorption studies 

Optical transmission spectrum was recorded for UPA is shown in the Fig. 3. From the UV 

absorption spectrum, it is evident that UPA crystal has UV cut-off wavelength occurs at 258 nm. The 

material is found to be transparent to all radiation in the wavelength range 300-900 nm. The large 

transmittance in the entire visible region makes the crystals good optical window materials. This is 

one of the most desirable properties of the crystals for the device fabrication [5].  

                                   

Fig. 3. UV Absorption spectrum for UPA crystal 

3.4 Dielectrics studies  

 The study of dielectric parameters such as dielectric constant and dielectric loss as a function 

of temperature and frequency are shown in the Fig 4a and 4b. The low value of dielectric constant at 

higher frequencies could be attributed to the contribution of the electronic, ionic, orientation and 

space charge polarizations which depend on the frequencies [6]. The dielectric constant is low at 
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lower temperature and it increases with the increase of temperature sharply up to the Curie point. The 

dielectric constant of the crystal can be calculated using the equation,  εr = Cd/Aεo, Where d is the 

thickness of the sample, A is the area of the sample, C is the capacitance of the sample, εo is the 

permittivity of free space and εr is the dielectric constant of the sample. The low value of dielectric 

loss with increasing frequency indicates that the UPA crystal possesses the good quality and lesser 

number of electrically active defects. These parameters have vital importance for NLO applications.   

                                    

Fig. 4a and 4b Dielectric studies of UPA single crystal 

4. Conclusion  

 The novel organic single crystal of was grown from the methanol solvent by slow evaporation 

technique. The crystal structure has been confirmed and the lattice parameters have been calculated by 

single crystal X-ray diffraction studies. The vibration spectral of FT-IR analyses confirms the 

different functional groups in UPA. The absence of significant absorption in the entire visible region 

and lower cut-off wavelength indicates the suitability of UPA for optical applications. The dielectric 

constant and dielectric loss of the grown UPA crystal decreases with increase in frequency and these 

low values at high frequencies reveal the desirable property of the crystal for NLO device 

applications.  
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Abstract 

               Nano structured materials are currently receiving wide attention due their optical, electronic, 

magnetic, chemical physical and mechanical properties. Semiconductor nano crystals have been 

widely studied for their fundamental properties. The Nd
3+

 doped titanium dioxide nano powder were 

successfully synthesized by sol-gel method. The structural and optical properties of as-prepared 

samples were characterized by X-ray diffraction (XRD), UV-Vis spectroscopy. The structure and 

elemental presence of the synthesized nanoparticles were studied by HRSEM and EDX analyses.  

 Keywords: Titanium dioxide, sol -gel   method, Nd
3+

 doped TiO2, XRD, HRSEM, etc 

1. Introduction 

Titanium dioxide (Tio2) has been extensively studied oxide as a pigment and in sunscreens, 

paints, ointments and toothpaste and as a photo catalytic material for self cleaning coatings. 

Semiconductors nano crystals have been widely studied for their fundamental properties especially 

titanium dioxide (Tio2). Nano sized titanium dioxide materials have been the focus of great interest 

because the exhibit modified physical-chemical properties in comparison with its bulk. a wide band 

gap and high refractive index of Tio2 make it attractive for practical applications [1]. The use and 

performance for a given application are strongly influenced by the crystalline structure, the 

morphology and the size of the particles. The Tio2 has been improved by optimizing the nanostructure 

size using various synthetic methods such as sol-gel, hydrothermal, solvothermal, co-precipitation etc.  

 The optical and electronic properties of nano structured Tio2 can be tailored by a variety 

measures including thermal treatments, supported film growth, and metal-ion doping [2,3]. It is 

critical to assess the effects of lanthanide-ion doping on the structure of titania which will allow 

greater control over the desired properties. Doping of Tio2 with neodymium ion would introduce a 

distortion in Tio2 lattice. In this study, Nd
3+

 doped Tio2 nanoparticels were obtained by sol-gel 

method. The prepared samples were characterized by X-ray diffraction (XRD), High resolution 

scanning electron microscope (HRSEM), the energy dispersive X -ray (EDX, and ultraviolet visible 

spectroscopy (UV-vis). 

2. Experimental Details  

2.1  Synthesis procedure 

The doped titania nano particles were synthesized by sol-gel method from  titanium(IV)-Iso-

propoxide (TTIP, Aldrich 98), isoproponal (IPA), neodymium (III) acetylacetanate hydrate (Nd
3+

) 

and certain amount of de-ionized water was added to the solution in molar ratio of 1:1. The mixed 

solution was stirred  and ammonia was added drop-wise under magnetic stirring. The white 

precipitations were formed. The final solution was vigorously stirred for 12 hrs. The obtained 

precipitate was washed for several times with de-ionized water and ethanol and dried at 100
0
C for 1 
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hr to remove the water and organic material. The dried precipitate powder was calcined at 400
0
Cfor 3 

hrs in high temperature furnace, finally the Nd
3+

 doped Tio2 nano particles were obtained. 

3. RESULT AND DISCUSSION 

3.1. XRD analysis 

The crystalline phase of Nd
3+

 doped Tio2 nanoparticles were analyzed by X-ray diffraction 

[XRD].  Fig. 1 shows the powder XRD pattern of as- prepared Nd
3+ 

doped Tio2 nano particles. The 

presence of sharp diffraction peaks in the XRD confirm that products are highly crystalline and the 

crystalline size was calculated by the Debye Scherrer formula D =0.89λ/β cosθ, [4-6]. It was found 

that the average crystalline size of Nd
3+

 doped Tio2 surface were 20 nm.  

 
Fig.1 : XRD pattern of  Nd

3+
 doped Tio2 nanoparticles 

3.2. UV-Vis spectroscopy 

Optical properties were observed by UV – Vis spectroscopy. Fig. 2 demonstrates the optical 

absorption spectra of Nd
3+

 doped Tio2 nano particles. The absorption edge of Nd
3+

 (0.5%) doping Tio2 

nano particles at 386 nm respectively. The doping with Nd
3+

 the response of Tio2 nanoparticles to 

visible light was increased and showed red shift (towards increased wavelength). The band gap energy 

of the materials calculated using the formula, Eg =  
 

 
 × 6.2415 × 10

18 
eV. The calculated band gap 

energy of the Nd
3+

 doped Tio2 nano particles is 3.02eV. 

 
   Fig. 2: UV-vis absorption spectra of the Nd

3+
 Tio2 nanoparticles  

3.3. High Resolution Scanning Electron Microscopy (HRSEM)  
High resolution   Scanning electron microscope (HRSEM; Model, Jsm - 6360) was used to 

examine the surface morphology of prepared sample. As it can be seen, nano particles are uniformly 

distributed throughout the samples with rough surface, and the particles sizes are fairly small. Under 

the low temperature in sol-gel method Fig.3  shows HRSEM images of the Nd
3+

 doped Tio2. .  The 

HRSEM investigations of all the nano Tio2samples  reval that the crystallites are nanometer size all 

samples shown uniform morphology in the form of Tio2 nano clusters.  

 

 

 

Fig.3 HRSEM image of the  Nd
3+

 doped Tio2  nanoparticles 
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3.4. Energy Dispersive X-Ray (EDX) analysis 

To identify the type of elements present in the sample, Energy   X-ray spectroscopy (EDX) was used. 

The EDX spectra of the synthesis  of  Nd
3+

 doped Tio2  nano particles were recorded and they are 

displayed in Fig. 4  From  the result, it is confirmed that such Tio2 and Nd
3+

 ions are present in the 

sample, the presence of Nd
3+

 is confirmed which indicates the doping has entered into the sample.  

 

Fig. 4 : EDX  spectra of the  Nd
3+

 doped Tio2 nanoparticles 

S 
1*      32  600       20    0  0.5 
 

Conclusion 

The rare earth Nd
3+

 doped Tio2 nanoparticles were synthesized via low temperature sol-gel 

method. The crystal structure and grain size of the particles are determined using XRD studies. The 

morphology of the Nd
3+

 doped Tio2 nanoparticle were characterized using High resolution scanning 

electron microscopy (HRSEM). The presences of various elements were analyzed by EDX analysis. . 

The optical properties were studied by UV-Visible spectrum and the band gap value was found to be 

3.02 eV. 
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ABSTRACT 

         In this present work we are interested in investigating the effects of the crystal structure and 

general characterization of Urea Doped Sulphamic Acid (USA) single crystal. Urea doped Sulphamic 

acid single crystal was grown by slow evaporation technique at room temperature. The cell 

parameters of the grown crystal were determined by single crystal X-ray diffraction analysis. The 

band gap energies of the USA single crystals have been calculated and their cut off wavelength was 

determined from UV-visible spectral analysis. Thermo gravimetric and differential thermo 

gravimetric analysis (TG/DTA) indicates the thermal stability of the grown crystal. The dielectric 

properties of the grown crystal have been studied. 

Key words: Single crystal XRD, UV-visible spectral analysis, TG/DTA, dielectric studies. 

INTRODUCTION  

Organic single crystal growth has greatly increased due to their applications in optoelectronics, 

nonlinear optics etc. Organic materials lead to growth related problems because of their intrinsic 

properties such as low thermal conductivity, ease of super cooling, low melting point and weaker 

mechanical properties [1].  Inorganic crystals are extensively used in the applications of optical 

modulation, fiber optical modulation and optoelectronics [2].  Sulphamic acid is an important 

industrial chemical compound, which is strongly soluble in water. Apart from its catalytic and 

electrometallurgical uses, salts of Sulphamic acid have wide applications as anticorrosive agent (or) 

cross linking agent for polymer [3].  Hence in the present work, a systematic study on the growth and 

characterization of Urea doped Sulphamic acid (USA) is reported.  The single crystals have been 

subjected to single crystal XRD, UV-visible-, TG/DTA and dielectric studies respectively. 

1. EXPERIMENTAL PROCEDURE 

Urea and Sulphamic acid were taken in equimolar ratio and dissolved in Millipore water.  The 

solution was stirred up to saturation state. The solution was filtered by using watt men filter paper and 

covered with dust free polyethylene sheet then placed at room temperature. After a period of 5 to 6 

days good transparent Urea Sulphamic acid (USA) single crystal with dimension of about 16 x 11 x5 

mm
3
 was harvested. The photograph of the grown single crystal is shown in Fig.1. 

 

Fig. 1: USA single crystal 
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3. RESULTS AND DISCUSSION  

3.1 SINGLE CRYSTAL X-RAY DIFFRACTION   

Single crystal X-ray diffraction analysis of USA crystal was carried using an Enraf Nonius 

CAD4 single crystal X-ray diffractometer with an incident CuKα radiation, and the calculated lattice 

parameter values are a= 8.076 Å, b= 8.098 Å, c= 9.218 Å, α=β=γ=90° and V = 602.8 (A
3
). The lattice 

parameter values show that the grown USA crystal belongs to orthorhombic structure which is 

confirmed with the reported values. 

3.2 UV-VISIBLE ABSORPTION SPECTRUM 

The optical absorption spectrum of USA is shown in Fig.2.  From the UV absorption 

spectrum, it is evident that USA crystal has the cut off wavelength at 235 nm.  The band gap energy is 

calculated to be 4.74eV.  This indicates that USA is a higher band-gap energy material. This shows 

that the crystal has a wide transparency range, which starts in the UV region and extends up to the 

near-infrared region through the visible region. The large transmittance in the visible region makes the 

crystals good optical window materials [4].  

 
Fig 2: UV absorption spectrum for 

USA 

 
Fig 3: Band gap spectrum for 

USA. 

 
Figure 4: TG-DTA spectrum of 

USA single crystal. 

3.3 THERMAL ANALYSIS  

The thermal stability and physiochemical changes of USA crystal were analyzed by recording 

the TG–DTA spectrum as shown in Figure 4.  It reveals that USA is thermally stable upto 191.0°C 

and after this the sample undergoes appreciable weight loss. The change in weight loss confirms the 

decomposing nature of USA sample. The DTA spectrum confirms the melting point of the sample 

through a sharp exothermic peak at 191.0°C. Moreover, the endothermic peak at 409.4°C reveals the 

volatile nature of the sample. After that no sharp peak was observed, which confirms that the material 

is thermally stable up to 409.4°C.       

3.5. DIELECTRIC STUDIES 

Variations in dielectric constant and dielectric loss as a function of room temperature and 

frequency are shown in Fig. 5a and 5b. In Fig.5a, it is seen that the value of dielectric constant is 

found to increase with temperature and it becomes independent of frequency at higher frequency 

region. The decrease in dielectric constant of USA crystal at low frequencies may be attributed to the 

contribution of the electronic, ionic, orientation and space charge polarizations which depend on the 

frequencies.  The low value of dielectric loss at high frequencies suggests that the sample possess 
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enhanced optical quality with lesser defects and this parameter is of vital importance for NLO 

applications [5]. 

 
Figure 5a: Dielectric constant for USA 

 
Figure 5b: Dielectric loss for USA   

CONCLUSION 

An organic single crystal of USA was grown from aqueous solution by the slow evaporation 

method. The crystal structure was confirmed by single crystal XRD analysis. In UV There is good 

optical transmittance in the entire visible region, which makes the USA crystal for optoelectronic 

applications. Thermal stability has been observed by TG/DTA analysis. The low dielectric constant 

and dielectric loss of USA at higher frequencies show that the material is a more suitable candidate of 

nonlinear optical application. 
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Abstract 

Ammonium dihydrogen phosphate (ADP) is one of the most popular crystals used for non 

linear optical (NLO) applications. ADP crystal is of more appeal due to its piezo-electric property. 

ADP crystals attract more interest because of their unique non linear optical, dielectric and anti-

ferroelectric properties.  The L-Malic acid doped ADP (LMADP) single crystals were grown by slow 

evaporation method at room temperature. The Crystalline nature of the grown LMADP crystal has 

been studied by powder XRD analysis. Fourier transform infrared (FT-IR) studies confirm the 

functional groups of the crystals.   The UV-visible study confirms the wide optical transmittance 

window for the doped crystals imperative for optoelectronics applications. The second harmonic 

generation efficiency of the crystals was determined.   

KEY WORDS: PXRD, FT-IR, NLO, UV-visible. 

1. INTRODUCTION 

Ammonium dihydrogen phosphate (ADP) is a well known anti-ferroelectric crystal. The 

study of ADP crystal is very interesting in view of the dielectric, piezo-electric and optical properties.  

Most important application of ADP crystals are that they are used as electro-optical modulator, 

harmonic generators, parametric generator and as monochromotors for X-ray fluorescence analysis 

[1]. ADP was belongs to scalenohedral (twelve faced) class of tetragonal crystal system [2].  The 

rapid development of optical communication system has led to the search for more sufficient 

compounds for the processing of optical signals.  Organic crystals in terms of NLO properties posses 

advantages when compared with inorganic counter parts [3].  Organic materials allow their fine tuning 

of their chemical structure and properties for the desired NLO properties [4].  ADP is an excellent 

inorganic NLO material has a considerable interest amongst several research workers because of its 

wide frequency, high frequency of frequency conversion. 

One of the earliest applications of ADP was used in design of hydrophone for acoustically 

active mines, due its zero aging characteristic because, ADP remains stable during many year of 

storage [5].  It was also reported that the addition of some of the amino acids as dopants has enhances 

the non linear optical and piezoelectric properties of inorganic materials [6].  L-Malic acid doped with 

ADP will be of special interest as a fundamental building block to develop complex crystal with 

improved NLO properties. The grown crystals were characterized by PXRD, FTIR, UV-vis 

spectroscopy and NLO Studies. 
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2. EXPERIMENTAL METHOD 

2.1 CRYSTAL GROWTH 

L- Malic acid of 0.3% has been doped with pure ADP (Ammonium dihydrogen phosphate) 

along with double distilled water was used for the growth of single crystals.  The solution was stirred 

for 3-4 hours and then filtered.  The pH value of the reaction mixture was monitored.  It was porously 

sealed and placed in a dust free atmosphere for slow evaporation at room temperature.  Optically 

transparent crystals were harvested within 30 days.  

3. RESULT AND DISCUSSION 

3.1 POWDER X-RAY DIFFRACTION ANALYSIS 

X-ray diffraction technique is a powerful tool to analyze the crystalline nature of materials. 

Powder X-ray diffraction analysis was carried out by using XPERTPRO X-Ray diffractometer with 

CuKα radiation (λ=1.5406 Å).  The samples were scanned over the range 10-70° as shown in the 

Figure 1.  The cell parameter values for LMADP are a=b=0.744Å, c=0.697Å with the angles     

    °. The structure of LMADP is tetragonal it can be analyzed by the cell parameter. The sharp 

and well defined peaks at specific 2Ɵ values indicate the high crystalline nature of the crystal. 

 
Figure 1. Powder XRD pattern of LMADP single crystals 

3.2 FT-IR ANALYSIS 

FT-IR spectra of LMADP crystal were recorded in range of 450-4000cm
-1 

by KBr PELLET 

technique. The functional groups of L-Malic acid doped with ADP crystals have been identified and it 

was shown in Figure 2. The broad band in the high energy regions is due to the O-H vibration of 

water, P-O-H group and N-H vibration of ammonia.  The peaks at 1101 and 908 cm
-1 

represent P-O-H 

vibrations.  The PO4 vibration gives their peaks at 547 and 499 cm
-1

.  The bending vibration of water 

gives it peak at 1646 cm
-1

 in IR.  The peak at 1402cm
-1

 is due to bending vibrations of ammonium. 

The vibrational band at 3245 cm
-1

 was also assigned to the vibration of N-H band. The PO4 vibration 

of the parent is shifted from 499 to 481 cm
-1

, which was confirmed by the presence of L-Malic acid on 

the lattice of ADP crystals. 

 

Figure 2.  FT-IR spectral analysis of LMKDP 
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3.3 SHG ANALYSIS 

Quantitative measurement of the conversion efficiency of the crystal was determined by using 

the powder technique developed by Kurtz and Perry techniques.  Kurtz and Perry techniques were 

employed to measure the SHG efficiency of the grown crystals in reference with the pure KDP. In the 

measurement, Q-switched Nd:YAG laser of wavelength 1064nm of peak power 2.35 mJ, pulse 

duration 8 ns and repetition rate 10Hz was used.  Output intensity of SHG gives relative values of 

NLO efficiency of the material. The output energies from the grown sample and reference KDP are 

found to be 21.2 mW and 19.6 mW respectively.  It is found that the SHG efficiency is 1.6 times 

greater than that of standard KDP.  

3.4 OPTICAL ABSORPTION STUDIES 

The UV-Vis spectrum of LMADP crystals were recorded by using Perkin Elmer UV-Vis 

spectrometer (Model: Lambda 35) in the wavelength range of 200-900 nm. Optically polished single 

crystals of thickness 3mm were used for this study. Figure 3. Shows that the absorption spectrum of 

the grown crystals and the lower cut-off wavelength is found to be 220 nm. The presence of low cut 

off wavelength and the wide optical transmission window range of the materials possessing NLO 

activity. Figure 4. Shows that the optical band gap energy value is found to be 4.68 eV.  

 

Figure 3. UV-vis absorption 

 

Figure 4. UV-vis band gab 

CONCLUTION  

The L-Malic acid doped with ADP (LMADP) single crystals were grown by slow evaporation 

method at room temperature. The crystalline nature of the grown LMADP crystal has been studied by 

powder XRD analysis.  Fourier transform infrared (FT-IR) studies observed that the functional groups 

of the LMADP crystal. The UV-visible study confirms the wide optical transmittance window for the 

doped LMADP crystals imperative for optoelectronics applications.  The second harmonic generation 

efficiency of the crystals was determined.  All the above strongly attributes the L-malic acid doped 

with ADP improves the non linear optical properties of the pure ADP crystals. 
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ABSTRACT 

             The work deals with synthesis, growth and characterization of pure and neodymium  doped 

NLO active L-Threonine acetate single crystals. The crystals were grown by slow evaporation 

technique at room temperature. The grown crystals were characterized by XRD, FTIR and other 

studies. The results will be discussed in detail.    

INTRODUCTION 

               The emergence of new materials with superior quality is often responsible for major 

advances in new technologies. The high speed, high degree of parallelism of optics will lead gradually 

to optoelectronic systems where an increasing number of functions will be implemented optically. 

However, the development of photonic technology relies largely on the progress achieved in 

fabricating new optical materials with better performance. In that respect, materials with a nonlinear 

optical (NLO) response are expected to play a major role in enabling optoelectronic and photonic 

technologies. Many NLO single crystals have been identified as potential candidates in optical and 

electro-optical devices. Nonlinear optical materials have acquired new significance with the advent of 

a large number of devices utilizing solid-state laser sources. 

NLO materials are essential for the fabrication of electro-optic modulators, which convert an 

electric signal to an optic one for transmission on a fiber optic cable. The exchange and processing of 

information is growing rapidly and more powerful data-systems including larger networks, faster 

processors and mass storage devices are under intensive research and development.  

 1.1 MATERIAL PREPARATION 

                                              
LTA single crystals (pure and doped) were grown by slow evaporation technique at 

room temperature. Good quality, transparent and defect free tiny crystals formed due to spontaneous 

nucleation were used as seeds to grow bulk crystals shown in fig 1. 

1.2 SYNTHESIS AND SOLUBILITY 

The L-threonine acetate was synthesized by the stoichiometric incorporation of pure L-

threonine and acetic acid in the ratio (1:1). The calculated amount of salts were dissolved in double 

distilled water and kept for slow evaporation at room temperature. The reaction is as follows: 

C4H9NO3 + CH3COOH                    C4H10NO3
+
CH3COO

-
 

The resultant product L-threonine acetate was found to be homogeneous and the purity of the same 

was increased by successive recrystallization. The solubility diagram for both pure and doped crystals 

is shown in Figure1.0 Transparent good quality seed crystals free from macro defects were used for 
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growth experiments. The crystal size obtained was 10 x 4 x 5 mm
3
 in 28 days.  Neodymiun  Nd (2 

mole %) doped L-threonine was also synthesized separately at room temperature and purified by 

recrystallization. The Nd-
 
LTA was grown at the size of 13x8x6 mm

3
. Figure 1.0 shows the 

photographs of as grown crystals. 

 

Figure 1.0Photograph of pure & Nd
3+

 doped 

LTA crystal 
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Figure 2 Solubility curves for pure & Nd 3
+
 

doped LTA crystal 

1.3 CHARACTERIZATION TECHNIQUES & DISCUSSION 

The lattice parameters (Shown in Table:1.1)values for the pure and doped LTA crystals have 

been calculated, from the powder X-ray diffraction pattern (shown in fig: 3) Both the pure and doped 

LTA crystals crystallize in triclinic P1 space group. The FT-IR Spectra of both the pure and doped 

LTA confirm the structural aspects of pure compounds. The FT-Raman spectra were recorded for the 

pure and doped LTA in order to qualitatively analyze the presence of functional groups in LTA. FT-

Raman analysis of doped crystals confirmed the presence of metal dopants in the crystal lattice. 

Optical absorption spectra were recorded on these polished crystal samples between 200–2500nm. 

Kurtz SHG tests were carried out on the pure and doped LTA samples. The SHG efficiency of doped 

crystal is found to be higher than that of pure crystal and KDP. The TGA and DTG analysis of pure 

and doped LTA crystals were done at a heating rate of 20 K/min. There is a reduction in the 

decomposition temperature for doped crystals. The values of work hardening coefficient of the pure 

and doped crystals were found. Dielectric studies were carried out for the pure and doped LTA 

crystals. The dielectric nature of the pure LTA is marginally altered by the presence of dopant metals. 

Photoconductivity studies confirm that these materials exhibit positive photoconductivity.  

Table 1.1 Lattice parameters for the pure and Nd
3+

 doped LTA crystal 

Lattice 

parameters 
Pure LTA 

Nd
3+

-

LTA 

LTA 

(Madhavan et al) 

a (Å) 

b (Å) 

c (Å) 

8.611                          

9.101 

9.011 

8.810                              

9.712 

9.891 

8.520 

9.059 

9.023 

α(°) 

β(°) 

γ(°) 

62.01 

86.78 

86.13 

61.72 

86.91 

85.99 

61.70 

86.60 

86.30 

Crystal System triclinic triclinic triclinic 

Space group P1 P1 P1 

Volume (Å
3
) 611.6 613.4 611.6 
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       Figure 3: Powder XRD pattern of pure and Nd
3+

 doped LTA crystal 

1.3.1  FT- IR analysis 

 FT-IR spectra of the pure and  Nd doped LTA crystals were recorded in the range  400 cm
-1 

 

to   4000 cm
-1

, using   KBr   pellet on   BRUKER IFS FT-IR Spectrometer. The presence of functional 

groups in pure and doped LTA is qualitatively analyzed. The FT-IR Spectra of the LTA crystals are 

shown in Figure 4. The FT-IR spectra of doped LTA appear almost similar to that of pure LTA N-H 

stretching frequencies of amino group are found between 3168 and 2874 cm
-1 

for both pure and doped 

crystals. The absorption at 3026 cm
-1

 is due to    O-H stretching vibration of carboxylic group.  Both 

the pure and metal doped compounds show strong absorption at 1626 cm
-1

 indicating the presence of. 

Primary amino group. The characteristic absorption at 1479 cm
-1

 is due to symmetric N-H 

deformation. The peak at 1418 cm
-1

 corresponds to the symmetric COO
-
 stretch. The CH deformation 

is found by the peak at 1319 cm
-1

. An absorption band at 935 cm
-1

 is due to the CC stretching. The 

wagging of COO
-
 gives rise to a band at 702 cm

-1
.  Doping of metal ions into the crystal lattices does 

not show any significant change in absorption pattern. The frequency assignments of these crystals are 

presented in Table 1.2. 

 
 

1.3.2    FT- Raman spectra 

Table 1.2 FT-IR spectral assignments of pure and Nd doped LHA crystal 

 
In order to qualitatively analyze the presence of functional groups in LTA, polarized FT-

Raman spectra were recorded for the pure and doped LTA in the range 50 cm
-1

 – 3500 cm
-1

. Figure 5 

shows the recorded spectra of the pure and doped LTA. The O-H stretching gives a peak at 2988.9 

cm
-1

. The bands at 2938.4 cm
-1 

and 2873.5 cm
–1

 are due to aliphatic CH2 and CH3 stretching. The less 

intense peak at 1481.2 is due to the CH2 deformation. The peak at 1337.9 cm
–1

 is due to the C=O 
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stretching. The weak absorption at 3100 cm
-1 

is due to the N-H stretching of amino group. The 

absence of peaks at 3019.2 cm
-1

, 2938.6 cm
-1

, 1450.2 cm
-1

 and 698.2 cm
-1

 in the La-LTA spectrum 

which are present in the pure LTA, indicates the probable metal linkage with the N of amino group. 

The FT-Raman frequency assignments of these crystals are presented in Table 1.3. 

1.3.4  UV-Vis-NIR spectrum 

 Optical absorption data were taken on the polished pure and doped LHA crystals of about 

4mm thickness using a Varian carry 5E model dual beam spectro- photometer between 200nm –

2500nm. The spectra (Figure 5) indicates that the pure and doped LTA crystals have minimum 

absorption in the region between 250 nm – 1588nm and 260nm - 1580nm.  The required key 

properties for NLO activity are minimum absorption and low cut-off wavelengths for pure and doped 

LTA are 250nm and 260nm respectively. LTA crystals are found to posses these properties. 

 

Table 1.3 FT-Raman spectral assignments of pure and Nd
3+

 doped LTA crystal 

Wave number (cm
-1

) 
Assignments 

Pure LTA Nd
3+ 

- LTA 

3019 - Asymmetric NH stretching  

2989 2988 O-H stretching  

2938 2938 CH2 stretching  

2874 2873 CH3 stretching  

1481 1481 CH2 deformation 

1450 - NH2 deformation 

1339 1337 C=O stretching 

1.3.5  Microhardness studies 

 Microhardness studies have been carried out in (1 0 0) plane on pure and doped LTA single 

crystals using HMV SHIMADZU microhardness tester filled with diamond Vickers pyramidal 

indenter to estimate the mechanical properties. The static indentations were made at room temperature 

with a constant indentation time of 15 seconds for all indentations.  Measurements were taken by  

varying the applied loads from 10g to 50g only.  

 1.3.6 Thermal Studies 

 Single crystals of pure
 
and doped LTA crystals  were subjected to thermo gravimetric analysis 

(TGA) and differential thermogravimetric analysis (DTG) simultaneously  using STA 409C 

instrument, in the nitrogen atmosphere at a heating rate of 10 K/min. Figure 6 shows the resulting   

TGA and DTG traces of the pure and doped crystals. The decomposition of the material starts at 262º 

C. The material is found to be thermally stable up to 230º C. There is a reduction in the decomposition 

temperature of the doped crystals compared to the pure LTA crystals, which is attributed to the 

presence of the metal dopant Nd. 
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Figure 6 Absorption spectrum of pure and Nd
3+

 doped LTA crystal 

CONCLUSION     

          Good quality single crystals of pure and doped L-Threonine acetate (LTA) were grown successfully 

by slow evaporation technique.  Powder X-ray diffraction studies were carried out, and the lattice 

parameters are calculated. Inductively coupled plasma studies shows that the amount of dopant 

incorporated into the doped crystal is less than the concentration of the dopant in the corresponding 

solution.  The pure and doped LTA crystals are transparent in the entire visible region, and have minimum 

absorption. The TGA and DTG studies show that the metal dopants have not altered the thermal stability 

of the molecules. From the dielectric studies it is seen that the dielectric constant and dielectric loss 

decreases with frequency. Photoconductivity studies reveal that the pure and doped LTA have positive 

photoconductivity. Hardness studies show that pure and
 
doped LTA crystals are   soft materials. NLO 

studies proved that the metal dopant have increased the efficiency of pure LTA. The presence of dopant 

has improved the Nonlinear optical (NLO) properties of the grown crystals and these crystals can be 

promising material for nonlinear device fabrication. 
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Abstract 

Crystal growth is an inter disciplinary subject covering engineering, metallurgy, 

crystallography, mineralogy, etc. In the past few decades, there has been a growing interest on crystal 

growth processes, particularly in view of the increasing demand of materials for technological 

applications. Good optical quality single crystals of Rhodamine B doped Bis Thiourea Cadmium 

Chloride (BTCC) have been grown from solution by slow solvent evaporation technique. Experiments 

were allowed to run for considerably larger duration of the time (20 days) can grow large crystals. 

Single crystal X-ray diffraction study was carried out to measure the unit cell dimension of both the 

crystals. The FTIR studies ascertained the metal co ordination. To ensure the purity and thermal 

stability of the materials thermo gravimetric study was carried out. The second harmonic generation 

(SHG) nature of crystals was identified by Kurtz method. These studies shows that Rhodamine B dye 

doped BTCC crystals were formed to exhibit enhanced optical, thermal, electrical, mechanical and 

second harmonic generation properties compared to the pure BTCC. 

1 INTRODUCTION 

The strong influence of single crystals in the present day technology is evident from the resent 

advancements of the fields of semiconductors, polarizer‘s, transducers, infrared detectors, ultrasonic 

amplifiers, solid state lasers, non-linear optic, piezoelectric, Acosta-optic, photosensitive materials 

and crystalline thin films for microelectronics and computer industries. Hence to achieve high 

performance from the device, good quality single crystals are needed. The growth of single crystals 

and their characterization towards device fabrication has assumed great impetus due to their 

importance for both academic research and applied research.In recent years more emphasis is given to 

inorganic materials due to their much matured NLO applications than organic materials and owing to 

their good transparency, chemical stability, and mechanical properties. Also research into the growth 

of large single crystals from aqueous solution is currently serving as the important avenue to general 

progress in understanding many fundamental concepts of crystallization. 

2. EXPERIMENTAL PROCEDURE 

2.1 CRYSTAL GROWTH 

A solution of BTCC was prepared by dissolving in the ratio (2:1) of Thiourea and Cadmium 

Chloride. The solution was continuously stirrer using a magnetic stirrer of room temperature. The 

prepared solution was filtered and kept undisturbed in a constant temperature bath maintained at a 

temperature of 38°C. When evaporation taken place slowly, supersaturation is activated. BTCC 

crystals were grown from aqueous solution by slow evaporation method.  The solubility of 

Rhodamine –B doped BTCC was measured. It was found to be 17.5 g/100 ml at 40
o
C for Rhodamine 

–B doped BTCC. The solution was stirred long enough to ensure complete dissolution of the solute, 
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and filtered.  Subsequently the solution was cooled at a rate of 0.1
o
C/day. The amount of BTCC salt to 

be dissolved was determined from its solubility curve at an average temperature of 37
o
C. As a result, 

crystals with dimensions 6.2 × 3.5 × 2.5 mm
3
 were harvested in a period of 20 days.  

 

Figure1. Rhodamine-B doped BTCC Crystal 

3. CHARACTERIZATION STUDIES  

3.1      UV-Visible studies 

 The transmission spectra were taken at room temperature using UV-Vis double beam 

spectro photometer-Systronics. The transmission spectra were recorded in the range 200-1200 nm for 

1 mm thick c-cut plates of pure and Rhodamine-B doped BTCC was shown in Figure 2. All the 

crystals irrespective of the dopants are transparent in the entire visible region. The UV-Visible 

spectrum of rhodamine-B doped BTCC crystal, maximum wavelength of absorption (λmax) appeared 

at 780 cm
-1

.Therefore, it reveals that after incorporation of rhodamine-B dye, the UV absorption was 

shifted to Red region. The Bathochromic shift (Red shift) increases in accordance of mole fractions of 

dopants. The pure BTCC crystal has about 75 % of   transmission. The dye doped BTCC crystal is 

invariably has higher transmission percentage compared to pure BTCC crystal. From the UV-Visible 

spectrum, transmission percentage increases due to addition of doped in BTCC crystal, which would 

enhances the optical property of BTCC crystal.    

 
Figure  2. UV-Visible spectra of (a) Pure 

BTCC and (b) Rhodamine-B doped BTCC 

crystal 

 
Figure 3. FTIR Spectra of (a) Pure and 

(b)Rhodamine-B doped BTCC crystal 

The FT-IR spectrum was recorded between 1000 cm
-1

 and 4000 cm
-1

, using BRUKER Alpha 

FT-IR spectrometer.  The FT-IR Spectra of both the pure and doped BTCC crystals are shown in 

Figure 3. The FT-IR spectra of pure and doped BTCC appear almost similar to each other.Fig. 4 show 

the TGA thermograms of doped BTCC. The first weight loss of about 35% observed in KDP starts at 

115°C could be attributed to the loss of lattice water.  The next stage between 115.5°C with a total 

loss of 65% is assigned to the decomposition of BTCC. The resulting residue gives a weight loss for a 

wider range of temperature between 220°C and 570°C. TG analysis of the doped BTCC shows that 

the softening starts at 114.9˚C due to loss of water. The compound is stable and there is no phase 
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transition till it is melting. However, thermogravimetric analysis indicates that on melting, the 

compound decomposes and loses weight.  

 

Figure 4. TGA Curve of BTCC 

Conclusion 

 The powder SHG measurement shows that the grown doped BTCC crystal has 1.85 times 

higher SHG efficiency than KDP. Vickers micro hardness was calculated in order to understand the 

mechanical stability of the grown crystals. Each type of constituent chemical bond is regarded as one 

part of the whole crystal that has contributions to the total nonlinearity. The distribution of valence 

electrons of the metallic elements is an important factor that strongly affects the linear and nonlinear 

properties of each type of constituent chemical bond. The fundamental beam of 1064 nm from Q-

switched Nd:YAG laser was used to test the SHG property of the grown crystal. 
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ABSTRACT 

          A simple method of estimating Latent heat of vaporization is described. Hv = Au
2
 + B where A 

& B are constants. The values of A and B are determined by using least square fitting for 

alcohols,alkanes and cyclic hydrocarbons. In results, the found values are compared with literature 

values. 

Keywords: latent heat of vaporization, ultrasonic velocity, organic liquids, alcohols. 

Introduction 

         Measurement of velocity in liquids is great interest of researchers as it brings out physical, 

thermal and optical properties of the medium such as compressibility, internal pressure, volume 

viscosity, gibbs free energy, Debye‘s temperature and optical refractive index(1-7). 

    Latent heat of vaporization of organic liquids is one of the important properties as it is related 

with phase change(8). Investigation of various liquid mixtures and solution of organic and inorganic 

compounds and  polymers are made by ultrasonic studies(9-13). 

In excess acoustic and thermodynamic parameters such as adiabatic compressibility, free 

length, free volume, internal pressure, relaxation time and acoustic impedance of binary liquids have 

been used to study interactions(14). Further, these parameter studies give the information about ion-

solvent interactions(15). 

      In the present work, latent heat of vaporization is calculated using  ultrasonic velocity data in 

alcohol, alkane and cyclic hydrocarbons. 

Theory 

      Latent heat of vaporization of a liquid varies with temperature and pressure(16-17) and  Enthalpy 

of vaporization of both liquids & solids particularly for homologous series have been reported by the 

method of correlation gas chromatography(18-20). 

   Heat of vaporization was also explained by additivity relationships(21). In hydrocarbons, there are 

many methods have been developed for estimating heats of vaporization of liquids(22,23). Still, there 

is space to correlate latent heat of vaporization with other pro perty such as sound velocity. 

      Surface phenomena and viscosity play important role in processes connected with transition from 

one aggregate state to another(24). Compressional wave propagation is influenced by surface and 

viscous property(25,26). This leads to relate latent heat of vaporization to ultrasonic velocity as,  

Hv = Au
2
 + B 

      Where  A and B are constant which are determined by least square fitting method.  

Results and Discussion 

         Tables 1,2 and 3 give, the ultrasonic velocity and latent heat of vaporization for alcohols, 

alkanes and cyclic hydrocarbons respectively. The values of A and  are presented in Table-4. 

        The calculated and literature values of latent heat of vaporization for alcohols and alkanes are in 

good agreement. In the case of cyclic system, found values are much deviated from literature because 
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of their different functional group.  It has been shown in the figures 1-3.  The authors hope that more 

experimental work support this approach. 

TABLE 1: Latent heat of vaporization of 

alcohols 

System 

Velocity
 

a,b
           

u/ms
-1

 

HV 

X10
5     

J/Kg 

LIT
 a,b

 CAL 

Propane 253 4.3273 4.1154 

Butane 216 3.8689 4.1279 

Pentane 1008 3.5819 3.4289 

Hexane 1203 3.3546 3.1182 

Heptane 1138 3.177 3.2279 

Octane 1192 2.98 3.1371 

Nonane 1248 2.9046 3.0386 
 

TABLE 2: Latent heat of vaporization of 

alkanes 
 

System 

Velocity
 

a,b
  u/ms

-

1
 

           

HV 

X10
5     

J/Kg 

LIT
 a,b

 CAL 

Methanol 1143 11 9.8514 

Ethanol 1156 8.46 9.36 

1 

Propanol 
1205 6.9066 7.474 

1Butanol 1258 5.85 5.3419 

1Pentanol 1253 4.9273 5.5476 

1Hexanol 1289 4.3627 4.0536 

TABLE 3: Latent heat of vaporization of 

cyclic hydrocarbons 

System 

Velocity
 

a,b
  

 u/ms
-1

 

 

             HV 

X10
5     

J/Kg 

LIT
 b
 CAL 

Benzene 1321 3.9 3.9869 

Toluene 1275 3.51 3.9343 

O-

Xylene 
1352 3.4188 4.023 

Phenol 1274 4.9068 3.933 

Aniline 1614 4.5 4.3653 
 

TABLE 4: Constant values of various system 

 

System 

A 

X10
5
 

J/Kg 

B 

 

Alcohols 31.1812 -1.6327 

Alkanes 4.1616 -0.0721 

Cyclic 

Hydrocarbons 
3.2191 0.0440 

a  
 Values taken from Reference[27] 

b 
 Values taken from Reference[28] 

 

 

 
Fig 1: Latent Heat of 

Vaporization of Alcohol:   HV 

lit  
Vs   HV 

cal
 

 
Fig 2: Latent Heat of 

Vaporization of Alkanes:   HV 
lit  

Vs   HV 
cal 

     

 
Fig 3: Latent Heat of 

Vaporization of Cyclic 

Hydrocarbons:   HV 
lit  

Vs   HV 
cal
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Abstract 

Nonlinear optical (NLO) crystals have come upon the materials science scene and are being 

studied by many research groups around the world. Oxalic acid single crystals of were synthesized by 

a slow evaporation technique. Single crystal and powder XRD analyses confirmed the orthorhombic 

crystal structure. On the other hand, ion beam irradiation effects have rarely been studied. The 

structural, chemical, optical, mechanical and non-linear optical properties of the doped crystals were 

analysed with the characterization studies such as powder XRD, FT-IR, UV-Visible, SEM and SHG 

measurements respectively. The results for L-Glutamic acid and L-Valine doped oxalic acid crystal 

are compared with the results of the pure oxalic acid crystals. The TGA, DTA shows that the material 

has good thermal stability; the UV-Vis spectrum shows the transmitting ability of the crystal in the 

entire visible region.  

1. INTRODUCTION 

The search for nonlinear optical (NLO) materials has been of great interest because of their 

significant impact on laser technology, optical communication and data storage technology. The 

synthesis of new and efficient frequency conversion materials has resulted in the development of new 

semi organic materials. Semi organic system provides many structure and bonding schemes for the 

molecular engineering of new materials. Semi organic nonlinear optical (NLO) crystals are attracting 

a great deal of attention due to their high NLO coefficient, high damage threshold and high 

mechanical strength compared to organic NLO crystals. Non-linear optical (NLO) materials have a 

significant impact on laser technology, optical communication, optical storage technology and electro 

optic modulation. The search for new frequency conversion materials over the past decade has led to 

the discovery of many semi organic materials. These materials posses large nonlinearity, high 

resistance laser induced damage and low angular sensitivity. The semi organic NLO materials gain 

importance over organic and inorganic NLO materials because of their large polarizability and wide 

transmission window. Extensive investigation in this direction resulted in the discovery of a new 

phase match semi organic NLO crystals.  

To analyze the influence of dye based dopant on the non-linear optical property of oxalic acid 

crystals; efforts were made to dope oxalic acid crystals. The effects of impurity atoms on the quality 

and performance of the crystals were analysed. Bulk crystals of oxalic acid crystals and L-Glutamic 

acid and L-Valine doped oxalic acid crystals were grown by solution growth technique.      
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2. EXPERIMENTAL PROCEDURE 

2.1. Crystal Growth 

The recrystallised salt was used for the preparation of saturated solution at room temperature 

(32
o
C). The solution was filtered by filtration pump and Whatman filter paper of pore size 11 μm. The 

solvent evaporates slowly leading to super saturation which in turn initiates the nucleation and the 

crystal grows. Pure oxalic acid crystals were grown from aqueous solution by slow evaporation and 

also by slow cooling method (0.5
0
 C/Day). The same method is followed for L-Glutamic acid doped 

oxalic acid crystals (0.1 mole % of L-Glutamic acid). The solubility of doped oxalic acid crystals in 

the solvent was measured for each dopant, it was found to be 14.5 gms/100 ml at 35
o
C for L-Glutamic 

acid.  

 
Figure: 1 L-Glutamic acid doped Oxalic Acid Crystal 

3. CHARACTERIZATION STUDIES 

3.1. X-Ray Diffraction Studies 

 

Figure: 2 XRD of (a) pure Oxalic Acid Crystal and (b) L-Glutamic acid Oxalic Acid 

 Powder XRD spectra (Fig.2) for the pure and L-Glutamic acid and L-Valine doped oxalic 

acid crystals revealed that the structures of the doped crystals are slightly distorted compared to the 

pure oxalic acid crystal. This may be attributed to strains on the lattice by the absorption. It is 

observed that the reflection lines of the doped oxalic acid crystal correlate well with those observed in 

the individual parent compound with a slight shift in the Bragg angle. The crystallinity of the grown 

sample was confirmed by X-ray diffraction analysis. 
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3.2    FTIR Studies 

The FTIR [Fig.3] of all of them were recorded from solid phase samples on a bruker IFS 66V 

model spectrophotometer using 1064nm output of a cw diode pumped Nd:YAG laser as a source of 

excitation in the region 400 – 4000 cm
–1

 operating at 200mW power at the samples with a spectral 

resolution of 2cm
–1

. The IR spectra were also recorded on Shimadzu–800, FTIR spectrometer series 

of Japan in the region 400 – 4000 cm
–1

. The frequencies for all sharp bands are accurate to ± 1 cm
–1.

 

The observed spectra of single and doped coumarin shown in Fig: 2.  

 

 

 

Figure: 3 FT-IR spectra of (a) Pure Oxalic (b) L-Glutamic acid doped Oxalic Acid Crystal 

The FTIR spectral analysis for the grown crystal has been recorded in the range 400-4000 cm-

¹ using KBr pellet technique and the resultant spectrum is shown in Fig.3. The carbonyl stretching 

C=O is found to be near 1083 cm-1.A peak at 2694 cm-1 corresponds to NH2 deformation. The C-N 

stretching and the O-H stretching bands are found to be near 1125 and 3186 cm-1 respectively. A 

peak at 2694 cm-1 corresponds to CH2 stretching. The band at 1580cm-1 indicates the presence of 

symmetric stretching of carboxylate (COO-) ion. It was confirmed that broad envelope positioned in 

between 2750-3500 cm
-1

 corresponds to symmetric and asymmetric stretching modes of NH2 

grouping of L-Glutamic acid and L-Valine coordinated oxalic acid. The NH and N-C-N stretching 

vibrations were also seen in these crystals. 

3.3       NLO Properties 

Their NLO figures of merit can be of orders of magnitude higher compared to inorganics, and 

their long-term orientation and photochemical stability orders of magnitude better as in conventional 

electro optic polymers. In the last few years there have been several promising structuring techniques 

developed for the highly NLO organic crystal-oxalic acid, which open a wide spectrum of new 

possibilities and functionalities in guided wave photonic technology. Nd:YAG laser using the  first 

harmonics output of 1064 nm with pulse width of 8 ns and repetition rate10 Hz was passed through 

the sample. The second harmonics signal, generated in the crystal was confirmed to form the emission 

of green radiation by the crystal. It shows that amino acids doped oxalic acid crystals have higher 
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efficiency. It was observed that the irradiation process enhance the NLO property of doped oxalic acid 

crystals. 

4. RESULTS AND DISCUSSIONS 

We have grown single crystals of oxalic acid crystals and organic dyes doped oxalic acid 

crystals and characterized them by employing FT-IR and X-Ray diffraction methods. The doped 

crystals show good second harmonic generation efficiency. There is a different class of non-linear 

optical materials, which possess important optoelectronic properties. However, to fabricate optical 

devices using these materials, a detailed study of ion induced stoichiometric and structural changes 

occurring in them are necessary.The optical transmittance of the crystal confirms the transparency of 

the crystal. The band gap energy value (4.25eV) predicted from UV studies confirms the dielectric 

behaviour of the material. Hence, the material is confirmed as a dielectric material to induce 

polarization for second harmonic generation when a powerful laser beam is incident on the material. 

The dielectric studies prove that the sample has low dielectric constant and dielectric loss values at 

high frequency. 

5. CONCLUSION 

Single crystals of oxalic acid crystals were grown from aqueous solution by slow evaporation 

technique under room temperature. The grown crystals were characterized by single crystal XRD and 

it is confirmed that the crystal belongs to the orthorhombic system. The functional group values were 

predicted by using FTIR analysis. Dielectric measurements were carried to analyze the dielectric 

constant and dielectric loss at different frequencies and temperatures. Doping organic dyes, the 

stability of oxalic acid crystals is strong enough and such effect is likely to be reduced. Irradiation 

effects diffuse the dyes uniformly in the crystal. The nano-islands of dyes in oxalic acid crystals are 

likely to be dissolved and enhance the nonlinear optical properties of these materials.  
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Abstract 

Potassium Dihydrogen phosphate (KDP) crystals are one of the most popular crystals used for 

Non-linear optical (NLO) applications. Pure and dyes (Coumarin, Methyl Red) doped KDP crystals 

were grown by slow evaporation technique at room temperature. Grown crystals have been 

characterized using power X-ray diffraction and Fourier Transform Infrared Spectroscopy (FTIR). 

The presences of dyes were confirmed by FTIR and EDX spectra. Dye molecules possess π electron 

similar to conjugated polymers, but the molecules themselves are not very big. Their energy level 

structure shows the presence of bands containing many closely spaced levels corresponding to 

vibrational and rotational states. A variety of dyes for many laser operating wavelengths were 

employed in the past. Dyes embedded in KDP crystal and dye doped crystal were also reported as 

useful non-linear optical media. 

 1. INTRODUCTION 

  Potassium Dihydrogen phosphate (KDP) crystals are one of the most popular crystals used for 

Non-linear optical (NLO) applications. An increasing demand of crystal in scientific media is because 

of high nonlinear transparence property. KDP dominates all other inorganic crystal by having this 

kind of properties. In the present investigation the organic Coumarin and Methyl red were doped with 

KDP in 0.1 % ratio and grow by slow evaporation Technique at room temperature. The grown pure 

and Coumarin and Methyl red dye doped KDP crystal has been subjected to Powder X-ray diffraction 

and FTIR. The presences of dyes were confirmed by FTIR and EDX spectra. 

2. EXPERIMENT 

2.1 CRYSTAL GROWTH 

The method of growing crystals varies widely; it is mainly dictated by the characteristics of 

the material and its size. Crystal growth techniques are generally classified in to three categories; they 

are growth from solution, growth from vapor and growth from melt. Each growth techniques has 

numerous variations, all materials cannot be grown by all the above three methods.  In my 

investigation the organic Coumarin and Methyl red were doped with KDP in     0.1 % ratio and grow 

by slow evaporation technique at room temperature. 

In this technique, an excess of a given solute is established by utilizing the difference between rates of 

evaporation of the solvent and the solute. A solution of the compound in a suitable solvent is 
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prepared. The water is mainly used as a natural solvent. If the compound is not dissolved in water 

then organic solvents such as acetone, ethanol, methanol etc are used.Unlike the cooling method, in 

which the total mass of the system remains constant, the solvent evaporation technique; the solution 

loses particles, which are weakly bound to other components and therefore the volume of the solution 

decreases. In almost all cases, the vapor pressure of the solvent above the solution is higher than the 

vapor pressure of the solute and therefore the solvent evaporates more rapidly and the solution 

becomes supersaturated. Usually, it is sufficient to allow the vapor formed above the solution to 

escape freely into the atmosphere. This is the oldest technique of crystal growth and technically, it is 

very simple. 

 The KDP salt was purified by repeated recrystallization using the method of dissolving in 

distilled water. Then the solution of KDP salt was prepared in a slightly under saturation condition. 

The solution was stirred well for three hours constantly using magnetic stirrer still the salt has been 

dissolved in water. Then the prepared solution were transferred into two clean Petri dishes and kept 

for crystallization at room temperature in a quiet place.  

  

Figure 1(a).Coumarin doped KDP Crystal and 1(b).Methyl Red doped KDP Crystal 

A supersaturated solution of pure KDP and 0.1% of Coumarin and Methyl red doped KDP at 

room temperature was obtained by constant stirring up to three hours and then filter into beakers. The 

good quality seeds were suspended in respective beakers using the nylon thread. Slow evaporation 

method was employed for the growth. After completion of growth run, the crystal was harvested. The 

photograph of grown Coumarin and Methyl Red doped KDP crystal is shown in figures 1(a) and1 (b). 

3. CHARACTERIZATION 

The powder X-ray diffraction and Fourier Transform Infrared Spectroscopy analysis has been 

carried out on the grown crystal.The structural properties of single crystals of pure and Coumarin 

doped KDP have been studied by X-ray powder diffraction technique. Powder X-ray diffraction 

studies of pure  and methyl red  doped KDP crystals were carried out, using Rich Seifert XRD 3000P, 

X-ray diffractometer with Cu Kα (λ=1.54056Ǻ) radiation.  The samples were scanned for 2θ values 

from 10˚ to 40˚ at a rate of 2˚ /min. Figure 2. shows the powder XRD pattern of the pure , Coumarin 

and methyl red B doped KDP crystal. The diffraction patterns of the pure and  Coumarin  doped KDP 

have been indexed by least square fit method.   It is seen that both the pure and doped crystals 
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crystallizes variations in the lattice parameters which are due to the incorporation of the dopant in the 

KDP crystal lattice. 
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Figure 2. XRD of (a) Pure KDP (b) Coumarin doped 

KDP and (c) Methyl Red doped KDP Crystal 

 
Figure 3. FTIR Spectra of (a) Coumarin 

doped KDP and (b) Methyl Red doped 

KDP Crystal 

 

The FTIR (Fig.2) of all of them were recorded from solid phase samples on a bruker IFS 66V 

model spectrophotometer using 1064nm output of a cw diode pumped Nd:YAG laser as a source of 

excitation in the region 400 – 4000 cm
–1

 operating at 200mW power at the samples with a spectral 

resolution of 2cm
–1

. The IR spectra were also recorded on Shimadzu–800, FTIR spectrometer series 

of Japan in the region 400 – 4000 cm
–1

. A peak at 2296 cm-
1
 corresponds to CH2 stretching. The band 

at 1580cm-1 indicates the presence of symmetric stretching of carboxylate (COO-) ion. It was 

confirmed that broad envelope positioned in between 2750-3500 cm
-1

 corresponds to symmetric and 

asymmetric stretching modes of NH2 grouping of methyl red coordinated KDP. The NH and N-C-N 

stretching vibrations were also seen in these crystals. 

4. RESULTS AND DISCUSSION 

  When Coumarin and Methyl red dye has been doped in KDP crystal it has some changes in its 

character. By comparing pure KDP crystal the characteristic changes in Coumarin and Methyl red 

dyes doped KDP crystal has been studied by using XRD and FTIR analysis.The excitation of X-ray in 

KDP and Coumarin, Methyl red dye doped KDP crystal has been found. While comparing the XRD 

pattern of coumarin and methyl red dye doped KDP crystal with pure KDP crystal structure the 2 

theta values slightly shifted towards left i.e. the 2 theta values decreased in fraction and hence the d-

spacing range increased in fraction. The pyramidal plane (110) and (101) has been dominated heavily 

whereas the basal plane (200) is unaffected. From FTIR pattern it was found that a strong absorption 

peak near the wavelength of 280nm in pure KDP crystal. Whereas in Coumarin and methyl red dye 

doped KDP crystal the absorbance range is shifted towards the higher wavelength side around 480nm. 

This implies that coumarin and methyl red dye finely incorporated in KDP crystal.  
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CONCLUSION 

     Using FTIR and XRD analysis, the data coumarin and methyl red dye doped KDP crystal has some 

changes in its structure. The shift of absorption and excellent transmission in entire visible region 

makes this crystal a good candidate for electronic applications. The characteristics study of grown 

coumarin and methyl red dye doped KDP crystal indicated that this crystal can be a high NLO crystal 

than a pure KDP crystal. 
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1. Introduction 

 Any solid or liquid system possesses at most two-dimensional order of periodicity called ―thin 

film‖. Thin film is a layer of materials ranging from nanometer to several micrometer ranges.  CdS 

thin films have received considerable attention during recent years because of their excellent 

properties in optoelectronic fields, heterojunction solar cell considered to be a promising alternative to 

the more widely used silicon devices [1-2], electronic devices including light emitting diodes [3], 

large screen liquid crystal devices [4], gas sensors [5], single electron transistors and field effect 

transistor [6, 7] etc. 

Efforts have been devoted in preparation of high quality CdS thin film are synthesized and its 

different chemical techniques such as chemical bath deposition (CBD) [8, 9], spray pyrolysis (SP) 

[10], electro deposition [11], SILAR etc have been used to obtain thin films. In all these experimental 

methods there is wastage of chemicals and time. Moreover films can‘t uget deposited uniformly on 

the substrate. SILAR is one of the newest solution methods used for the deposition of thin film, which 

is also known as a modified version of chemical bath deposition. SILAR method is a step-wise 

process of chemical deposition of thin films from aqueous precursor solutions. It is a unique method 

in which thin films of compound semiconductor can be deposited by alternate dipping of a substrate 

into the aqueous solutions containing ions of each component. The relative simplicity of the 

successive ionic layer adsorption and reaction (SILAR) method and its potential application for large 

area deposition make it very attractive.  Easy control of thin film thickness by adjusting number of 

deposition cycles is the beauty of this method. In this method the substrate can be separately 

immersed in cationic and anionic solutions for the formation of thin films. In this work, we report the 

fabrication of CdS thin films havin appropriate properties for application like photo voltaic etc has 

been confirmed using different characterization techniques are reported below. 

2. Experimemtal Details 

2.1. CdS Thin Film Formation 

Cadmium Sulphide films were deposited on glass substrates. It is Note worthy that any substrates can 

be used where main criteria in the selection is that the selected substrates do not react with the bath 

precursor solutions [12]. In order to remove the moisture from the surface, substrates were cleaned 

with double distilled water for few minutes.  In the present case, Cadmium Sulphide films have been 

deposited by alternate immersion of substrates in Cadmium nitrate (Cd (No3)2 4H2O) as a cationic 

precursor with the pH maintained at 4 and in Sodium Sulphide (Na2S H2O) as anionic precursor with 
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the pH at 12. The reaction occurred at the substrate surface to form CdS. The adsorption time of 

cations, anions, rinsing time, dry time and number of cycles are already programmed for desired 

period of time. After dried for enough time, the formed thin films are subjected to characterizations 

like X-ray diffraction for identification of crystal structure, particle size, strain and dislocation density 

of synthesized film. The spectroscopic studied like UV-VIS, PL & FTIR are performed to analyze the 

band gap excitation wavelengths and molecular vibrations respectively. The morphological studies are 

studied from SEM micrograph and the different elements present in the films are identified form 

EDAX studies. 

Reaction mechanism 

The reaction mechanism is        

Cd (NO3)2 4H2O + H2O → Cd2+ + 2NO2↑+ 5H2O + O2↑      → 1 

Na2S + H2O → 2Na+ + SH- + OH-           → 2 

SH- + OH- → S2- + H2O                                    → 3 

Cd2+ + S2- → CdS                                   → 4 

 

 (1) (2)   (3)                      (4)            

Figure 1. SILAR technique for CdS thin film 

3. RESULTS AND DISCUSSION   

3.1. X-Ray Diffraction Analysis 

Film crystallinity was analyzed using X-ray diffraction and diffraction peaks are shown in figure 2. 

The presence of peaks confirms the crystalline nature of thin film.  The XRD pattern of a typical CdS 

thin film exhibits prominent broad peaks and the lattice parameter values are  a=b=8.578 Å & c= 

5.872 Å  with α = β = γ= 90°.  This suggests that deposited thin film is to have tetragonal structure. 

 
Figure 2 X-Ray Diffraction Analyses 

 
Figure 3 β     vs 4     Strain plot form XRD 

The average particle size was calculated by using Debye Scherrer‘s formula by knowing the 

Full Width at Half Maximum (FWHM) for the corresponding maximum intensity peak (2θ=27.6811
o
) 

[13]. The particle size is found to be 10.9568nm. Moreover from the graph as the base width of the 

100% peak is broadened one indicates that the particle size is less than 100nm range. The dislocation 
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density δ= 8.32976 X 10
-14

 m
-2 

is calculated using crystallite size and the strain is found to be 1.3224 x 

10
-3

m
3 
from the figure 3 [14].

 

3.2. Optical studies 

The optical absorption spectra of as-deposited CdS film are shown in figure 4. The absorption 

spectrum was studied in the region 200-1200 nm for the deposited thin film at room temperature. The 

cut of wave length for CdS thin film is found to be in visible region. This indicates that grown thin 

film can used for any optoelectronic applications. 

 
Figure 4 Absorbance spectra of CdS thin film 
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Figure 5 Plot of (αhυ )

2
 vs. hυ for  dS thin film 

The energy band gap for a deposited thin film was calculated using the Tauc equation  (ahυ)
2
 

= α0
2
 (hυ-Eg)

n 
.Here α0 is a constant and Eg is band gap energy [14].  Figure 5 shows the plot of (αhυ)

2  

vs.  hυ for CdS thin film. It has been observed that the plot of (αhυ)
2  
vs  hυ is linear over a wide range 

of photon energies indicating a direct type of transition [15]. The X-intercept on the graph gives the 

transition band gap energy gap to be 2.92 eV.   

Refractive index and film thickness 

The refractive index and thickness of the thin film can be calculated from a simple 

transmittance spectrum using the Swanepoel method [16, 17]. Practical application of this method 

entails, as a first step, the calculation of the maximum and minimum transmittance envelope 

functions, TM (λ) and Tm (λ), M m respectively. From these functions the refractive index n (λ) found 

to be 1.532.The film thickness, d, a number of thicknesses are calculated using Swanepoel equation 

and then the average of d is calculated which is about 1315 nm[18, 19]. 

3.3. Photoluminescence 

Light emission from compound semiconductors has been an important phenomenon due to its 

technological applications [20]. Most of the optoelectronic component devices such as light emitter or 

photo detectors are being fabricated using semiconductors having a direct band gap with high 

efficiency like CdS thin films. These films are also used in solar cells as light absorbing panels. PL 

analysis of the CdS thin film over glass substrate was performed to analyze the purity of deposition 

[21]. The photoluminescence spectral ranges between 300-800nm for both emission and excitation 

peaks shown in figure 6. The PL spectra of CdS exhibits many lower energy emission peaks for 

certain excitation wavelengths are tabulated in table 1. 
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Figure 6 Excitation peak for CdS thin film & Emission peak for CdS thin film 

 

Table 1. Excitation wavelength, Emission wavelength, Colour and Reported Energy 

COLOUR 
EMISSION 

nm 

EXICATION 

nm 

REPORTED 

ENERGY eV 

Blue 450 340 2.76 

Green 560 340 2.33 

Ultraviolet 280 400 2.28 

Green 555 480 2.33 

` 3.4. Surface Morphology    

  The surface morphological studies of the CdS thin film have been carried out from Scanning 

Electron Micrographs (SEM). Figure 7 shows the SEM images of CdS film for three different scale 

regions.   Among these three images 10 µm range shows the film is deposited on glass substrate is 

homogeneous and the CdS nanoparticles can occupy the glass substrate without any space in the 

grown film [21]. 

   

Figure 7. SEM images of grown CdS thin film for as 1 µm range, 5 µm range, 10 µm range 

3.5 Energy Dispersive X-Ray Analysis Spectra 

Figure 8 shows typical EDAX patterns and details of relative analysis for this thin film. This spectra 

show the expected elements (Cd and S ) and absence of impurities detected in the thin film. The 

elemental analysis was carried out only for CdS, Cd and S the average atomic percentage was found 

to be 51.4:48.6.  
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Figure.8. EDAX spectrum of CdS thin film deposited on glass substrate 

4. Conclusion 

In this study, the SILAR method was used to deposit CdS thin film on a clean glass substrate. The 

structural property of this thin film was investigated by XRD which confirms its crystalline nature and 

tetragonal structure. The average particle size is found to be 10.9568nm, strain (ε) found to be 1.3224 

x 10
-3

m
3
, dislocation density (δ) 8.32976 X 10

-14
 m

-2
 of the materials is calculated from XRD data 

using Scherrer formula. The refractive index n (λ) of the film is found to be 1.532.The average film 

thickness, is calculated to be about 1315nm. The energy dispersive X-ray analysis spectra showed that 

the expected elements exist in the thin films. Using UV-VIS spectroscopical data the optical band 

energy gap (Eg) at the edge of absorption band has been found 2.92 eV by the Tauc relation. CdS has 

a bandgap of 2.92 eV which corresponds to a light wavelength of 300 nm at 300 K. It is a good 

material to study the photoluminescence properties.The grown thin films are subjected to different 

excitation wave lengths and their corresponding emission wave lengths are observed from 

photoluminescence spectroscopy. CdS is a direct band gap material and has been of interest due to its 

high efficiency in the solar cells. It is also known as an efficient light emitter of green light resulting 

from the band-to-band transition. Recently, it has attracted a great deal of attention for the production 

of nanocrystals for biomedical applications.  
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Abstract 

This crystal has the most rectangular hysteresis loop and it has high pyroelectric coefficient 

and low dielectric constant. These properties make it a ferroelectric of great interest. TGS has a 

complex chemical and crystallographic structure. Triglycine sulphate (TGS) crystals were grown by 

slow evaporation process. The stability of TGS single crystal was improved by doping organic dyes. 

To determine the lattice parameters, powder X-ray diffraction analysis was performed by X-ray 

diffractometer system with Cu-Kα (λ = 1.54178Å) radiation at room temperature with an operating 

voltage 40 kV and the tube current was 30 mA. In the present work, optical transmission and 

absorption spectra were recorded by Systronics UV-Double beam spectrometer in the wavelength 

range 190 to 1100 nm. The FTIR spectra of all grown crystals have been recorded in the range of 400 

- 4000 cm
–1

 using Bruker FT-IR 8400 spectrophotometer by KBr pellet technique. The results for 

doped TGS crystal are compared with the results of the pure TGS crystals. The structural, optical 

properties, pyroelectric properties and dielectric properties of the doped crystals were analyzed.  

1. Introduction 

The study of Ferro electricity has been closely linked with device applications [1]. The 

pyroelectric properties of ferroelectrics make them very suitable for thermal detection. This can be 

used to detect any radiation that results in a temperature change of the crystal [2]. They also have 

useful features at room temperature operation TGS has been the most extensively studied material for 

thermal detector applications. Triglycine sulphate (NH2CH2COOH)3.H2SO4 crystals are very 

important because of their application as room temperature IR detectors and imaging systems[8]. 

Triglycine sulphate (NH2CH2COOH)3.H2SO4 crystals are very important because of their 

application as room temperature IR detectors and imaging systems[3].  

1. CRYSTAL STRUCTURE AND PROPERTIES OF TGS 

TGS [(NH2CH2COOH)3.H2SO4] is a colourless, odourless and acidic salt[4]; it is synthesized by 

Glycine acid with sulphuric acid in the molar ratio of 3:1[5]. 

2.1       Synthesis of the salt 

TGS was synthesized by taking the analar grade glycine (CH2NH2COOH) and concentrated 

sulphuric acid (H2SO4) Glycine and sulphuric acid were taken in the ratio 3:1 respectively. The 

required volume of concentrated sulphuric acid was diluted with millipore water.  

The reaction between glycine and sulphuric acid is given below 

3 (CH2NH2COOH) + H2SO4 --------> (NH2CH2COOH)3.H2SO4 

2.2 Experiment 

Recrystallized salt was used to study the solubility of pure and xylenol orange doped TGS for 

three different temperatures 35, 40 and 45°C. A sealed container charged with Millipore water and the 
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solute, maintained at a constant temperature, was used to determine the equilibrium concentration. 

The solution was stirred continuously for 24 hours. 

3.       FTIR STUDIES 

The presence of dopants in the crystal was qualitatively investigated by the FTIR studies. The 

infrared spectra were obtained with a BRUKER IFS 66V FTIR spectrometer using the KBr pellet 

technique. The FTIR data for pure and dye doped TGS.  

 
Figure 1.  Xylenol dye doped TGS crystal 
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Figure 2.FT-IR Spectra of pure and Xylenol 

doped TGS Crystals 

The strong absorption in the 1015 - 1175 cm region is evidently due to the sulphate part of the 

molecule.  

4.    ANALYSIS OF PYROELECTRIC STUDIES 

 The doping of TGS with Xylenol orange has shifted the ferroelectric transition temperature (Tc) to a 

higher value. The shift observed at Curie temperature may be due to simultaneous change in 

macroscopic polarization and increase in the electrical conductivity. The dipolar strength of Xylenol 

orange is larger compared to pure TGS as a result of large electron repulsion from (CH3)2CH group. 

So, Xylenol orange doped TGS is found to have maximum pyroelectric coefficient compared to pure 

TGS. 

5. Conclusion 

In the present investigation, the molecules of dye such as xylenol orange, whose molecular structures 

are CH3 (CH) (NH2) COOH, have been introduced in the TGS crystal. The pyroelectric studies it was 

found that doping the crystals with xylenol orange enhanced the pyroelectric coefficient and the 

ferroelectric transition temperature (Tc). The FTIR studies reveal a broadening of peaks for the doped 

samples confirming the presence of dopants in the crystal. The substitution of dye - in the place of 

glycine has been found to improve the crystal properties by the way of contributing to effective 

internal bias in these crystals which, in turn, inhibits ferroelectric switching giving permanently poled 

single domain crystal. This improved the device characteristics and hence xylenol orange crystals. 

The spontaneous polarization of ferroelectric crystal originates from the dipole moment of each dipole 

within the crystal. 
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ABSTRACT 

A new organic non linear optical material pure maleic acid, L-Tartaric acid and CoSo4, KCl 

doped maleic acid and L-Tartaric acid MA, CMA, TA and KTA crystals have been synthesized and 

grown from its aqueous solution by slow evaporation method at room temperature. Crystalline nature 

of the grown crystals were identified by using powder X-ray diffraction studies. The different modes 

of vibration presents in the crystals are identified by the FTIR analysis. The optical transmittance 

spectra were carried out UV-Visible spectrometer. The second harmonic generation were measured by 

Kurtz and Perry technique.  

1.1 Introduction 

Great efforts have been devoted to the research and design of highly efficient nonlinear 

optical (NLO) materials due to their widespread applications such as high-speed information 

processing, optical communications, and optical data storage [1-2]. It is well known that the deliberate 

election of reaction reagents is crucial to produce more efficient NLO materials of good quality. 

Amino acids are widely utilized because they not only contain chiral carbon atoms directing the 

crystallization in noncentrosymmetric space group, but also possess zwitterionic nature favoring 

crystal hardness [2–4]. Here we first discuss the grown MA, CMA, TA and KTA crystals together 

with various characteristic studies such as powder X-ray diffraction, FT-IR spectra and optical 

property 

2.2 Experimental details 

The calculated amounts of the AR grade starting materials pure and copper sulphate, 

potassium chloride doped L-maleic and L-tartaric acid MA, CMA, TA and KTA are taken 2:1 and 1:1 

molar ratio were dissolved in double distilled water and thoroughly mixed for about 8 hours using a 

magnetic stirrer to ensure homogeneous temperature and concentration throughout the volume of the 

solution. The chemical reaction are given bellow, 

C4H4O4 + 2CuSo4               Cu [C4H3O4] + H2So4 

C6H6O6 + KCl              K [C4H3O4] + HCl 

The saturated solutions were filtered twice with whattman filter paper before it was subjected 

to evaporation. The solutions were covered to avoid dust and kept undistributed for days together. 

Crystal of appreciable size of pure L-maleic and L-tartaric acids were obtained with in 20 and 15 

days. The CoSo4 and KCl doped L-maleic and L-tartaric acids single crystals were obtained at the end 

of 18 and 12
th 

days. The dimensions of the grown pure and CoSo4 and KCl doped L-maleic and L-

tartaric acids crystals are 9      .5, 75     , 2×13×2 and 19×13×3 mm³ respectively.  
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3.1. Powder XRD Studies 

The grown MA, CMA, TA and KTA crystals were subjected to powder X–ray diffraction analysis 

using βRigaku Minifix II-C, CuKα radiation of wavelength (1.5406 Å) (Fig.2). The results indicate 

that that planes gives the strongest reflection and the sharp XRD peaks  of grwon crystals  without any 

broadending reflects the MA, CMA, TA and KTA crystals in good rystalline nature.            

 

Fig. 1 Powder XRD pattern of MA andCMA grown crystals 

3.2. FTIR spectroscopic study    

 The FTIR absorption spectra were recorded in the range of 4000-500 cm
-1

 by using Perkin 

Elmer Spectrum two FTIR/ATR Spectrometer ATR technique is shown in Fig. 3. The funtional 

groups of grown MA, CMA, TA and KTA crystals were identified and tabulated in Table. 1.  
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Fig. 2(a&b) FTIR spectra of MA, CMA, TA and KTA grown crystals 

Table. 1. Wavenumbers and assignments of pure maleic acid and CoSo4 doped maleic acid  

  

3.3. Optical transmission analysis           

The UV-Visible spectrumn recorded for a transparent and defect free single crystal of MCTD 

using LABINDIA UV 3092, UV-Visible spectrophotometer in the wavelength range of 190-900 nm is 

shown in Fig. 5 MA, CMA, TA and KTA crystals shows the UV cut-off wavelength of 212, 218, 300 

and 303 nm. They are well known that an efficient nonlinear optical crystal has an optical 

transparency and lower cut-off wavelength between 200 and 400 nm. Thus, good transparency 
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combined with low cut-off wavelength makes MA, CMA, TA and KTA crystals are suitable for the  

NLO applications. The bandgap of the crystal (Eg) was estimated from the following 

Eg = 1.243 10
3
/λmax 

Where λmax is the maximum wavelength. This was found to be 5.8 eV, 5.6 eV, 4.1 eV, and 4.0 eV 

which are thypical property of the dielectric materials. This high value of bandgap shows the crystal 

possesses dielectric behavior to induce polarization when powerful radiation is incident on the 

material. The suitability of the grown crystals for photonic and optical applications is confirmed by 

the absence of absorption bands in the visible region. The large energy bandgap also confirms that the 

defect concentration in the grown crystal is very low. 

 

                Fig 4. UV-visible transmission spectra of grown MA, CMA, TA and KTA crystals                               

3.7. Second Harmonic Generation Test 

 The SHG efficiency of MA, CMA, TA and KTA crystals were evaluated by the Kurtz and 

Perry powder technique using a Q- switched, mode locked Nd
3+
: YAG laser emitting 1.06 μm, 8 ns 

laser pulses with spot radius of 1 mm. The input laser beam was passed through an IR reflector and 

then directed on the powdered sample. The light emitted by the sample was measured by the photo-

diode detector and oscilloscope assembly. Microcrystalline material of KDP was used for comparison 

with MA, CMA, TA and KTA for the SHG experiments. For a laser input pulse of 0.68 mJ, the 

second harmonic generation of grown crystals are higher than that of KDP. Thus, MA, CMA, TA and 

KTA grown crystals are relatively a good candidate for SHG applications. 

4. Conclusion 

The crystalline nature of the grown ZTC, NTC, NCTC and MCTD single crystals have been 

identified by using Powder X– ray diffraction study. The FTIR spectra revealed that the coordination 

in the crystals occurs through the sulphur and nitrogen. From the powder SHG measurement, it can be 

concluded that the grown ZTC, NTC, NCTC and MCTD crystals single crystals generate second 

harmonic frequency which are 1.1, 3.7, 4.5 and 6.6 times higher than that of pure KDP. The grown 

single crystals of ZTC, NTC, NCTC and MCTD have shown in lower cut-off wavelength of 341, 327, 

318 and 247 nm by using Uv-visible spectrometer. Due to their excellent optical and NLO properties 

of these crystals can be used for NLO applications.  
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ABSTRACT 

Pure and Ni–doped Tin Oxide (SnO2) nanoparticles were synthesized by simple co-

precipitation method. The structural, morphological and optical properties of these nanoparticles were 

investigated by using X-ray diffraction, UV-Vis spectroscopy, FTIR and Photo Luminescence 

Studies. The X-ray diffraction revealed that all samples are pure tetragonal rutile- structure with 

crystalline space (P42/mnm) and the nickel doping did not change the tetragonal structure of tin oxide. 

The optical band energies of pure and Ni doped SnO2 nanoparticle were evaluated from UV-Vis-NIR 

studied and found to be 2.16 eV and 1.75 eV respectively. 

Key Words: Tin Oxide, X-ray Diffraction, UV-Absorption, FTIR, PL Studies 

1. INTRODUCTION 

Nanomaterials have attracted great interest due to their intriguing properties, which are 

different from those of their corresponding bulk state. In the past few years, SnO2 is an important n-

type wide-energy-gap semiconductor (Eg = 3.64 eV, 330 K) which has a wide range of applications 

such as in solid-state gas sensors [1], transparent conducting electrodes [2], rechargeable Li batteries 

[3], and optical electronic devices [4]. During the past decade, SnO2 nanostructures have been one of 

the most important oxide nanostructures due to their properties and potential applications [5, 6].In 

present study pure and Ni doped tin oxide nanoparticles were synthesized by co-precipitation method. 

The effect of Ni doping has been studied using and Powder XRD, optical and FT-IR. 

2. EXPERIMENTAL PROCEDURE 

For preparation of Ni doped SnO2, the appropriate amounts (1M of Ni (Ni(NO3)2.9H2O and 

99M of Tin (SnCl2.2H2O) of two precursors of Tin chloride (Tin (SnCl2.2H2O) and Nickel nitrate (Ni 

(Ni(NO3)2.9H2O) were dissolved in de‐ionized water, stirred for 2 hours hot using plate with a 

magnetic stirrer. Then, Ammonium Hydroxide (NH4OH) was added into the solution (drop by drop), 

with stirring, until the white precipitates were obtained. After 30 minutes of stirring the resultant 

mixtures were rinsed, several times, with de‐ionized water to remove chlorine and other ionic 

impurities, which   may formed during the synthesis process. Then, washed precipitates were dried in 

air at 40
0
C for 20 hours followed by natural cooling up to the room temperature and then final powder 

products were collected carefully. These precursors were ground in an agate mortar pestle for 30 

minutes to obtain fine powder. These powders placed in a Al2O3 crucible for sintering in furnace at 

450 °C for 5 hrs followed by furnace cooling at room temperature. To get the annealed powdered 

sample of Nickel doped SnO2. 
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3. RESULTS AND DISCUSSION 

Fig.1(a) shows  the XRD patterns of pure and nickel doped tin oxide nanoparticles synthesized by co-

precipitation method. 

 

Fig.1(b) shows the XRD spectrum of Ni doped SnO2 nanoparticles annealed at 400°C for 2 hr 

which  showing well defined characteristics peaks. The observed values of 2θ and d-spacing‘s are in 

good agreement with the standard values of the JCPDS file no. 21-1250. The diffraction angle 2θ with 

corresponding diffraction planes (h k l) was observed at  26.81: (1 1 0), 34.04: (1 0 1), 38.07: (2 0 0), 

39.13: (1 1 1), 51.93: (2 1 1), 54.90: (2 2 0), 57.98: (0 0 2), 62.01: (3 1 0), 64.82: (1 1 2) and 66.18: 

(3 0 1) correspond to tetragonal SnO2 rutile structure with crystalline space group (P4 2/mnm). Ni 

doped SnO2 samples structure also a comparable similar pattern of pure-SnO2 was observed except 

that the diffraction peak shifts slightly to the lower angle. Ni doping does not affect the original 

tetragonal unit cell of SnO2. The diffraction planes are broadened. The peak position also shifts 

towards lower angle indicating the expansion of lattice. The crystalline size of the  Ni doped SnO2 

samples were calculated by the Debye-Scherrer‘s equation which is given by d = kλ/β cosɵ, where ‗k‘ 

is the shape factor, ‗λ‘ is the wavelength of x-rays used, β is the full width half maximum of the peak 

and ө is the glancing angle. The annealed sample of Ni doped SnO2 determined the Crystalline size is 

about 23 nm of lattice constant a=4.738 and c=3.188 (Tetragonal). 

3.1. PHOTOLUMINESENCE SPECTROSCOPY (PL) STUDIES  

 

The PL spectra of pure and Ni doped SnO2 nanas emission bands at  361nm, 377nm,  412 nm, 

438.71 nm,  491.73 nm, 521nm, and 537 nm  excited at a wave length of 439 nm at room temperature 

are shown in Fig.(a).  Figure (b) shows the photoluminescence spectra of samples with Ni doped SnO2 

annealed at 400 ºC for 2 hour. The PL emission is directly related to the recombination of excited 

electrons and holes, so the higher PL intensity indicates a faster in recombination rate which in turn 

increase in the conductivity of the material. 
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3.2. UV-VISIBLE SPECTROSCOPY STUDIES: Ni doped SnO2 

 

Figure 3. shows the (a) absorption spectrum of  annealed Pure and Ni doped SnO2 (b) energy 

band gap of annealed Pure and Ni doped SnO2 

Absorption spectra shows an ultraviolet cut-off around 190–250 nm Fig. 3(a) which can be 

attributed to the photo-excitation of electrons from valence band to conduction band. Generally, high 

absorption value is observed in the UV region and it becomes low at visible region. Optical 

transmittance spectra of pure SnO2 and Ni-doped SnO2 nanoparticles at annealed samples from 200 to 

1000 nm are shown in Fig. 3(b). It is observed that the values of transmittance are high in the visible 

region and minimum at wavelength   00 nm. The inset of the figure shows 3(c) the Tauc‘s plot for 

determining the band gap energy of nanoparticles. The estimated band gap energy of un‐doped SnO2 

is ~2.16 eV, while, the band gap energy of the Ni doped compound found to almost same and is ~1.75 

eV. The observed band gap energy of un‐doped SnO2 nanoparticles is quite higher than the band gap 

energy of bulk SnO2 (3.6 eV). The decrease in the band gap energy may be due to the accumulation of 

donor energy levels of TM ions in the actual band gap of SnO2. 

3.3. FTIR- Studies 

Fig shows that the FTIR spectra of tin oxide nanoparticles as prepared and annealing temperature at 

450
0
C by using deionized water as a solvent. As-prepared SnO2 powders exhibit an intense, very 

broad peak ranging from ca. 3565.58 to 3406 cm
-1

, which may be due to the adsorbed water and NH3. 

After annealing, the peaks shift to higher wave numbers such as 3931.52 to 3416.28 cm
-1

. The band 

centered at 1622.26 cm-1 may also be related to water for without annealing temperature.  After 

heating at 450
o
C, other bands present are H-O-H stretching of water at 1629.89 cm

-1
, which is present 

in the environment or as impurity in the structure and at 2918.48 cm
-1

, corresponding to a C-H bond, 

possibly impurities of organic compounds involved in the washing process like ethylene. The band at 

613.18 cm
-1

 confirmed purity of tin metal. After annealing the band was shifted to 625-630 cm-1. The 

absence of peaks such as 1189, 1125, and 1080 cm
-1

 were observed after annealing at 450
o
C indicated 

the absence of inorganic carbonates [7]. The FT-IR spectra of of Ni doped SnO2 as prepared and 

annealing temperatures at 450oC. The particle are given in Figure, in which the band located at 

3404.94 cm
-1

 is owing to the vibration of O-H and the band located at 1699.32 cm
- 1

 is due to the H-O-

H vibrating mode of the absorbed water. After annealing at 450
o
C indicated that vibrational mode 

observed at 2921.17 cm 
– 1

 is due to C-H stretching vibration. The characteristic band at 3415.28 cm
– 1
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corresponds to the stretching vibration of O–H groups. No additional absorption peaks were observed 

with Ni addition after annealing at 450
o
C, indicating its homogeneous dispersion in the support 

material [8]. 

CONCLUSION 

Pure and Ni-doped Tin Oxide nanoparticles have been synthesized by using co-precipitation 

method. The nanoparticles were synthesized without any requirements of special atmosphere and 

high pressure. Structural study reveals that the prepared samples have tetragonal structure. The 

band gap energy of doped SnO2 nanoparticles was found to be lesser than the pure. This may due 

to the accumulation of donor energy levels of Ni ions in the bandgap of  tin oxide. 
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Abstract 

 KBr: Sm
3+

Tb
3+

 crystals were grown by Bridgemann Stockbarger technique. The crystallinity 

and photoluminescence properties of these crystals were investigated. KCl crystals co-doped with 

Sm
3+ 

and Tb
3+ 

exhibit green and orange emission under excitation by UV light. The green emission is 

due to the 5d-4f transition of Tb
3+ 

and the orange emission is ascribed to the 
4
G5/2 →

 6
H7/2 transition of 

Sm
3+

. The spectral overlap between the excitation band of Sm
3+

 and emission band of Tb
3+

 supports 

the occurrence of energy transfer from Tb
3+

 to Sm
3+

 and energy transfer process were investigated. 

Key words: KBr, Sm
3+

, Tb
3+

, Photoluminescence 

1. Introduction 

The study of optical properties of rare earth metals in ionic solids can be very conveniently 

carried out on the simplest compound alkali halides AX,Where A denotes an alkali cation and X 

denotes a halogen anion. They offer a number of advantages such as simple structure,high degree of 

chemical purity, easy manipulation and wide range of possible doping impurities with different 

concentrations. On the other hand, their high band gap energy (~10ev) provides a large window for 

doping the impurities and optical spectroscopy studies. The rare earth ions being used as dopants 

since 1975. Nowadays rare earth doped/co-doped materials are among hot topics of research in the 

development of new full colour emitting phosphor materials. Of many rare earth ions, Sm
3+

 ion is well 

known as an important activator for many different inorganic lattices producing reddish orange light 

emitting due to its 
4
G5/2 → 

6
HJ (J=5/2,7/2,9/2) transitions [1]. From the view point of practical 

applications, the light which emitting wavelength located at the longer side (red or orange) is the most 

suitable source for illuminating light and is appropriate for various displays. Most of the work on 

samarium doped materials is on powder and glasses. Not much work could be traced to Sm
3+

 in the 

crystalline structure.  However no attempts have been made so far to investigate the emission and 

structural properties of Potassium Bromide (KBr) doped Sm
3+

/Tb
3+

 single crystals. In the present 

work, terbium transfer energy to samarium in KBr host. So terbium ion act as sensitizer (i.e) energy 

donors and samarium ion act as activators (i.e) energy acceptors. This energy transfer may be due to 

the reason that low energy region of broad 4f band of Tb
3+

 lies close to higher vibrational level of 

Sm
3+

 from which the electrons undergo non-radiative relaxation to lower vibrational level of 
4
G5/2 

state. 

2. Experimental details 

Single crystals of pure KBr, samarium doped and terbium codoped KBr (99.99% purity) were 

grown using Bridgemann Stockbarger technique.Samarium was added in the form of samarium 

fluoride (Aldrich 99.99% purity) and terbium in the form of terbium fluoride. The crystal grown with 

three different impurity concentrations 1%, 3% and 5% by weight. The results due to three 
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concentrations were similar except high luminescence yield for crystals with a high 

concentration.Hence only the results pertaining to terbium and samarium concentration of 5% by 

weight are presented and discussed. X-ray diffraction spectrum of the prepared sample by using 

(Rigaku) X-ray diffractometer (CuKα, λ=1.5443Å) at the rate of 2°/min and the variation of 2θ is from 

10° to 90°. PL spectra were recorded at room temperature using Perkin Elmer LS 55 fluorescence 

spectrophotometer from 200nm to 900nm with spectral with of 5nm. 

3. Powder X-ray Diffraction (XRD) 

The crystallization behaviour  of the studied sample were investigated representatively by 

applying XRD on KBr: Sm Tb single crystals. The phase purity of of grown crystal was checked by 

means of  X-ray powder diffraction. The results of KBr: Sm
3+

 Tb
3+

  are most probable similar to those 

of pure KBr. Fig.1(a) and 1(b) shows the representative X-ray diffraction pattern for pure KBr and 

KBr: Sm
3+

 Tb
3+ 

crystals respectively  . It can be seen that all diffraction peak of KBr: Sm
3+

 Tb
3+

 

sample can be well assigned to the pure KBr except two peaks with low intensity at higher angles. 

The smaller intensity peaks observed at higher diffraction angles (88.6°,82.48°) which is also 

evidence of the incorporation of the dopant in crystal lattice. The high intensity of diffraction peaks 

indicates good crystallinity of the prepared sample. The crystallite size of the samples can be 

estimated from Scherrer equation,D=0.9λ/βCosθ, Where,D is the average grain size, λ is the X-ray 

wavelength(0.15405nm) ,θ and β are the diffraction angle and full width at half maximum of an 

observed peak respectively[2]. The strongest peak (200) at 2θ=26.88 was used to calculate the average  

crystallite size (D) of KBr : Sm Tb single crystals. The XRD pattern reveals the crystalline nature of 

the crystals. The estimated average crystallite size is about 1.642μm. 

 

4. Photoluminescence(PL) 

Fig.2(a) and 2(b) shows the PL excitation and emission spectra of KBr: Sm
3+

 Tb
3+

 single crystals 

respectively. The involvement of Sm
3+

 and Tb
3+  

ions in the luminescence process was studied using 

PL spectra. The excitation spectrum consists of broad band with maximum at 430nm which is the 

emission wavelength of terbium. Selecting 430nm excitation wavelengths, we recorded the emission 

spectrum of KBr: Sm
3+

 Tb
3+

 crystals. As with the emission spectrum, the emission of  Tb
3+

 and Sm
3+

 

in this host is observed at 430nm and 601nm respectively. This in turn will excite Sm
3+

 ion again, 

leading to more excitations of Sm
3+

 ions and then in emission enhancement. The same trend has been 

observed in the previous reported work [3]. If the energy transfer occurs from Tb
3+

 to Sm
3+

, the 
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emission band of Tb
3+ 

should overlap well with the absorption of Sm
3+

 in the KBr host. Fig. 2 reveals 

that significant overlap between the emission band of Tb
3+

  with the excitation band of Sm
3+

. Transfer 

of excitation energy  from Tb
3+ 

 to Sm
3+

 ions brings Tb
3+ 

to ground state and Sm
3+ 

to excited state 

followed by radiative transition of samarium ions. Similar energy transfer has been reported in 

Tb
3+

/Ce
3+

 co doped KCl crystals [4]. One key factor in the probability of total energy transfer is the 

energy overlap between the emission of sensitizer and absorption of activator [5]. It shows that the 

terbium co-doping of  KBr:Sm
3+

 sample become more efficient due to matching energy levels of the 

emission band of terbium (430nm band) and the excitation band of samarium ion (432nm band). 

Consequently, an efficient energy transfer can occur and be responsible for band emission in KBr host 

under the excitation at 430nm. In view of the result, it is obvious and worth mentioning here that the 

process of energy transfer from Tb
3+

 to  Sm
3+

 ion takes place in this crystal is the main cause for 

improvement incase of PL emissions. Therefore we conclude that the KCl crystals co-doped with 

Sm
3+ 

and Tb
3+ 

exhibit green and orange emission under excitation by UV light. The green emission is 

due to the 5d-4f transition of Tb
3+ 

and the orange emission is ascribed to the 
4
G5/2 →

 6
H7/2 transition of 

Sm
3+

ions. The PL of studied sample shows emission  at the longer wavelength side ( orange) which is 

the most suitable source for illuminating light and is appropriate for various displays. 

 

5. Conclusions 

The phase purity of of grown crystal was checked by means of  X-ray powder diffraction. The high 

intensity of diffraction peaks in studied sample indicates good crystallinity of the prepared sample. 

The XRD pattern reveals the crystalline nature of the crystals. The estimated average crystallite size is 

about 1.642μm. an efficient energy transfer can occur from Tb
3+ 

 to Sm
3+

 ions and be responsible for 

band emission in KBr host under the excitation at 430nm. The PL of studied sample shows emission  

at the longer wavelength side ( orange) which is the most suitable source for illuminating light and is 

appropriate for various displays. 
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ABSTRACT 

ZnO is a direct band gap (3.37 eV) material with a large excitonic binding energy of   60meV 

compared with GaN (21meV) which could find potential applications in UV LEDs/LASER sources 

with  higher brightness, lower threshold current and better performance at high temperatures. Here, 

we made an attempt to deposit pure and N doped ZnO thin films on sapphire substrates by pulsed 

laser deposition technique. X- ray diffraction studies confirm that all the films formed in single phase 

wurtzite structure. UV- visible studies show an appreciable band gap change in the doped ZnO 

compared with undoped ZnO. The results of photoluminescence and Raman spectroscopy studies on 

samples will be presented in detail. 

Introduction 

 Semiconductors are the foundation of modern solid state electronics, including 

transistors, solar cells, light-emitting diodes (LEDs), digital and analog integrated circuits. ZnO is a 

direct band gap (3.37 eV) semiconductor with a large excitonic binding energy of   60meV compared 

with GaN (21meV) which could find potential applications in UV LEDs/LASER sources [1]. ZnO 

doped with different dopant like Al, Ga and In have improved electrical, optical, and catalytic 

properties [2]. Here, we made an attempt to deposit pure and N doped ZnO thin films on sapphire 

substrates by pulsed laser deposition technique.   

Experimental Procedure 

Sigma Aldrich 99.9% Pure ZnO is used as precursor. A drop of binder Poly Vinyl alcohol 

(PVA) was added with it and ground till it become fine powder. The powder was compacted as pellet 

by applying pressure of 10 MPa using uniaxial press. Pellet was sintered at 1200ᵒC for 48 hours. This 

pellet is used as target in Pulsed Laser Deposition (PLD). C-axis sapphire is used as substrate. For 

cleaning, the substrates were ultrasonicated with ethanol and heated in hot plate till ethanol was 

evaporated.  

 

Undoped ZnO and N doped ZnO were deposited on C-axis sapphire substrate in the presence 

of O2 and N2O gas respectively with partial pressures in order of 10
-3 

mbar and also in different 

substrate temperatures (200ᵒC and 400ᵒC). The laser deposition was carried out using a ―Quantel 

Brilliant B‖ Nd-YAG excimer laser model with energy of 82 mJ/ pulse. The films were characterised 

by X-ray diffraction analysis and the deposition parameters were optimised. 
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Results and Discussion 

X-Ray Diffraction Analysis 

 X-ray diffraction analysis for undoped and N doped ZnO thin films deposited at partial 

pressures in order of 10
-3

 mbar were done using analytical X-ray diffractometer with Cu Kα radiation 

(λ = 1.5406 Å). The data was collected from 2θ = 10° to 90°. From the XRD patterns, it is confirmed 

that all sample corresponds to hexagonal wurtzite structure. It is clearly observed that, in the case of 

ZnO (without annealing) two main peaks appeared in the directions (002) and (100). As the substrate 

temperature was fixed to 400°C, we got good crystalline single phase. There was no secondary peak 

observed in the X-ray diffraction pattern. This confirms that N is well doped in ZnO.  

 

The peak of N doped ZnO thin film shifted towards the lower diffracting angles compared 

with undoped ZnO thin films. Nitrogen (1.71Å) is higher ionic radii element compared to zinc (0.74 

Å) or oxygen (1.38Å). So, while doping N in ZnO, the lattice parameters get increased due to the 

increase in bond length and inducing the lattice strain. And hence, the diffraction peaks were shifted 

towards lower diffracting angle in doped ZnO thin films. 

Conclusion 

Undoped ZnO and N doped ZnO thin films were deposited on C-axis sapphire substrate in the 

presence of O2 and N2O gas respectively,  with partial pressure in order of 10
-3 

mbar and also in 

different substrate temperature (without annealing, 200ᵒC and 400ᵒC) by PLD. 

X-ray diffraction analysis was done for all samples. From the XRD patterns, it is confirmed that all 

sample corresponds to hexagonal wurtzite structure. It was optimised that films deposited with 

substrate temperature 400ᵒC got sharp intense single phase peak with good crystallinity.   
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Abstract 

Single crystal of sodium manganese tetra chloride (SMTC) has been successfully grown form 

aqueous solution by the slow evaporation technique at room temperature. The crystalline nature of the 

grown crystal of SMTC was analyzed by powder X-ray diffraction. Single crystal X-ray diffraction 

study reveals that the crystal belongs to orthorhombic system with non-centrosymmetric space group 

Pban. Optical transmission study on SMTC crystal shows high transmittance in the entire UV–Vis 

region and the lower cutoff wavelength is found to be 240 nm. The second harmonic generation 

(SHG) efficiency of the crystal was measured by Kurtz‘s powder technique infers that the crystal has 

nonlinear optical (NLO) efficiency 1.32 times that of KDP.  

1.0 INTRODUCTION  

 The well known properties of laser radiation are important for a wide variety of applications. 

Laser radiation could be converted into one form of frequency to another through the nonlinear optics, 

hence the application of nonlinear optics is increased significantly in various fields in science and 

technology. Generally, nonlinear optical (NLO) interaction is made by one or two laser beam incident 

on a suitable material in which an output beam of the desired frequency is produced [1-2]. Harmonic 

generation, sum and difference frequency generation and parametric oscillation are included in the 

NLO interaction [3]. A Lower frequency pair of tunable output beam can be produced only by 

suitable material when it is interact (NLO) with high input laser beam. Mostly, NLO interaction 

imposes several demands on potential NLO materials. The field of nonlinear optics is one of the most 

attractive fields of current research because of its vital applications in various areas like optical 

switching, optical data storage for developing technologies in telecommunication and signal 

processing [4-6].  

 Inorganic materials have advantages over organic materials, such as architectural flexibility 

for molecular design and morphology, high mechanical strength and good environmental stability 

with non toxicity andusability in high power applications. Historically, inorganic NLO materials have 

been chronicled more extensively inorganic oxide crystal, LiNbO3, KNbO3, KDP and KTP, etc., have 

been studied for device application like piezoelectric, ferroelectric and Electro-optics [7]. This 

material has also been formed successful usage in commercial frequency doublers, mixers and 

paramedic generators to provide coherent laser radiation with high frequency conversion efficiency in 

the new region of the spectrum, inaccessible by other nonlinear crystal conventional sources.  

 The aim of this research work is to survey the processing and properties of inorganic 

nonlinear optical crystal sodium manganese tetrachloride (SMTC) with molecular formula Na2MnCl4 
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used in NLO frequency conversion. Hence, an attempt hasbeen made on growth of sodium manganese 

tetra chloride (SMTC) single crystals by slow evaporation solution growth technique and its physical-

chemical properties have been investigated. 

2.0 EXPERIMENTAL PROCEDURE 

2.1. Synthesis 

 SMTC salt was synthesized by taking analytical reagent (AR) grade manganese chloride and 

sodium chloride in stoichiometric ratio 1:2 with double distilled water as a solvent. The synthesized 

SMTC salt has been obtained by the following chemical reaction. 

  MnCl2          +    2NaCl                         Na2 MnCl4 

Manganese chloride + sodium Chloride                 Sodium manganese tetra chloride. 

The scheme of the molecular structure of SMTC is as shown below. 

2.2 Crystal Growth 

 The prepared solutions were stirred vigorously at RT for 4 h. Continuous stirring with slightly 

rise in temperature ensures homogeneity and avoids co-precipitation of motives. Purification of 

synthesized salt was achieved by successive recrystallization process. The saturated mixture of 

solution was filtered two times with micron pore size Wattmann filter paper. This synthesized clean 

solution was poured into a Petri dish and covered by polythene paper with pores, and allowed for slow 

evaporation of the water solvent. After a time span of 35 days, the solvent was evaporated and good 

quality SMTC crystal of dimensions 2 2 1 mm
3
 were harvested from the Petri dish. The grown 

crystal was defect less, optically transparent and with no inclusions. As-grown crystal of SMTC is 

shown in the figure 1. 

 

Figure.1 Photograph of as grown crystals of SMTC 

3.1 RESULTS AND DISCUSSION 

3.1.1 Single crystal XRD studies. 

 The grown crystal of SMTC was subjected to single crystal and powder XRD analysis using 

ENRAF NONIOUS CAD4 X-ray diffraction meter and BRUKER, Germany (model D8 advance) X-

ray diffractometer.The Single crystal XRD study confirms the unit cell parameters of as grown SMTC 

crystals a=6.93 Å, b=11. 82 Å, c=3. 86 Å,= β ==90 and volume of the cell is found to be, 316.182 

Å
3
. Hence the SMTC crystal is Orthorhombic in structure and in thespace group Pbam. The lattice 

parameters are well coincide with a reported value [8]. 
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3.1.3 Fourier Transform Infrared Analysis. 

 The FTIR analysis of SMTC was carried out by the Wily KB pellet technique in the 

wavelength between 3500 and 500 cm
-1  

. The recorded spectrum is shown in figure 3. The table .1 

shows the frequency of absorption and their assignments of various functional groups present in the 

as-grown SMTC crystal. 
 
 

 

Figure 3 FTIR spectrum of as grown crystal of SMTC 

3.1.4 UV-vis-NIR studies 

 Transmission behavior of the grown crystal was studied by using LAMBDA-35 UV-visible 

spectrophotometer. The transmission range of SMTC crystal was determined by recording the optical 

transmission spectrum in the wavelength region of 200 - 900 nm. The optical transmission spectrum 

of SMTC crystal is shown in the figure 4. The transmission spectrum shows that the grown crystal has 

a lower cutoff wavelength at 240 nm,which attributes the electronic transmission in the SMTC crystal. 

Absence of absorbance in the region between 240 nm and 900 nm is an essential property of the 

nonlinear optical crystals.  

 

Figure 4 UV-Visible spectrum of SMTC crystal 

3.1.5. Second harmonic generation efficiency measurement  

In order to confirm the nonlinear optical property, powdered sample of SMTC was subjected 

to Kurtz and Perry techniques, which remains a powerful tool for initial screening of materials for 

SHG [14]. The SHG signal generated in the sample was confirmed from emission of bright green (532 

nm) radiation from the sample. The measured amplitude of second harmonic generation for SMTC 

crystal is 11.32 mJ and 8.8 mJ for KDP (KDP crystal was powdered to the identical size of SMTC and 

used as reference materials). It shows a powder SHG efficiency of SMTC crystal is about 1.3 times of 

KDP.  
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4.0 Conclusion 

A potential inorganic nonlinear optical single crystal of sodium manganese tetra chloride was 

prepared at room temperature by slow evaporation of aqueous solutions. The well defined external 

appearance with bright, transparent and colourless crystals is obtained. The unit cell parameters and 

the space group were found using single crystal data. The good crystalline nature of the SMTC was 

confirmed by well defined peaks of powder X-ray diffraction studies. The FT-IR spectrum reveals the 

functional groups of the grown crystals.  The grown crystal shows 99 % transmission with UV cut-off 

at 240 nm hence suitable for frequency conversion applications. The SHG efficiency of the SMTC 

was measured to be higher than that of KDP. The above experimental results, viz., bulk size, 

extremely good crystalline perfection, optical transparency, SHG efficiency and mechanical strength 

may have possible NLO applications. 
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Abstract 

Nowadays, the fast developing fields like photonics and optoelectronics are mainly focusing 

on nonlinear optical (NLO) crystals. Most of semiorganic materials are able to produce the nonlinear 

optical properties because they are having the nonlinear optical function bonds. Particularly, thiourea 

complex semiorganic crystals are shows good second harmonic generation (SHG) efficiency. Hence, 

in this work concentrated on (bis)thiourea ammonium nitrate (BTAN) crystal was grown from 

aqueous solution by slow evaporation technique. The grown crystal has been subjected to single 

crystal X-ray diffraction to determine the unit cell dimensions. The Fourier Transform Infrared (FT-

IR) spectra have been recorded in the range 400–4500 cm
-1

. Second harmonic generation (SHG) for 

the materials of this work was confirmed using Nd:YAG laser. The UV–visible spectra show that the 

grown crystals have wide optical transparency in the entire visible region. The Thermo 

gravimetric/Differential Thermal Analyses (TG/DTA) thermograms reveal that the materials have 

good thermal stability.  

1 Introduction 

Photonics and optoelectronics are fast developing fields and are mainly focusing on nonlinear optical 

(NLO) materials. NLO materials are widely used in various fields of optics and optoelectronics such 

as second harmonic generation, optical bi-stability, laser remote sensing, optical disk data storage, 

laser driven fusion, medical and spectroscopic laser, photonic integrated circuitry, optical parametric 

oscillations and THz wave generation [1-4]. Materials exhibiting large non linearity remains very 

active in research both basic and applied sciences [5]. In recent years, to achieve large charge transfer 

and the optical transparency with fewer dislocations density extensive efforts have been made to 

develop new inorganic, organic and semi-organic NLO crystals [6-8]. The selection of material may 

depend not only on laser conditions but also on the physiochemical properties such as molecular 

nonlinearity, transparency, and conversion efficiency and laser damage threshold [9, 10]. The strong 

delocalization of π electron in the organic back bone of semi-organic establishes higher molecular 

polarizability and hence electron density takes place. This functionalizes both the ends of the π bond 

system with suitable electron donor and acceptor groups and enhances the asymmetric electronic 

distribution in both ground and excited states of semi-organics. This enables an increased optical 

nonlinearity by means of such as π delocalization length and donor acceptor groups with nonlinear 

optical function bonds [11]. Hence, the synthesis of novel efficient frequency conversion materials 

has resulted in the development of semiorganic materials, which possess efficient physicochemical 

properties, such as large nonlinearity over a broad frequency range, high optical damage threshold, 

low angular sensitivity, low dielectric constant, mechanical stability and inherent synthetic flexibility 
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[12-14]. Semi-organic crystals possess both the good qualities of organic and inorganic, it is used in 

device fabrication technology due to their enhanced physiochemical properties such as thermal 

stability, wide range of transparency and excellent NLO coefficient [15, 16].  

The NLO properties of semiorganic crystals have attracted significant attention in the last few 

years, because both organic and inorganic components in it contribute specifically to process of 

second harmonic generation (SHG). Particularly, thiourea complex semiorganic crystals are shows 

good second harmonic generation (SHG) efficiency. Thiourea molecules are an interesting in organic 

matrix modifier due to its large dipole moment and its ability to form and extensive network of 

hydrogen bonds [17]. The centrosymmetric thiourea molecule, when combined with inorganic salt 

yield non-centrosymmetric complex, which has the nonlinear optical properties [18]. Hence, in the 

present study concentrated on synthesis, growth, structural, optical, SHG and thermal properties of 

thiourea complex semiorganic crystal namely bis(thiourea) ammonium nitrate (BTAN) and the results 

are reporting for the first time. 

2 EXPERIMENTAL PROCEDURES  

2.1 Synthesis 

 Thiourea and ammonium nitrate supplied by Merck, India, were used without further 

purification. Thiourea mixed with ammonium nitrate in molar ratio 2:1. The saturated solution of 

ammonium nitrate was slowly added to the saturated solution of thiourea at room temperature and it 

has been stirred well for nearly 8 hours to obtain the homogenous solution. The solution of title 

compound was synthesis by the following chemical reaction. 

2[CH4N2S] + NH4NO3  NH4(CH4N2S)2 NO3 

2.2 Growth of BTAN 

             The saturated solution was filtered using Wattman filter paper.  The filtered solution was 

taken in a beaker and covered with good quality perforated polythene cover to restrict the fast 

evaporation and it‘s kept at room temperature in a dust free compartment for slow evaporation. After 

the period of 40-60 days, colorless crystals with dimension 10mm x 6mm x 3mm were harvested. The 

grown crystals are non-hygroscopic and optically good transparent in nature.  Well-faced good quality 

crystals of BTAN are shown in the figure 1. 

 

Fig. 1 photograph of as grown crystals of BTAN  
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3. Results and Discussion 

3.1. Single crystal XRD analysis: 

 The title compound was analysed by single crystal XRD by ENRAF NONIUS CAD4-F single 

X-ray diffractometer with MOKα(λ=0.717Å) radiation.  It is observed that the grown crystal 

crystallizes in orthorhombic system.. The calculated lattice parameter for BTAN was found to be a = 

8.73Å, b = 9.90Å, c=12.64Å and volume, V=1092Å
3
.  

3.3 FTIR study 

The FTIR spectroscopy studies are effectively used to identify the presence of functional 

groups in BTAN.   The FTIR spectrum was recorded using thermo Nicolect V-200 FTIR spectrometer 

by KBr pellet method in the range of wave number 4000-500 cm
-1  

 as shown in figure 3.  The 

observed peak at 3410 cm
-1

and 3183 cm
-1

 belongs to NH2 stretching and N-H symmetric stretches 

respectively. This peak defines that presence of thiourea in the grown crystal. The peaks at 2977 cm
-1

 

is due to C-H stretching vibration. The NH2 bending is observed at 1620cm
-1

. The peaks at 1383 cm
-1

 

is observed as C=S stretching. The C-H deformation was observed at 666 cm
-1

. The peak at 588 cm
-1 

is due to N-C-N stretching.  

 

Fig. 3 FTIR Spectrum of BTAN Crystal 

3.5   NLO TEST  

 Kurtz-Perry Powder second harmonic generation (SHG) measurements [25] was carried on 

grown crystal of BTAN using a a spectra-physics quanta-ray prolab 170 Nd:YAG laser with the first 

harmonics input at 1064nm and a pulse width of 10ns at repetition rate of 10Hz. This measurement 

offers possibility of assessing the nonlinearity of new materials. The grown crystal was indentified as 

a NLO crystal due to the emission of high intense green radiation. Also the SHG efficiency was found 

to be 11.82 mJ. This value is compare with known NLO crystal of KDP which has the SHG efficiency 

7.80 mJ. Hence, the SHG efficiency of BTAN is 1.52 times greater than that of KDP crystal. 

Therefore, BTAN crystal is a suitable candidate for device and various technological applications. 

3.6 Thermal study 

 Information regarding phase transition and different stages of decomposition of the grown 

crystal BTAN crystal were identified by DTA and TGA thermal studies.  BTAN crystal was weighed 

in an Al2O3 crucible with microprocessor temperature control system. DTA and TG curve of grown 

crystals were plotted in nitrogen atmospheres between ambient temperatures 100 to 1232 ºC shown in 

the figure 6. There is no weight loss upto 184.05 ºC indicating that there is no inclusion of water in the 
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crystal lattice. The recorded thermogram reveals that the major weight loss starts at 184 ºC and 

continures upto 1232 ºC.  It is further observed that the DTA curve shown that first endo thermionic  

peak at 184 ºC is assigned to melting point of the BTAN compound and the remains exo thermionic 

peaks at 221 ºC, 232 ºC, 235 ºC, 266 ºC and 290 ºC are indicate the changes in the physical state of 

the crystal. The nature of the weight loss and sharpness of the peak ensure the decomposition and 

purity with crystalline nature of the material respectively. The observed decomposition point of 

BTAN crystal 184 ºC indicates that BTAN crystal is thermally stable up to 184 
o
C.    

 

  Fig. 6 DTA and TG curve of BTAN crystal 

Conclusion 

Optically good crystals of (bis)thiourea ammonium nitrate has been grown from aqueous 

solution by slow evaporation technique under room temperature. Single crystal XRD analysis 

confirmed that the BTAN crystallize in orthorhombic system. Powder X-ray diffraction study 

revealed the crystalline nature of grown crystal. The optical quality of the grown crystal was justified 

by optical absorption studies. The sharp absorption on set at 280 nm and high absorption values of the 

grown crystal at wavelength above 380 nm, exhibit the optical quality. The powder SHG 

measurement shows the grown BTAN crystal having SHG efficiency of about 1.52 times that of KDP 

crystal. Thermal stability of grown sample was studied by TGA and DTA analyses which reveal that 

the BTAN crystal thermally stable up to 184 ºC.  
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Abstract 

The conformational stability of 2-Nitrosol-1-napthol was elucidated using potential energy 

surface scan studies. In order to carry out a detailed vibrational spectroscopic analysis of 2-Nitrosol-1-

napthol, Fourier Transform Infrared and Fourier Transform Raman spectra have been recorded in 

condensed phase. To determine the optimized geometry and vibrational wavenumber, Density 

functional theory calculations in the B3LYP/6-31G** level have been carried out followed by scaling 

using the scaled quantum mechanical methodology. Substitution of nitroso group into the 1-napthol 

has produced remarkable changes in the structural parameters.  

Keywords:  DFT, Conformational analysis, SQM, UV-Visible, NBO 

Introduction: 

Nitroso-napthols have greater ability to form metal chelates and it is sensitive for fluorimetric 

determinations of tyrosine residues in proteins and peptides.
[1,2]  

Napthol has an enhanced solubility in 

nature due to the presence of hydroxyl group. 1-napthol is found to be an urinary metabolite of both 

carbaryl and naphthalene. In the present study, the analysis of Fourier Transform Infrared(FT-IR), 

Fourier Transform Raman(FT-Raman), Ultraviolet-Visible spectra and Density functional 

theory(DFT) analysis of 2-Nitroso-1-napthol (2N1N) are presented. 

Materials and methods: 

A fine sample of 2-nitroso-1-naphthol(2N1N) was obtained from M/s. Sigma Aldrich 

chemicals and used without any further purifications for spectral measurements. The Fourier 

transform infrared spectrum(FTIR) of the title compound was recorded in the region 4000–400 cm
-1 

and the Fourier transform Raman(FT–Raman) spectrum of 2N1N was recorded in 3500-50 cm
-1

 range 

with a Nicolet model 950 FT–Raman spectrometer at 4 cm
-1

 spectral resolution using the 1064 nm 

line of a Nd:YAG laser for excitation at a 200 mW output power. Density Functional Theory 

calculations of 2N1N were performed by using Gaussian 09 software package
[3]

 at B3LYP 

functional
[4,5]

 combined with 6-31G** basis set to obtain the optimized geometry and energy of the 

title compound. 

RESULTS AND DISCUSSION 

The optimized structure of 2N1N along with numbering of atoms is shown in Fig.1. Different 

conformers were tried by changing the angles of nitroso group and the most stable conformer  was 

obtained when nitroso group turned away from the napthol group. This is also confirmed from the 

PES scan analysis. The global minimum energy obtained by DFT structure optimization and PES scan 

analysis of 2N1N was found to be -370500.5 Kcal/mol. All the calculated vibrational wavenumber 

using the optimized geometry obtained were found to be positive for the title compound. 
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Conclusion 

The most stable conformer of 2-nitroso-1-napthol have been identified using DFT 

optimization procedure and potential energy scan analysis. A weighted RMS deviation of 9.6    cm
-1

 

between experimental and calculated wavenumber for the title compound has been achieved by 

employing the SQM methodology. Substitution of nitroso group into the 1-napthol has produced 

remarkable changes in the structural parameters. A satisfactory assignment of most of the 

fundamentals was provided using the scaling procedure. The vibrational wavenumber, IR intensities 

and Raman intensities were calculated using B3LYP/6-31G** method and they were found to be in 

good agreement with the experimental values. 
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Abstract 

The Cadmium Oxide (CdO) nanoparticles were synthesized by chemical precipitation 

method. The synthesized sample was characterized with X-ray diffraction (XRD), diffuse reflectance 

spectroscopy (UV-Vis DRS), transmission electron microscopy (TEM) and high resolution 

transmission electron microscopy (HRTEM), energy dispersive X-ray analysis and antibacterial study. 

The XRD result shows the cubic structure and average particle size is about 18nm. The bullet shape 

morphology and lattice fringes have been identified from TEM and HRTEM. The chemical 

composition is confirmed by EDX. UV-Vis DRS gives the bandgap value. The antibacterial activities 

of the synthesized CdO nanoparticles against Gram-negative bacteria have also been studied. 

Keywords: Chemical precipitation, Bullet shape, TEM, HRTEM, Antibacterial. 

1. Introduction 

 In the present decay nanotechnology has become a fast emerging field. Moreover inorganic 

semiconductor materials find wide range of applications in optoelectronics, telecommunications and 

photocatalytic activities [1-4]. Semiconductor nanoparticles possess interesting unique chemical and 

physical properties, which are different from bulk structure [5]. Their high specific surface area 

results in high chemical reactivity. The surface to volume ratio of atoms play vital role in quantum 

confinement effect [6].Cadmium oxide (CdO) is a II–VI n-type semiconductor with a cubic crystal 

structure and possesses a band gap of 2.2 eV. In the present study, CdO has been chosen because of 

its potential important applications, chemical stability and wide spread availability [7-8].CdS 

nanoparticles have been synthesized and characterized by several methods and their important 

technological applications are explored [9-12]. Monte et al. [13] prepared CdS nanoparticles 

embedded in polymeric microsphere templates and characterized their optical properties. Nanosized 

CdS particles were also synthesized by melting nucleation method within a hosting glass template 

[14]. In this work, we report the synthesis of CdO nanoparticles by chemical precipitation method. 

The structural, morphological, optical and antibacterial properties of the synthesized CdO 

nanoparticles have been discussed in detail. 

2. Materials and methods 

2.1 Chemicals 

Cadmium chloride and ammonia hydroxyl solution were purchased from Merck and were 

used as-received since they were of analytical reagent grade with 99.9% purity. Further, the sample 

preparation and dilution were done using deionized water. 

2.2 Synthesis of CdO nanoparticles 

The CdO nanoparticles are synthesized by chemical precipitation method as follows. 0.1M of 

cadmium hydroxyl solution was prepared by dissolving cadmium chloride in double distilled water 
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and stirred for 4h. The pH of cadmium hydroxyl is maintained at 8 by drop wise addition of ammonia 

hydroxyl solution. Then white precipitate of CdO was obtained. Thereafter, the precipitate was 

filtered by using Whatman filter paper and washed several times using deionized water and ethanol. 

Then, the precipitate was dried at 110
o
C in hot air oven. Further, the products were heated at 400

o
C 

for 2 h in Muffle furnace. White color powder was formed. Finally, the dried powder was grained in 

an agate mortar to avoid agglomeration. 

2.3 Characterization techniques  

The crystalline structure and crystallites size of the samples were studied by X-ray 

Diffractometer (X‘ PERT PRO-
0
 and a 

time/step of 10.16 s. The band gap energies of samples were recorded using UV–Vis-DRS study 

(UV140404B). Transmission Electron Microscopy (TEM), high resolution transmission electron 

microscopy (HR-TEM) and selected area electron diffraction (SAED) images were collected on a 

Philips (Mod.CM 200) electron microscope with an acceleration voltage of 80 kV. The Energy 

dispersive X-ray (EDX) analysis was recorded on a JEOL Mod.JSM-6390LV instrument. 

3. Results and discussion 

3.1 Powder X-ray diffraction analysis (XRD) 

Powder X-ray diffraction pattern of CdO nanoparticles with miller indices is shown in Fig. 1. In 

the synthesized product, several diffraction peaks were observed and all peaks well matched with 

cubic phase (JCPDS ICDD: 39-1221). The diffraction peaks were observed at 2θ values of 29.27
o
, 

33.82
 o

, 36. 72
 o

, 43.17
 o

, 48.32
 o

, 57.17
 o

, 61.02
 o

, and 70.17
 o

and corresponding planes are (111), 

(200), (210), (211), (220), (311), (222), and (400), with typical face centered cubic (fcc) crystal 

structure. The crystalline size of crystallites was determined using the Scherrer‘s formula, 

  
 λ

β   θ
 

where d is the average crystalline size, K is a constant (0.9), λ is the wavelength of the incident beam, 

θ is a Bragg reflection angle, and β is the full width at half maximum (FWHM) of the main diffraction 

peak. The average crystallite size of CdO nanoparticles was calculated and found to be 18nm and 

lattice constant was calculated as a=5.3028Å, which coincides with standard lattice values. 

 

Fig1. XRD pattern of CdO nanoparticles 
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3.2 Ultraviolet visible diffuse reflectance spectroscopic analysis 

The linear optical properties were recorded using UV-Vis DRS technique. The diffuse reflectance 

technique is capable of collecting the reflected flux of light after interacting with the CdO 

nanoparticles. The reflectance spectrum shown in Fig. 2 is for reflectance recorded at 200-1100nm 

range. The optical band gap value of synthesized CdO nanoparticles has been calculated from 

reflectance spectra using the Kubelka-Munk function, 

  
      

  
 

where K is the absorption co-efficient and R is the reflectance (%). Fig. 3 shows Energy Vs (k*hʋ)
1/2

 

which is used to calculate the band gap value and is found to be
  
4.52eV. 

 

Fig2. UV/Vis DRS spectra of CdO 

nanoparticles 

 

Fig3. Energy Vs (K*hʋ)
1/2

 spectra of CdO 

nanoparticles 

3.3 Transmission electron microscope and Energy dispersive X-ray spectroscopic analysis 

The captured TEM morphology of the CdO nanoparticles is shown in Fig. 4(a-b). Fig. 4(a) 

shows the bullet shape morphology and particles are in agglomerated state having size from 10 to 

50nm. The high resolution transmission electron microscope (HRTEM) image (Fig. 4(b)) clearly 

shows the small crystallites and lattice fringes, and provides good evidence of the crystalline structure 

of the CdO nanoparticles. The measured d-spacing value from HRTEM is 1.61Å (311) which 

coincided with XRD result. The inset Fig. 4(b) shows the selected area diffraction (SAED) pattern of 

CdO nanoparticles. The SAED shows the diffraction planes (220), (311), and (111) which correspond 

to the cubic phase (JCPDS ICDD: 39-1221). Fig. 4(C) shows the energy dispersive X-ray analysis 

(EDX) of CdO nanoparticles. EDX analysis shows the presence of the Cd and O chemical 

composition. The Cd and O atomic percentages are is 82.92% and 17.08% .    

 
 

Fig. 4 (a) TEM micrograph, (b) HRTEM and corresponding SAED (inset of (b)), (C) EDX 

spectra of CdO nanoparticles 

3.4 Antibacterial activity 
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The antibacterial activity of CdO nanoparticles displayed a level of inhibitory effects against 

the tested pathogenic organisms in disc diffusion method. Maximum zone of inhibitory action (ZOI) 

appeared in the test organisms for gram negative (Escherichia coli) bacteria. In the present study CdO 

nanoparticles have shown more prominent cell inhibition of 16 mm for Escherichia coli when 

compared to the standard antibiotics (Ampicillin). The zone of inhibition is found to be gram negative 

bacteria because CdO nanoparticles damages the structure of bacteria cell membrane and depresses 

the activity of some membranous enzymes which cause gram negative bacteria to die eventually 

[15].The commonly accepted mechanism of antibacterial action of the material states that the 

production of reactive oxygen species (ROS) on the surface of these nanoparticles in light causes 

oxidative stress in bacterial cells, eventually leading to their death. ROS contain the most reactive 

hydroxyl radical (OH), the less toxic super oxide anion radical (O2-). This can damage DNA, cell 

membranes etc., leading to cell death. The attachment of the nanoparticles to the bacteria has also 

been demonstrated. This is attributed to the electrostatic attraction between the negatively charged 

bacteria and the positively charged nanoparticles. Such a contact may not only inhibit bacterial 

growth, but the generated ROS may also kill the cell [16]. The zone of inhibition has shown Fig. 5. 

 

Fig 5.Antibacterial activities for Gram negative bacteria (Escherichia coli) 

4. Conclusion 

The CdO nanoparticles were synthesized by chemical precipitation method. The synthesized 

CdO nanoparticles are found to have cubic structure and their particles size are calculated to be about 

18nm. The optical bandgap is found to be 4.52eV from UV-Vis DRS analysis. The TEM result shows 

the bullet shape morphology and particle size of 10-50nm and is in good agreement with XRD result.  

The EDX confirmed the chemical composition of CdO. The synthesized CdO nanoparticles show 

faster and stronger antibacterial activity against pathogenic organisms than the standard antibiotics. 
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Abstract 

The conformational analysis of the title compound was studied using potential energy surface 

scan studies and Density Functional Theory (DFT) optimization. In order to carry out a detailed 

vibrational spectroscopic analysis of 1-Nitrosol-2-napthol, Fourier Transform Infrared and Fourier 

Transform Raman spectra have been recorded in condensed phase. The optimized geometry and 

vibrational wavenumber of the title compound, Density functional theory calculations in the 

B3LYP/6-31G** level have been carried out followed by scaling using the scaled quantum 

mechanical methodology. Substitution of nitroso group into the 1-napthol has produced remarkable 

changes in the structural parameters.  

Keywords:  DFT, Conformational analysis, SQM, UV-Visible, NBO 

Introduction: 

1-Nitroso-2-naphthol is the chelating ion-exchanger in the synthesis of alumina adsorbents 

that are of acidic, basic and neutral nature. It is used for the removal and pre concentration of Pb(II), 

Cu(II), Cr(III) from waste, as well as drinking water. Both isomers are soluble in simple alcohols, 

ether, and chloroform. 2-Naphthol is a widely used intermediate for the production of dyes and other 

compounds.
[1,2]

 In the present study, the Fourier Transform Infrared (FT-IR), Fourier Transform 

Raman(FT-Raman) spectra and Density functional theory(DFT) analysis of 1-Nitroso-2-napthol 

(1N2N) were presented. 

Materials and methods: 

A fine sample of 1-nitroso-2-naphthol (1N2N) was obtained from M/s. Sigma Aldrich 

chemicals and used without any further purifications for spectral measurements. The Fourier 

transform infrared spectrum(FTIR) of the title compound was recorded in the region 4000–400 cm
-1 

and the Fourier transform Raman(FT–Raman) spectrum of 2N1N was recorded in 3500-50 cm
-1

 range 

with a Nicolet model 950 FT–Raman spectrometer at 4 cm
-1

 spectral resolution using the 1064 nm 

line of a Nd:YAG laser for excitation at a 200 mW output power. Density Functional Theory 

calculations of 1N2N were performed by using Gaussian 09 software package
 [3]

 at B3LYP functional
 

[4,5]
 combined with 6-31G** basis set to obtain the optimized geometry and energy of the title 

compound. 

RESULTS AND DISCUSSION 

The structure of 1-nitroso-naphthalen-2-ol was optimized using B3LYP/6 -31G** method and 

the optimized structure was shown in fig. 1. The optimized parameters like bond length and bond 

angles obtained from the DFT optimization were suitably tabulated. The global minimum energy 

obtained for the title compound was observed to be -1226.662164 a.u. and the titlecompound belongs 
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to Cs symmetry. All the calculated vibrational wavenumber using the optimized geometry obtained 

were found to be positive for the title compound. 

 

Conclusion 

The most stable conformer of 1-nitroso-2-napthol have been identified using DFT 

optimization procedure and potential energy scan analysis. The Vibrational assignments has been 

done based on the TED got from the VEDA 4.0 program package 
[6]

 and it was found to be in good 

agreement with the experimentally observed values [24]. Substitution of nitroso group into the 2-

napthol has produced remarkable changes in the structural parameters. Thermo dynamical parameters 

such as the zero point vibrational energy, entropy, heat capacity rotational constants have been 

computed out. The Mullikan Atomic Charges have been calculated and the charges corresponding to 

each atoms were properly tabulated. 
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Abstract 

The development of reliable, eco friendly production of  nanoscale materials  is significant 

feature of Nanoscience and nano technology. Silver nanoparticles are well  known as inhibitory and 

antibacterial materials.  The present study focus on the production of silvernanoparticles  (AgNps)  

using citrus sinensis seed aqueous extract by green route.   Green synthesized AgNps were 

characterized by UV-Vis spectrum, , X-Ray Diffraction(XRD), Scanning Electron Microscope(SEM), 

Energy Dispersive X-Ray (EDX) and Fourier Transform Infrared(FTIR). The results emphasized the 

potent application of citrus sinensis seed in the synthesize of nano silver with economic viability and 

ease in scaling up for mass production. Duly characterized AgNps tested for antibacterial activity 

against Escherichia Coli(E.Coli) and Staphylococcus aures(S.aures) 

Key  Words:    Silver Nano particles(AgNps), green route,  Citrus Sinensis seed 

1.Introduction 

Nanotechnology concerns with the development of experimental processes for the synthesis 

of nanoparticles of different sizes, shapes and controlled dispersity.  Nanoparticles are particles 

between 1 -100 nm in size. Nanoparticle research is currently an area of intense scientific interest due 

to wide variety of potential applications in biomedical, optical and electronic files. Silver 

Nanoparticles (AgNps) are the most applicable and interesting nanoparticles between researchers. 

AgNps have been reported in various applications as sensors(Chandrakani k.T. et al 2013) DNA 

deduction, Catalyst( Bharat. B et al., 2013) , from a therapeutic point of view biosynthesized AgNps 

use as antifungal agent batteries to increase the efficiency (Ganesh kumar et al 2015) , electronics , 

photovoltaic, nano heaters .  AgNps prepared by various physical and chemical methods irradiation 

and but the use of toxic  chemicals as reducing agents in many of these routes is potentially dangerous 

to the environment and biological systems. Green routes for synthesis of AgNps by  biological 

process using plant extract containing phytochemical agents  have attracted considerable  interest in 

recent years. Such green process can lead the formation of nanoparticles to more biocompatible 

environmental begin and cost effective products.  On the basis of the available literature , we 

hypothesize that Citrus Sinensis seed could be used in the synthesis of AgNps.  The nanoparticles 

were characterized by UV-Vis spectroscopy, XRD, SEM, EDX , FTIR analysis. 

2.Materials and methods 

 The chemical silver nitrate(AgNo3) was purchased from SD fine chemical Pvt . Ltd and 

antibiotic and Muller Hinton agar were purchased from Hi Media – Mumbai for this study.  The seed 

Proceedings of the National Conference on Preparation and Characterization of Crystalline Materials (NCPCCM 2016) 



 

118 

 

of Citrus Sinensis  was collected from local market ooty . The  seed of Citrus Sinensis  washed with 

water followed by rinsed with distilled water ,  dried at room temperature for 10 days  and dried seed 

obtain in powder.   10gms  of dried powdered Citrus Sinensis  seed was weighted and boiled for 

20min in 100ml distilled water in 250ml Erlenmeyer flask and cooled for room temperature.   Then 

the aqueous extract was then filtered through normal filter paper followed by whatman filter paper 

no.1.  This extract was used as reducing as well as stabilizing agent.  500ml of aqueous solution of 

1mM concentration silver nitrate solution was added 25ml of Citrus Sinensis seed extract while 

stirring for reduction into silver  ions and the reaction mixture was kept at room temperature for 24 -

48 hours . The formation of dark brown colour indicating the formation of AgNps. 

3.Characterization Technique 

 The reduction of pure silver ions Ag
+ 

ions into silver nanoparticles can be identified by.  UV-

Visible spectrometer (JASCO, V-670) from 300-800 nm  at resolution of 1nm.  The crystalline nature 

of AgNps were measured by X-Ray diffraction studies by using X‘pert Pro X-Ray diffractometer (Pan 

analytical BV, Netherlands) operated at 30Kv/ 30mA equipped with Cu/kα  radiation source and all 

the XRD Patterns were recorded.   

The silver nanoparticles solution thus purified by  centrifugation at 5000rpm  for 30mins. The 

supernatants were discarded and the final pellets were dissolved in 1ml of deionized water.  After air 

drying of AgNps  with cover slip was used  during SEM analysis along with Energy – Dispersive X-

Ray analysis to identify the composition of materials. the images of silver nanoparticles were obtained 

in a  SEM (Model:FB quanta 200 SEM) machine  at different masgnification level. Finally AgNps 

were characterized by fourier transform infrared spectra for was obtained in the range 4000 to 400 

cm-1 with an IRA-Prestige-21 shimadzu FTIR spectrometer by KBr pellet method to identify 

chemical compounds based on the way infrared radiation is absorbed by the compound. 
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4. Result and Discussion 

Reduction of silver ions present in the aqueous solution of silver complex during the reaction 

with the ingredients present in the citrus sinensis seed extract observed by the  UV-Vis  spectroscopy 

revealed the presence of silver nanoparticles and it shows the Plasmon resonance peak at 442 .The xrd 

and sem  analysis showed  the particle size  between 13-50 nm as well as spherical in shape and face 

center cubic structure of the nanoparticles. FTIR  analysis confirmed that  the bioreduction of Ag+  

ions to silver nanoparticles due to the reduction by capping material of plant extract. EDX analysis 

peaks showed the purity of silver.  The silver nanoparticles synthesized via green route are highly 

toxic to multidrug resistant bacteria hence has a great potential applications. 

Conclusion 

In conclusion , the biuo-reduction of aqueous Ag+ ions by the seed ectract of the citrus 

sinensis has been demonstrated. The reduction of the  metal ions through seed extract leading to the 

formation of silver nanoparticles of fairly well defined dimensions -. But the capabilities of the other 

plant part such as seed as a capping and reducing agent is not tested and not well defined. The present 

study we found that seed can be also good source for synthesis of silver nanoparticles. The biological 

approach toward the synthesis of silver nanoparticles has advantageous such as ease with which the 

process can be scaled up, economic viability etc.applications of such eco-friendly nanoparticles  in 

bactricidial wound  healing and other textile coating makes this method potentially exciting for the 

large-scale synthesis of other inorganic materials. Toxicity studies of silver nanoparticles on human 

pathogen opens a door for a new range of antibacterial agents. 
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ABSTRACT 

The influence of doping the metal Hg
2+

on the growth of L-Phenylalanine fumaric acid 

(LPFA) crystals grown by slow evaporation method have been investigated. The concentrations of 

metal dopants in the mother solution with 3wt % for mercury were carried out individually and 

crystals were obtained with well-defined morphology. Structural characterizations of the grown 

crystals were carried out by single crystal X-ray diffraction analysis and it shows slight structural 

changes as a result of doping. The FT-IR spectral study reveals the presence of various functional 

groups in pure and doped LPFA.  The UV–Vis spectral study was carried out to analyze the optical 

transmittance of the grown crystals and was found that the transmittance is very high in the visible 

and UV regions for both pure and doped crystals. The second harmonic generation (SHG) for the pure 

and doped LPFA crystals was confirmed by Nd: YAG laser.  

1.  INTRODUCTION 

              Nonlinear optics (NLO) is one of the new modern scientific frontiers where the interest is not 

only for understanding of new physical phenomena, but also to realize the technological applications 

[1]. NLO has emerged as one of the most attractive fields of current research in view of its vital 

application in areas like optical modulation, optical switching, optical logic, frequency shifting and 

optical data storage for the developing technologies in telecommunications and signal processing [2]. 

The newly emerging technology of photonics utilizes photons instead of electrons to acquire, store, 

transmit and process information. Organic nonlinear crystals have played an important role in 

nonlinear applications due to their large nonlinear optical (NLO) coefficient and structural diversity or 

flexibility when compared to other inorganic counterparts. They have their intrinsic weakness due to 

poor physicochemical stability and low mechanical strength. Materials with large second order 

nonlinear optical (SONLO) properties, short transparency cut off wavelengths and stable 

physicochemical performance are needed to realize many of the above applications, other advantages 

of organic compound apart from the above include accessibility for synthesis, multifunctional 

substitutions, higher resistance to optical damage, and maneuverability for device applications. 

Organic crystals with large order nonlinear optical susceptibilities attract great interest because of 

their potential application in second harmonic generation [3]. Crystal growth from solution is very 

important process that is used in many applications from the laboratory to industrial scale. These 

molecular organic compounds with one or more aromatic systems in conjugated positions, leading to 

charge transfer systems have been intensely studied for the past two decades, these compounds must 

crystallize in a non-centrosymmetric class in view of applications making use of quadratic optically 

nonlinear effects. Thus organic NLO materials play an important role in second-harmonic generation 
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(SHG), frequency mixing, electro-optic modulation, optical parametric oscillation, optical bistability, 

etc. Amino acid based crystals exhibit excellent nonlinear and electroptic properties. Recently amino 

acid L-phenylalanine mixed with fumaric acid is reported in the literature exhibits good NLO effect,  

L-phenylalanine, an aromatic and hydrophobic α-amino acid mixed with fumaric acid, an organic 

compound widely found in nature, and is a key intermediate in the biosynthesis of organic acids are 

mixed in the ratio 1:1. Several new complexes incorporating the amino acid have been recently 

crystallized and their structural, optical and thermal properties have been investigated [4]. In LPFA 

structure of two molecules of fumaric acid are in the asymmetric unit, which are related to each other 

through a pseudo-inversion centre, and are essentially planar. 

2. Synthesis and Crystal growth of LPFA 

Single crystals of LPFA and mercuric chloride doped LPFA were synthesized by separately 

dissolving stoichiometric amount of L-phenylalanine (AR grade) and fumaric acid (AR grade) (pure 

LPFA) in deionized water and 3 wt% (doped LPFA) with the reactants.  The chemical reaction that 

takes place in the process is as follows: 

The calculated amounts of the reactants were thoroughly dissolved separately in solvent of 

deionized water using a magnetic stirrer and filtered twice to remove the suspended impurities in the 

solution. The filtered solution was transferred to two crystal growth vessels and crystallization was 

allowed to take place by slow evaporation under room temperature. Single crystals of both pure and 

doped LPFA were obtained in a period of 7 days by slow evaporation. The photograph of pure LPFA 

and doped LPFA crystals are shown as inset in Fig.1 and Fig. 2 respectively. 

 

Fig. 1 Photograph of pure LPFA single 

crystals. 

 

Fig. 2 Photograph of doped (Hg
2+

) LPFA 

single crystals. 

 

3.  Characterization techniques 

The grown pure and doped LPFA single crystal were subjected to various characterization 

techniques like single crystal X-ray diffraction, Fourier transform infrared (FTIR),            UV–vis-

NIR, and nonlinear optical studies. Single crystal X-ray diffraction studies have been carried out using 

Enraf Nonius CAD4 diffract meter with MoKα ( = 0.7170 Å) to determine the cell parameters. The 

optical transmission spectra of pure and doped Hg
2+

LPFA single crystals have been reported in the 

region 200-1100nm using a Shimadzu UV-1061 UV–vis spectrometer. An FTIR study was performed 
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using BRUKER 66V FT-IT spectrometer in the range 4000-400 cm
-1 

following KBr pellet technique. 

The NLO properties of the grown crystals were confirmed by Kurtz powder second harmonic 

generation (SHG) test. The crystals were illuminated using Spectra Physics Quanta Ray DHS2. The 

SHG radiations of 532 nm green light was collected by a photomultiplier tube(PMT- Hamasu R2059) 

after being monochromated (monochromotor-Czerny-Turner) to collect only the 532 nm radiation. 

The optical signal incident on the PMT was converted into voltage output at the CRO (Tektronix-TDS 

3052B). The input laser energy incident on the powdered samples was chosen to be 4.45  mJ/pulse.  

4. Results and discussion 

4. 1 Single crystal XRD analysis 

Single crystal X-ray diffraction studies were carried out on the pure and doped Hg
2+

LPFA 

single crystals. Reflections from a finite number of planes were collected. It is observed that the 

crystal belongs to triclinic system and space group p1.The pure and doped Hg
2+

LPFA singlecrystals 

retained their monoclinic structure with the lattice parameter           a = 5.78Å, b=11.64 Å, c=11.67 Å, 

α=68.22º, β=80.60º, γ=79.14. The volume of the material is found to be 712 Å
3
.The crystallographic 

data of the crystal are compared with that of [5] and are in accordance with literature.  

4. 2 FTIR spectral analysis 

The characteristics of the vibrational spectra for the various functional groups present in the 

compound consisting of pure and doped Hg
2+

LPFA single crystals were recorded in the range of 400 

to 4000cm
-1

,form hydrogen-bonded double layers, linked together by N-H…O and O-H…O is 

depicted in Fig. 3 and Fig. 4. The presence of zwitter ionic groups is observed at 3066cm
-1

 for pure 

and 3080cm
-1

for (doped LPFA) are due to NH3
+
asymmetric stretching vibration. The band at 3413cm

-

1 
for pure and 3441cm

-1 
for doped LPFA are attributed due to O-H stretching mode and at 2926cm

-1
for 

pure and 2860cm
-1 

for doped LPFA due to aromatic C-H asymmetric stretching mode. The symmetric 

stretching mode of the carboxyl anion, CO2
–
is located at 1422cm

-1
for pure and 1421cm

-1 
for doped 

LPFA aromatic C=C symmetric vibrations are assigned at 1663cm
-1

for pure and 1661cm
-1

 for doped  

LPFA. The protonation of carboxyl group COO
–
 deformation absorption bands appears around 1373 

and 1422 cm
-1

.  The peak around 1132cm
-1

 is due to the presence of C-C stretching. The in-plane 

deformation occurs at 1316 cm
-1

for pure and 1318 cm
-1

confirms the presence of phenylalanine ions 

and at 1275cm
-1

 (very weak) for and 1272 cm
-1 

.  At 925 cm
-1

 O-H out of plane deformation wave 

number is observed. The benzene ring deformation is due to band at 1080 cm
-1

  and presence of 

benzene ring is confirmed at the absorption band at 703cm
-1

  (phenyl and benzene ring out of plane 

ring deformation) and at 745 cm
-1

for pure and 748 cm
-1  

for doped LPFA(phenyl ring out of plane CH 

deformation).  The band at 642 cm
-1

for pure and 643 cm
-1

for doped LPFA illustrates the presence of 

substituted ring 1, 4 distributions. The bands at 581cm
-1 

for pure and 483 cm
-1

for doped LPFA may be 

attributed due to C-C deformation. The  observed  shift  in  vibrational   wave numbers  of  pure  L-
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phenylalanine  fumaric acid  [LPFA], and  metal  doped  (mercuric  chloride)   LPFA   confirms  the  

incorporation  of  metal  dopants  in  the  pure  L-phenylalanine fumaric acid  crystal   structure.   

 

 
Fig. 3 FTIR spectrum of LPFA 

 
Fig. 4 FTIR Spectrum of Hg

2+
doped with 

LPFA 

Table 1.COMPARISON OF FTIR BANDS OF PURE LPFA AND DOPED Hg
2+

 LPFA     

PURE LPFA DOPED Hg
2+

 LPFA         Assignment 

             581            576     C-C Deformation 

              745           748     CH Deformation  

        1316-1275      1318-1272  Confirms The presence of 

phenylalanine 
           1421           1422     CO2

-
 Symmetric 

          3066           3080     NH3
+
 Asymmetric 

4. 3 UV-VIS-NIR spectral studies 

To determine the transmission range and hence to know the suitability of pure  and doped L-

phenylalanine fumaric acid with mercuric chloride single crystals for optical applications, UV-vis-

NIR analysis was made in the wavelength range from 200 to 1100 nm using Shimadzu model UV-

1061 UV–visible spectrometer. The plot of absorption vs. wavelength is shown in Fig. 5 andFig.6. For 

optical fabrications, the crystal should be highly transparent in the considerable region of wavelength 

[6]. There is no appreciable absorption of light in the entire visible range, as in the case for all amino 

acids. The UV absorption edge for the grown crystals of pure LPFA and doped LPFA were observed 

to be around240 nm and 233.6 nm respectively, is an essential parameter for frequency doubling 

process using diode and solid-state lasers [7]. 

 

Fig. 5 UV-VIS-NIR Spectrum of LPFA 

 

Fig. 6 UV-VIS-NIR spectrum 

of Hg
2+

 doped LPFA 
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4. 4 NLO study 

            The first and the most widely used technique for confirming the SHG from prospective second 

order NLO materials is the Kurtz powder technique [8]. To test the second harmonic generation 

property of the LPFA crystal, Nd: YAG laser using the first harmonics output of 1064 nm with pulse 

width of 10 ns and repetition rate10 Hz with beam energy 0.70 mJ/pulse was passed through the 

sample. The second harmonic green signal       ( = 532 nm) was generated by the pure and mercury 

doped LPFA confirmed that the samples exhibit good NLO property. 

 CONCLUSION 

Single crystals of pure and Hg
2+

 doped LPFA, were successfully grown by slow evaporation 

technique at room temperature. The grown crystals were confirmed by X-ray diffraction analysis and 

it is found that the crystals belong to the triclinic system with space group P1. FTIR analysis confirms 

the functional groups present in the pure and Hg
2+

 doped LPFA crystals. Optical transmission studies 

showed that crystals were optically transparent in the entire visible region with a lower cut-off below 

300 nm. NLO behaviour of the pure and Hg
2+

 doped LPFA crystal were observed by Kurtz-Perry 

powder technique. With the presence of wide transparency range and good SHG efficiency, both pure 

and Hg
2+

 doped LPFA single crystals could be potential materials for NLO application. 
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ABSTRACT 

Single crystals of pure and Zn
2+

 doped L-phenylalanine-4-nitrophenol (LP4NP) have been 

successfully grown by slow evaporation technique. The lattice parameters of the grown crystals have 

been determined by X-ray diffraction studies. FT-IR spectrum was recorded to identify the presence 

of functional group. The grown pure and doped crystals were found to be transparent in the entire 

visible region. The existence of second harmonic generation signals was observed using Nd:YAG 

laser with fundamental wavelength of 1064 nm for pure and Zn
2+

doped LP4NP. 

1. Introduction 

              The field of molecular nonlinear optics has benefited from both upstream rejuvenation and 

downstream application oriented breakthroughs, aiding to bring the field closer to industrial 

developments [1]. Engineering of new nonlinear optical (NLO) materials, structures, and devices with 

enhanced figures of merit has developed over the last two decades as a major force to help drive 

nonlinear optics from the laboratory to real applications. The NLO process requires materials that 

manipulate the amplitude, phase, polarizations and frequency of optical beam. The intellectual 

construction of structurally controlled supramolecular assemblies (e.g., acentric and chiral solids) 

remains a great challenge even though the art of chemical synthesis of discrete molecules has 

significantly advanced in recent decades. The relevance of organic materials in this interesting context 

is because the delocalized electronic structure of p-conjugated organic compound offers a number of 

tempting opportunities in applications as NLO materials. In continuation of our work, we report in 

this present investigation growth, structural, spectral, optical and thermal studies on L-phenylalanine-

4-nitrophenol (LP4NP) single crystals. The crystal structure title compound has already been reported 

[2]. 

2. Synthesis and Crystal growth of LP4NP 

          Pure and zinc doped L-Phenylalanine (LP4NP) crystals were grow by a slow evaporation 

techniques by dissolving separately in double distilled water. The solutions were then mixed in a 1:1 

M ratio and stirred to ensure homogenous temperature and concentration over entire of the solution. 

The solutions were transferred to crystal growth vessels followed by slow evaporation at room 

temperature.   The seed crystals were obtained in a period of 2 weeks. The photograph of as grown 

crystals of pure and metal doped LP4NP is shown are Fig. 1 & Fig. 2 respectively. 
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Fig.1 Photograph of pure   LP4NP Single 

Crystal     

 
Fig. 2 Photograph of LP4NP Doped Zn

2+
 

single crystal   

3.  Characterization techniques 

             The grown LP4NP single crystal was subjected to various characterization techniques like 

single crystal X-ray diffraction, Fourier transform infrared (FTIR), UV–vis-NIR and nonlinear optical 

studies. Single crystal X-ray diffraction studies have been carried out using Enraf Nonius CAD4 

diffractometer with MoKα (= 0.7170 Å) to determine the cell parameters. The transmission property 

of the materials was analysed using a Shimadzu UV-1061 UV–vis spectrometer between the region 

200 -1100 nm. The coordination of               L-phenylalanine with 4-nitropheol was  confirmed by 

FTIR studies using BRUKER 66V FT-IT spectrometer in the range 4000-400 cm
-1 

following KBr 

pellet technique. The NLO property of the crystal was confirmed by Kurtz powder second harmonic 

generation (SHG) test. The crystal was illuminated using Spectra Physics Quanta Ray DHS2. The 

SHG radiations of 532 nm green light was collected by a photomultiplier tube(PMT- Hamasu R2059) 

after being monochromated (monochromator - Czerny - Turner ) to collect only the 532 nm radiation. 

The optical signal incident on the PMT was converted into voltage output at the CRO (Tektronix-TDS 

3052B). The input laser energy incident on the powdered sample was chosen to be 4.45 mJ/pulse. 

4. Results and discussion 

4. 1 Single crystal XRD analysis 

            Single crystal X-ray diffraction study was carried to demonstrate the crystallinity of the 

compound crystals using EnrafNonius CAD4 diffractometer at room temperature. Reflections from a 

finite number of planes were collected.  It is observed that the crystal LP4NP belongs to triclinic 

system and space group P1: the lattice parameters are a = 5.78 Å, b=11.64 Å, c=11.67 Å, mα=68.22º, 

β=80.60º, γ=79.14. The volume of the material is found to be 712 Å
3
. Fordoped LP4NP,a = 5.79 Å, 

b=11.69 Å, c=11.70 Å, α=68.22º, β=80.59º, γ=79.18, v=714.2 Å
3
respectively. The crystallographic 

data of the crystal are compared and are in accordance with literature [2]. 

4. 2 FTIR spectral analysis 

The recorded FTIR spectrum is shown in Fig. 3 and Fig. 4. A broad strong absorption in the 

region 3300–2300 cm
-1

 corresponds to the NH3
+
 ion of the amino acid [3]. The band that appears at 

2700– 1800 cm
-1

 signifies the overtone combinations. The peak at 1742 cm
-1

 is assigned to COO
-
 

stretching vibration. The bands at 1586cm
-1

for pure and 1581 cm
-1

for doped LP4NP, established the 

presence of NH3 deformations. The bands at 1496 cm
-1

(pure) and 1496 cm
-1

(doped LP4NP) which 
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confirms the presence of NH3 symmetric stretching and rocking respectively. The bands at 1457 cm
-1 

(pure) and 1455 cm
-
1(doped LP4NP) established the presence of COO

-
 stretching. The bands at 645 

cm
-1 

pure and 647 cm
-1

doped LP4NP signifies the presence of COO
-
 wagging and rocking 

respectively. The bands at 1353 cm
-1 

,1331cm
-1 

,1109 cm
-1 

(pure)and 1348 cm
-1

, 1329 cm
-1

, 1113 cm
-

1
(doped LP4NP)established the presence of CAH deformation. The OH and COH out of plane 

deformation vibrations produces sharp intense peaks at 923 and 845 cm
-1

 respectively. The bands at 

1586cm
-1

(pure) and 1581 cm
-1

(doped LP4NP) was due to the presence of NO2 symmetric stretching. 

The peak at 706 cm
-1

 established the presence of benzene ring. The presence of CACO deformation is 

clearly illustrated by the peak at 530 cm
-1

. The bands at 1079 cm
-1

(pure) and 1079 cm
-1(

doped) 

LP4NP, signifies the deformation benzene ring. The CH2 wagging and stretching shows the 

characteristic vibration at 1244 cm
-1

for pure and 1243 cm
-1

(doped LP4NP)respectively. The stretching 

vibrations of CH2 and CHO presence the peak at 1165 cm
-1

. The bands at 1110cm
-1

and 1005 cm
-1

 

established the presence of COH out of plane deformation and CACAN bending respectively. From 

this FTIR spectrum clear that both L-phenylalanine and 4-nitrophenol functional group present in the 

grown crystal. The influence and incorporation of the metal dopants is usually ascertained from the 

wavelength assignments at low frequency regions. The observed shift in vibrational wave numbers 

pure LP4NPmetaldoped L-phenylalanine 4-nitrophenol doped with zinc chloride confirms the 

incorporation of metal dopants in the pure L-phenylalanine 4-nitrophenol crystal structure. 

 

 
Fig. 3 FT-IR spectrum of LP4NP 

 
Fig. 4 FTIR Spectrum of LP4NPdoped with 

Zn
2+

 

4. 3 Optical absorption studies 

             The UV–Vis–NIR analysis of LP4NP crystal was carried out between 200 and 2000 nm, 

covering the entire near ultra violet, visible and near infrared regions. There is no appreciable 

absorption of light in the entire visible range as in the case for all amino acid [4]. Fig. 5 and Fig. 6, 

shows the UV–Vis–NIR optical absorption spectra of LP4NP crystal. The lower cut-off wavelength of 

218.35 nm and 401.55 nm for pure LP4NP and Zn
2+

 doped LP4NP respectively. Which is sufficient 

for SHG laser radiation of 1064 nm or other application in the blue region. Interestingly, in the entire 

visible region starting from 218.35 to 900nm, the crystal has almost no absorption. The wide optical 
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transmission window is an encouraging optical property seen in LP4NP crystal and is of vital 

importance for NLO materials. 

 

 Fig. 5 UV-visible  spectrum of  pure  LP4NP 
 Fig. 6 UV-visible spectrum of LP4NP doped 

with Zn
2+

 

4.4 NLO studies 

In order to confirm the NLO property, the grown crystals was subjected to a Kurtz powder 

test [5] using a Q-switched, mode locked Nd:YAG laser of 1064 nm and a pulse width of 8 ns (spot 

radius of 1 mm) on the powder sample of LP4NP. The input laser beam was directed on the as-grown 

crystals powder to get maximum powder SHG. The emitted light passed through an IR filter was 

measured by means of a photomultiplier tube and oscilloscope assembly. The SHG efficiency of the 

Zn
2+

 doped LP4NP and pure LP4NP crystal were evaluated by taking the microcrystalline powder of 

KDP as the reference material. The SHG efficiency of pure LP4NP  results show a high signal output 

of 15.25 mV with input laser power of 0.70 J/pulse when compared to 22.1 mV of KDP.SHG 

efficiency of pure LP4NP  is 0.687 times that of  KDP crystal. The SHG output of Zn
2+

 doped LP4NP 

is slightly higher than the pure LP4NP. 

CONCLUSION 

         Single crystals of pure LP4NP and Zn
2+

 doped LP4NP, were successfully grown by slow 

evaporation technique at room temperature. X-ray diffraction analysis of both pure LP4NP and Zn
2+

 

doped LP4NP revealed the structure of the crystal as monoclinic system with space group P21. The 

presence of functional group was confirmed by FT-IR. Both pure LP4NP and Zn
2+

 doped LP4NP 

were optically transparent in the entire visible region with a lower cut-off wavelength of 218.35 nm 

and 401.55nm for pure LP4NP and Zn
2+

 doped LP4NP respectively. The optical and SHG efficiency 

studies show the suitability of the crystals for NLO application.  
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ABSTRACT 

 This study aims at surface characteristics of charcoal prepared from fresh water green algae. 

Algae samples were collected from 10 locations in and around Kancheepuram district from running 

water streams like river sides and canal sides. The algae were cleaned, dried and burnt to charcoal. 

The charcoal micrographs were recorded by High Resolution Scanning Electron Microscopy 

(HRSEM) and surface characteristics were discussed.  

INTRODUCTION 

Our environment is continuously polluted by our everyday activities. The pollutants mixed to 

water channels like river, lakes and canals attribute for water contamination. The major pollutants are 

organic, inorganic and oil pollutants.Among various sources of organic and inorganic pollutants, 

heavy metals are common and are continuously contributing to major levels of pollution in water 

bodies
(1)

.The surface water in industrial areas gets more polluted 
(2)

 and when living things get 

interacted with the above water resources, they are prone to harmful health effects. In this scenario 

water treatment is to be done to remove these contaminants. Adsorption is one among the various 

treatment processes and adsorption using natural cost effective adsorbents is under research. 

 The waste water treatment is carried out in various sequences of processes such as primary, 

secondary and tertiary treatments. In primary treatment wastes are removed as settled debris. In 

secondary treatment, the wastes are removed by decomposition. In tertiary treatment, wastes are 

removed by chemical coagulation and sedimentation 
(4, 5, and 6)

. Metallic ions can be removed through 

various processes like precipitation, adsorption, ion exchange, membrane processes, eletrodialysis, 

and reverse osmosis 
(7, 8, 9, and 10)

. In water treatment processes, adsorption processes are mainly 

achieved using charcoal and activated carbons prepared from various precursors. This is mainly due to 

the reason that activated carbons and charcoal are having high surface area and hence achieve higher 

adsorption. The sequential processes such as carbonizing and subsequent activation make the charcoal 

to have porous structure with higher surface area 
(11, 12)

. The adsorption process is the result of 

adhesion of atoms, ions or molecules from liquid, gas or dissolved solid over the surface of adsorbent 

material and forms a thin layer of adsorbate.  

SCOPE OF THE STUDY 

 The main objective of this study is to analyze the porous surface structure of the charcoal 

prepared from the fresh water green algae. 
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different ecological roles. The algae occur widely as fresh and marine water algae. Freshwater algae 

float in the water, but others are in submerged condition and they are attached to rocks or aquatic 

plants.  

Study Area  

Fresh water green algae were collected from fresh water regions like running canals and river 

sides situated in and around Kancheepuram district, Tamilnadu, India.  

Sample Collection  

Fresh water green algae were collected from running canals and river sides from 10 places in 

and around Kancheepuram district. The samples were collected using plastic wire mesh. The trapped 

algae were then washed with distilled water 5 times to remove other impurities. The washed algae 

were then spreaded in glass plates and dried fully under hot sun in semi air permeable containers.    

Sample preparation 

 Algae were collected from various fresh water zone The selected algae sampled were taken in 

a container with closed lid. The top of the lid is perforated. The closed lid is kept inside a firing pot. 

The pot is ignited and the algae in lid are allowed to burn in the firing atmosphere. As the flame heats 

the lid, the algae burn with fumes which are coming through the perforation. The firing pot is flamed 

until the fumes through the perforation stops. After the lid is taken out from the pot, it is cooled in 

atmosphere to room temperature. The algae burnt in to charcoal is taken out and ground to fine 

powder and packed in polyethylene bags.  

HRSEM analysis 

The powdered charcoal was then subjected to HRSEM analysis at SAIF, IITM, Chennai for 

surface area porous structure characterization.  

RESULTS AND DISCUSSION 

HRSEM micrographs of charcoal samples of fresh water green algae were presented and 

analyzed for their porous structure. Pore size has been determined from the scaling of micrographs.  

Pore size analysis from HRSEM Micrographs  

 The micrograph of charcoal samples of fresh water green algae are shown in fig.1 and 2. The 

surface morphology may be well observed from the micrographs. 

 

Fig.1 Micrograph of Algae Charcoal 

 

Fig. 2 Micrograph of Algae Charcoal 

MATERIALS AND METHODS 

Algae are certain group of organisms which occur in various shapes and sizes and have 
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From the figure1, using the scale bar information on the micrograph, the following results are 

observed. 

1.  The surface consists of porous boundaries and pores are not well formed. 

2.  Usingthe scale bar information thelinear sizeof the intra poroussurface is 

 approximately calculated andit liesbetween 13.8 to 55.2 nm. 

3.  The thickness of porous boundary is approximately calculated and lies between2.7 

to13.8 nm. 

Since the above results are concentrated on a particular region on the sample, it may 

approximately suit with other regions. The above porous surface area attributes for better adsorption. 
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ABSTRACT 

The present study was aimed to study the heavy metal (Copper Cu) adsorption characteristics 

of charcoal prepared from fresh water green algae. Fresh water green algae samples were collected 

from 10 locations in and around Kancheepuram district from running water streams like river sides 

and canal sides. The algae were cleaned, dried and burnt to get charcoal. This charcoal is chosen as 

adsorbent material and the same is subjected for heavy metal (Cu) adsorption at various 

concentrations of heavy metal solution. The amount of heavy metal (Cu) ion adsorbed was analyzed 

by Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES) technique and the results 

are plotted and discussed. 

INTRODUCTION 

Our environment is continuously polluted by our everyday activities. The industrial smoke, 

effluents, road side transportation, emission activities and domestic waste discharge are some of the 

sources that contaminate the environment heavily.The land contaminants go deep to the ground and 

contaminate the ground water system.The surface water in industrial areas gets more polluted due to 

the toxic gaseous substances in atmosphere, exhaust from vehicles and factory emissions to 

atmosphere 
(1)

.All the above contaminations bring lots of ill effects to all living things of the earth. 

Among all the organic and inorganic pollutants from various sources, heavy metals are common and 

are continuously contributing to major levels of pollution in waterbodies 
(2)

.Metals which have atomic 

density greater than 4 g/cm
3
 or 5 times more than water are grouped as heavy metals. Metals like 

cadmium (Cd) , chromium (Cr), Nickel (Ni) , Arsenic (As), Manganese (Mn), and lead (Pb) have no 

nutritious value rather they are carcinogenic and bio-accumulate into toxic level to damage human 

and animal organs.Water treatment refers to the removal of the pollutants from waste water and 

makes the water usable for industrial and domestic purposes. The various waste water treatment 

processes are done by physical, chemical and biological methods 
(3)

. The waste water treatment is 

carried out in various sequences of processes such as primary, secondary and tertiary treatments 
(4, 5, and 

6)
. The metallic ions can be removed throughvarious processes like precipitation, adsorption,ion 

exchange, membrane processes, eletrodialysis, and reverseosmosis 
(7,8)

.Adsorption is a process 

confined to the surface area of the adsorbent. The material which is being adsorbed is called adsorbate 

and the one which adsorbs is called adsorbent.  

SCOPE OF THE STUDY 

To characterize the heavy metal (Cu) adsorption by the fresh water algae charcoal under  

various initial concentrations of adsorbate solutions. 
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MATERIALS AND METHODS 

Algae are plant-like organisms. They exist without roots, stems, leaves, vascular tissue and 

with simple reproductive structures. They are found all around in sea, freshwater and wastewater.  

Study Area  

Fresh water green algae were collected from fresh water regions like running canals and river 

sides situated in and around Kancheepuram district, Tamilnadu, India.  

Sample Collection  

Fresh water green algae were collected from running canals and river sides from 10 places in 

and around Kancheepuram district. The samples were collected using plastic wire mesh. The trapped 

algae were then washed with distilled water 5 times to remove other impurities. The washed algae 

were then spreaded in glass plates and dried fully under hot sun in semi air permeable containers.    

Sample preparation 

 The algae were taken in a container with closed lid. The top of the lid is perforated. The 

closed lid is kept inside a firing pot. The pot is ignited and the algae in lid are allowed to burn in the 

firing atmosphere. As the flame heats the lid, the algae burn with fumes which are coming through the 

perforation. The firing pot is flamed until the fumes through the perforation stops. After the lid is 

taken out from the pot, it is cooled in atmosphere to room temperature. The algae burnt in to charcoal 

is taken out and ground to fine powder and packed in polyethylene bags. 

Adsorption experiment  

 Heavy metal Copper (Cu) ion solutions (adsorbate – heavy metal ion) were prepared in  

four different concentrations in glass beakers and named for identification. Equal amounts of  

charcoal powder (adsorbent) prepared from fresh water green algae were dropped in to these solutions 

and stirred well. The adsorbent dropped solutions were let undisturbed for 24 hours at room 

temperature for adsorption process to occur.After 24 hours, the charcoal residue is separated and dried 

for further analysis. 

ICP- OES analysis for heavy metal analysis 

The charcoal samples both original and soaked were subjected to  ICP –OES analysis at 

SAIF, IITM, Chennai  to calculate the heavy metal content in the charcoal powder after and before 

adsorption. Initially acid digestion of samples was done using Microwave digestion using Microwave 

Accelerated Reaction System (MARS). After digestion the samples were subjected ICP-OES analysis. 

RESULTS AND DISCUSSION 

The concentrations of Cu have been determined for charcoal samples which were subjected 

to adsorption process under various concentrations of Cu in solution. The initial concentration of Cu 

in the charcoal sample before adsorption was also determined. The variation of Cu concentration 

values were recorded and measured elemental concentrations after adsorption is compared with the 
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value before adsorption and the variation of adsorption of Copper (Cu) with concentration by the 

charcoal is discussed. 

Variation of adsorption of Cu with concentration 

The variation of elemental concentration with respect to different concentration of metal 

solution is shown in figure1. 

 

Fig.1Adsorption of Cu at various concentrations 

From the fig. 1 it is observed that the Cu adsorption increases with initial concentration of Cu 

solution and reaches maximum at 1200 ppm.  The adsorption for higher initial values of concentration 

starts decreasing beyond 1200ppm and comes to a minimum at 1600 ppm. The above results may be 

due to the changes in forces between adsorbent and adsorbate material. Once a layer of adsorbate is 

formed over the surface of adsorbent, the further adsorption may be affected. Similarly the variation 

in concentration of adsorbate in solutions may influence the nature and magnitude of force of 

interactions which are responsible for adsorption processes. 
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Abstract 

This paper provides an overview of the history, concepts, and possible applications of flexible 

electronics from the perspectives of materials and fabrication technology. The focus is on large-area 

capable electronic surfaces. These are made of backplane and front plane  optoelectronics  that are 

flexible electronics, and reaches back to rigid-substrate precursor technology. 

Introduction to Flexible Electronics 

Flexible electronics a s along history. Anything thin is flexible.  Forty years ago single-crystalline 

silicon solar cells were thinned to raise their power/weight ration for use in extraterrestrial satellites.  

Because these cells were thin , they were flexible and warped like corn flakes.  Today, silicon- 

integrated circuits are thinned to become complaint so that the owner of a smart card does not break it 

when he sits on it.  Flexible can mean many qualities:  bendable, conformally shapped , elastic, light 

weight, no breakable, roll-to-roll manufacturable , or large area.  The field has open boundaries that 

move with its development  and application. In this paper we cover a newly emerging segment of 

flexible electronics that is largely connected with active thin –film transistor(TFT) circuits.  

Therefore, this survey is representative but incomplete. To the industrial community today, flexible 

electronic means flexible displays and X-ray sensor arrays.  

Materials for Flexible Electronics 

A generic large- area electronic structure is composed of (1) a substrate, (2) back-plane 

electronics, (3) a frontplane, and (4) encapsulation.  To make the structure flexible, all components 

must comply with bending to some degree without losing their function.  Two basic approaches have 

been  employed  to make flexible electronics(1) transfer and bonding of complete circuits to a flexible 

substrate and (2) fabrication of the circuits directly on the flexible substrate. 

In the transfer-and- bond approach, the whole structure is fabricated by standard methods on  

a carrier substrate like a Si wafer or a glass plate. Then it is transferred to or fluidic self assembled on 

a flexible substrate.  The transfer –and –bond approach has been extended to the bonding ribbons of 

Si and GaAs devices to stretched elastomer, which upon relaxation forms a ―wavy‖ semiconductor 

that can be stretched a and relaxed reversibly. The transfer approaches have advantage of providing 

high-performance devices on flexible substrates. These process are sophisticated advances over the 

original flexible  wafer-based solar cell arrays.  Their drawbacks are small surface area coverage and 

high cost.  Bonded circuits will likely be added to large-area electronic surfaces at low density for 

high speed communication and computation, lasing, and similarly demanding functions.  In many 

applications, the majority of the surface will be covered with electronics fabricated directly on the 
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substrate.  There are many approaches to integrating disparate materials and often times flexible 

substrates are not fully compatible with existing planar a silicon fabrication processes. 

Substrates 

Flexible substrates that are to serve as drop-in replacements for plate glss substrates must 

meet many requirements. 

(i) Optical properties 

(ii) Surface roughness 

(iii) Thermal and thermo mechanical properties  

(iv) Chemical properties 

(v) Mechanical properties 

(vi) Electrical and magnetic properties 

Thin glass 

Glass plate are the current standard substrates in flat plane display technology. Plate glass 

becomes flexible when its thickness is reduced to several 100 μm. Glass foils as thin as  30 μm can be 

produced by the down draw method. 

Plastic film 

Polymer foil substrates are highly flexible, can be inexpensive, and permit roil-to-roll 

processing.  However, they are thermally and dimensionally less stable than glass substrates and are 

easily permeated  by oxygen and water.  A glass transition temperature Tg , compatible with the 

device process temperature is essential. 

Metal foil 

Metal foil substrates less than υ125 μm thick are flexible and are attractive substrates for 

emissive or reflective displays, which do not need transparent substrates.  Stainless steel has been 

most commonly used in research because of its high resistance to corrosion and process chemicals, 

and its long record of application in amorphous silicon solar cells.  Stainless steel substrates can 

tolerate process temperature as high 1000˚C , are dimensionally stable, present a perfect permeation 

barrier against moisture and oxygen , can serve as heat sink, and can provide electromagnetic 

shielding.  Certain magnetic steels lend themselves to magnetic mounting and handling.  In general, 

stainless steel substrates are  more durable than plastic and glass foils. 

 A typical  stainless steel foil comes with sharp rolling marks and micrometer-size inclusions, 

which may cause devices to fail. The most carefully rolled steel has a surface  roughness of υ100nm , 

in contrast  to display glass with less than 1nm. To ensure the electrical integrity of the thin-film  

devices made on them, steel foil substrates must be either polised well olr planarized with a film. 

Silicon thin film transistors 

Silicon-based materials benefit from the advantages of a well-established technology and a 

native oxide that isz a high-quality insulator. Three approaches can be taken to preparing TFT-grade 
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silicon on foil substrates: (1) direct deposition of the channel semiconductor, (2) deposition of a 

precursor film followed by crystallization, and (3) physical transfer of separately fabricated circuits.  

Techniques (1) and (2) are explored for large-area display applications.  Direct deposition can provide 

the full range of devices, from low OFF current amorphous silicon(a-Si:H) TFTs to CMOS capable 

TFTs of nanocrystalline silicon (nc-Si-H). The  highest ON current is obtained in TFTS of both 

polarities in polycrystalline silicon (poly-Si) made by the crystallization of an amorphous silicon 

precursor film. 

Organic thin film transistors 

The  first demonstration of the field effect in a small –molecule organic materials dates back 

to 1964 . In 1983 , the filed effect in a polymer structure made by a solution proceeds. Since  then the 

performance of organic thin film transistors(OTFTs) as been raised impressively by the introduction 

of new organic channel materials and by improved fabrication. In the late 1990s, OFTSs with ON 

currents comparable to those of a Si: TFT were reported. In 2000, pentacene TFTs with a hole field-

effect mobility of 3.2 cm2 Vs and an ON/OFF ratio of > 109 were demonstrated .  Because in most 

organic materials the hole mobility is higher than the electron mobility, most OFTTs are p-channel 

devices.  Organic polymers are soluble, and a small molecules can be derivated to soluble precursors.  

Therefore, OTFTs and circuits have been made on flexible plastic substrate. 

Transparent Thin-Film Transistors 

TFTs made of transparent materials may not need shielding from visible light to suppress 

photo conductance, and can raise the pixel aperture of transmissive displays, for example on 

windscreens of cars. They have been developed from the conventional wide-band gap compound 

semiconductors. GaN or SiC, and from the transparent oxide semiconductors. ZnO, In2O3 and SnO2.  

The first flexible transparent TFT was made in 2004 from the amorphous In-Ga-Zn-O system on PET. 

Saturation mobilities reached 6-9 cm
2
 V

-1
s

-2
, and device characteristics were stable under mechanical 

bending. More recently, flexible transparent TFTs have been demonstrated wioth organic channel 

materials, including a conductive polymer and sinlge-walled carbon nanotubes (SWNT). SWNTs 

have enabled flexible transparent organic TFTs with mobilities comparable to that of a Si:H TFTs 
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1. Introduction 

Triglycinesulphate (TGS), crystals are expected to play a major role in the fabrication of 

capacitors, transducers and sensors. It also finds application in burglar alarms, medical visions, 

Fourier transform infrared (FTIR) instrumentation and in pyro-electric detector. The crystal system 

for TGS is monoclinic below and above the Curie temperature (49°C). The space group transforms 

from P21 the ferroelectric phase to centrosymmetrical P21/m   in the paraelectric phase TGS single 

crystals can easily be grown from aqueous solutions and exhibit, among ferroelectric materials, one of 

the best examples of a second order phase transition with order-disorder character. The material is 

therefore ideal to test a wide range of theoretical predictions on critical phenomena and has been 

extensively studied in the past.An attempt has been made to grow pure and amino acids doped TGS 

crystals.The effect of amino acid doping in TGS has been studied extensively. In the case of L-lysine 

doped TGS dielectric permittivity and spontaneous polarization decrease with improved pyroelectric 

properties. In addition L-lysine doped TGS crystals possess higher mechanical hardness when 

compared to pure TGS. 

2.Experimental methods 

Sample preparation: 

Growth of undoped TGS crystal and L-lysine and L-leucine doped TGS crystals were carried out by 

solution method with slow evaporation technique. The 1 mol % dopants have been incorporated into 

TGS crystals, and the various studies have been compared with that pure (undoped) TGS crystal. The 

mother solution of TGS was prepared by dissolving AR grade glycine and sulphuric acid in the molar 

ratio 3:1. The synthesis of pure and doped TGS salts was explained previously. The synthesized and 

twice re-crystallized salts of undoped and impurity- doped TGS were used to prepare the saturated 

solutions separately in accordance with the solubility data. The solutions were constantly stirred for 

about 2 hours using a magnetic stirrer and were filtered using 4 micro Whatmann filter papers. Then 

the filtered solutions were taken in borosil beakers (growth vessels). The growth temperature was 

maintained at 30º C and this temperature was maintained constant by placing the growth period was 

about 30 days. The photographs of pure, L-lysine doped  and L-leucine doped TGS crystals were 

displayed in the figure 1. 
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3. Results and discussion 

3.1 Solubility Test 

The solubility of TGS in various solvent and found that water is the best solvent for crystallization of 

TGS.to determine the equilibrium concentration, the solution of TGS was prepared. The solubility of 

TGS increases with increasing temperature as shown in fig1. 

 

Fig1: Photograph of the (a) Pure, (b) L-

Leucine and c) L-lysine doped TGS crystals 

 

Fig2. Solubility curve of TGS. 

 3.2. X-Ray Diffraction studies 

The effect of amino acids (leucine and lysine) on the structural properties of TGS has been studied 

by the X-ray powder diffraction analysis. The finely crushed powders of pure and doped crystals 

were subjected to intense X-ray of wavelength 1.5418 Å (Cu Kα) at a scan speed of 1° min
-1 

with a 

maximum scan range of 60 ºC. The powder diffraction patterns of Pure and amino acid doped TGS 

crystals are shown in fig3.        

 

Fig 3. XRD Pattern for pure and doped TGS crystals 

The changes in a relative intensity of the peak and their positions confirm the presence of leucine 

and lysine within the crystal lattice. The lattice parameter values of pure, leucine doped TGS and 

lysine doped TGS were determined using UNIT CELL software and listed in table and the powder 

XRD studies were done, Peaks were indexed.  

The prominent peaks of pure TGS were (011), (-121), (-221), (031), (040) and (311). 

The prominent peaks of L-Lysine doped TGS were (111), (-220), (031), (040), (-230). 

The prominent peaks of L-Leucine doped TGS were (111), (-220),    (-221), (031). 

Table1: Lattice Parameters for pure and doped crystals 

 Sample Name a(Å) b(Å) C(Å) Beta(Å) Cell volume(Å)3 

Pure TGS 9.5203 12.6983 5.7213 110.2020 649.1032 

TGS + 

L-Leucine(1mol%) 
11.1849 12.0256 5.4993 100.9852 726.1365 

TGS + 

L-Lysine(1mol%) 
10.2521 12.6269 5.7803 94.7180 745.7415 
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The spectra shows slight changes in peak intensities and peak positions, which may be 

attribute to strain in lattice. The slight increase in lattice parameter and volume of unit cell of the 

doped crystals is attributed to the replacement of smaller lattice glycine molecules by larger L-

leucine and L-lysine molecules and the lattice could be strained. 

3.3. FTIR analysis 

The presence of functional groups in the pure TGS and amino acid doped TGS can be confirmed 

by FTIR analysis. FTIR spectra of pure and doped TGS recorded for a powder samples using KBr 

pellet technique in the frequency range of 400 – 4000 cm
-1 

  are shown in fig4. 

 
Fig4: FTIR analysis of grown crystals 

In the TGS, the NH stretch, OH stretch and aliphatic CH stretch overlaps to each other at a frequency 

of 3201cm
-1

. The absorption in the range of 1700-1870cm
-1 

is mainly due to the C=O stretching of the 

carboxylic acid (COOH) group. The bending mode due to NH3
+ 

is clearly seen at 1425, 1503 and 

1537 cm
-1

. The strong absorption in the range 1018 – 1126 cm
-1

 is mainly due to the SO4
2-

 ion. The 

peak due to NH
3+

 oscillation occurs at 614,572 and 499cm
-1

. The peak at 1376cm
-1

 is due to the 

presence of CH2 bending. The presence of L-leucine in TGS is confirmed by resolving of NH, OH 

and CH peaks. Hence it is presumed that the L-leucine molecules would be brought near the NH3
+
 and 

COOH groups of TGS through its alcoholic OH group. L-lysine doped TGS shows the same effect as 

L-Leucine doped TGS. There is no major difference in the FTIR spectra of L-leucine doped TGS and 

L-lysine doped TGS because both are isomers and the presence of dopants (leucine and lysine) in the 

growth solution with low concentration (1mol % ) does not affect much in the FTIR spectrum. If the 

concentration is high, then the solution becomes unstable. But the presence of low concentration of 

dopant influences the ferroelectric properties of TGS crystals 

3.4. UV- visible-NIR spectroscopy 

The UV-visible-NIR spectroscopy was performed on the samples by using UV-1700 SHIMADZU 

SPECTROPHOTOMETER. The recorded transmittance spectra of pure & doped crystals in the 

wavelength range 200-1100nm areshown in fig5. 
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Fig5: UV Transmittance spectra of Pure TGS, L-Lysine doped TGS and L-Leucine doped TGS 

 

 This property enables the material for electro-optic application the percentage of transmittance has 

reduced in the case of doped crystals. The abrupt decrease in transmittance at 228nm corresponds to 

the fundamental absorption edge and this value is same for both pure and doped TGS crystals. This 

value obtained in our work is observed to be in good agreement with the literature values using the 

formula Eg=1240/λ (nm), the band gap is calculated to be 5.51eV.  

3.5. Microharness Test 

In order to study the mechanical properties, microhardness measurements were carried out on 

the (100) face of L-lysine and L-leucine doped TGS crystals. At lower loads, hardness is relatively 

low and it increases for higher loads and remains constant up to a load of 25gm. Above 25gm load 

significant cracking occurred due to release of internal stress generated locally by indentation. Doped 

crystals have relatively higher hardness values than pure crystals. Increase in the bond energy with 

doping is believed to cause the higher hardness values.Selected smooth surface of the cleaved plates 

of the b-plane was subjected to Vickers hardness measurements.  The hardness number was calculated 

using the relation 

Hv=1.8544P/d
2
 kg/mm

2
 

Where, Hv is the Vickers hardness number, P is the applied load and d is the diagonal length of the 

indentation impression. The load dependence of the microhardness number for pure and doped TGS 

crystal measured on the b-plane is shown in fig6. 

 

                            Fig6: Micro hardness for Pure and doped TGS crystals 

The hardness of the L-lysine doped TGS crystal was found to be less than that of pure TGS crystal 

and the hardness of L-leucine doped TGS crystal was much less than L-lysine doped and pure TGS 

crystal. This is attributed to the incorporation of the doped ions into TGS lattice, which makes the 

doped crystals loosely bound. 

3.6. Dielectric studies 

 L-lysine doped TGS crystals shows changes in the dielectric properties due to local strain 

created by the higher dipole moment of L-lysine molecules. Dielectric permittivity measurement was 
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carried out on the polarizing plane in the temperature range 30 º C-70 º C at a frequency 1 KHz. The 

temperature dependence of dielectric constant for pure, L-lysine doped and L-leucine doped TGS 

crystals were illustrated in fig7. 

 

Fig7: Dielectric constant for Pure TGS and doped TGS for various temperatures 

The dielectric constant for doped crystals decreases when compared to pure TGS. In the case of pure 

TGS, Curie temperature (Tc) is 51ºC.The Tc for L-lysine doped and L-leucine doped are 55ºC. 

Dielectric constant is reduced for doped crystals. The lowering of εmaxand shifting of Tc to higher 

temperatures in the case of doped TGS crystals may be understood in the following way. When a 

large size molecule goes substantially in TGS lattice replacing some of the glycine molecules, it 

produces local strains. The decrease of dielectric constant is also attributed to the increasing of dipole 

moments of the molecules. 

2. Conclusions 

The pure and L-leucine, L-Lysine doped TGS crystals were grown by slow evaporation method. The 

size of the grown crystals for pure TGS is 13×12×6mm
3
, TGS+Leucine is 13×7×3mm

3
 and 

TGS+Lysine are 9×7×6mm
3
. The powder X-ray diffraction confirms the changes in a relative 

intensity of the peak and their positions due to the presence of leucine and lysine within the crystal 

lattice.The functional groups and the modes of vibrations were identified by FTIR spectroscopy. From 

the UV visible spectral analysis of the grown TGS crystals a strong absorption is observed at 228nm 

for all grown crystals and the forbidden energy gap is5.51eV. The hardness value of doped crystals is 

less when compared to TGS which confirms that the doped crystals loosely bound. From the dielectric 

studies,Dielectric constant is reduced for doped crystals.The decrease of dielectric constant is also 

attributed to the increasing of dipole moments of the molecules. 
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Abstract 

The transition metal complexes of Cu (II) with Schiff base ligand derived from  

2-Amino benzaldehyde with primary amine has been synthesized in ethanolic medium for biological 

activities such as anti-bacterial, anti-fungal, anti-tumour and anti-inflemalory activities. The 

functional group of the solid complexes are confirmed by FTIR and the biological activity has been 

also studied.  The details of the spectral studies are discussed. 

1. INTRODUCTION 

 Synthesis of new metal complexes of the ligand plays crucial role in chemical, biological and 

medical field [1]. In recent decades, research in the field of co-ordination chemistry of biological 

important material which is due to metal complexes play a major role in the chemistry of living 

matter. On the industrial scale, they have a wide range of application such as dyes and pigments. 

However its Synthetic Utility and Versatile nature of pharmacological activities it can be prepared  by 

a number of  methods usually involving  formation of  the N - C - N unit as the key step [2]. 

Significantly, the Schiff base ligands are prepared by the condensation  of aldehyde / Ketone using a 

primary amine. The azomethine (C =N -) linkage present in Schiff base ligand and its metal (II) 

complexes exhibit a broad range of  biocidal activities namely anti – bacterial, antifungal, anti – 

inflammatory anti cancer, anti – diabetic and antitumor activities [3]. Among all metal ions, Cu (II) is 

a significant metal due to its versatile use. The obtained data of chemical analysis showed the 

formation of [M : L] ratio and a square planar geometry was suggested for Copper (II). The 

importance of Schiff bases with transition metals in the form of co ordination complexes for the 

successful treatment of various diseases [4]. In this present works are mainly focused on the synthesis 

and biological activity of Schiff base metal complexes of 2-Amino benzaldehyde and ethylene 

diamine. 

2. EXPERIMENTAL  

2.1 General procedure for the synthesis of ligand 

 All the chemicals were used throughtout the work are of sigma Aldrich, solvents used were 

ethanol, acetone and double distilled water. Equimolar solution of pure ethylene diamine and 2-

Amino benzaldehyde were prepared separately in aqueous ethanol (1:1) and the resulting solution was 

refluxed with glacial acetic acid for 5h in a RB flask which was cooled with ice water. Desired Schiff 
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base compounds are obtained by filtration (Scheme 1) and washes several times with water and 

absolute alcohol.  The above 80 % of yield was achieved.  

2.2 Syntheris of Schiff base metal ( II ) compleals 

 1 mol of the Schiff base ligand was taken in ethenol and stirred gently for 45 minutes to get a 

homogeneous solution and sample of1 mole of Cu (II) Perchlorate hexahydrate in ethanol is added 

drop wise and stirred well.  The mixture was then refluxed for 5–7 h. The obtained solids were filtered 

off from the ice – cooled reaction mixture by filtration (Scheme 2). It was washed several times with 

water and ethanol. The achieved yield was 49.5 %.  

Scheme 1 

 

Scheme 2 

 

3. RESULTS AND DISCUSSION 

   FT-IR measurements were taken for the samples in solid state using Perkin-Elmer 

spectrometer in the range of 400-4000 cm
-1

. The striking feature common to all the spectrum of the 

complexes is a broad band at 3350- 3450 cm
-1

. This band is assigned to –NH stretching frequency. 

Commonly, the Schiff base complexes contain the characteristic band at 1645 cm
-1

 which is assigned 

to C=N bond stretches. This band is present in the spectrum of the complexes indicating the presence 

of this group. The bands due to the vibrations of the aromatic ring are found in the 1450-1600 cm
-1

 

region. The other bands fall in the finger print region. When the spectrum of the complexes are 

examined, it is found that the bands typically indicated to the -NH group is shifted to lower 

frequencies, A further examination of the infrared spectrum of the copper(II) reveal a peak in the 960 

– 980 cm
-1

 region which are used as ligands for the preparation of the complexes. The synthesized 

compounds were screened for their antibacterial activity using disc diffusion method against four 

strains of bacteria (Bacillus subtillis and Pseudomonas aeruginosa). According to the antibacterial 

studies, the efficacy of the compounds against Gram positive bacteria is higher than Gram negative 

bacteria. Interestingly, the antibacterial activity of their metal complexes is higher than the ligand. 

4. CONCLUSION 

The Schiff base ligand obtained from the condensation of 2-Amino benzaldehyde and 

ethylene diamine and its Cu (II) metal complexes have been successfully synthesized. The functional 

groups of the complexes are confirmed by FTIR spectroscopy. The biological activity study shows 

that the Cu (II) metal complexes have higher activities compared to the ligand.  

References 

1.Toggi A.E., Hafez A.M., Wack H., Young B. and Lectka D., J. Am. Chem. Soc., 2002, 124, 6626-6635. 

2. Rodriguez, M. L. L., B. Benhamu, M. J. Morcillo and M. I. Martin., J. Med. Chem., 1999, 42, 5020-5028. 

3. M.S.Habibi., E.Ashari, Synth. React. Inorg. Met. Org. Nano- Met. Chem, 2013, 43, 406-411. 

4. N. Raman, S. Sobha, L. Mitu, J. Saudi Chem.Soc., 2013, 17(2), 151-159. 

Proceedings of the National Conference on Preparation and Characterization of Crystalline Materials (NCPCCM 2016) 



 

145 

 

Nonlinear Optical and Photoconductivity Studies of L-Leucine Hydrobromide (Lehbr) 

Single Crystal 
I. Epsy Devakirubai

a,d
, P. Saravanan

b
, S. Tamilselvan

b
, M. Vimalan

c
 and S. M. Ravi Kumar

d*
 

a
Department of Physics, Voorhees College, Vellore, 632 001. 

b
Department of Physics, Arignar Anna Government Arts College, Cheyyar,  604 407. 

c
Department of Physics, Thirumalai Engineering College, Kilambi, Kancheepuram, 631 551. 

*d
PG and Research Department of Physics, Government Arts College, Tiruvannamalai, 606 603. 

Abstract 

Good quality single crystals of L-leucine hydrobromide (LEHBr) of size 10 × 2 × 2 mm
3 
were 

grown by slow evaporation solution growth technique at room temperature. The crystal system and 

the lattice parameters were analyzed by single crystal X-ray diffraction studies. The SHG efficiency 

of the grown crystal was found to be 4 times higher than that of KDP crystal. Photoconductivity 

studies of LEHBr divulged its negative photoconducting nature. 

1.  INTRODUCTION 

There have been significant advances towards the search and synthesize of newer variety of 

acentric crystalline materials that could produce green/blue laser light. Synthesis of such materials is 

of great importance from both scientific and technological points of view because of their innovation 

concerning nonlinear optical (NLO) and electro-optic device applications [1]. Among the various 

amino acids, L-leucine is the simplest molecule having SHG efficiency of about one-third of the 

standard KDP material. The importance is due to the fact that amino acids contain chiral carbon atom 

and crystallize in the noncentrosymmetric space groups; therefore they are potential candidates for 

optical second harmonic generation. In semiorganic crystals, high optical non linearity of a purely 

organic ion is combined with the favourable mechanical and thermal properties of an inorganic 

counter ion [2]. L-leucine hydrobromide (LEHBr) is a semiorganic compound from the amino acid 

family. Crystals of L-leucine hydrobromide (LEHBr) were first crystallized and structure was solved 

by Subramanian [3].  In the present investigation, attempt has been made to grow single crystals of L-

leucine hydrobromide (LEHBr) by slow evaporation method at room temperature and the 

characterization studies such as single crystal X-ray diffractometry (XRD), NLO, and 

photoconductivity. The NLO property of the crystals has been confirmed and second harmonic 

intensity was measured using Kurtz and Perry powder technique. 

2.  EXPERIMENTAL PROCEDURE 

2.1  Synthesis and Growth of LEHBr 

 The starting materials for synthesis are of AR grade and used as purchased. L-leucine 

(Lobachimie) and hydrobromic acid (Merck) are taken in 1:1 stoichiometric ratio. The calculated 

amount of L-leucine salt is dissolved in deionized water. Then the appropriate amount of HBr is 

added to the solution. The reaction is as follows, 

C6H13NO2 + HBr       C6H14NO2
+
. Br¯   

 In order to purify the synthesized salt it was recrystallized two to three times. 
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 The synthesized salt of LEHBr was purified by repeated crystallization and saturated solution 

was prepared in accordance with the solubility data. The solution was continuously stirred for few 

hours and kept for nucleation. Due to the spontaneous nucleation, single crystals of LEHBr with 

appreciable size were grown in a period of 25– 30 days. In order to achieve single crystals of good 

optical quality and relatively large size, many growth attempts have been made. The resulting crystals 

were thin colorless needles. The grown crystals are stable, do not decompose in air and non-

hygroscopic in nature. Fig. 1 shows the photograph of the as grown crystals of LEHBr. An   important 

observation during the growth of LEHBr is the absence of any kind of microbial contamination during 

the growth period even when the solution was kept for nearly 2-3 months. This could be attributed to 

the high concentration of hydrobromic acid used in the solution.  

 

Fig.1 Photograph of as grown single crystal of LEHBr 

3.  RESULTS AND DISCUSSION 

3.1 Single crystal XRD analysis 

 Single crystal XRD of LEHBr was carried out using ENRAF NONIUS CAD4-F single 

crystal X-ray diffractometer. The SHG efficiency of the LEHBr crystal was estimated by Nd:YAG Q-

switched laser with first harmonic output of 1064 nm. The XRD data reveals that LEHBr crystal 

belongs to orthorhombic structure with noncentrosymmetric space group of P212121. The unit cell 

parameters of LEHBr are given in Table 2. The single crystal X-ray diffraction data of the crystal is in 

good agreement with the reported values and thus confirming the grown crystal [3]. 

3.2 NLO studies 

Second harmonic generation test was done on the LEHBr sample using Kurtz and Perry 

(1968) technique.  The source used was Q-switched, mode-locked Nd
3+
:YAG laser emitting 1.06 μm 

fundamental radiation. The input laser beam was passed through IR reflector and then directed on the 

microcrystalline powdered sample packed in a capillary tube of diameter 0.154 mm.  For the SHG 

efficiency measurements, microcrystalline material of KDP was used for comparison. When a laser 

input of 10.8 mJ was passed through LEHBr, second harmonic signal of 210 mV is produced and the 

experiment confirms a second harmonic efficiency of nearly 4 times that of KDP (53 mV). Thus SHG 

efficiency of LEHBr sample is comparable with other promising amino acid based NLO crystals.  

3.3 Photoconductivity studies 

The photo current and dark current of the crystal was recorded using Keithley 485 

picoammeter. Photoconductivity study of the LEHBr single crystal was carried out by using Keithly 
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485 picoammeter. By not allowing any radiation to fall on the sample and by varying the applied field 

from 60 to 1700 V/cm, the corresponding dark current values shown by the picoammeter were 

recorded.  The sample was then exposed to the radiation from a 100 W halogen lamp containing 

iodine vapour and tungsten filament.  The photo current was recorded for the same range of the 

applied voltage as done in the case of dark current measurements.  The photo current and dark current 

are plotted as a function of the applied field (Fig. 2). It is observed from the plot that the dark current 

is always higher than the photo current, hence it is concluded that LEHBr exhibits negative 

photoconductivity. The Stockmann model also explains the phenomenon of negative 

photoconductivity successfully with specific references to semiconducting crystals [4].   

 

Fig. 2  Field dependent photoconductivity of LEHBr single crystal 

CONCLUSION 

Single Crystals of L-leucine hydrobromide (LEHBr) are conveniently grown by slow 

evaporation technique at room temperature. A solvent of deionized water is used for the growth 

process. The single crystal XRD data proves that LEHBr crystal belongs to orthorhombic in structure 

with a noncentrosymmetric space group P212121. The SHG efficiency of LEHBr sample is 4 times 

better than KDP. The negative photoconducting nature of LEHBr is studied by photoconductivity 

investigations.  
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Abstract 

Carbon, Nitrogen and Sulphur (CNS) tridoped TiO2 nanoparticles were successfully 

synthesized by facile, cost effective solvothermal method. The prepared samples were annealed at 430 
o
C for 2 hr to improve the ordering. Grain sizes were determined by X-ray powder diffraction 

measurements. Optical characterization was done by UV-Vis absorption. The surface area of the 

doped TiO2 nanoparticles was done by Brunauer-Emmett-Teller (BET) and found to be 57.0212 m²/g 

and 75.0404 m²/g .The present studies indicates the possible occurrence of nano-confined states in the 

CNS doped TiO2 nanoparticles studied.  

1. INTRODUCTION 

Titania is the naturally found in oxide of titanium from the well known minerals of rutile, 

anatase and brookite. The need of making Titanium dioxide (TiO2) nanoparticle from our laboratory 

for the purpose of solar energy conversion, air purification, and wastewater treatment due to its 

stability and relatively low price along with its unique properties, such as high refractive index, 

excellent optical transmittance in the visible and near-infrared regions, high photo-chemical and 

corrosive resistance, high dielectric constant and photocatalytic activity. Due to wide band gap of 

TiO2 (3.2 eV), it requires ultraviolet (UV) irradiation for photocatalytic activation, which available for 

only a small fraction (about 8%) of the solar energy. To increase the photocatalytic activity of TiO2 

under visible light irradiation, abundant of efforts concerned with shifting of band gap have been 

focused on doping of the TiO2 with either transition metallic or nonmetallic elements [1-3]. Doping 

anions, like N, S, and C alters the conductivity and optical properties as they introduce new surface 

states that may lie close to the conduction band or valence band of TiO2. Recent reports have shown 

that TiO2 doping with N, C, S, etc., showed high photo catalytic activity under visible light due to 

band gap narrowing. These applications demand TiO2 with specifications of a band gap in the visible 

range. In the present work, a facile, cost-effective solvothermal method was used to synthesize 

carbon, nitrogen and sulphur doped TiO2 nanoparticles at two different dopant ratios. Thiourea and 

urea have often been used as nonmetal ion sources because they can supply sulphur, nitrogen, and 

carbon [4]. The as prepared doped TiO2 nanopartilces crystallite size was calculated by Scherer 

formula using X Ray Diffractogram. Surface area was measured from BET. Band gap narrowing was 

confirmed by UV-Vis study. 

2.  EXPERIMENTAL    

Analytical Reagent (AR) grade titanium tetra isopropoxide (TTIP), thiourea along with 

ethanol and water were used for the preparation of CNS doped TiO2 nanocrystals.  Titanium tetra 

isopropoxide and thiourea in 1:0.5 molecular ratio was mixed and dissolved in mixed solvent of 
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ethanol and water (1:1).Titanium and water was maintained at 1:4.This mixture was vigorously stirred for an 

hour to get pale yellowish slurry. Then it was transferred to Teflon coated autoclave with optimized conditions 

and kept in a muffle furnace at 160
o
 C for 2 hour. Then it was allowed to cool to the room temperature in open 

atmosphere and collected as yield. Further it was calcined at 430
o
 C for 2 h.  

3.  RESULTS AND DISCUSSION 

 Several techniques were employed to characterize the sample after drying. X-ray diffraction analysis 

was done using RICH SEIFER with monochromatic nickel filtered CuKα (λ=1.5461 Å) radiation to identify the 

structural and phase composition. Fig. 1 shows the powder XRD pattern of as-prepared CNS doped TiO2 

nanoparticles. The peak positions and their relative intensities in sample are consistent with the standard powder 

diffraction pattern of TiO2. All the peaks 2 = 25.12
o
, 25.24

o
, 38.04

o
, 38.08

o
, 48.0

o
, 48.28

o
, 54.24

o
, 54.28

o
, 

62.54
o 
and 62.2

o
 are attributed to (1 0 1), (1 1 2), (2 0 0), (1 0 5) and (2 0 4) crystal planes. The presence of sharp 

diffraction peaks in the XRD confirms that the products are highly crystalline. The broadening of the peaks was 

attributed to the nanoscale size of the nanocrystals. The Brunauer-Emmett-Teller (BET) technique was 

employed to evaluate the specific surface area of the sample by MICROMERITICS ASAP 2020 using nitrogen 

as the adsorbate at 77 K. The specific surface area of the as prepared CNS doped TiO2 nanoparticles are 

estimated to be As= 57.0212 m²/g and 75.0404 m²/g. The photon absorption property of the sample in the UV-

visible range was recorded using the Shimadzu UV-2400 PC spectrophotometer. The optical behavior of 

particles can be studied by measuring their UV-vis absorption, in which the characteristic absorption band of 

CNS doped TiO2 should be assigned to the intrinsic transition from the valence band (VB) to the conduction 

band (CB). The absorption spectrum of CNS doped TiO2 nanoparticle is shown in Fig. 2. It shows that the 

optical absorbance of pure and CNS doped TiO2 minimum range starts from 300 -800 nm and 339 -800 nm. The 

absorption edge of pure and CNS doped TiO2 nanocrystal was at 400 nm and 445 nm, corresponding to a band 

gap of 3.1 eV and 2.79 eV, which is usually ascribed to charge-transfer from the valence band to the conduction 

band. 
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Fig 1. The PXRD pattern for CNS doped TiO2 nanoparticles 
 

Fig. 2. Optical absorption spectra of CNS doped TiO2 nanoparticles 

4.  CONCLUSION 

We have successfully synthesized CNS tridoped nanoparticles by facile solvothermal method 

and annealed at 430 
o
C. The annealed samples were characterized by the techniques like X Ray 

Diffractogram (XRD), Brunauer-Emmett-Teller (BET) and UV-Vis absorption. XRD showed that the 

products are at nanoscale and highly crystalline. Brunauer-Emmett-Teller (BET) study confirmed that 

the surface area increased when doping ratio is increased. Optical study reveals that the band gap 

value of as prepared CNS doped TiO2 samples decreased as compared to undoped TiO2. It can be 

suggested that CNS doped TiO2 can be used for visible light induced photocatalytic activity. 
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Abstract 
Optically good quality single crystals of amino acid based organic L-lysine-L-tartaric acid 

(LLLT) have been grown by slow solvent evaporation technique at room temperature. The single 

crystal X-Ray Diffraction (XRD) study confirms the grown crystal belongs to the 

noncentrosymmetric space group P21. Optical transmission studies show that the grown crystal has a 

fairly wide transparency range which is suitable for nonlinear optical applications and the band gap 

energy of the sample is found to be 5.39 eV. Normal Indentation Size Effect (ISE) was confirmed 

from micro hardness studies.  

1. INTRODUCTION 

Recently, Nonlinear optical (NLO) materials have attracted a great deal of attention because 

of their potential application in optical devices such as optical switches, optical modulators, electro-

optical devices, etc. Recently, amino acids and their complexes belong to the family of organic 

materials have overcome the most of the drawbacks, which are potential candidate materials for NLO 

applications [1]. However, the presence of Zwitter ions influences the physical and chemical 

properties of amino acids. Most of the natural amino acids are permanently having the nonlinear 

optical properties because they have a proton donor carboxyl acid (COO) group and the proton 

acceptor amine (NH2) group with them. Due to this dipolar nature, they possess good mechanical and 

thermal stabilities, which create them ideal candidates for various NLO applications [2]. Significantly, 

the NLO property is enhanced in some amino acid materials by combining them with L-tartaric acid. 

In the present study, organic NLO crystals of L-lysine-L-tartaric acid (LLLT) have been grown from 

an aqueous solution by the slow solvent evaporation technique and the grown crystals are subjected to 

single crystal XRD, optical and mechanical studies and reported for the first time.  

2. EXPERIMENTAL 

2.1. Crystal growth 

The LLLT materials were synthesized by dissolving equimolar ratio of high purity amino acid 

L-lysine-L-tartaric acid with double distilled water as a solvent and stirred well for about 6 hours 

using a magnetic stirrer at room temperature. The required salt of LLLT was estimated according to 

the following reaction: 

                            
       

   

The saturated solution was prepared based on the solubility data. The solution was filtered 

using high quality filter paper. Single crystal with perfect external bulky needle shape was obtained 
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by spontaneous nucleation. Optically good quality single crystal was successfully grown by slow 

evaporation of the solvent under room temperature in a period of 35 – 40 days. The dimension of the 

as grown single crystal is 23 x 9 x 4 mm
3
. The photograph of the as grown single crystal of LLLT is 

shown in Fig. 1. 

 

Fig. 1. Photograph of as grown LLLT single crystal 

3. RESULTS AND DISCUSSION 

3.1. Single crystal X-ray diffraction 

In order to confirm the crystal data of LLLT crystals, single crystal X-ray diffraction studies 

were carried out using Enraf Norius CAD4 diffractometer with MoKα radiation. The lattice 

parameters of the grown crystal confirmed the crystallinity of LLLT and the calculated values are a = 

5.114 Å, b = 17.461 Å, c = 7.553 Å, β = 97.67° and V = 674.45 Å
3
. It is observed that LLLT 

crystallizes in Monoclinic with space group of P21. The single crystal XRD data are in good 

agreement with the literature values [3] and thus confirming the grown crystal of LLLT. 

3.2. Optical studies 

Shimadzu UV-1061 UV–Vis spectrophotometer was used to find the optical quality of the 

grown crystals in the range of wavelength 190–1100 nm. Measurable parameter of the resultant 

spectrum is transmittance and absorbance which is shown in the Fig. 2. It is observed that the wide 

optical transmission window occurs from 230-1100 nm without any remarkable absorption in the 

entire region of the spectrum. The cut off wavelength of LLLT crystal has been identified as 230 nm. 

The lower cut off wavelength is to be useful to make them potential materials for optoelectronic 

device applications [4]. The band gap energy of the LLLT crystal is found to be 5.39 eV. 

 

Fig. 2.  Optical spectrum of LLLT 

3.3. Mechanical study  

The mechanical strength of the grown crystal was identified using a Lietz Wetzlar 

microhardness tester fitted with a Vicker‘s diamond pyramidal indentor. The static indentation tests 

were done on the LLLT crystal at room temperature with a constant indentation time of 10 s for all 

indentations. The applied load was varied from 10 to 50 g. The Vickers‘s hardness number of the 
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grown crystal was calculated using the relationship Hv = 1.8544 P/d
2
 kg/mm

2
, where Hv is the 

Vicker‘s microhardness number, P is the applied load and d is the average diagonal length of the 

indentation. The variations of Hv for various applied load is shown in Fig. 3. The plot indicates that 

the microhardness number decreases with increasing load. The decrease in microhardness number 

with the increase in load satisfies normal indentation size effect (ISE). The value of the work 

hardening coefficient n was found to be 1.43 from the linear fit plot and it is illustrated in Fig. 4. 

According to Onitsch [5], the value of n < 2, the fact that LLLT crystal exhibits normal ISE is further 

confirmed. Therefore, the crystal belongs to the category of hard material which is added advantage 

for the possibilities towards the device fabrication of the material for NLO applications. 

 
Fig. 3. Vicker’s h rdness profile of LLLT  s   

function of applied load 

 
Fig. 4.   Mayer index of LLLT single 

crystal 

4. CONCLUSION 

Optically good quality single crystals of LLLT are successfully grown by solution growth technique 

at room temperature. Single crystal structure analysis shows that LLLT crystal belongs to a 

monoclinic system having space group P21. The optical studies reveal that the crystal has wide optical 

transmission window in the entire visible region with the lower UV cut off around 230 nm. 

Microhardness study exposes the hard nature of the LLLT crystal. Thus, the optical and mechanical 

properties indicate the suitability of LLLT crystal for photonic device fabrications. 
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Abstract 

Organic nonlinear optical single crystal of L-Lysine-L-Aspartic acid (LLA) has been 

successfully grown from solution by slow evaporation technique at room temperature. Single crystal 

X-ray diffraction (XRD) and Fourier transform infrared (FTIR) spectral analyses are carried out to 

confirm the LLA crystal. Thermal stability of the crystal is up to 212 °C. Laser damage threshold of 

the grown crystal was studied. The Kurtz powder second harmonic generation test indicates that the 

grown crystal is nearly 2 times more efficient than KDP, which is a prospective crystalline material 

for second order nonlinear optical application. 

1. INTRODUCTION 

Over the past three decades, Non-Linear Optical (NLO) materials capable of efficient second 

harmonic generation have been intensely investigated due to commercial importance of these 

materials in the fields of optical modulation, optical switching, optical logic, frequency shifting, color 

displays and optical data storage for the developing technologies in telecommunication and in 

efficient signal processing, sensing and instrumentation. Organic materials have attracted much 

attention because the NLO responses in this broad class of materials is microscopic in origin, offering 

an opportunity to use theoretical modeling coupled with extremely synthetic flexibility to design and 

breed new materials [1]. In this respect amino acids are interesting organic materials for NLO 

applications. Most of amino acids naturally possess nonlinear optical effect because which contain an 

asymmetric carbon atom and crystallize in noncentrosymmetric space group. Among these, l-lysine 

and l-aspartic acid are one of the most promising NLO candidates.  For further enhancement of NLO 

property many efforts have been made on developing l-lysine and l-aspartic acid complexes. 

However, the combinations of different amino acids have been much less explored. Therefore efforts 

have been taken to combine amino acids of l-lysine with l-aspartic acid to produce outstanding 

materials to challenge the existing prospective materials.  The crystal structure of L-lysine mixed with 

l-aspartic acid in the ratio 1:1 has been already reported [2].    On the basis of this, in the present 

investigation single crystal of L- Lysine- L-Aspartate (LLA) has been grown from its aqueous 

solution by solvent evaporation method at room temperature. There is no further investigation 

available to our knowledge in literature. For the first time, the grown crystal is characterized using 

single crystal X-ray diffraction, thermal and NLO studies.  
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2. EXPERIMENTAL PROCEDURES  

L-lysine aspartate  (LLA) was synthesized by dissolving one mole of high purity l-lysine salts 

in double distilled water containing one mole of maximum quality  l-aspartic acid. Since these 

materials are rich in nutrient, microbes are formed on the surface of the solution when exposed to an 

open atmosphere thereby inhibiting normal growth of the crystals. In order to prevent microbial 

contamination, three drops of H2O2 were added in the mother solution of LLA.  

The chemical reaction is as follows 

C6H14N2O2 + C4H7NO4                          C10H21N3O6 

Single crystals of LLA are grown from saturated solution of the synthesized salt of LLA using 

the slow evaporation solution growth technique at room temperature. In order to achieve the crystals 

with perfect shape and free from defects were formed by spontaneous nucleation in the saturated 

solution. Optically quality transparent single crystals have been conveniently grown in a period of 40-

45 days with dimensions up to 13 x 4 x 3 mm
3
.  The photograph of grown single crystal of LLA is 

shown in Fig. 1. 

 

Fig. 1. Photograph of as grown LLA single crystal 

3.  CHARACTERIZATION 

Single crystal X-ray diffraction data were collected by using ENRAF NONIUS CAD4-F 

single crystal X-ray diffractometer with MoK   radiation to confirm the cell parameters of LLA single 

crystal. The SHG efficiency was found by employing Kurtz powder technique with Nd:YAG laser of 

1064 nm [3].  The thermal behavior of the grown crystal was investigated using NETZSCH STA 

409C AND PERKIN ELMER thermal analyzer in a nitrogen atmosphere.  

4. RESULTS AND DISCUSSION 

The single crystal XRD analysis data of LLA indicate that LLA crystal belongs to monoclinic 

structure with a noncentro symmetric space group of P21 which satisfies one of the basic and essential 

material requirements for the SHG activity of the crystal. The unit cell parameters values are a = 5.48 

Å, b = 7.86 Å, c = 15.29 Å, β = 98.7° and V = 658.58 Å
3
. The single crystal XRD data determined in 

the present work for LLA was found to be in good agreement with the reported values [2].  

The SHG efficiency of LLA crystals was determined using the powder technique developed 

by Kurtz and Perry [4]. The second harmonics generation of LLA was confirmed the non-linear 

nature of the crystal by the emission of green light. Similarly, the potassium dihydrogen phosphate 

(KDP) was also powdered with the same particle size of the experimental sample to use as the 

Proceedings of the National Conference on Preparation and Characterization of Crystalline Materials (NCPCCM 2016) 



 

155 

 

reference material in the present measurement. The relative SHG efficiency of LLA with that of KDP 

has been measured. It is observed that the efficiency of the LLA crystal is 115 mV which is two times 

greater than that of KDP (55 mV). The SHG result is also supporting for further studies. In the present 

study, the laser damage threshold values of solution grown LLA crystal was also determined by using 

Q-switched Nd:YAG laser at a wavelength of 1064 nm. The observed damage threshold value of LLA 

has been found to be 6.3 GW/cm
2
.  

The TGA and DTA traces are shown in the Fig. 2. There is the absence of the weight loss 

around 100 °C, which indicates the absence of water of crystallization in the molecular structure. 

Three stages are observed in the TGA curve. The DTA curve of LLA shows an endothermic peak at 

212
 
°C which can be due to the melting point of the sample. The first stage of decomposition with a 

weight loss of 18 % from 215
 
to 292°C in TGA curve is due to liberation of ammonia molecule which 

almost coincides with an endothermic peak at 212 °C in DTA curve. The second stage takes place in 

the temperature range 292 to 402 °C with a major weight loss of 32% due to the decomposition of the 

main carbon chain. An endothermic peak at 284 °C in DTA curve due to the carbon dioxide. The third 

stage of decomposition with a major weight loss of 40 % is attributed to the release of C2H4 in the 

range of 402- 494 °C which indicates as an endothermic peak at 395 °C in the DTA curve. The LLA 

crystal is finally decomposed after 495 °C. From the results it is confirmed that the LLA crystal is 

stable up to 212 °C.  The stability of this crystal can be useful property for its possible opto-electronic 

and NLO application. 

 

Fig. 2. TGA and DTA curves of LLA 

5. CONCLUSION 

Successfully, Optical quality single crystals of LLA are grown by solution growth technique 

at room temperature.  Single crystal X-ray diffraction study confirms the crystallinity and the LLA 

crystal belongs to monoclinic system with space group of P21. Thermal analysis indicated that the 

LLA crystal is thermally stable up to 212 °C. The second harmonic conversion efficiency of LLA is 2 

times better than KDP and laser damage threshold is found to be about 6.3 GW/cm
2
. Therefore, the 

present LLA crystal can perform as a promising NLO material for opto-electronic and photonic 

device fabrication. 
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Abstract 

Titanium dioxide (TiO2) nano particles are successfully synthesized by the green synthesis 

with simple solvothermal method using a domestic microwave oven, for the first time, the prepared 

samples were annealed at 400 
o
C for 3 hr to improve the ordering.  Grain sizes and nano particles 

structure are confirmed by carrying out X-ray powder diffraction measurements. Electrical 

measurements are done on pelletised samples at various temperatures ranging from 308 K- 368 K. 

The present study indicates the possible occurrence of nano-confined states in the TiO2 nano particles 

studied.  

1.  Introduction 

Nanostructured materials play an important role in the field of electronics, optoelectronics and 

memory devices. Many researchers have reported on the metal nano particles using different 

techniques for various device fabrications [1].  Among them, enormous efforts have been devoted to 

the research of Titanium dioxide (TiO2) material, which has led to many promising applications. 

Titanium dioxide (TiO2) is considered very close to an ideal semiconductor for photocatalysis because 

of its high stability, low cost and safety toward both humans and the environment. Synthesis of TiO2 

nanostructures may be achieved by various routes including sol–gel methods, template-assisted 

methods, hydro/solvothermal approaches, and by electrochemical methods. Recently, an eco friendly 

green mediated synthesis method of nano material is a fast growing research in the limb of 

nanotechnology. The biosynthesis method employing plant extracts have drawn attention as a simple 

and viable alternative to chemical procedures physical methods [2]. Therefore, it is necessary to adopt 

proficient modified methods to enhance the photocatalytic performance of TiO2, In the present work, 

TiO2 nanoparticle have been prepared by using some green synthesis with simple solvothermal 

methods and characterize the prepared samples, for the first time.  

2.  Experimental 

Fresh plant leaves of Anisomeles Malabarica were collected and washed thrice with tap water 

and double distilled water and kept in the room temperature for air dry. After drying the known 

amount of leaf samples were grained into fine powder. The powdered anisomeles malabarica leaves 

(3g) were dissolved in distilled water (25 ml) with ethanol (25 ml) and stirred magnetically at room 

temperature for 1 hr and then filtered. 

Analytical Reagent (AR) grade titanium tetra isopropoxide (TTIP) and urea in 1:3 molecular 

ratio was mixed and dissolved in mixed solvent of ethanol and water (1:1) with continuous stirring at 

30 mints until homogeneous solutions were obtained. Then the finely leaf extract of anisomeles 
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malabarica (25ml) was added to precursor solutions and kept in a domestic microwave oven. 2.45 

GHz microwave irradiation was carried out till the solvent was evaporated completely. The semi-

colloidal precipitate formed was cooled and washed several times with distilled water and then with 

acetone to remove the organic impurities present, if any.  The sample was then dried in open 

atmosphere and collected as yield.  Finally, the resulting fine powder was annealed at 400 
o
C done for 

2 hr to improve the ordering.       

3.  Results and Discussion 

The X-ray diffraction analysis was done using RICH SEIFER with monochromatic nickel 

filtered CuKα (λ=1.5461 Å) radiation to identify the structural and phase composition. The grain sizes 

were determined by using the Scherrer formula [3]. The powder XRD pattern of the green synthesized 

of TiO2 nanoparticles are shown in Fig. 1. The peak positions and their relative intensities in sample 

are consistent with the standard powder diffraction pattern of TiO2. The peaks are observed in the 

diffractrogram around at 2 = 24.95
o
, 37.44

o
, 47.70

o
, 53.60

o
 and 62.41

o
 corresponding planes (1 0 1) 

(1 1 2) (2 0 0) (1 0 5) and (2 0 4) respectively. These 2 values could be well indexed to anatase with 

tetragonal crystal structure (JCPDS no. 21-1272). The products are pure in phases with the calculated 

lattice constants, a = b = 3.77 Å and c = 9.53 Å. These parameters are in good agreement with the 

values given in literature [4]. The broadening of TiO2 peaks is due to the small particle size. The 

crystallite size of the TiO2 nanoparticle calculated by applying the Scherrer
‘
s equation yielded a value 

of about 18 nm. 

The dielectric measurements were carried out for the pellet of TiO2 nano particles at different 

temperatures in the present study using using HIOKI 3532-50 LCR HITESTER instrument from 50 

Hz to 5 MHz at different temperatures (308 K- 368 K).   

 

Fig. 1. The PXRD pattern for TiO2 nano particles 

The electrical parameters, viz. ɛr and tanδ observed in the present study are shown in Figs. 2-

3.  It is seen from the plot that the dielectric constant has high values in the low frequency regions for 

the TiO2 nanoparticles and then it decreases with increasing frequency. In high frequency region both 

dielectric constant and dielectric loss are fairly remaining constant. The high dielectric constant at low 

frequency is due to the existence of different types of polarization mechanisms like electronic, ionic, 

orientation and space-charge polarization [5]. The low value observed for εr indicates that the 

polarization mechanism in the nanocrystals considered is mainly due to the space charge polarization. 
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At high frequencies, the very low dielectric loss exhibited may be associated to the purity of the 

nanomaterial. So, it can be understood that there seems the occurrence of nano-confined states in the 

case of TiO2 nanocrystals considered in the present study which may substantially contribute to the 

electrical properties.   

 

Fig.  2. Variation of dielectric constant with log frequency at 

different temperatures for TiO2 nano particles (pelletised) 

 

Fig.  3. Variation of dielectric loss with log frequency at 

different temperatures for TiO2 nano particles (pelletised) 

5.  Conclusion 

 The TiO2 nano particles were synthesized via a convenient microwave assisted solvothermal 

with green synthesis method using domestic microwave oven and characterized by PXRD, and 

electrical measurements. The low value of dielectric constant at higher frequencies is important for 

the fabrication of materials for ferroelectric, photonic and electronic devices. 
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Abstract 

Organic stilbazolium family single crystal 4-N, N-diethylamino-4-N-methyl-stilbazolium 

tosylate (DEST) has been successfully grown from aqueous methanol solution by adopting slow 

solvent evaporation technique. Single crystal X-ray diffraction analysis was carried out and it shows 

that DEST crystal belongs to triclinic structure with P-1 space group. Its absorption spectrum was 

found by UV-Vis spectrum. Dielectric studies were also carried out for different temperature by 

varying the frequency.  

Keywords: Organic compound; X-ray diffraction; Dielectric 

Introduction 

The design and synthesis of organic materials for high second order nonlinear optical effect has 

become an important research area due to their potential and wide applications in the fields of optical 

signal processing, integrated photonics, optical switching, optical data storage, bioimaging, electro-

optic modulation, spectroscopy and THz wave generation and detection. Further, the presence of 

styryl pyridinium compounds is being mainly used as antibacterial drugs, herbicides, environmental 

disinfection, disinfection in hospital environments and food industry due to their low toxicity to 

humans and animals. Hence, the efforts have been made to engineer the novel π-conjugated organic 

molecules because of their second and third-order nonlinear optical activities. Ionic organic crystals 

with high chromophore density are of special interest for large NLO effect. The stable packing of 

chromophores in these crystals results in high thermal, mechanical and photochemical stability. The 

design of NLO chromophore crystals has an electron withdrawing group that bear an electron 

donating group interacting through the π-conjugated system with parallel alignment in the crystal 

structure. The formation of the carbon-carbon bridge (C=C) with π-conjugation chromospheres of an 

organic molecule can be obtained by Knoevenagel condensation reaction. This method is most 

favorable and easy method for to form a carbon–carbon double bond. By engineering the organic 

chromophore many crystals has been grown, among that one such material is 4-N, N-diethylamino-4-

N-methyl-stilbazolium tosylate (DEST). This single crystal has been grown by adopting slow 

evaporation solution growth technique. In this article, we report the Structural, optical and electrical 

properties of the title compound. 

Synthesis and Crystal growth  

DEST was synthesised by employing, the condensation of 4-methyl-N-methyl pyridinium 

tosylate, which was prepared from 4-picoline and methyl tolunesulfonate and 4-N-N-diethylamino-

benzaldehyde in the presence of piperidine. The resultant material was kept in an oven, and the 

temperature was maintained around 100 °C for 1 h. Afterwards, the DEST was purified by successive 

recrystallization from methanol. In a 250 ml beaker 2g of the DEST was dissolved in methanol. After 
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getting the homogeneous solution its sealed with appropriated cover and kept in the temperature bath. 

The growth temperature was maintained at 35 °C. after a period of 10-15 days the crystals were 

harvested shown in Fig 1. 

 

Figure 1 Photograph of DEST crystal 

RESULTS AND DISCUSSION 

Single crystal X-ray Diffraction analysis 

The grown crystal was subjected to single crystal X-ray diffraction studies using Bruker 

Kappa APEXII single crystal X-ray diffractometer with MoKα radiation (λ = 0.7170 Å) to solve the 

structure. The calculated lattice parameters of grown DEST crystals are presented in Table. The XRD 

data indicates that the crystal is triclinic structure and it belongs to centrosymmetric space group P-1.  

Table Single XRD data of DEST crystal 

Compound Parameters 

Formula C25H30N2O3S 

Formula weight 438.58 

Crystal system triclinic 

Space group P-1 

a (Å) 7.88 

b (Å) 15.41 

c (Å) 17.30 

α (deg) 75.54 

β (deg) 87.59 

γ (deg) 89.75 

V (Å
3
) 2033 

Optical absorption spectral analysis 

The absorption spectra of the DEST crystal recorded in the solid phase as well as in solution phase 

(methanol) are shown in Figure 2. It is observed that absorption spectrum of bulk crystalline DEST 

has a single strong absorbance band below 552 nm; which is due to J-type organization of 

chromophores within the crystalline structure of DEST. The absorption spectrum of DEST in 

methanol is different from that of crystalline form which shows two distinct absorption peaks. The 

minor peak at 271 nm corresponds to the n-π* transition and the major peak with maximum 

absorption at around 487 nm represents the π-π*. The major absorption peak of the title compound in 
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the visible region is good agreement with the stilbazolium chromophore with the unsaturated bond. 

Absence of absorption in the region between 487 and 800 nm for this crystal suggests it is an 

essential requirement for optoelectronics applications.  

 

Fig  Absorption spectrum of DEST single crystal 

Dielectric Studies 

Dielectric permittivity measurements were carried out for DEST crystals. The sample was 

silver coated and then placed inside a dielectric cell and the capacitance measurements were done for 

temperature at 40, 50, 75, 125 and 150 
o
C in the frequency range 50 Hz to 7 MHz. Figure 3 of log 

dielectric constant ε΄ as a function of  log frequency and the plot of dielectric loss (D) as a function of 

log frequency for grown DEST crystals. It is observed that both dielectric constant and dielectric loss 

exhibits similar variation with frequency. The graphs show that the dielectric constant and the 

dielectric loss are both  inversely proportional to frequency. This is a normal dielectric behaviour that 

both ε΄ and D decrease with increasing frequency. This can be understood on the basis that the 

mechanism of polarization is similar to that of conduction process. Further, the dielectric constant 

value of DEST sample is found to increase with increasing temperature. In DEST, as temperature 

increases it normally becomes more ionic in nature. 

 

Figure 3 Dielectric constant and Dielectric loss measurement as the function of frequency 

Conclusion 

 Single crystal of DEST has been successfully grown by slow evaporation method. XRD study 

confirms that DEST belongs to the triclinic crystal system with P-1 space group. The optical 

properties were measured by UV-Vis spectra. The dielectric studies prove that the sample has low 

dielectric constant and dielectric loss values at high frequency.  

References 

1. Narissara Kaewmanee, Kullapa Chanawanno, Suchada Chantrapromma and Hoong-Kun Fun, Acta Cryst. (2010). 

E66, o2639–o2640. 

2. K. Senthil, S. Kalainathan, A. Ruban Kumar, Spectrochimica Acta Part A: Molecular and Biomolecular 

Spectroscopy 125 (2014) 335–344. 

3. R. Jerald Vijay, N. Melikechi, Tina Thomas, R. Gunaseelan, M. Antony Arockiaraj,  

P. Sagayaraj, Mater. Chem. Phys. 132 (2012) 610-617. 

4. K. Senthil, S. Kalainathan, A. Ruban Kumar, Spectrochimica Acta Part A: Molecular and Biomolecular 

Spectroscopy 124 (2014) 603–610. 

5. Jerald V. Ramaclus, Tina Thomas, S. Ramesh, P. Sagayaraj, E. A. Michael, CrystEngComm 16 (2014) 6889-6895. 

 

Proceedings of the National Conference on Preparation and Characterization of Crystalline Materials (NCPCCM 2016) 

http://pubs.rsc.org/en/results?searchtext=Author%3AJerald%20V.%20Ramaclus
http://pubs.rsc.org/en/results?searchtext=Author%3ATina%20Thomas
http://pubs.rsc.org/en/results?searchtext=Author%3AS.%20Ramesh
http://pubs.rsc.org/en/results?searchtext=Author%3AP.%20Sagayaraj
http://pubs.rsc.org/en/results?searchtext=Author%3AE.%20A.%20Michael


 

162 

 

Growth, Optical and Electrical Properties of DASC Single Crystal Grown By Adopting 

Capillary Rise Technique 
S. John Sundaram

a
, A. Antony Raj

a
, Dominique

b
, P.Sagayaraj

a*
 

a
Department of Physics, Loyola College, Chennai – 34 

b
Department of Physics, St. Joseph’s college, Trichy - 02 

psagayaraj@hotmail.com 

Introduction 

Terahertz (THz) technology has entered into an unprecedented revolutionary era with ever 

growing applications in biology and medicine, monitoring and spectroscopy in pharmaceutical 

industry and science, medical imaging, material spectroscopy and sensing, security, and high-data-rate 

communications. High power and reliable THz sources and high performance THz spectroscopy and 

imaging systems have been developed over the past few years making it possible to explore new areas 

in science and technology (Sherwin 2002). Organic non-centrosymmetric nonlinear optical (NLO) 

crystals are attractive due to their superior NLO properties when compared to semiconductors and 

inorganic materials. THz spectrometers based on popular ionic organic crystal, 4-N,N-dimethylamino-

4-methyl-stilbazolium tosylate (DAST) is now available commercially. Since DAST has few issues 

like hydration and undesired crystal morphology led to the development of derivatives of DAST with 

similar structure.   So research has been initiated and observed that a minor modification of 

substituents on the counter anion can considerably change the crystal structure and SHG activity of 

stilbazolium salts. By this various derivatives of DAST have been synthesized, among them; N,N-

dimethylamino-N‘-methylstilbazolium p-chlorobenzenesulfonate (DASC) is the one which has high 

NLO and which is not get hydrated. We have grown thin plate like crystal by capillarity method 

coupled with slow solvent evaporation method and its structural, optical and electrical properties has 

been investigated. 

Synthesis & Crystal growth  

DASC was prepared by metathesization of the 4-N,N-dimethylamino-N‘-methylstilbazolium 

iodide (DMSI) salt with sodium p-chlorobenzenesulfonate.  DMSI was synthesized by the 

condensation of 1,4-dimethyl pyridinium iodide (2.35 g, 10 mmol), methanol (30 ml) and 4-N, N-

dimethylamino-benzaldehyde (1.79 g, 10 mmol) in the presence of piperidine (0.2 ml). The total 

mixture was taken in a round-bottom flask and refluxed for 12 hours and cooled to room temperature. 

The product was filtered and recrystallized from methanol at least three times. .   

The metathesizaton reaction was carried out as follows: Initially, 0.732 g (2 mmol) of DMSI 

was dissolved in 100 ml of distilled water by heating and simultaneously 0.4292 g (2 mmol) of 

sodium p-chlorobenzenesulfonate was dissolved in 30 ml of water with continued heating. These two 

hot solutions were mixed and further heated for 30 minutes at 70° C and then cooled to room 

temperature. The reaction resulted in the appearance of a red precipitate and the left out aqueous 

sodium iodide was separated from the former by vacuum filtration. The purity of DASC was further 

improved by successive recrystallization. 
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The crystal growth of DASC was a challenge since it dissolved well in various solvents but 

did not yield single crystal. It was speculated in this case that mixed solvent may provide a solution to 

this problem. Crystal growth was performed by employing Capillarity method combined with slow 

solvent evaporation technique. The solution was prepared with 3.35 g of DASC dissolved in 150 ml 

of mixed solvent of water and methanol (1:1) at 40
o 

C. After a period of time the thin plate like 

crystals were grown and its showed in the figure 1. 

 

Figure 1 The photograph of DASC crystal 

Results& Discussions 

Single crystal X-ray diffraction analysis 

 The crystallographic structure of DASC was determined via single X-ray diffraction analysis 

using a Bruker Kappa APEX II diffractometer. The structure was determined from the single crystal 

XRD, it is found that DASC single crystal belongs to Monoclinic Crystal system, with the space 

group Cc. The unit cell parameters are a = 10.395Å, b = 11.201Å, c = 17.86 Å,  

α = 90
 o
, β= 92.06

 o
, γ = 90

 o
, Volume of 2081Å

3
 and it well matched with the reported data. 

Optical absorption analysis 

 Figure 2 shows the absorption spectrum of DASC recorded in solid phase between the 

wavelength region 200 to2100 nm. Since the DASC crystal is iso-structural to DAST one may not 

expect much deviation in the optical absorption property. DASC indicates strong absorption upto 700 

nm, it correlating with the charge transfer process. This crystal is very transparent in higher wave 

lengths but at 1700 nm weak absorption observed for DASC crystal which is most probablydue to the 

overtones of the C-H stretching vibrations. This crystal shows weak absorption at 700-1600 nm which 

makes the DASC is the potential crystal for NLO applications. 

 

Figure 2 UV absorption spectrum of DASC crystal 

Photoconductivity study   
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The variations of both photo current (Iph) and dark current (Id) with applied field are shown in 

Figure 3. It is seen from the plot that both the photo and darks current of the DASC increase linearly 

with the applied electric field. In the present study, it is observed that the photo current is higher than 

the dark current at all the applied field values, hence it can be concluded that DASC exhibits positive 

photoconductivity. This phenomenon can be attributed to the generation of mobile charge carriers 

caused by the absorption of photons.  

 

Figure 3 conductivity measurement of DASC crystal 

CONCLUSION 

An efficient stilbazolium derivative crystal of DASC was successfully grown by Caplillary 

rise combined with slow evaporation technique. The single crystal X-ray diffraction analysis 

confirmed the noncentrosymmetric space group and the monoclinic structure. The optical absorption 

property was found for the developed material. The photoconductivity of the crystal was measured 

and it‘s found that this DASC crystal exhibit positive photoconductivity.  
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Abstract 

 L-threonine Diacetate (LTDA), a novel organic nonlinear optical crystal has been synthesized 

and grown by slow evaporation technique. The grown crystals were subjected to   powder X-ray 

diffraction studies. Functional groups present in the material were identified by  FT IR spectral 

analysis.  Absorption spectrum shows that the crystal is found to be transparent in the visible region. 

Thermal analysis was performed to study the thermal stability of the crystal. The SHG efficiency of 

the grown crystal was confirmed by Kurtz–Perry powder technique. 

1. Introduction 

Nonlinear optics is at the forefront of current research because of its importance in providing 

the key functions of frequency shifting, optical modulation, optical switching, optical logic, and 

optical memory for the promising technologies in areas such as telecommunications, signal 

processing, and optical interconnections [1, 2]. The properties of organic compounds relevant to non 

linear optics can be refined using molecular engineering and chemical synthesis [3]. The main 

advantages of organic materials are that their structure can be modified to get the desired NLO 

properties [4]. Moreover, it has been demonstrated that organic crystals have large nonlinear 

susceptibilities compared with inorganic crystals. Particularly, amino acid family crystals are of great 

interest due to their attractive nonlinear optical properties [5]. When the organic acid mixed with 

amino acid, NLO property has been increased due to the zwitter ionic nature and high transparency 

range [6]. Our present work reports the growth of L-threonine Diacetate by slow evaporation 

technique and the grown crystals have been subjected to X-ray diffraction, Fourier transform infrared 

spectral analysis, optical absorption, thermal and second harmonic generation efficiency studies. 

2.  Experimental  

2.1 Synthesis and Growth 

The L-threonine Diacetate (LTDA) was synthesized from L-threonine and acetic acid in the 

stoichiometric ratio of 1:2. The calculated amount of L-threonine and acetic acid were dissolved in a 

mixed solvent of acetone and water. The reactants were stirred well for two hours using a 

temperature-controlled magnetic stirrer to yield a homogenous mixture of the solution. The product 

was re-crystallized twice to remove the impurities. The transparent crystals were harvested in a period 

of 15 days. The photograph of the grown crystals is shown in Fig.1. 
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Fig.1. As-grown crystals of LTDA 

3. Results and Discussion  

3.1, Single crystal X-ray diffraction 

 Single X- ray  diffraction studies of LTDA were carried out using CADENTRAF NONIUS  

X- ray diffractometer with MoKα (λ = 0.7107 Å). The Crystal belongs to monoclinic system. The cell 

parameters are a=5.1447Å, b=13.6104Å, c=7.745Å, and volume V =542.3224Å
3
. 

3.2 Powder X- ray diffraction 

 Powder X-ray diffraction analysis has been carried out using Rich Seifert X-ray 

diffractometer with CuKa (λ = 1.5418Å) line radiation and the recorded XRD pattern is shown in 

Fig.2. The X– ray diffraction peaks were indexed for the lattice parameters. The prominent peaks in 

the powder X-ray diffraction confirm the crystalline nature of the grown crystals. The peak 

corresponding to (011) has maximum intensity per second. 

 

Fig. 2. X-ray diffraction pattern of LTDA 

 

Fig.3. FTIR Spectrum of BDP 

   3.3 FTIR Analysis 

 The FTIR Analysis of LTDA crystal was recorded using BRUKER IFS 66V model 

spectrophotometer by KBr pellet method in the wave number range from 4000 to 500 cm
-1 

and the 

recorded spectrum is shown in Fig.3. The peak at 3116 cm
-1 

is assigned to N–H symmetric stretching 

vibration. The C–H symmetric stretching is observed at 2873 cm
-1

. The C-N stretching vibration 

appears as a very sharp peak at 2049 cm
-1

. The peak at 1626 cm
-1 

is assigned to
 
N-H bending. The 

peaks at 1346 cm
-1

, 1246 cm
-1

, 1184 cm
-1

 1109 cm
-1 

and 1049 cm
-1 

are attributed to C-N stretching. 

The peak at 931cm
-1

, 871 cm
-1

 and 768 cm
-1 

corresponds to
 
C-H bending. The peak at 701 cm

-1 

corresponds to N-H wagging. The C-N out of plane bending appears at 560cm
-1

. 

3.4. UV-Vis-NIR absorption spectrum 

 The UV-vis-NIR studies at room temperature in the wavelength range from 200 to 1000 nm 

using a Shimadzu UV–vis spectrophotometer and the recorded spectrum is shown in Fig4. From the 
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absorption spectrum, it was found that the lower cut-off wavelength is 340 nm. The crystal is found to 

be transparent in the region of 400–800 nm which is an essential parameter for frequency doubling 

applications [7]. 

 

Fig.4.UV-Vis- Spectrum of LTDA 

 

Fig.5. TGA of LTDA 

3.5. Thermal behavior 

The thermal behavior of LTDA was studied using ZETZSCH – Geratebau GmbH thermal 

analyzer and the thermogram is shown in Fig.5. TGA graph shows that there is a sharp weight loss at 

264.37ºC. It was observed that the material is thermally stable upto 248.99º C. 

3.6 NLO studies 

The NLO property of the powder sample was confirmed by the Kurtz and Perry powder 

technique [8]. A Q-switched Nd-YAG laser beam of wavelength 1064 nm was used with an input 

power of 2.0 mJ and pulse width of 10 ns, the repetition rate being 10 Hz. The SHG behavior is 

confirmed from the output of the laser beam having the bright green emission (λ=532 nm) from the 

crystal. The SHG relative efficiency of L-threonine Diacetate crystal was found to be 0.85 times 

higher than that of KDP. 

4. CONCLUSION 

 Single crystal of L-threonine Diacetate was synthesized and grown by slow evaporation 

technique. The X-ray diffraction studies reveal that the crystal belongs to monoclinic system. FTIR 

spectroscopic studies were used to identify the functional groups present in the compound. Absorption 

spectrum shows lower cut off at 340 nm. Thermal behavior shows that the material is thermally stable 

up to 248.9º C. The SHG efficiency of the powdered sample of the crystal is 0.85 times higher than 

that of KDP. 
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Abstract 

             In the recent years new medical diagnostics and therapeutics are enabled by nanoscience. In 

particular, magnetic nanoparticles or composites of nano cobalt ferrite with silver is of considerable 

interest. This study focuses the effects of silver substitution on the structure of as prepared cobalt 

ferrite nanoparticles by sol-gel method. Formation of nanoparticles was confirmed by x-ray powder 

diffraction (XRD) and Fourier Transform Infrared Spectroscopy (FTIR) analysis. Surface morphology 

was analyzed by Scanning electron microscopy (SEM) technique. Magnetic behavior to determine the 

various magnetic parameters of the as prepared sample were investigated by Vibrating Sample 

Magnetometer (VSM).  

1. Introduction 

Nanosized ferrites have been studied for decades because of their wide range of applications 

in medicine and industries. Ferrite based materials which are biocompatible plays a remarkable role as 

MRI contrast agent, drug carrier, cell labeling, cell tracking,..,etc. In the present study cobalt ferrite, a 

member of spinel group is substituted with silver, the antibacterial agent for medical application. 

There are various reports on the substitution of divalent, trivalent and tetravalent cations in Cobalt 

ferrite. Transition metal is substituted as it was found that they enhance antibacterial property [1]. 

Among them there are only a few research works on substitution by silver. M. Kooti et al synthesized 

silver-coated cobalt ferrite nanocomposite and studied its antibacterial activity. The antibacterial 

activity of Ag@CoFe2O4 composite against almost all tested bacteria is slightly higher than that of 

AgNPs. Ag@CoFe2O4 composite compared with AgNPs possesses an extra advantage of easy 

removal from water by using a magnetic field to avoid contamination of surroundings [2]. Sheena 

Xavier et al synthesized Silver Substituted Cobalt Ferrite Nanoparticles. The antibacterial activity of 

the nanocomposite materials was investigated against selected Gram negative and Gram positive 

bacterial strains. An enhancement in the activity is observed with the addition of silver into cobalt 

ferrite nanoparticles [3]. The biomedical and clinical applications of silver nanoparticles are well 

established in the literature [4-6]. Okasha et al. [7] studied the effect of silver substitution in 

magnesium ferrite and observed an enhancement in its thermal and electrical conductivity. Sun et al. 

[8] have shown that the biological activity of Fe3O4 nanoparticle was improved by coating a thin film 

of silver onto it and the magnetic properties were helpful in the recovery of the material from the site 

of action. The aim of the present work is to provide a ferrite material with good magnetic behaviour 

and enhanced antimicrobial activity. 

2. Synthesis procedure 

 The silver substituted CoFe2O4 nanoparticles were synthesized by one pot sol-gel route using 

silver nitrate, cobalt nitrate and ferric nitrate precursors. Typically cobalt nitrate, ferric nitrate and 

silver nitrate were taken in the mole ratio 0.05:0:95:2. Required quantity of ethylene glycol (EG) was 

Proceedings of the National Conference on Preparation and Characterization of Crystalline Materials (NCPCCM 2016) 



 

169 

 

added and stirred to get clear solution. This solution was transferred to pettri dish and heated at 60º-

80ºC. The obtained gel was transferred to a silica crucible and heated for 2 hours at 200ºC. The 

resulting powder was calcined for 3 hours at 600ºC and fine black powder was obtained. 

3. Results and discussion 

3.1 XRD analysis 

 

Fig. 1. XRD pattern of Co0.95Ag0.05Fe2O4. 

The XRD pattern of silver substituted CoFe2O4 nanoparticles is shown in figure.1. Typical 

reflections from the planes (220), (311), (400), (511) and (440) are observed [JCPDS No:22-1086] 

and no extra peak is observed. The sharpness of XRD peaks reveals good crystallinity of the sample 

[9]. The particle size calculated from the prominent peak by Scherrer‘s equation is 39 nm. Lattice 

parameter of as prepared cubic spinel structured nanoparticles is found to be a=b=c=8.387 Å which is 

greater than that of pure cobalt ferrite. 

3.2 FTIR 

 

Fig. 2.FTIR pattern of Co0.95Ag0.05Fe2O4. 

FTIR pattern in figure 2 shows the absorption bands near 400 cm
-1

and at 584 cm
-1

which are 

attributed to the vibrations in both tetrahedral (A) and octahedral (B) coordination of  the spinel 

structure respectively[10]. The absorption band at 1121 is due to C-O bending vibration [11,12]. The 

bands at 1394-1595 cm
-1

are assigned to C-O stretching vibration. Bands at 2916-2352 cm
-1

 are 

assigned to asymmetric and symmetric stretching of CH2 groups. The band at 3418 cm
-1

 is assigned to 

asymmetric and symmetric vibration of hydroxyl group.  

3.3. SEM 

SEM picture of the sample shows the formation of nanosized particles mixed with bulk 

counterparts. If the calcination temperature is reduced there might be reduction in the grain growth 
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into the bulk form. EDAX spectrum confirms the proportionate distribution of the elements Fe, Co, O 

and Ag.  

 
Fig.3.(a) SEM Image 

 
(b) EDAX spectrum 

 
(c) Weight % diagram of 

Co0.95Ag0.05Fe2O4 

3.4 VSM 

Using vibration sample magnetometer, the hysteresis loop was taken for the sample at room 

temperature and is shown in figure 4. The magnetic properties of as synthesized silver substituted 

nanoparticles were studied. Saturation magnetization (Ms) observed for the sample is 19.82 emu/g, 

remnant magnetization (Mr) is 9.72 emu/g and coercivity (Hci) is about 1802 G. 

 

Figure 4. Hysteresis loop of silver substituted cobalt ferrite 

Conclusion 

 Silver substituted cobalt ferrite nano particles were synthesized by sol-gel method. The 

sample was subjected to XRD, FTIR, SEM and VSM analysis. XRD confirms the spinel structure 

with no distortion upon silver substitution. There are no additional absorption peak ( be it even of low 

intensity) seen in the FTIR spectra thereby confirming the fact that silver has gone as a substituent. 

SEM shows the presence of nanoparticles. Also flakes are seen. The EDAX spectrum brings out the 

right proportion of the elements in the spinel structure. VSM brings out a drastic decrease in all three 

magnetic parameters when compared to the bulk counterpart. 
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Abstract 

Fe2CoSn inverse heusler alloy nanoparticles were synthesized by co-precipitation  method. 

The as-prepared sample was annealed at various temperatures (700:C, 750:C, 800:C, 850:C, and 

900:C) in N2 atmosphere. The structural properties of Fe2CoSn heusler alloy nanoparticles were 

analyzed by using powder X-ray diffraction techniques. The structure of the Fe2CoSn heusler alloy 

nanoparticles was found to be XA disorder structure. The Fe2CoSn heusler alloy is zero gaps at the 

Fermi level of the spin gapless semiconductor in the electronic structure. The grain size increases due 

to the annealing temperature increases. The Fe2CoSn heusler alloy nanoparticles, average grain size 

was found to be 28 nm. Dislocation density was calculated and obtained the value of 6.86 X 10
15

m
-2

 

for 700:C annealed sample.  

Key words: Heusler alloy, SGSs, dislocation density. 

Introduction 

 Heusler compounds are multifunctional magnetic materials have been studied extensively due 

to potential spintronics device applications. Half-metallic ferromagnet is the behavior of the majority 

spin band of metallic behavior and minority spin band structure of the semiconductor behavior [1]. 

The stoichiometric ratio formulas X2YZ is full-Heusler alloys are usually X and Y compounds by 

using transition metals and Z is the main group elements. The half heusler alloy compounds are used 

XYZ formula is an atom are occupied and the inverse heusler alloy structure formula XY2Z is an atom 

are occupied [2]. Fe-based heusler alloy compounds have been high saturation magnetization, high 

Curie temperature and low coercivity. Fe-based heusler alloy compounds are mostly spin gapless 

semiconducting electronic structure in nature [3]. The spin gapless semiconducting are novel 

materials that combine of the ternary and quaternary heusler alloys on the half–metallic ferromagnetic 

behaviors. Spin gapless semiconductors with a zero gap at the Fermi energy level in one of the spin 

channels can make electrons easy to exit from the valence band to the conduction band with 100% 

spin polarization [4]. The Fe-based Heusler compounds predicted to possess a large magnetization 

and high Curie temperature for potential magnetic memory device applications. The Fe2CoSn Heusler 

alloy has attracted our attention because it was predicted to have a considerably large magnetic 

moment and inexpensive. 

Experimental method 

 The Fe2CoSn Heusler nanoparticles were synthesized using the chemical method. The 

precursors used here are FeCl2.4H2O (99%), CoCl2.6H2O (99%) and SnCl2.2H2O (99.9%). 

Stoichiometries proportions are taken and dispersed in 300 ml of methanol with sonication treatment 

for 30 min further with methanol removal using a rotary evaporator. The obtained from the precipitate 

solid sample is completely dry at 80°C for 3 hours and further the solid sample is gently ground to 
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fine powder. Later the samples are taken in proportional weight for a further annealing process under 

N2 atmosphere at various temperatures for 5 hrs to obtain a heusler phase and stability. Samples are 

cooled and collected for characterization for structural studies and magnetic properties. The Fe2CoSn 

nanoparticles heusler alloy for structural details was performed using powder x-ray diffraction pattern. 

The structural details were observed dislocation density and number of crystallites per unit surface 

area to be Fe2CoSn heusler alloy nanoparticles. 

Results and Discussion 

 Figure1.shows the XRD patterns of the Fe2CoSn heusler alloy nanoparticles. The diffraction 

intensity peaks value in 2θ = 29.57:, 34.64:, 36.27:, 42.21:, 44.21:, 52.48:, 55.81:, 61.23:, and 

72.48: and corresponding diffraction planes (1 1 1), (2 2 0), (3 1 0), (2 0 2), (3 2 1), (1 1 3), (2 2 2), (0 

0 4) and (2 0 4) respectively. The obtained reflection planes were confirms that body centered cubic 

structure. The structure of the Fe2CoSn heusler alloy nanoparticles was found to be XA disorder 

structure. The grain size increases due to increasing the annealing temperature. The grain size was 

only dependence on dislocation density. The grain size was calculated by using Debye-Scherrer 

equation.  

    D= 
      

      
    ;   

 

 
 

The grain size was inversely proportional to the dislocation density with respect to the various 

annealing temperature. The dislocation density average value 3.51x10
15

m
-2 

was obtained from 

measurement. 

 

The Fe2CoSn heusler alloy nanoparticles of the space group (F43m) for inverse heusler alloy 

structure. The grain size is high value was observed in the 900:C annealing temperature of the N2 gas 

atmosphere. The lattice constant of the Fe2CoSn inverse heusler alloy nanoparticles at 5.465Å. Fig.1 

shown at the peak (310) in 2θ = 35.05: value is shifted due to the annealing temperature are 

increasing.  

Conclusion 

 Fe2CoSn inverse heusler alloy nanoparticles of the synthesis by chemical root method. The 

studies were observed in highest grain size of the 58nm and the dislocation density was inversely 

proportional to the grain size of the low value at 0.29x10
15

m
-2

 for 900:C annealing temperature. The 

obtained structure was well crystalline nature due to increasing the annealing temperature. The 
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Fe2CoSn heusler alloy nanoparticles of the zero-gap at the Fermi level structure and for a large 

magnetic moment can possible to use Spintronics device applications. 
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Abstract 

 L-Histidine cadmium bromide crystals are grown from solution growth by slow evaporation 

method.  It has been successfully synthesized. The variation functional groups are presented in the 

grown sample has been identified by Fourier Transform Infrared Spectroscopy (FTIR).  The 

transmitted spectrum reveals that the transparency and cutoff   wavelength was measured by UV-

VISIBLE-NIR spectrum.  The dielectric measurements for the crystals were performed for various 

frequencies and temperature.  Photoconductivity nature of the crystal was identified by 

photoconductivity studies.   

1 INTRODUCTION 

 Nonlinear optical materials have attracted much attention because of their potential 

applications in emerging optoelectronic technology [1,2].   In this respect, amino acids and their salts 

belong to a family of organic material that have wider NLO applications [3,4].  The importance of 

amino acids for NLO applications lies on the fact that almost all amino acids contain as asymmetric 

carbon atom and crystallize in non-centro symmetric space group.  These applications depends upon 

the various properties of the materials, such as transparency, bifriengence, refractive index, dielectric 

constant, thermal, photochemical and chemical stability.  Organic crystals have large nonlinear 

susceptibilities compared to inorganic crystals. In last several years, considerable interest in growth 

and characterization of non linear optical materials (NLO) due to their important contribution in areas 

of optical modulation, OSptical switching, optical logic, optical data storage and frequency.  Several 

attempts have been made for exploration of nonlinear optical materials which found various 

applications in optoelectronics[5-10]. In recent years, researchers put their attention to find Out semi 

organic family crystals using amino acids with inorganic or metal complexes for improving their 

quality and properties [11].  For the metallic port, the focus is on group II B metals (Cd,Zn and Hg) as 

the compound formed by such metals usually have a high transparency in the UV-Vis region because 

of their closed shell [12]. In this present study, the synthesis, growth and physical properties of non-

linear optical crystal has been discussed. 

2. EXPERIMENTAL PROCEDURE 

2.1. SYNTHESIS 

 LHCB crystal is synthesized by dissolving AR grade L-Histidine and AR grade cadmium 

bromite in the equimolar ratio 1:1 in distilled water.  The saturated solution of Cadmium bromide was 

slowly added to the saturated solution of L-Histidine.  This was stirred well to get a clear solution.  

Pure LHCB crystal was synthesized according to the reaction. 

C6H9N3O2 + CdBr2  Cd [C6H9N3O2]Br2 
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2.2. GROWTH OF L-HISTIDINE CADMIUM BROMIDE 

             The saturated solution of LHCB was prepared in double distilled water solvent at room 

temperature.  The solution stirred well for more than 8 hours using magnetic stirrer to obtain a 

homogenous mixture.  The saturated solution was filtered using ashless whatman filter paper.  The 

filtered solution was taken in a beaker and covered with good quality perforated polythene cover to 

restrict the fast evaporation it is kept at room temperature in a dust free compartment for slow 

evaporation.  After the period of 40-45 days, colorless crystals with dimension 8mm×3mm×2mm 

were obtained and. The crystal is non-hygroscopic and optically transparent.  After a span of 45days, 

well-faced good quality crystals of LHCB were harvested and shown in the figure 1. 

 

                                           Figure 1.. photograph of LHCB crystal 

3. CHARACTERISATION 

             FTIR spectra of LHCB were recorded using a bruker IFS66 FTIR spectrometer at room 

temperature in the range 400-3500cm
-1

 by KBr pellet method.  To confirm the non-linear optical 

property, Kurtz and perry powder SHG test was carried out of the grown crystal using Nd:YAG laser 

with the first harmonics output at 1064 nm. The dielectric constant and dielectric loss wave carried 

out by using HIOKI model 3532-50 LCR HITESTER. The photoconducting nature of the grown 

sample was investigated by PICO AMMETER (Keithley 485).    

3.1. FOURIER TRANSFORM INFRARED SPECTROMETER (FTIR) 

The FTIR spectroscopy studies are effectively used to identify the functions groups presents 

in the crystal and to determine the molecular structure.  In order to analyze qualitatively the presence 

of functional groups in LHCB.   The FTIR spectrum was using thermo Nicolect     V-200 FTIR 

spectrometer by KBr pellet method in the range 400-3500 cm
-1  

 as shown in figure 2.  It is clearly 

seen that the existence of COOH is illustrated by the very strong infrared bond located at 1611.57 cm
-

1 
.   The facts that some of the COOH  groups are ionized implicates an appearance of the NH3

+
 group 

in histidine molecule.  The strong shoulder at    1634 cm
-1  

and very strong bond at 1611 cm
-1  

 in the 

infrared spectrum are attributed to stretching vibration of  NH3
+
 group.  The peak at 1420 cm

-1 
 is due 

to symmetry type of stretching vibration.  The peak value of IR spectrum at 1142 cm
-1 

  is C-O 

stretching vibration.  The peak obtained at 1111.70 cm
-1  

is also C-O stretching vibration.   A peak at 

910 cm
-1

is represent the  C-H deformation and mono substituted group.  The peak at 834 cm
-1 

 C-H 
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deformation is tri substituted and 707 cm
-1 

.is C-H deformation also di substituted group.  The C-Br 

stretching vibration get in 623 cm
-1

 

 

Figure 2. FTIR Spectrum of LHCB crystal 

Table 2: Bonds assignments of FTIR spectra of LHCB 

Wavelength (cm
-1

) Assignment 

3119,3015 N-H stretching 

1634,1580 C=C stretching 

1611 N=O stretching 

1492,1420,1396 C-H deformation 

1340,1217,1077 C-O stretching 

910,834 C-H deformation 

623,548 C-Br stretching 

3.2.   NLO TEST  

 Powder SHG test offers possibility of assessing the non-linearity of new materials.  Kurtz-

perry powder second harmonic generation (SHG) measurements was carried out using a spectra-

physics quanta-ray prolab 170 Nd:YAG laser with the first harmonics input at 1064nm and a pulse 

width of 10ns at repetition rate of 10Hz.  The second harmonic signal generated by the compound was 

confirmed by emission of green radiation and the powder SHG efficiency of LHCB was found to be 

comparable to that of Potassium Dihydrogen Phosphate (KDP).  The SHG behavior was confirmed 

from the emission of bright green radiation (532nm) by the sample show that the SHG efficiency of 

LHCB is 3.62 mJ which is comparable with SHG efficiency output of known KDP of 8.8mJ. 

3.3. Dielectric study 

Figures 3 and 4 show the variation of dielectric constant and dielectric loss of LHCB crystal at 

different temperatures ranging from 308 to 408 K, as a function of frequency. At low frequencies, the 

dielectric constant is found to be maximum and then it decreases with increasing frequency. Dielectric 

constant and loss increases slowly with temperatures as shown in Figures 3 and 4. In high frequency 

region both dielectric constant and dielectric loss are fairly remaining constant. The high dielectric 
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constant at low frequency is due to the presence of all types of polarizations viz., electronic, ionic, 

orientation, space charge polarization, etc. The space charge polarization will depend on the purity 

and perfection of the sample. Its influence is large at high temperature and is noticeable in the low 

frequency region. The larger values of Dielectric constant and loss at lower frequencies may be 

attributed to space charge polarization due to charged lattice defects.  
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.Figure. 3 Variation of dielectric constant with log frequency at different temperatures for 

LHCB single crystal 
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Figure. 4 Variation of dielectric loss with log frequency at different temperatures for LHCB 

single crystal 

3.4. Photoconductivity study 

Field dependence of dark and photo currents of LHCB crystal is shown in Figure 5. It is observed that 

both dark and photo currents of LHCB single crystal increase linearly with the applied voltage. The 

dark current of the crystal is more than the photo currents which is termed as negative photo 

conductivity.The negative photo conductivity exhibited by the sample may be due to the reduction in 

the number of charge carriers in the presence of radiation. 
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Figure. 5  Field dependent photoconductivity of LHCB single crystal 
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Conclusion 

Single crystal of LHCB, an semiorganic NLO crystal has been grown by slow evaporation 

method. FTIR analysis confirms the presence of all the functional groups in grown crystal.  The 

nonlinear optical study confirms the SHG property of the material.  The dielectric property of LHCB 

crystal has been analysed which indicates that the sample has higher dielectric constant at lower 

frequency and attain saturated with increasing frequency. The grown crystal has negative 

photoconduvity nature. 
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Photonic Crystal Displacement Sensor       
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ABSTRACT 

Photonic crystal sensors have recently drawn much attention due to their inherent 

compactness and high sensitivity .Different types of photonic crystal sensors rely on one main 

transduction mechanism perturbations in environmental condition alter index of refraction or 

periodicity of the structure which is transferred to detectable change in optical power or spectrum. 

This transduction mechanism facilitates utilization of photonic crystal for sensor applications ranging 

from pressure and displacement measurement to detection of chemical composition change and 

binding events. Here we discuss the theory, modeling of photonic crystal fiber, its advantages and also 

its limitations of technology. 

 INTRODUCTION 

                 The photonic crystal fiber sensors are a class of optical fibers. It has a large potential for 

sensing applications. This type of novel structure with a lattice of air holes running along the length of 

the fibers. It offers the wave guiding properties are highly controlled, but it's not possible with 

conventional optical fibers. In this work, we have proposed a variety of novel photonic crystal fiber 

designs for replacing conventional optical fiber to improve the efficiency and accuracy when 

compared with other different types of interferometric methods.   

REFERACTIVE FIBER OPTIC DISPLACEMENT SENSOR: MEASUREMENT OF  

 

Fig.1.3 Reflective fiber optic displacement sensor for thickness measurement and cross sectional view. 

THICKNESS 

In Fig.1.1,  ' W ' is a separation between the fibers and ' re ' and ' rr ' are emitting fiber radii, 

respectively. ' S ' is the distance between the fiber core centers. 

        The output of the sensor is given by the efficiency power factor as 
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 (1.1)

  

The power factor η(2d,n0) is defined as the ratio between the light power captured in the receiving 

fiber P0(2d,n0) and the total power Pi launched into the emitting fiber. Ti (n0) and T0 (r,2d,n0) are 

Fresnel transmittance coefficients and 'n0' is the refractive index of air medium. ' ' is the azimuth 

angle. 

 ' Rm' is the mirror reflectivity and 
c is the azimuth angle at maximum overlap position 
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 (1.2) 

where ' r ' is the distance from the emitting fiber axis. 

The radiated power Pi is expressed with the intensity distribution I(r, 2d) which is considered as 

parabolic, on the plane surface at a distance 2d from the fiber end by the following equation: 

  (1.3)    

                     

Where ' R ' is the radius of the reflected light cone at the fiber end. 

The radius could be expressed as 

          )tan(sin2 1 NAdrR e

  (1.4)        

Where NA is the numerical aperture. 

The maximum emitting angle θNA   is given by     
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The efficiency power factor due to reflected light from the front surface. 

                    drrd
dR

r

dR
ndrTnTR

ff
imf

R

R
f

c

















  )(

1
)(

2
),2,()(2

1

2

2

1

20100
0

2

1

   (1.6) 

R1 and R2 are the radii of the reflected light cone at receiving fiber end before and after overlapping 

with the core of the fiber. Where ' Rmf ' is the front surface reflectivity and ' d1 ' is the distance between 

the glass plate and fiber end. 

' Rf ' is the radius of circular cross section of a reflected light cone from the front surface at the fiber 

end, which is given by 

                   )tan(sin2 1

1 NAdrR ef

       (1.7)    

The efficiency power factor due to reflected light from the back surface 
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Where ' T ' is the transmittance coefficient of the front surface and ' Rmb ' is the reflectivity of the back 

surface. ' Rb ' is the radius of circular cross section of a reflected light cone from the back surface at 

the fiber end, which is given by 

               
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Where ' ng ' is the refractive index of the glass plate and  ' t ' is the thickness of the glass plate. 

The total efficiency power factor is given by 

               bft               (1.10) 
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The output power of the sensor is 

               
it PP 0
            (1.11) 

The output characteristics of the proposed sensor obtained theoretically with Rmf = Rmb = 3%, 

NA=0.39, nc= 1.47012 (refractive index of fiber core), ng = 1.52 (refractive index of glass plate) and 

W = 1.2mm (separation between emitting and receiving fibers) for various thickness of the glass plate. 

FINITE ELEMENT METHOD 

              Finite element method is a numerical technique for solving partial differential equations.  For 

irregular domain this method is well suited. In particular, this method is better than the other methods 

if the transverse structure exhibits high refractive index differences. So, it meets the requirements well 

PCF modeling  where the index difference is substantial. The FEM  allows the PCF cross-section in 

the transverse x-y plane. It can be divided into a patchwork of triangular elements, which can be of 

different sizes, shapes, and refractive indices. This way different kinds of PCF geometry can be 

accurately described. The triangular boundaries can be connected with the help of transition 

conditions. This scheme leads to a matrix eigenvalue system, which can be solved numerically [21]. 

The FEM provides a full-vector analysis and then it is necessary to model PCFs with large air-holes 

and high index variations. This method is used to accurately predict their properties. 

From Maxwell's equations  the basic equation for the FEM analysis is given as 

                                          0][)]([
2

0

1   EkE rr                                                (1.12) 

Where [μr] is  the relative magnetic permeability and [εr] is the dielectric permittivity tensors. When  

applying full-vector FEM, the PCF cross section is divided into sub-domain with triangular element 

where any refractive index profiles can be properly represented [10]. The dividing cross section PCF 

having a number of triangular elements, from Eq. (2.1) to obtain the following equation 

                                            0}]){[]([ 2  hBnA eff                                                             (1.13) 

Where {h} is the discretized electric field vector. It consists of edge and nodal variables. Where  [A] 

and [B] are the finite element matrices. The matrices [A] and [B] are used to allow the efficient 

resolution of the equation, it means high performance algebraic solvers for both real and complex 

problems. The computational domain  without affecting the numerical solution. The outer boundary, 

is placed before the anisotropic Perfectly Matched Layers (PML). The formulation is used to able to 

deal the anisotropic material. Both are in terms of magnetic permeability and dielectric permittivity, 

allows the anisotropic PML to be implemented directly.     

RESULT AND DISCUSSION                                    

 EFFECTIVE INDEX 

               For a given frequency, the magnitude of the wave vector of a ray will increase as it passes 

from a vacuum into a optically dense medium, since the wavelength decreases. If the ray enters not a 

uniform medium but rather a waveguide, its wave vector along the waveguide axis will increases 
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further, as the ray is reflecting back and therefore effectively traveling even more slowly. The 

relationship is easily seen for the symmetric dielectric. For more complicated geometries, the 

relationship will not be so simple, but in all case it is possible to define an effective  index( neff )such 

that 

k
neff


  

                       

                                                                  

Fig.2.2 Variation of effective refractive index with respect to wavelenth for (a) constant pitch and                

(b) constant diameter  

      The effective refractive index of PCF is mainly depending upon the  pitch (Λ) and 

diameter of the air hole (d). We have utilized finite element method to solve maxwell's equation for 

PCF to obrain refractive for various design. In the first condition, we have calculated neff value for 

various pitch (Λ) value with constant and diameter. In the second case, we have calculated neff for the 

variation of diameter with fixed value of pitch. Fig. 33 show how the effective index varied with 

respect to the wavelength and different pitch diameter. It is obvious that both the case effective 

refractive index  and hence effective cladding index are decreasing as the wavelength increases. 

NUMERICAL APERTURE 

 

Fig.2.3  Variation of numerical aperture and 

acceptance cone with respect to wavelength   for 

constant diameter value 

 

Fig.2.4  Variation of numerical aperture and 

acceptance cone with respect to wavelength for 

constant diameter value 

Conventional fibers have a strong limit on the core size and the numerical aperture (NA) in a single 

mode regime. A numerical aperture for PCF is given by modifying above formula 

                      22
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where ns and ncl are the refractive index of the silica (core) and effective cladding index respectively. 

Numerical Aperture of PCF mainly depends on varying pitch length  and diameter of core and 

cladding. Fig. 2.3 and Fig.4.4 depicts the variation of numerical aperture value and acceptance cone 

for various design of PCF. From these figures, it is observed that if numerical aperture of the PCF 

increases, corresponding acceptance angle  also increases. Also, the  numerical aperture value 

increases with respect to wavelength due to the different pitch and diameter. Compare to different 

pitch value for a fixed diameter, the NA value is maximum for the small pitch.  As a result, the 

numerical aperture of PCFs can vary over a wide range from 0.1 to more than 0.9 and hence the 

acceptance angle could be vary from 10
0
 to 70

0
. Hence, one can can vary the acceptance cone by 

choosing proper air hole diameter and pitch value.   

 
Fig.2.5 Output characteristics for different thickness 

of glass plate 

 

Fig.2.6 Variations of peak position 

 

Fig.2.7 Output characteristics of 

photonic crystal fiber 

 
Fig.2.8 Variations of peak position 

 
Fig.2.9 Constant pitch length and varying 

diameter 

 
Fig.2.10 Variation of peak position 

 

 CONCLUSIONS 

 A novel photonic crystal fiber sensor is used for measuring the thickness of the transparent 

thin film. The finite element method is used to calculate effective refractive index for various design 

of PCF by varying the pitch length (Λ), diameter (d) of the air hole and also varying the wavelength. 

From the obtained cladding refractive index value, the numerical aperture values have been 

calculated. The output characteristics of sensor shows that the efficiency of measurement of thickness 

of the glass plate is purely depend on numerical aperture and acceptance cone of PCF. The simulation 

results show that the efficiency, sensitivity and accuracy of this PCF sensor is more higher than the 

conventional fiber optic sensor to find the thickness. Advantages of this work are PCF sensor provides 

more accurate thickness measurement of transparent thin film than the finding of thickness by the 

different types of interferometric  methods.  However, the PCF sensor is limited by thickness of the 

thin film where one cannot measure less than micrometer scale thickness of the transparent plate. 
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Abstract 

The ideal material that could have potential applications in non-linear optical (NLO) devices 

should possess the combination of large non-linear figure of merit for frequency conversion, high 

laser damage threshold, fast optical response time, wide phase matchable angle, architectural 

flexibility for molecular design and morphology, optical transparency and high mechanical strength. 

The stability of Glycene Lithium Sulphate (GLS) single crystal was improved by doping organic dyes. 

The structural, chemical, optical, mechanical and non-linear optical properties of the dye doped 

crystals were analyzed with the characterization studies such as powder XRD, FT-IR, UV-Visible, 

SEM and SHG measurements, respectively.  

1.  INTRODUCTION 

A nonlinear optical material has many applications like image application using 

photorefractive crystals, frequency multipliers and mixers, fiber optics, parameter oscillators, optical 

switches, etc., laser in a modern wonder, whether it is in the field of information transformation or in 

the field of medicine. The interaction of laser with matter has advanced capabilities in optical 

spectroscopy. The discovery of laser itself is a result of crystal growth. 

In recent years more emphasis is given to semiorganic materials due to their much matured 

NLO applications than organic materials and owing to their good transparency, chemical stability, and 

mechanical properties. The large nonlinearity arises from the strong charge transfer and high 

polarisibility. To enable a material to be potentially useful for NLO applications the material should 

be available in bulk single crystal form. Also research into the growth of large single crystals from 

aqueous solution is currently serving as the important avenue to general progress in understanding 

many fundamental concepts of crystallization.Compared with inorganic NLO materials, organic 

materials may fulfil many of these requirements, but there are also some drawbacks with organic 

NLO materials such as environmental stability, poor chemical and mechanical stability, red-shift of 

the cut-off wavelength, low laser damage thresholds and poor phase matching properties. In order to 

overcome these drawbacks and improve the properties, the growth of semi-organic crystals has 

nowadays come into prominence. 

 The semi organic crystals have some advantages such as higher second order optical non-

linearities, short transparency cut-off wavelength and stable physio-chemical performance over the 

traditional inorganic and organic crystals. Considering all the above mentioned facts, Glycene lithium 

sulphate Crystals have been synthesized and grown moderately at low cost. 
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2.  EXPERIMENTAL PROCEDURE 

2.1      CRYSTAL GROWTH 

A solution of glycine lithium sulphate was prepared by dissolving equimolar amount of 

glycine and lithium sulphate. The solution was continuously stirrer using a magnetic stirrer of room 

temperature. The chemical reaction may be represented as, 

C2H5NO2 + Li2SO4 → [Li 2( SO4 )(C2H5NO2)] 

The prepared solution was filtered and kept undisturbed in a constant temperature bath 

maintained at a temperature of 40 °C. When evaporation taken place slowly, supersaturation is 

activated. As a result, crystals with dimensions 7.5 × 5 × 2.75 mm
3
 were harvested in a period of 40 

days. GLS crystals were grown from aqueous solution by slow evaporation method. The solubility of 

dyes doped GLS water was measured. It was found to be 16.5 g/100 ml at 40
o
C for Coumarin doped 

GLS. The amount of GLS salt to be dissolved was determined from its solubility curve at an average 

temperature of 38
o
C. The solution was stirred long enough to ensure complete dissolution of the 

solute, and filtered.  Subsequently the solution was cooled at a rate of 0.1
o
C/day. The seed crystals 

were prepared at low temperature by spontaneous nucleation (Fig.1). 

 

Figure 1. Photograph of Coumarine doped GLS Crystal 

The seed crystals with perfect shape and free from macro defects were used for growth 

experiments. Seed crystals of pure GLS and doped GLS were grown using constant temperature bath 

controlled with an accuracy of ± 0.01
o
C. A supersaturated solution of   Coumarin doped GLS was 

prepared in distilled, deionized water. Seed crystals were introduced into the solution using thin nylon 

thread at the appropriate supersaturation condition. Experiments were allowed to run for considerably 

longer duration of the time (20 days) would grow large crystals. 

3. RESULTS AND DISCUSSION 

 Powder X-ray diffraction studies were carried out for the as grown crystals using a Rich 

Seifert X-ray diffractometer with CuKα (λ = 1.5405 Å) radiation (Kurtz 1968). Powder XRD spectra 

for the pure and doped GLS revealed that the structures of the doped crystals were slightly distorted 

compared to the pure GLS crystal. The (h k l) planes satisfy the general reflection conditions of space 

group observed from the structure determination of the crystal.The FT-IR spectra of pure and dye 

doped GLS crystals on a Bruker IFS 66V model spectrophotometer using 1064 nm output of a cw 

diode pumped Nd: YAG laser as a source of excitation in the region 500 – 4000 cm
–1

 operating at 200 

mW power at the samples with a spectral resolution of 2 cm
–1

. The observed FT-IR spectra of pure 

and doped GLS are shown in Fig.2. In doped GLS spectra, broad peak around 3650 cm
-1

 was due to 

free –OH stretching vibration. It reveals that at least one of the –OH group of GLS was remain 
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unaltered after that doped with GLS. Due to the greater mass of sulphur in GLS the C=S stretching 

vibration was expected to occur at 625 cm
-1

, it was considerably lower frequency than the usual C=O 

stretching vibration at 1710 cm
-1

 because of the C=S group is less polar than the C=O group and has a 

considerably weaker band. The strong vibrational coupling was operative in the case of nitrogen 

containing thiocarbonyl group of glycene and that the C=S vibration was not located in the spectra.  

 

Figure 2. FT-IR spectrum of Coumarin doped GLS crystal 

 

Figure3. TG Curve of Coumarin doped GLS Crystal 

 The TG curve(Fig.3) of this sample indicates that the sample is stable up to 210°C and 

above this temperature the weight loss occurred due to self-degradation of doped GLS but merely to 

its evaporation after its melting. The highest symmetry phase compatible with the ferroelectric 

structure is termed as the prototype phase also called paraelectric phase  Although it is not necessary 

of non-polar character, it was proves to be the greatest majority of known ferroelectrics so far. Most 

of the phases actually exist as the highest temperature phase of the crystal, although in some instances 

the structure may melt before the prototype phase would otherwise become stable. As a result of its 

small structural displacement from the prototype, a typical ferroelectric material possesses a 

spontaneous polarization Ps which decreases with the increase of temperature Tc.       

4.     CONCLUSION 

       Good optical quality single crystals of Coumarin dye doped GLS have been grown from solution 

by slow solvent evaporation technique for the first time. Experiments were allowed to run for 

considerably larger duration of the time (20 days)  for the growth of  large crystals. The functional 

groups present in the grown crystals have been confirmed by FT-IR spectral analysis. Optical 

transmission UV-Visible spectral range of dye doped GLS was measured and the doped GLS crystal 

has a good optical transmission in the entire visible region. The powder SHG measurement shows that 

the grown doped GLS crystal has 1.65 times higher SHG efficiency than KDP. Vickers micro 

hardness was calculated in order to understand the mechanical stability of the grown crystals. Each 

type of constituent chemical bond is regarded as one part of the whole crystal that has contributions to 

the total nonlinearity. The fundamental beam of 1064 nm from Q-switched Nd:YAG laser was used to 

test the SHG property of the grown crystal. 
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Abstract 

        In this research paper, an overview of polymorph γ-form  glycine single crystal crystallization in 

the presence of 2-aminopyridine potassium chloride as an additive at an  anambient temperature by 

slow evaporation solution growth technique (SEST) has been presented. Powder XRD study confirms 

crystalline nature of the grown γ-glycine crystal. The single crystal XRD study shows that the grown 

crystal possesses hexagonal structure and belongs to space group P31 with the cell parameters a=7.09 

Å; b=7.09; c=5.52 Å;  α = β = 90˚; and γ = 120˚. Thermal studies have been carried out to identify the 

elevated thermal stability and decomposition temperature of the grown sample. Enhanced SHG 

efficiency of the grown crystal was confirmed by the Kurtz powder technique using Nd:YAG laser 

and found 1.6 times greater than that of inorganic standard potassium dihydrogen phosphate. 

        1. Introduction 

                       Highly polarizable conjugated system of organic molecule possesses           non-centro 

symmetry structure. The inorganic molecule (anion), linking through hydrogen bond with organic 

molecule (cation) yields strong mechanical and high thermal stability [1,2]. Molecular charge transfer 

induced in semiorganic complex by delocalized π electron, such that moving between electron donor 

and electron acceptor which are in opposite sides of the molecules [3,4]. In the base acid interaction of 

organic and inorganic molecules, there is a high polarizable cation derived from aromatic nitro 

systems, linked to the polarizable anion of inorganic molecules through hydrogen bond network 

yields a noncentrosymmetric structural systems and this hydrogen bonding energy between organic 

and inorganic molecules made the dipole moment in parallel fashion ensures the increase of second 

harmonic generation activity [5]. The structures of 2-aminopyridine complexes have already been 

studied by Chao and his co-workers [6]. In recent years metal organic complexes have been played 

reasonable attention in advancement of technology [2,7]. Growth of 2-aminopyridine complex 

crystals is widely used in  the rapid advancement in technology, such as ultra-fast phenomena, optical 

communication and optical storage devices , frequency doublers and optical modulators [8]. Optical 

properties of 2-aminopyridine complexes and their suitability for optoelectronic devices have been 

reported [9-14]. Metal organic nonlinear optical crystals possess good second harmonic generation 

efficiency, hence rich demand in optical storage devices, color display units and optical 

communication systems [7]. Recent research focus is on designing of new materials capable of 

attaining SHG processes by strong interaction with an oscillating field of light. Amino acids with 

ionic salt complex crystals have been investigated and recognized as materials having good nonlinear 

optical properties. In this present work, synthesis and crystallization of glycine into γ-form glycine in 
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the presence of aqueous solution 2-aminopyridine potassium chloride and their suitability for device 

fabrication with various enhanced optical and thermal properties are reported.  

2. Experimental Procedure 

2.1 Material synthesis 

The title compound was synthesized by taking analytical grade glycine, 2-aminopyridine and 

potassium chloride in the stoichiometric ratio (1:1:1) with Millipore water of resistivity 18.2 mega-

ohm.cm
-1

 as a solvent.  In this synthesis, protonation of nitrogen in pyridine ring facilitates hydrogen 

bonding interaction between potassium chloride and glycine such that 2-aminopyridine is linked to the 

metal K
+
 ion through pyridine ring nitrogen, rather than amino group nitrogen leaving (Cl)

- 
ion.  

C5 H6 N2 + KCl + NH2 CH2 COOH → [(K
+
)

 
+

 
C5H6N2 COOCH2 NH2 (Cl)

–
] 

[(2-aminopyridine) + (potassium chloride) + (glycine)]→ [(γ-glycine crystal)]  

2.2 Crystal Growth 

               The prepared mother solution was stirred vigorously for 4h using magnetic stirrer. High 

degree of purification of synthesized salt was achieved by successive recrystallization process. 

Synthesized saturated solution was filtered using filter paper of micron pore size. The filtered solution 

was pored in different petri dishes and covered with porous paper for slow evaporation. After a time 

span of 15 days, quality crystals of average size  13mm x 12mm x 3mm were harvested. The as grown 

crystal is shown in figure 1.  

 

Figure 1 As- grown γ-glycine crystal 

3. Results and discussion 

Single crystal and powder XRD analysis were carried out on a PHILIPS X PERT MPD 

system. TGA and DTA analysis were carried out using NETZSCA STA 409 instrument at a 

heating rate of 20°C min
-1

 from ambient  to 500°C. The NLO efficiency of the grown crystal was 

tested by KURTZ powder technique using Nd: YAG laser of wavelength 1064 nm 

3.1Powder XRD studies 

                             The grown γ-glycine crystal crushed to a uniform powder and subjected to powder x-ray 

diffractrometer with CuKα (λ=1.540598 Å) radiations for structural analysis study. The powder form 

sample was scanned over the range 10-45˚  t the r te of 2˚/min. The indexed powder XRD pattern of 

grown crystal is shown in figure 2. Peaks in the XRD without any broadening confirm that the grown 

sample is higher order of crystalline nature. 
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Figure 2 Powder XRD pattern of as grown crystal γ-glycine 

3.2 Single crystal XRD analysis 

                  Single crystal X-ray diffraction analysis confirms the hexagonal structure of the     γ-

glycine crystal with space group P31. The unit cell parameters of the grown γ-glycine are    a = 7.09Å; 

b = 7.09Å; c = 5.52Å; α = β = 90˚;  γ = 120˚ and volume of the unit cell was found to be 278 Å
3
. 

These values are in-line with the literature values [15-17]. Further, it is evident that the presence of 2-

aminopyridine potassium chloride in the aqueous solution, without enter into the grown crystal lattice, 

yields the polymorph form  γ-glycine, as a physical change.  

3.3Thenarmal analysis  

         Thermo gravimetric (TG) and Differential thermal analysis (DTA) gives information regarding 

phase transition, water of crystallization and different stages of decomposition of the crystal. Samples 

of γ-glycine crystals were weighed in an Al2O3 crucible with a microprocessor driven temperature 

control. TGA and DTA curves of grown crystals were recorded in nitrogen atmosphere between 

ambient temperature to 500˚C shown in Figure 3. There is no weight loss up to 216.6˚C indicating 

that there is no inclusion of solvent (water) in the crystal lattice. The thermogram reveals that the 

major weight loss (42.4%) starts at 216.6˚C and continues up to 484.4˚C with 1.255mg (57.6%) as 

residue. The nature of weight loss indicates the decomposition of the material. Below 484.4˚C no 

weight loss was observed. DTA curve shows that the decomposition point of as grown γ-glycine 

crystal is 270˚C.   

 

Figure 3. TGA & DTA graph of as grown γ-glycine crystal 

 3.4 NLO studies 

 In order to confirm the NLO property, powdered sample of grown crystal was subjected to 

KURTZ and PERRY powder technique, which is a powerful tool for initial screening of the materials 

for second harmonic generation (SHG) [18]. The beam of wave length λ =1064 nm from Q-switched 

Nd:YAG laser was made to fall normally on the prepared powdered sample of grown γ-glycine crystal 

, which was packed between two transparent glass slides. Suitable solution (CuSO4) was  used to 
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absorb the transmitted beam and the optical second harmonic signal was detected by a photomultiplier 

and displayed on CRO. Here powder form of KDP crystal of identical size to grown γ-glycine crystal 

powder particles were used as standard in the SHG measurement.The SHG behavior was confirmed 

from the emission of bright green radiation (532nm) by the sample. The measured amplitude of 

second harmonic green light for as grown γ-glycine crystal was 14.9mJ as against 8.8mJ of KDP and 

8.9mJ of UREA. The enhanced powder SHG efficiency of as grown γ-glycine crystal is about 1.65 

times that of KDP and 1.63 times of UREA. This value is relatively high when compared to the SHG 

values reported for γ-glycine crystals grown with other additives and comparision is given  in Table 

3.4. This enhanced lasing performance of as grown γ-glycine  crystal is due to the additive influence 

of  2-aminopyridinium potassium chloride. The good second harmonic generation efficiency of as 

grown γ-glycine crystal in the presence of 2-aminopyridine potassium chloride attests, that the grown 

crystal  is a potential candidate for nonlinear optical applications. 

4. Conclusion 

We have successfully grown polymorph γ-form of glycine single crystals by slow evaporation 

solution growth technique at ambient temperature. Powder and single crystal XRD studies reveal that 

the grown γ-glycine crystal is having higher order of crystallinity. Thermal studies show the sample is 

thermally stable up to 270°C (elevated temperature) and this makes the grown crystal‘s suitability for 

possible application in laser, where the material is required to with stand high temperatures. NLO 

studies of the grown sample show that the enhanced SHG efficiency is greater than KDP (1.65 times) 

and Urea (1.63 times)  crystals.  
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Abstract 

Transparent crystal of glycine barium nitrate (GBN) has been grown from aquous solution by 

slow evaporation techniques at room temperature. Powder XRD study reveals the crystalline nature of 

the grown sample. Single crystal XRD study shows that the GBN is orthorhombic crystal system. The 

presence of wide transparency window in the UV-visible region makes GBN suitable for opto-

electronic device application. The grown sample has SHG efficiency is 0.8 time that of standard KDP 

crystal. Dielectric studies reveal that both dielectric constant and dielectric loss decreases with 

increase in frequency.  

1.0 INTRODUCTION 

 Nonlinear optical materials for optical second harmonic generation (SHG) have received 

attention owing to their practical applications in the domain of optoelectronics and photonics [1-3]. 

Materials answering for high optical nonlinearity are a potential area which has attracted many 

theoretical and experimental researchers. Amino acid based semiorganic compounds have been 

recently recognized as potential candidates for second harmonic generation (SHG) [4-6]. 

 At present the trend is towards semiorganic material compared to inorganic and organic since 

they posses higher mechanical strength and chemical stability [7]. Hence, recent search concentrated 

on new class material called semi-organic materials due to their large nonlinearity, high resistance to 

laser induced damage, low angular sensitivity and good mechanical hardness. Semi-organic materials 

are used in device fabrication technology due to their enhanced chemical and physical properties such 

as high thermal stability wide transparency range, less deliquescence‘s excellent nonlinear optical 

coefficient. Semi-organic crystals possess both the good qualities at host organic and additive 

inorganic materials [8, 9]. 

Glycine is an organic compound is the simplest amino acids which is existing in three phases 

α, β, γ [10]. Glycine can be readily combined with variety of acids, orgnic and inorganic components 

to produce a host of materials with interesting properties .  

 In these semiorganic hybrids the weak forces of organic solids are replaced by stronger ionic 

forces forming a complete new class of semiorganic materials suitable for electronic industries. The 

presence of donor NH2 group, acceptor COOH group and due to intra molecular charge transfer, 

many naturally occurring amino acids themselves exhibit NLO behaviour [18, 19]. In the present 
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investigation single crystal of glycine barium nitrate (GBN) were grown by slow evaporation method. 

The grown crystals were characterized by single crystal and powder X-ray diffraction, FTIR, UV-vis 

NIR studies, SHG, dielectric and studies. 

 2.  EXPERIMENTS 

2.1 Synthesis 

Commercially available AR grade (E-merk, purity > 98.0%) chemicals were used as the starting 

materials.  The synthesis component of glycine barium nitrate (GBN) was carried out by carefully 

using glycine and barium nitrate in molar ratio 1: 1 using double distilled water as a solvent. The 

solution was stirred well using magnetic stirrer to form a clear solution. GBN was synthesized 

according to the relation  

  2.2 Growth of GBN 

    The saturated solution was taken in a beaker and the solvent evaporation technique was 

employed to grow single crystals of GBN.   Since glycine has coordinating capacity to form different 

phases of metal glycine complexes.  The mixtures of reactants had to be stirred to avoid co-

precipitation of multiple phases.  Hence, the solution was then filtered and allowed to evaporate at 

room temperature. Optical good quality triangle shaped crystals of GBN were harvested in a span of 

10-20 days with dimension is 12×12×3 mm
3
. The photographs of the as grown crystals of GBN are 

shown in figure 1. 

 

Fig. 1 Photograph of as grown crystals of GBN 

 

Fig. 2 Powder XRD pattern of GBN 

3. Results and Discussion 

3.1 Single crystal and powder XRD studies  

It is observed from the single crystal XRD studies that GBN is belonged to orthorhombic crystal 

system. The calculated lattice parameter are a = 8.26 A
°
, b = 9.300A

°
, c = 14.838A

°
 and volume  

= 1140.4A
°3

.  Powder XRD of grown crystal GBN is shown in figure 2. The peaks in the XRD 

without any broadening confirm that the grown sample high order of crystalline nature.  

3.2 UV-visible spectrum analysis 

  The selective electronic transmission spectrum of GBN crystal was recorded in the range 190-

900 nm. Optically polished single crystal of thickness 3 mm was used for this study. The recorded 

spectrum gives limited introduction about the structure of the molecule, because the absorption of UV 

and visible light involves promotion of the electron in the ζ and π orbital from ground state to higher 

energy state. The transmission spectrum of as grown crystal of GBN is shown in the figure 3. UV-
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visible spectral analyzing shows that crystal is transparent in the entire visible region. The UV cut off 

wavelength occur at 210 nm. It is well known that an efficient NLO crystal has an optical 

transparency lower cut off wavelength between 200-400 nm [20].  
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Fig. 3 Optical absorption spectrum 

3.3 Kurtz powder SHG test 

In order to confirm the nonlinear optical property, powdered sample of GBN was subjected to 

KURTZ and PERRY techniques, which remains powerful tool for initial screening of materials for 

SHG efficiency [21]. A Q-switched Nd; YAG laser emitting 1.06µm, with power density up to 1 

GW/cm
2
 was used as a source of illuminating the powder sample. The sample was prepared by 

sandwiching the graded crystalline powder with average particle size of about 90µm between two 

glass slides using copper spices of 0.4mm thickness. A laser produced a continuous laser pulses 

repetition rate of 10Hz. The input power was fixed at 0.68 J and the output power was measured as 

6.9 mJ, which was compared to output 8.8 mJ of standard KDP. The diffusion of bright green 

radiation of wave length k = 532 nm (P2ω) by the sample confirms second harmonic generation 

(SHG). The powder SHG efficiency of GBN crystal is about 0.8 times of KDP. The good second 

harmonic generation efficiency indicates that the GBN crystals can be used as suitable material for 

nonlinear optical devices. 

3.4 Dielectric studies  

Figures 4 & 5 shows the variations of dielectric constant and dielectric loss of glycine barium 

nitrate crystal at different temperatures as a function of frequency. The dielectric constant decreases 

with increasing frequency and becomes almost saturated beyond 3.5 KHz for all temperatures. The 

decrease in dielectric constant of glycine barium nitrate crystal at low frequencies may be attributed to 

the dependence of electronic, ionic, orientation and space charge polarizations [22]. The space charge 

contribution will depend on the purity and perfection of the material and it has noticeable influence in 

the low frequency region. Hence, the larger values of dielectric constant exhibited by sample at low 

frequencies may be attributed to space charge polarization arising due to the crystal defects at grain 

boundary interfaces. At low frequencies, the charge on the defects can be rapidly redistributed so that 

defects closer to the positive side of the applied field become negatively charged, while defects closer 

to the negative side of the applied field become positively charged. This leads to a screening of the 

field and an overall reduction in the electric field. As capacitance is inversely proportional to the field, 

this reduction in the field for a given voltage results in the increased value of capacitance when the 
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frequency is lowered. However, at high frequency, the defects no longer have enough time to 

rearrange in response to the applied voltage, and so the capacitance decreases.  

The variations of dielectric loss (tan δ) with frequency are shown in Figure 8.  It is observed 

that the dielectric loss decreases with increasing frequency. Similar trend was observed for all the 

recorded temperatures. Among the all four polarizations, electronic and space charge polarizations are 

predominant in the low frequency region. The characteristic of low dielectric constant at higher 

frequency suggests that the sample possesses improved optical quality with lesser defects and this 

parameter is most important for different nonlinear optical materials and their applications [23]. 
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Fig. 4 Variation of dielectric constant with 

frequency at different temperatures of GBN crystal 
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Fig. 5 Variation of dielectric loss with log 

frequency at different temperatures of GBN crystal 

CONCLUSION 

 Good optical quality semiorganic crystal of glycine barium nitrate (GBN) was grown 

successfully by slow evaporation technique with the dimension 12 ×12 ×3 mm
3
. Powder XRD 

analysis reveals that GBN crystal highly crystalline nature and belongs to orthorhombic crystal 

system. UV-visible transmission spectral study shows wide range of optical transmission bands and 

the lower cutoff wavelength at 210 nm. SHG studies on the grown GBN crystal shows that it is having 

NLO property and the SHG efficiency is 0.8 times that of KDP. The dielectric property of GBN 

crystal has been analyzed as a function of frequency at different temperature is discussed.  
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Abstract 

The single crystal of L-Lysine doped TGBC crystal, a semiorganic crystal has been grown from an 

aqueous solution by slow evaporation technique at room temperature. Good optical quality single 

crystal of size 7×9×2 mm
3
 was harvested in a period of 31 days. The lattice parameters and crystal 

system have been measured by single crystal XRD study. The crystalline nature has been confirmed 

by powder XRD study. Fourier Transform Infrared (FTIR) spectroscopy study confirmed the presence 

of functional groups in grown crystal. Transmission spectrum has been recorded and the cut-off 

frequency has been determined as 251 nm. The powder SHG efficiency of L-Lysine doped TGBC 

crystal is about 0.5 times that of KDP. 

1. Introduction 

      The search of new frequency conversion materials over the past decade has led to the 

discovery of many organic non-linear optical materials with high non-linearity susceptibility. 

Hence, recent search is concentrated on semiorganic materials due to their large non-linearity, 

high resistance to linear induced damage,low angular sensitivity and good mechanical hardness 

[1-3]. Amino acids with inorganic compounds are promising material for non-linear optical 

applications [4]. Especially natural amino acids of aspartic acid, L-Lysine, L-Alanine, glutamic 

acid and γ-glycine evidently  showing non-linear activity because of an additional COOH group 

in first and NH2 in second carbon [5].  

 Some complexes of glycine with HCL [6,7], benzoyl glycine  [8] forms single crystal with 

non-linear property. So we report that growth of L-Lysine doped triglycine barium chloride crystal 

for the first time. The grown crystals were characterized using single crystal XRD and powder X-

ray diffraction, fourier transform infrared (FT-IR) analysis, and UV-vis spectroscopy. In order to 

confirm the nonlinear optical property, powdered sample of L-Lysine doped TGBC was subjected 

to KURTZ and PERRY techniques 

2 .SYNTHESIS AND GROWTH 

The single crystals of   L-Lysine doped triglycine barium chloride crystal (TGBC) were grown by 

conventional slow evaporation method. The solubility of L-Lysine doped triglycine barium chloride 

crystal was held by double distilled water. A super saturated solution of   L-Lysine doped triglycine 

barium chloride crystal were prepared in beaker with stirrering upto 8 hours and then filtered using 

whatmann filter paper. After filteration the supersaturated solution in the beaker was covered with a 

perforated polythene sheet then kept at a room temperature. The grown crystal was synthesized on the 

following equation , 
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CH2N(CH2)4CH(NH2) +  Ba (NH2-CH2-COOH)3 Cl2    Ba. CH2N(CH2)4CH(NH2)  (NH2-   

CH2-COOH)3 Cl2 

A good quality of seed crystal were obtained, optically transparent single crytal were harvested 

after 31 days in the dimension 7x9x2 mm
3
. The grown crystal were shown in figure 1.  

 

Figure 1.  As grown crystal of L-Lysine doped TGBC 

3. Characterization  

3.1 Single and Powder X-Ray Diffraction analysis 

 Single crystal X-ray diffraction analysis of L-lysine doped Tri glycine barium chloride was 

recorded .The calculated lattice parameters are a=5.23Ǻ, b=8.67Ǻ, c=13.67 Ǻ, α=β=γ=90
o
 and 

volume V= 619.85 Ǻ
3
 which confirm that grown L-lysine doped Tri glycine barium chloride crystal 

belongs to the orthorhombic crystal system. The grown crystal were characterized by powder  x-ray 

diffraction to confirm the crystalline nature of the grown crystal by   using BRUCKER, Germany 

(model D8 Advance) X-ray diffractometer with CUKalpha (wavelength = 1.5405Å) radiation. The 

sample were scanned for 2θ value for 10 º to 90º at a range of  2º per minute. Figure 2 shows the 

powder XRD pattern of grown crystal. The  presence  of  sharp  well-defined  Bragg‘s  peaks  

conforms  the  good  crystalline  nature  of  the  grown  crystal. 

 

Figure 2 shows the powder XRD pattern of grown crystal 

3.2. Linear Optical Studies 

 Well polished defect free good transparent crystals are subjected to linear optical study. Both 

the crystals have thickness around  a and b  respectively used for the optical studies. The observed 

spectrum of pure and doped are shown in figure 3. From the spectrum it is observed that the grown 

pure and L-Lysine doped TGBC crystal has good transparency and cut-off wavelength is around 234 

nm and 251nm. The addition of  L-Lysine with pure TGBC may induced the transparency with higher 
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value. Also observed from the spectrum of both compounds are having wide transparency may have 

advantages for these crystals to be utilized in the field of photonics and opto-electronics. 

 

Figure 3. Optical transmission of pure and doped TGBC 

3.3. Nonlinear optical study 

                 In order to confirm the nonlinear optical property, powdered sample of L-Lysine doped 

TGBC was subjected to KURTZ and PERRY techniques, which remains powerful tool for initial 

screening of materials for SHG efficiency. The powder SHG efficiency of Tri-GBC crystal is about 

0.5 times that of KDP. The good second harmonic generation efficiency indicates that the L-Lysine 

doped TGBC crystals can be used as suitable material for nonlinear optical deviceses. 

Conclusion 

          Well developed good quality transparent crystal of L-Lysine doped Tri-GBC was grown 

successfully by slow evaporation technique. Unit cell constants and crystal system were determined 

by single crystal X ray diffraction technique confirmed the identity of the synthesised material. 

Powder XRD shows good crystallinity of the grown crystal. The various functional groups presence in 

the grown crystal was identified by FTIR study. The UV cut off wavelength of L-Lysine doped Tri-

GBC crystal is found to be around 251 nm, which reveals grown crystal is potential candidate for 

NLO applications. The powder SHG efficiency of Tri-GBC crystal is about 0.5 times that of KDP. 
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Abstract 

Bisheterocycles received considerable attention in recent times because of their 

pharmacological importance. Thiophene derivatives represent a class of important and well studied 

heterocycles. Hence it has been planned to synthesise hitherto unknown bisheterocycle 4-(5-

Chlorothiophen-2-yl)-1,2,3-selenadiazole 3 in which selenadiazole unit is linked to thiophene ring at 

C-4. The structure of the 1,2,3-selenadiazole 3 was established from 
1
H,

13
C, 2D NMR, IR, mass and 

Single Crystal X-ray crystallographic study. 

Introduction 

In the last few decades the chemistry of thiophenes has received considerable attention owing 

to their synthetic and effective biological importance. 1,2,3-Selenadiazole derivatives possess a broad 

spectrum of biological activities [1-5]. Hence, it was thought that it would be worth preparing 

molecules having both 1,2,3-selenadiazole and thiophene units. The present work deals with the  

synthesis of  bis heterocycle  having  a 1,2,3-selenadiazole in combination with a thiophene unit at C-

4. Our synthetic procedure for hitherto unknown 1,2,3-selenadiazole derivative 4-(5-Chlorothiophen-

2-yl)-1,2,3-selenadiazole 3 started from ketone 1 containing α-keto methylene group that was first 

converted into its corresponding semicarbazone. Subsequently the semicarbazone was converted into 

1,2,3-selenadiazole derivative by the selenium dioxide oxidative ring closure [6](Scheme1).   

SCl
S

CH3
Cl

N Se
N

S

Cl
NNHCONH2

i iiCH3

O

ii. SeO2/THF- Reflux

i. NH2NHCONH2. HCl / CH3COONa / EtOH-Reflux

 

Scheme1 Synthesis of 4-(5-Chlorothiophen-2-yl)-1,2,3-selenadiazole 

Experimental  

The NMR spectra were recorded on a JEOL GX 400 Spectrometer using TMS as internal 

standard and CDCl3 as solvent. Chemical shifts are given in parts per million (δ-scale) and the 

coupling constants are given in Hertz. IR spectrum was recorded on a FT-IR-Shimadsu instrument 

(KBr pellet). The vibrational frequencies are reported in reciprocal centimeter. Mass spectrum was 

recorded on a JEOL GC mate instrument and Electro spray ionization (ESI) mass spectrum was 

obtained on Agilent mass spectrometer. The single crystal X-ray data were collected on a Bruker 

SMART APEX CCD detector diffractometer. The structure was solved by direct methods from 

SHELXS-97 and refined by full matrix least squares on F2 by SHELXL-97. 

A mixture of acetyl thiophene 1 (1 mmol), semicarbazide hydrochloride (2 mmol) and sodium 

acetate (3 mmol) in ethanol (10 ml) was refluxed for 4 h. After completion of the reaction as 

monitored by TLC, the mixture was poured into crushed ice and the resulting semicarbazone 2 was 

Proceedings of the National Conference on Preparation and Characterization of Crystalline Materials (NCPCCM 2016) 



 

200 

 

filtered off and dried. Then, a mixture of semicarbazone (1 mmol) and SeO2 (2 mmol) in 

tetrahydrofuran (10 mL) was refluxed on a water bath for 1h. The selenium deposited on cooling was 

removed by filtration, and the filtrate was poured into crushed ice and purified by column 

chromatography using silica gel. 

4-(5-Chlorothiophen-2-yl)-1,2,3-selenadiazole (3). Colourless solid; Yield - 73%; m.p. 156-158 
o
C; 

IR (KBr): 1585, (N=N), 702 (C-Se) cm
-1

; 
1
H NMR (300 MHz, CDCl3) δH (ppm): 6.97 (d, J = 4 Hz, 

1H), 7.40 (d, J = 4 Hz, 1H), 9.21 (s, 1H, H-5); 
13

C NMR (75 MHz, CDCl3) δC (ppm): 125.2; 126.9; 

131.4; 133.2; 135.1; 156.5. MS: m/z 250.90 (M+1). 

 Results and Discussion 

The formation of cyclised product is evident from the absence of signals due to methylene 

protons (δ 2.45-2.55 ppm) and acetyl protons (δ 2.50-2.56 ppm) in the 
1
H NMR of 3. Disappearance 

of characteristic peak due to carbonyl group in the IR spectra (1650-1680 cm
-1

) and 
13

C NMR spectra 

(189-190 ppm) further confirmed the formation of products. The IR spectrum of selanadiazole 

displayed bands around 1550 cm
-1

 (N=N), and 700 cm
-1

 (C-Se) indicating the formation of 

selanadiazole ring.  

The structure of the 1,2,3-selenadiazole 3 was established from 
1
H, 

13
C and two dimensional 

NMR spectroscopic data (Figure1).  

 

Figure 1 Selected HMBCs and 
1
H and 

13
C chemical shifts in compound 3 

The appearance of a strong singlet around δ 9-9.2 ppm and a weak doublet, centered on the 

singlet characteristic of 4-substituted selenadiazoles [7] are due to the ring selenadiazole hydrogen. 

This doublet is assigned to the splitting caused by the presence of the selenium isotope 
77

Se with a 

natural abundance of 7.5%. 

1) In the 
1
H NMR spectrum, the H-5 proton appears as a strong singlet at 9.18 ppm and a weak 

doublet, centered around the singlet. This signal correlates with the signal at 135.1 ppm in C,H-

COSY. This also shows HMBC contours with carbons at 133.2 and 156.5 ppm which are assignable 

to C-2' and C-4 respectively. 

2) The H-3' proton appears as a doublet at 7.38 ppm (J = 4.0 Hz). This shows C,H-COSY correlation 

with the signal at 125.2 ppm assignable to C-3' and HMBCs with carbons at 126.9, 133.2 and 156.5. 

3) The H-4' proton appears as a doublet (J = 4.0 Hz) at 6.95 ppm. It exhibits 

i. H, H-COSY correlation with the doublet at 7.38 ppm. 

ii. C,H-COSY correlation with C-4`at 126.9 ppm 

iii. HMB correlation with C-3' at 125.2 ppm and C-2' at 133.2 ppm 
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4) Now, the signal at 131.4 ppm in the 
13

C NMR spectrum is conveniently assigned to C-5'. 

 

Table 1. Crystal data and structural refinement for 3 

 

 

Figure 2 ORTEP diagram of 3             Figure 3 The crystal packing of 3. 

The results of single crystal X-ray crystallographic study of 4-(5-chlorothiophen-2-yl)-1,2,3-

selenadiazole 3 [7] are presented in Table1. The ORTEP diagram is shown in Figure 2. In the title 

compound, the selenadiazole and chlorothiophene rings are almost coplanar. The bond lengths [Se1—

N1] 1.870 Å and [Se1—C1] 1.825 Å are comparable with the values reported in the literature [8]. The 

packing of the molecules is shown in Figure 3. The crystal packing is stabilized by C—H
…..

N 

intermolecular interactions, linking the molecules to chains extending along the b axis. 

Conclusion  

The synthesis and complete characterisation of 4-(5-Chlorothiophen-2-yl)-1,2,3-selenadiazole was 

described. As bisheterocycles are expected to have enhanced biological activities because of the two 

heterocyclic moieties present in its structure, the synthesized compound can be evaluated for its 

biological activities.  
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ABSTRACT 

           Succinic acid doped Potassium hydrogen phthalate (KHPSA) semi-organic single crystals were 

grown by slow evaporation method at room temperature. Powder X-ray diffraction pattern was 

recorded for conformation of crystalline nature of the grown crystal. FTIR spectral analysis confirms 

the presented functional groups in the synthesized compound. The UV–Vis–NIR spectrum showed 

that the grown crystal is transparent in the entire visible region. TGA/DTA analysis were carried out 

to characterize the melting behavior and Thermal stability of the title compound. The dielectric 

constant and dielectric loss of the crystal were studied as function of frequency. Morphology and 

compositions of the   KHPSA crystal was carried out by SEM with EDS.  

Keywords: crystal growth, X-ray diffiraction, thermal analysis, dielectric materials and SEM. 

1. INTRODUCTION 

The search for new conversion materials for various device applications has led to the 

discovery of many organic, inorganic and semi organic materials. Among these Semi organic crystals 

have attracted considerable interest due to their large nonlinear optical (NLO) coefficients, high 

resistance to laser induced damage, low angular sensitivity, excellent mechanical hardness 

fluorescence properties because of their potential applications such as, telecommunication, optical 

computing, optical data storage, light emitting diodes, and optical information processing [1, 2].  

               Potassium hydrogen phthalate (KHP) is also called as potassium acid phthalate 

(KAP) is a semi-organic material. It is also one of the important NLO crystals in the alkali metal acid 

phthalate (MAP) family [3]. It belongs to the orthorhombic class of alkali acid phthalate series. The 

crystal structure of KAP is assigned to the Pca21 [4] space group, consisting of potassium ions and 

alkali phthalate ions. Recently KAP crystals are used as substrate for epitaxial growth of oriented 

polymers [5, 6] and for hierarchical growth of organized materials [7]. KAP crystals are playing an 

important role in the field of non linear optical materials, they are known second harmonic generating 

materials that have long stability in devices due to their electro-optical properties [8] and exhibit 

interesting piezoelectric, pyroelectric and elastic properties that are useful in many application [9,10]. 

Its higher chemical stability and economic viability with good kinetic growth properties have made to 

pay attention on it in past decades. 

 Generally Succinic acid has wide applications in many fields, like industry, medicinal, 

organic intermediates for the pharmaceutical, engineering plastics, resins. Particularly in the chemical 

industry it is used for the production of dyes, alkyd resin, glass fiber reinforced plastics, ion exchange 

resins and pesticides. By using these potential sites, in the present work, the effect of succinic acid on 

thermal, optical and electrical properties of KHP have been analysed. The grown crystals were 
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subjected to different characterization such as Powder XRD, UV-visible, FTIR spectral studies, 

Thermal, SEM and Dielectric study. 

2. EXPERIMENTAL PROCEDURE 

2.1. SYNTHESIS AND GROWTH 

The KHPSA salt was obtained from an aqueous solution containing potassium hydrogen 

phthalate and succinic acid in a 1:1 molar ratio. The calculated amount of starting materials for the 

synthesis was obtained according to the reaction , 

K(C6H4COOH-COO) + C4H6O4 →   KC8H5O4. C4H6O4 

The calculated amount of KHP was first dissolved in Millipore water of 18.2 MΩ cm 

resistivity. The calculated amount of succinic acid  added  to the solution slowly and stirred well using 

a temperature controlled magnetic stirrer about 18 hours to yield a homogenous mixture of solution. 

Then it was double times filtered with Wattmann filter paper and poured into petri dishes. Then the 

filtered solution was allowed to evaporate at room temperature and the mixed salt was obtained by 

slow evaporation technique. The purity of the synthesized salt was further improved by successive 

recrystallization process. By this method the seed obtained has been used for the bulk growth. Good 

quality single crystals with size  13 × 5 ×2 mm
3
 was harvested  at the period of 23 days with 

appropriate growth rate of  0.56 mm/day. The photograph of as grown KHPSA crystals are shown in 

figure 1. 

 
Figure 1. As grown KHPSA crystals 

 
Figure 2  powder X-ray diffraction pattern of 

KHPSA crystal 

3.  RESULT AND DISCUSSION 

3.1 POWDER X-RAY DIFFRACTION  

Powder X-ray pattern for NLO single crystal was recorded and shown in figure 2. To identify 

the reflection planes and to check the crystalline perfection of the grown crystal, powder X-ray 

diffraction patterns of the powdered sample have been recorded using a Reich Seifert diffractometer 

with CuKα (λ = 1.5418 Ǻ) radiation at 30 kV, 40 mA. The synthesized grown crystal was scanned 

over the range from 10
°
 to 80

°
 diffraction angle at a scan rate of 2

°
/minute at room temperature. 

The powder X- ray pattern of KHPSA crystal consist a set of prominent sharp peaks as shown 

in figure 2. The well-defined peaks at specific 2-theta values show high crystallinity of the grown 

crystal.      
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3.2 FTIR SPECTRAL STUDIES   

          The FTIR is used to identify the different functional groups present in the compound of the 

grown crystal. The FTIR spectrum of KHPSA crystal was recorded in the region  

500–4000 cm
-1

 from KBr pellets on a Perkin Elmer FTIR spectrometer as shown in figure 3.  

 
Figure 3 FTIR spectrum of KHPSA crystal 

 
Figure 4 UV-Vis absorption spectra of 

KHPSA crystal 

The band 2885cm
-1

 has been assigned to the C-H stretch. The 2648 cm
-1

 is characteristic of C-

H stretch. The other peak at 2522 cm
-1

 is assigned to O-H bending. The peak at 1949 cm
-1 

represents 

C=C asymmetric stretch. The peak at1680 cm
-1 

represents -C=C- stretching. The peak at 1579 cm
-1 

is 

assigned to N-H bending. The peak at 1398 cm
-1 

is assigned to C-C stretching.
  
The very strong peak 

observed at 1279 cm
-1 

is attributed vibration of the C-H Wag. The peak at 1071 cm
-1

 is assigned to C-

N stretching. The predominant peaks appeared between 903 and 553 cm
-1

 may be due to the 

vibrations involved by metal atoms in the crystal [11].  

3.3   OPTICAL ABSORBTION SPECTRA 

        The optical absorbtion spectrum of the grown KHPSA was recorded using Perkin Elmer 

Lambda 35 UV-Visible spectrophotometer in the wavelength range from 200 to 900 nm. The recorded 

spectrum is shown in figure 4. The KHPSA crystal has the lower cut-off wavelength at 210 nm in the 

UV region. The crystal does not exhibit any absorption band in the entire visible region up to 850 nm. 

Absence of absorption between 220 nm and 870 nm is an advantage, as it is the key requirement for 

materials possessing SHG properties. As a result, it can be used as a potential candidate for the SHG  

device applications in the visible region [12]. 

3.4. THERMAL ANALYSIS 

In order to study the thermal stability of the grown crystals, thermo gravimetric (TG) and 

differential thermal analysis (DTA) have been carried out using a Seiko TG-DTA 6200 model thermal 

analyzer in an inert nitrogen atmosphere. Powdered sample of about 3.437 mg was used for the 

analysis in the temperature range of 30 - 500
°
C with a heating rate of 20

°
C/minute. The TG-DTA 

pattern recorded for the KHPSA crystal as shown in figure 5. 

 

Figure 5 TG-DTA Curves of KHPSA crystal 
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The above TG curve major weight loss occur at three stages. First weight loss occur with 

8.84%  at 75
°
C is due to water molecules which exist in the crystal. The second weight loss occur with 

43.18% at 165
°
C  and the third weight loss occur with 38.41% at 189

°
C. This weight losses are 

conformed for sharp endothermic peaks of a DTA trace. The three endothermic peaks occurring at 

different temperatures. These three different stages indicate the decomposition of the substance.  This 

indicates that the  crystal have high melting point(188.82°C ) and it exhibit high thermal stability. 

3.5  DIELECTRIC STUDIES 

Dielectric is an important property to support an electrostatic field while dissipating minimal 

energy in the form of heat. Figure 6 shows that the dielectric loss varies inversely proportional to 

frequency of the KHPSA  crystal.In figure 6 the amount of loss decreases when frequency increases 

for all temperatures. At low temperature  40 ºC the dielectric loss has a high value 7.55. At high 

temperature 85 ºC the dielectric loss has a value is very very low (ie.,negative value). Due to this 

reason the KHPSA crystal used for high temperature.The variation of dielectric constant with log of 

frequency for the KHPSA crystal at different temperatures has been recorded as shown in figure 7. 

The high value of ‗εr‘ at lower frequencies may be due to the presence of all the four polarizations, 

namely space charge (Interfacial), orientation, electronic and ionic polarization and its low value at 

higher frequencies may be due to the loss of significance of these polarizations gradually. The 

electronic and ionic polarizations are due to the displacement of electrons and ions respectively under 

an applied electric field and are temperature independent. The orientational polarization occurs due to 

alignment of permanent dipoles which are otherwise randomly oriented; under the action of electric 

field. The interfacial polarization occurs when mobile charge carriers are obstructed by a physical 

barrier that inhibits charge migration. As the frequency increases the dipoles do not completely with 

the varying external field. The polarization decreases and hence the dielectric constant decreases as 

the frequency increases.  

 

From the above dielectric constant figure, one can notice that the εr has high values in the 

very lower frequency and then decreases with applied frequencies.  Generally the low value of 

dielectric loss at high frequency for these samples suggests that the samples possess enhanced optical 

quality and this parameter is vital importance for NLO materials in their application [13-14]. 
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3.6    SEM WITH EDS ANALYSIS 

 SEM analysis provided information about the nature, suitability for device fabrication and 

also it is used to check the presence of imperfections. SEM analysis was carried out using JEOL JSM-

5610 LV scanning electron microscope with an accelerating voltage of 20 KV, at high vacuum mode 

and secondary electron image (SEI). since semi organic crystals are non-conducting in nature, gold 

coating(JEOL auto fine Coater JFS-1600) was done for 120 s before subjecting KHPSA crystal 

surface to electron beam [15]. KHPSA crystal has well developed morphology with several habit 

faces (figure 8.). It exhibiting layered growth and it is observed that the basic units are arranged in 

different layers, which is a clear evidence for the stacking of fundamental units during crystal growth. 

KHPSA crystal was also analysied by energy dispersive spectroscopy (EDS) for qualitative and 

quantitative information and shown in figure 9. From the EDS spectra potassium (k) metal present in 

the KHPSA crystal.  

 

Figure 8 SEM image of  KHPSA crystal          Figure 9 EDS spectrum of KHPSA crystal 

CONCLUSION 

             Good quality single crystals of the succinic acid doped KHP crystal were grown by slow 

evaporation solution growth technique. Powder XRD studies reveals that the grown KHPSA crystal is 

having good crystallinity. The optical transmission spectrum showed that succinic acid doped KHP 

crystal has good transparency in the UV-Vis region. The FTIR spectrum reveals the various functional 

groups presented in the grown crystal. The TG/DTA analysis shows that the thermal stability of the 

grown KHPSA crystal. The surface morphology and some elemental compositions of the crystal were 

reported by SEM with EDS analysis. 
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Abstract 

Single crystal of potassium hexacyano ferrate (KHF) have  been successfully grown by the 

slow evaporation technique at room temperature has dimensions 23 ×10 ×3 mm
3
. The grown crystal 

was characterized structurally, optically, thermally, mechanically and electrically.  Lattice parameters 

of the grown crystal were determined by X-ray diffraction analysis. The functional groups present in 

the crystal  were identified using Fourier Transform Infrared spectral analysis. UV-Vis-NIR spectrum 

was recorded to estimate the UV cut-off wavelength and transparency. Second harmonic generation 

study confirms the NLO property. Thermal stability and decomposition of the crystal has been studied 

by TG/DTA analysis. Micro hardness measurement indicates the grown crystal exhibits normal 

indentation size effect. The frequency and temperature dependence of dielectric constant and 

dielectric loss were also studied. 

Keywords: Single crystal XRD, powder XRD analysis, FT-IR, UV-Vis-NIR spectrum, Thermal 

analysis, microhardness and Dielectric properties. 

1. Introduction 

In last few decades, the researchers are interested in Non- linear optical material, due to their 

application in the field as optical communication, signal processing instrumentation [1]. The organic 

NLO material play on important role in second harmonic generation, Electro optic modulation [2,3].  

Extremely large number of organic compounds with non localized - electron system large dipole 

moment has been synthesized to realize the non linear susceptibilities [4,5]. Many investigations are 

being carried out to synthesize new material the large second order optical nonlinearities in order to 

satisfy, day to day technological demands [6-9]. In search of new frequency conversion materials, 

recent interest focused on inorganic materials due to their NLO properties [10-12]. From the literature 

survey investigation are focused on potassium  hexacyano ferrate  material due to its various  desired 

applications . In the present of investigation, the potassium hexacyano ferrate single crystal by slow 

evaporation technique studied the cell parameter using single crystal XRD. Mechanical  behavior was 

analyzed using  vicker‘s  micro hardness test. The NLO property of the grown crystal was confirmed 

by Kurtz powder SHG method [13]. Dielectric constant and dielectric loss measurements were carried 

out at different temperaturs  and frequencies.                                      

2 .Experimental  procedure 

Saturated  solution of  PHF was prepared at room temperature. The solution was continuously 

stirred for 4 hours using magnetic stirrer and the solution was filtered  using  whatman filter paper and   
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transferred into a petri dish and allowed to evaporate slowly in room temperature.  The PHF single 

crystals of size 23×10×3 mm
3  

 were harvested after the 18 days as shown in figure. 

 

 3.Charactrization 

3.1 Single Crystal X-Ray Diffraction Studies 

A fine quality KHF crystal was kept on an Xcalibur  Eos diffractometer at 293(2) K. Single 

crystal X-ray diffraction analysis of these single crystal have been carried out and the unit cell 

parameters are given in the Table 1. 

Table 1.  Lattice parameter of grown KHP Crystal 

 

3.2 FT-IR Studies 

The FT-IR spectral study used to identify the different functional groups present in the 

compound of the grown crystal. The FT-IR spectrum of KHF  crystal was recorded in the IR region 

400–4000 cm
-1

 from KBr pellets on a Perkin Elmer FT-IR spectrometer as shown in Fig.1. The band 

3439cm
-1

 has been assigned to the NH–Symmetric &Asymmetric stretch. The 2506, 2292 cm
-1

 is 

characteristic of OH stretch. The other peak at2118 cm
-1

 is assigned to C=C stretch. The peak at 1822 

cm
-1 

represents the C=O – Symmetric & Asymmetric stretch, the peak at1631 cm
-1 

represents -C=O- 

stretching. The peak at 1390 cm
-1 

is assigned to CH3 C-H bending. The peak at1103 cm
-1 

is assigned 

to C-O stretching. The very strong peak observed at 791 cm
-1 

is attributed vibration of the = C-H 

bend. The peak at 593 cm
-1

 is assigned to C-Br stretching. The predominant peaks appeared may be 

due to the vibrations involved by metal atoms in the crystal [14].                                                          

 

Fig.1. FT-IR  Spectrum of pure KHP crystal 
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TABLE 2.Band assignment of FTIR spectra for KHP Crystal 

 

3.3  Linear Optical Studies 

 The linear optical studies of potassium hexacyano ferrate (PHF) were carried out using UV-

VIS NIR spectrum. From the UV-Vis spectral study a transmission co-efficient are determined. 

Optical transmission spectrum of PHF crystal was recorded in the range         200-1000 nm.  

 

Fig.2. UV-Vis transmittance spectrum of KHF crystal 

The recorded spectrum is shown in fig.2.  from the optical spectra the UV cut off wave length 

is 306 nm and the transmittance percentage is 97 %.the high transmission in the entire visible region 

and short UV-cutoff wavelength evident that the grown crystal KHF to be a potential candidate for 

non- linear optical applications. 

3.4  Thermal Analysis 

In order to study the thermal stability of the grown crystal, thermo gravimetric (TG) and 

differential thermal analysis (DTA) have been carried out using a Seiko TG-DTA 6200 model 

thermal analyzer in an inert nitrogen atmosphere. Powdered sample of about 15 mg was used for the 

analysis in the temperature range of 30–800
°
C with a heating rate of 20

°
C/minute. The TG-DTA 

pattern recorded for the KHF crystal as shown in Fig.3.             

 

Fig. 3 Thermal Analysis ( TG-DTA)KHF Crystal 

From the TG curve, there is a weight loss at 296.2
°
C. The sharp endothermic peak around 

395.9
°
C is assigned to melting point of the KHF. The exothermic peaks are good agreement with TG 

trace. 

3.5 Non-Linear Optical Property Studies 

The powdered sample prepared from the grown crystal was subjected to the SHG test by 

Kurtz and Perry powder technique and the efficiency of the energy (frequency) conversion is 
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confirmed by the emission of green light. The KDP sample was used as the   reference material. The 

SHG efficiency estimated for both the crystals are given in the Tab. 3 

Table 3. SHG Efficiency of KHF Crystal 

 

It is observed from Table 3 the SHG efficiency of mixed crystal, when compared with KDP it 

is low SHG efficiency. NLO efficiency of KHF crystal has found to be 14% when compared to 

standard KDP.  SHG efficiency has to be  increase for enhancing the NLO property for future work. 

3.6 Dielectric Studies 

Dielectric is an important property, its ability to support an electrostatic field while 

dissipating minimal energy in the form of heat. The variation of dielectric constant and dielectric loss 

with log of frequency for the crystal KHF different temperatures has been recorded as shown in 

Fig.4a & 4b. Figures show that the dielectric constant and the dielectric loss are both inversely 

proportional to the applied frequency at low frequency range.  

 

Fig.4a.Log f vs.dielectric loss of PHF               Fig.4b. Log f vs.dielectric constant of PHF 

At 85
°
C the dielectric constant of KHF has high value in the low frequency range. The 

variation in dielectric loss with frequency within the temperature range 40
°
C to 85

°
C is shown in 

Fig.4a. At low temperature (40
°
C) the dielectric loss has a high value, at high temperature (85

°
C) the 

dielectric loss has a low value. At 55
°
C the dielectric loss of KHF has high value in the low frequency 

range (ie.50 Hz). The low value of dielectric loss at high frequency for KHF crystal suggests that the 

sample possess enhanced optical quality with fewer defects and this parameter is of vital importance 

for NLO materials in their application [15] 

3.7  Microhardness  Studies 

Micro hardness testing is the one of the best methods for an understanding the mechanical 

properties of materials, the transparent polished crystal free from cracks was selected for hardness 

measurement .the indentation, where made soon the felt surface with the load ranging from 25gm to 

100gm using shimodzu make-model-HMV_2 filed with Vickers pyramidal indenter and attached to 

an incident light microscope. The indentation time was kept as 5s for all the loads. The Vickers 

hardness (Hv) was calculated from the relation. 

Hv = 1.8544p/ d
2   

 kg/mm
2 

      Where p is the applied load in kg and d is average length in mm and Hv is in kg/mm
2
 the variation 

of vickers and MOHS hardness value with increasing load decreasing as shown in Fig.5a.It is 

observed from the graph, that the hardness value increases with increase in the applied load. Above 
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50gm, the hardness suddenly decreases, as cracks developed in the material. This may due to the relax 

of internal stresses generated locally by indentation [16]. 

 

Fig.5a. Variation of HV vs. Load of PHF crystal      Fig.5b.Plot of log p vs.log d of PHF crystal 

Meyer‘s index number was calculated from Meyer‘s  law, which relates the load and 

indentation diagonal length as the p = K x d 
n
 ,where k is the material constant and n is Meyer‘s index. 

In order to find the value of  ‗n‘  a graph of load p against load d is platted as shown in Fig.5b. from  

the slope of Meyer‘s index numbers ‗n‘ was calculator too be 0.212. According to on its criteria the 

value of ‗n‘ lies between 1 and 1.6 of hard material and is greater than 1.6 for hard material [17]. The 

‗n‘ values calculated in the percent study is <1.6 suggesting that the potassium hexacyano ferrate III 

crystal belongs category of hard material. 

Conclusion 

Synthesis, growth and characteristics of  KHF crystal were studied. The KHF crystal was 

grown from aqueous solution by SEST method at room temperature. The single crystal XRD was 

recorded, that reveals KHF crystal belongs to Triclinic and possesses P space group. The presence of 

functional groups in the grown KHF crystal has been confirmed by FTIR analysis. The optical 

transmission spectrum has been recorded in the wavelength region between 200 nm and 1000 nm. The 

NLO study was carried out and it reveals the KHF crystal has 0.14 times NLO efficiency than that of  

KDP. The thermal properties have been studied by obtaining TG-DTA curves. The electrical 

properties were studied by dielectric constant studies. The   mechanical properties were also studied 

by viker‘s  microhardness study. 
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ABSTRACT 

  Optical quality Single crystals of  Piperazine doped succinic acid (PSA) were grown and 

harvested successfully at room temperature by slow evaporation method. Single crystal X-ray 

diffraction study shows the doped PSA crystal belong to orthorhombic system. Vibration frequencies 

were assigned from FTIR spectral analysis , which confirms the various presence of functional 

groups. The transmittance and absorbance of electromagnetic radiation is studied through UV Visible 

spectrum. Dielectric studies of the compound were also carried out. 

KEYWORDS:Crystal growth, Single crystal XRD, FTIR spectral analysis, UV–Vis–NIR spectrum  

and dielectric studies. 

1. INTRODUCTION 

Non linear optical (NLO) crystals are of considerable interest and of great demand because of 

their application in science and technology [1-2]. The organic non linear optical single crystal have 

usually high melting point, high mechanical strength, but very poor second and third harmonic 

generation efficiencies. The non linearity of these materials is low compared to organic NLO crystals 

[3-4]. In contrast organic crystals exhibit higher non linear second and third order co-efficient, Laser 

damage, threshold, thermal and Mechanical properties [5-6]. In this present investigation we report 

the synthesis optic properties, crystal growth and characterization of a organic material piperazine 

succinic acid . 

2. EXPERIMENTAL TECHNIQUES 

2.1  SYNTHESIS AND GROWTH 

   The Piperazine and succinic acid was obtained from an aqueous solution in a 1:1 molar ratio. 

The calculated amount of Piperazine was first dissolved in Millipore water of 18.2   MΩ cm 

resistivity. Then the amount of succinic acid added to the solution slowly with few drops of HCL 

stirred well using a temperature controlled magnetic stirrer about 18 hours to yield a homogenous 

mixture of solution. Then solution was double times filtered with Wattmann filter paper and poured 

into Petri dishes. The filtered solution was allowed to evaporate at room temperature and the mixed 

salt was obtained by slow evaporation technique. The purity of the synthesized salt was further 

improved by successive recrystallization process. By using slow evaporation technique good quality 

single crystal with size 2.2 × 0.4 × 2 mm
3
 was harvested at the period of 20 days as shown in fig.1. 
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Fig 1.Photograph of PSA  crystal 

3. CHARACTERIZATION 

3.1 SINGLE CRYSTAL X-RAY DIFFRACTION ANALYSIS  

     In order to estimate the crystal data, single crystal XRD analysis was carried out independently 

for the grown PSA crystal using CAD4-MV31 single crystal X-ray diffractometer with MoKα 

radiation. A good quality crystal was selected for the X-ray diffraction analysis studies. The single 

crystal XRD data of the grown crystal is presented in Table 1.  

Table. 1 Lattice parameter of grown crystal  

 

3.2  FOURIER TRANSFORM INFRARED ANALYSIS  

FTIR spectrum of piperazine doped succinic acid crystal were recorded using Perkin Elmer 

spectrum in the range 4000–500 cm
-1

. FTIR and FT-Raman spectral studies for PSA were carried out 

to analyze the chemical bonding and molecular structure of the compound. The strong band at1720 

cm
-1

due to (C=O) of carboxylic acid group [7-8] is absent in IR and Raman spectra of PSA, which 

indicates that succinic acid coordinates to the metal ion through carboxylate (succinate) group[9]. The 

wave number and the corresponding functional groups are present in PSA crystal are shown in fig.2. 

 

Fig.2 FTIR spectrum of PSA crystal 

The band 628 cm
-1

 has been assigned to the C-H bending. The 763 cm
-1

 is C-H bending. The 

other peak is 827 cm
-1

 C-H bending. The peak at 1053 cm-1 is C-O_C symmetric stretching. The 

peak at 1220 cm-1 and 1319 cm
-1

 represents asymmetric stretching. The peak at 1603 cm
-1

 and 

1669 cm
-1

 represents weak medium N-H bending. The peak at 1716 cm
-1

represents C-O stretching. 
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The peak at 2043 cm
-1

 has assigned to C=C stretching. The band 2458 cm
-1

 due to O-H stretching. 

The peak observed at 2853 cm
-1 

represents O-H stretching. The band 3017 cm
-1

 has been assigned 

to the medium C-H stretching. 

3.3 UV-VISIBLE SPECTRAL STUDIES 

The Linear optics study of piperazine succinic acid was carried out using UV-VIS NIR 

spectrum. From the UV-Vis spectral study a transmission co-efficient are determined.     

 

                                               Fig. 3 . UV Transmission spectrum 

Optical transmission spectrum of PSA crystal was recorded in the range 200 -1000 nm. The 

recorded spectra are shown in fig.3. The optical spectrum the UV cutoff wavelength is     255 nm, and 

the transmission percentage is 95%. The high transmission in the entire visible region and short UV-

cut off wavelength evident that the grown crystal PSA to be a potential candidate for non-liner optical 

applications. 

3.4 . DIELECTRIC STUDIES  

The study of dielectric constant of a material gives an outline about the nature of atoms ions and 

their bonding in the material. From the analysis of dielectric constant and dielectric loss as a function of 

frequency and temperature, the different polarization mechanism in solids can be understood. The 

dielectric constant and the dielectric loss of piperazine succinic acid crystal were studied at different 

temperatures using HIOKI 3532 LCR HITESTER in frequency region          50 Hz to 5 MHz. The 

dielectric constant was measured as a function of frequency at different temperatures ranging from (40
0
C, 

55
0
C, 70

0
C, 85

0
C) and is shown in fig.4, while the corresponding dielectric losses are depicted in fig.5. The 

dielectric constant is evaluated using the relation  

                                 ԑr = cd/ԑoA    

  Where d is the thickness of the sample, A  is the area of the sample[10]. 

 

Fig.4 Dielectric constant 

 

Fig.5  Dielectric loss 

It is seen that dielectric constant value is high at low frequencies because, the electronic , 

ionic, dipolar and space charge or interfacial polarization are predominant. Further, as the frequency 
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increases, the dielectric constant decreases and for high frequency region, it is almost constant. This 

can be explained the based on polarization phenomenon. The low value of dielectric constant at 

higher frequency for a given crystal is a suitable parameter for the enhancement of SHG coefficient 

[11].From fig.5 it is observed that the dielectric loss decreases with frequency increases the low 

values of dielectric loss at high frequency suggests that the grown crystal possess good optical quality. 

This parameter is of vital important for a non linear optical material is the application [12]. 

4.  CONCLUSION  

 The grown crystal piperazine succinic acid are successfully grown by slow evaporation 

method. The lattice parameters were found by single crystal X-ray diffraction technique. The 

fundamental groups presented in Piperazine succinic acid have been confirmed by FT-IR spectral 

analysis. From the UV-visible spectrum it has a good optical transmittance in the visible IR region. 

From the dielectric study, it is found that both dielectric constant and dielectric loss of the crystal 

decrease with an increase in frequency. 
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Abstract 

MnO2 nanoparticles deposited onto TiO2 nanotubes array have a wide range of applications 

especially in the field of supercapacitors. In the present work, we have compared the electrodeposition 

of MnO2 nanoparticles over TiO2 nanotubes through two and three electrode systems, independently. 

It is observed from the morphological studies using field emission scanning electron microscopy 

(FESEM), elemental composition using energy dispersive X-ray spectroscopy (EDAX), transmittance 

spectra using fourier-transform infrared spectroscopy (FT-IR) and thermograms from thermo 

gravimetry and differential thermal analysis (TG-DTA) that the three electrode system 

electrodeposition of MnO2 is better compared to the two electrode system electrodeposition.  

Keywords: Titania, Anodization, Manganese oxide, Electrodeposition 

Introduction 

Recently, significant effort has been taken to produce one-dimensional TiO2 nanotubes (NTs) 

through anodization [1,2] due to its noteworthy functionalities in several fields of applications like 

solar cells, gas sensors, super capacitors and electrochromic switches, etc [3]. The 1D architecture of 

the TiO2 NTs provides a huge specific surface area, straight electron pathway, thus making it useful 

for several applications. However, direct usage of TiO2 NTs is limited due to its semiconductive 

behavior. Therefore, to enhance the electronic properties of the NTs several efforts are taken by 

doping metallic or non metallic nanomaterials [4]. These methods did provide improvement in the 

advancement of properties but the processes limped in contributing to the orderly and uniform doping 

of the materials. In the present scenario, electrodeposition of these nanoparticles is observed to cover 

the surface of the NTs array completely [5].This electrodeposited NTs array has the capacity to 

beneficially implement it in several applications as such without modification. In this work, we have 

electrodeposited MnO2 nanoparticles (NPs) onto TiO2 NTs array. For comparison, electrodeposition 

was carried out using two electrode and three electrode system, labeled as MT1 and MT2, 

respectively. The observation clearly reveals that MT2 has better deposition of MnO2 as nano spheres 

over TiO2 NTs compared to MT1 which has unkempt deposition of MnO2.The system MnO2-TiO2 is 

very useful in the field of energy storage as it can work as a better supercapacitor. Moreover, the 

system has merits in terms of usable capacity, high specific energy density, cycling life, cost, safety, 

environmental friendliness [6]. However, the adherence of MnO2 plays a crucial role in defining the 

stability and capacity of the system. Therefore, we aim to compare the adherence of MnO2 onto TiO2 

NTs electrodeposited through two and three electrode systems.   

Experimental Section 

TiO2 NTs were prepared using conventional electrochemical anodization technique, where Ti 

foil is used as anode and Pt mesh is used as electrode [1]. Prior to the usage of Ti foil, it was 
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ultrasonically cleaned. The electrolyte comprised of 0.3 wt% of NH4F and 3 vol% of H2O in ethylene 

glycol. The anodization was carried out for 24h. The anodized sample was annealed at 450 
o
C for a 

period of 5h to obtain crystalline NTs array. Thereafter, for electrodeposition of MnO2, the electrolyte 

was based on Mn(CH3COO)2.  The annealed NTs were used as cathode and Pt mesh as cathode two 

electrode electrodeposition system and was carried out at 5 V. On the other hand, TiO2 NTs array, Pt 

wire and Calomel electrode were used as cathode, anode and reference respectively, in a three 

electrode electrodeposition system at a potential of 1.5 V. For comparison, MnO2 alone was 

synthesized using hydrothermal technique at 150 
o
C with KMnO4 as the precursor [7]. 

Characterization of TiO2 NTs array, MT1 and MT2 were carried out using FESEM, EDAX, FT-IR 

and TG-DTA. Pristine MnO2 was tested for FT-IR and TG-DTA for purpose of assessing MnO2 

doping levels.  

Results and Discussion 

Morphological and compositional studies 

Fig.1 shows the morphology of TiO2 NTs array, MT1 and MT2. It is understood from the 

images that the conventional anodization has produced orderly NTs [Fig. 1a]. MT1, where MnO2 was 

deposition using two electrode system is observed to have caused damage to the morphology of the 

NTs. However, deposition has coved a major portion of the surface [Fig. 1b]. In the same manner, 

MnO2 deposited through the three electrode system is uniform throughout and is observed as a 

spherical ball with several accumulated nanorods like structure [Fig. 1c]. The MnO2 loading is 

observed to be better than the previous reports [5].The elemental compositional studies also indicated 

presence of Mn was observed in both MT1 [Fig. 2a] and MT2 [Fig. 2b]. Notably, augmented 

deposition of MnO2 is observed in the EDAX spectrum of MT2 compared to MT1 which indicated 

Mn at higher percentage.  

 

Fig. 1. FESEM images of a) TiO2 NTs, b) MT1 and c) MT2 

FT-IR studies 

FI-IR images give much clarity in understanding the level of loading. Fig. 3 depicts the 

spectrum of TiO2 NTs array, MT1, MT2 and MnO2. TiO2 NTs shows characteristic peaks around 

1600 and 450 cm
-1

 [8]. Similarly, MnO2 shows characteristic peaks around 500 cm
-1

 with a double 

peak and a peak around 700 cm
-1

[9]. Strikingly, a remarkable change is observed in both MT1 and 

MT2. That is, both the spectrum has a shoulder peak around 700 cm
-1

 indicating the decisive presence 

of MnO2. Moreover, the sharpening of the peaks around 450 cm
-1

 further supports the concept of 

MnO2 loading. Another observation in the MT1 and MT2 spectrum depicts a very shallow peak 
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around 1600 cm
-1

 indicating the presence of TiO2. On the whole, the FT-IR spectra denote the 

effective electrodeposition of MnO2 in MT2.  

 
Fig. 2 EDAX pattern of a) MT1 and MT2 

 
Fig. 3. FT-IR of TiO2 NTs, MT1, MT2 and MnO2 

TG-DTA studies 

Fig. 4a shows the thermograms of TiO2 NTs array, where there is constant decrease in the 

weight without any step decrease. MT1 [Fig. 4b] has a steady decrease in the weight loss but the 

increase in the weight after 700 
o
C could be ascribed to the change of phase from anatase to rutile. 

Fig. 4c. depicts the temperature behavior of MT2 which indicates a minor rutile formation where the 

major portion of hindrance could be arrived form electrodeposited MnO2. Both MT1 and MT2 are 

observed to be stable for a long temperature range, from 100 to 700 
o
C. Finally, in the case of MnO2 

[Fig. 4d], there are several steps indicating molecular losses at various intervals. The initial step at 

around 200 
o
C could be ascribed to the fact of dehydration. At 600 

o
C there could be a loss of 

molecular O2 from two forming Mn3O4 and at 800 
o
C there could a formation of MnO with the loss of 

oxygen [9]. This could be verified with the formation of black precipitate at the end of the analysis.  

 

Fig.4. Thermograms of a) TiO2 NTs, b) MT1, c) MT2 and MnO2 MPs 

Conclusion 

The paper deals with the formation of MnO2 NPs over TiO2 NTs array through electrodeposition 

method. FESEM gives details about the better deposition of the MnO2 NPs in the three electrode 

system. EDAX confirms the presence of the elements Mn, O and Ti in the as-prepared samples. FT-IR 

indicates the better loading of MnO2 with the formation of shoulder peaks in both the samples. TG-

DTA displays that the electrodeposited samples are stable for a large temperature range.  
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Abstract

Low dose irradiation effects in Single crystals of bimetallic CdHg(SCN)4 (abbreviated as CMTC)
irradiated with γ-rays. The crystal was grown by slow cooling method and third order optical
nonlinearities are investigated by single beam  Z-scan technique with a He:Ne laser operated at
632.8 nm. The nonlinear refractive index, absorption coefficient and third order susceptibility are
estimated to be -1.99x10-12cm2/W, 5.62x10-6cm/W and 3.94x10-9esu respectively. The full width at
half maximum (FWHM) of the diffraction curves is 5.5 arc s, which is very close to that expected
from the plane wave theory of dynamical X-ray diffraction. The surface feature is investigated by
AFM.
Keywords: Crystal growth; Z-Scan; HRXRD; Atomic force microscopy

1.1 INTRODUCTION
The search for new materials with enhanced nonlinear optical (NLO) properties has increased considerably over

the recent years as a result of wide range of applications in optical communication, photonics, electronics and optical
storage systems. Hence, there is a demand for materials with large NLO figure of merit, high resistance to laser
damage, good environmental stability and overall high performance [1]. Hence, researchers are focusing their
attention on organometallics, which combine the advantages of both organic and inorganic materials. Among the
different types of organometallic NLO materials, the thiocyanate (SCN) ligand based bimetallic crystals possess
several advantages due to their high transparency, better nonlinear optical response and, moderate mechanical and
thermal stability, which make them potential materials for crystal engineering based three dimensional (3D)
coordination networks. The organic ligand is usually more dominant in the NLO effect. Especially, the SCN organic
ligand with medium sized π-electron systems such as benzene derivatives has its SHG efficiency higher than that of

urea. CMTC belongs to tetragonal system, space group with a=11.445(2) Å, c=4.202(1) Å, V=550.4(2) Å3,
Z=2, Dc=3.2148 g/cm3. High optical quality CMTC single crystals were grown by Yuan et al [2]. Though the growth
of CMTC crystal has been achieved by the crystal growers, there are still challenges pertaining to the growth of
large size single crystals free from defects. The aim of the present work is to carry out the growth of organometallic
crystal of CMTC and investigate its Z-scan study and atomic force microscopic study (AFM) studies are also carried
out to expedite the use of the crystal for device fabrication. Crystalline perfection of the grown crystals by high
resolution X-ray diffraction (HRXRD) studies
1.2 GROWTH OF CRYSTAL

High purity (E-Merck, AR grade) starting materials were used. The following reaction is expected to take place;
4NH4SCN + HgCl2 + CdCl2 → CdHg(SCN)4 + 4NH4Cl

The synthesized product of CMTC was purified by recrystallization and dissolved in mixed solvent of ethanol
and water (1:1). In accordance with the solubility data, saturated solution of 200 ml of CMTC was prepared and kept
in cryostate for slow cooling. The temperature was then reduced from 45 °C at a temperature lowering rate of
0.1 - 0.2 °C per day and crystals of dimension up to 10 x 9 x 3 mm3 were obtained. When the samples are irradiated
by using 60Co-gamma source with a dose of 200Gy.
1.3 Result and Discussion

1.3.1 Z-Scan Study
Development of high power laser sources has motivated an extensive research in the study of nonlinear optical

properties and optical limiting behaviour of materials[3,4]. For the usage of the crystals to be efficient, it is
necessary to have quantitative information about their nonlinear optical properties. Such nonlinear optical
phenomena as nonlinear refraction and absorption can seriously affect the operation of laser devices. In part,
intensity dependent refraction index of laser material causes the changes in the spatial distribution of laser field and
can lead to self-focusing of the radiation and breakdown of device. It is the main factor which restricts the light
intensities used and output laser power.
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In the present investigation, the sample of CMTC was translated in the Z–direction along the axis of a focused
Gaussian beam from the He-Ne laser at 632.8 nm and the far field intensity is measured as a function of the sample
position. By properly monitoring the transmittance change through a small aperture at the far field position (closed
aperture), it is possible to determine the amplitude of the phase-shift. By moving the sample through the focus and
without placing an aperture at the detector (open aperture), the intensity dependent absorption of the sample can be
measured. When both the methods (open and closed) are used for the measurements, the ratio of the signals
determines the nonlinear refraction of the sample.
The real and imaginary parts of the third order nonlinear optical susceptibility (χ(3)) are defined as
Re χ (3) (esu) =10-4 ( /π (cm2/W) (1)
Im χ (3) (esu) =10-2 ( /4π2 (cm/W ) (2)

Where, is the vacuum permittivity, n0 is the linear refractive index of the sample and c is the velocity of light
in vacuum.

Figure.1 and 2 show the open and closed aperture Z-scan curves for CMTC crystal. In the closed aperture Z-scan
curve, the pre-focal transmittance peak is followed by the post focal valley, which is the signature of negative
nonlinearity [5]. The nonlinear refractive index, absorption coefficient and third order susceptibility are estimated to
be -1.99x10-12cm2/W, 5.62x10-6cm/W and 3.94x10-9esu respectively.
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Open aperture Z-scan curve of CMTC

1.3.2 HRXRD study

Figure 3 shows the DC recorded for CMTC crystal using (2 0 0) diffracting plane in symmetrical Bragg
geometry by employing the multicrystal X-ray diffractometer described above. As seen in the figure, the DC is quite
sharp without any satellite peaks which may otherwise be observed either due to internal structural grain boundaries
due to epitaxial layer which may sometimes form in crystals grown from solution [6].

The full width at half maximum (FWHM) of the diffraction curves is 5.5 arc s, which is very close to that
expected from the plane wave theory of dynamical X-ray diffraction [7]. The single sharp diffraction curve with
very low FWHM indicates that the crystalline perfection is extremely good. The specimen is a nearly perfect single
crystal without having any internal structural grain boundaries. The FWHM of the CMTC crystal grown in the
present case is much better than the HRXRD data (32 arc s) reported by Raghavan et al [8] for the CMTC crystal
grown by slow evaporation method. It is believed that the two-step process used during the growth of the CMTC
crystal has improved the purity as well as crystalline quality. It is further evident that the slow cooling method is
better suited than the slow evaporation method for CMTC growth.
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Fig. 3: Diffraction curve for CMTC single crystal for (2 0 0) diffracting plane

1.3.3 Atomic Force Microscopy Study
To better understand the morphology of a surface a quantitative description of the surface topography must be

carried out. The topography matrix data should be treated in each profile line (2D) or over all profiles extending the
analysis to surface (3D). The surface profile parameters are usually separated in four categories: amplitude, spacing,
hybrid and functional.

Figure 3 show the 10, 0000 x 10, 000 nm2 image morphologies of CMTC crystal on the (110) face of sample. It
is evident from the image (Figure.3) for CMTC that the sample possesses almost smooth surface, Surface skewness
(Ssk) values of CMTC (0.226) and Roughness average (Sa) (4.77 nm). It has been reported that if the height
distribution is asymmetrical and the surface has more peaks than valleys, the Skewness moment is positive, and if
the surface is more planar and the valleys are predominant then the Skewness is negative [9].

Fig. 4: (a) AFM image and (b) 3D image of CMTC

2. 0 CONCLUSION
Organometallic single crystals of CMTC was grown and by using the open and closed aperture Z-scan curves,

parameters like nonlinear refractive index, nonlinear absorption coefficient and third order nonlinear optical
susceptibility of these crystals were measured. The large magnitude of the third order nonlinear coefficients of these
crystals shows that they are promising candidates for further materials development and possible photonic device
applications. The negative sign of the nonlinear refractive index indicates that these materials exhibit self defocusing
optical nonlinearity. From the HRXRD, the DC value indicated that the good crystalline quality of the CMTC
crystal.
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Hydrothermal preparation of ZnO/CuO nanocomposites and their antibacterial
activities

S.Gnanam*a, V. Rajendranb

*a Department of Physics, Sree Sastha Institute of Engineering and Technology, Chembarambakkam,
Ch-123, +91-9840159149

bDepartment of Physics, Presidency college, chennai-05
Corresponding author Email address: gnanam.nanoscience@gmail.com

ABSTRACT
ZnO/CuO nanocomposites was successfully synthesized through a facile hydrotherma process

under low temperature using a nonionic surfactant PVP. The prepared ZnO/CuO samples were
characterized by different techniques such as powder XRD, FTIR, Raman, SEM, TEM, UV–visible
absorption and photoluminescence emission studies. The crystal structure and average crystallite size
was measured by powder XRD, the peaks conformed that the obtained nanocomposite was ZnO-
hexagonal and CuO-monoclinic structures, and there was no external phases involved in the
nanocomposite. The Zn-O and Cu-O stretching bands were observed in FTIR studies. SEM and TEM
images inferred that the nanocomposite shown high porous nature. The as-synthesized ZnO/CuO
nanocoposite may be a promising candidate for antibacterial activities. The efficiency of the samples
and their antibacterial mechanism has been discussed in detail.

Keywords: Metal oxide; Nanocomposites; Hydrothermal process; Anibacterial activity

Synthesis and Characterization of Lead Sulfide Nanoparticles

L.Kungumadevi*, P.Jeya Kiruba

Department of Physics, Mother Teresa Women’s University, Kodaikanal, Tamilnadu-624001.

*E-Mail id:sivarivudevi@gmail.com

ABSTRACT

Lead sulfide is a good IV-VI group semiconductor, which has attracted considerable attention due
to its special small direct band gap (0.41 eV) and large excitonic Bohr radius of 18nm.  PbS has been
widely used in many fields such as  Pb2+ ion selective sensor, IR detectors, solar absorber and
photography. Nano-particles of lead sulfide have been synthesized recently by different chemical
method with controlled particle size distribution. During wet chemical synthesis of nanoparticles
organic stabilizers are normally used to prevent them from aggregation by capping their surface.
Moreover, the introduction of stabilizers influences on the chemical properties as well as the physical
properties of semiconductor materials, from stability solubility and high emission, capping agents
with strong binding molecules form dense layer on the particle surface that stabilize nanoparticle
better. In this paper, we report the preparation of PbS nanoparticles by  using PEG as capping ageent.
The synthesized product has been characterized by X-ray diffraction (XRD), FE-SEM, energy
dispersive X-ray spectroscopy (EDX) and FTIR and their results have been discussed in detail.
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SYNTHESIS, CRYSTAL GROWTH AND CHARACTERIZATION OF LITHIUM
IODATE SEMI-ORGANIC CRYSTAL

R. Vinayagamoorthy, A. Albert Irudayaraj*, A. Dhayal Raj, P. Meenatchi, S. Karthick
PG and Research Department of Physics, Abraham Panampara Research Center (APRC)    Sacred

Heart College (Autonomous), Tirupattur, Vellore District.
ABSTRACT

The semi-organic nonlinear optical material Lithium Iodate was synthesized and
crystals of Lithium Iodate were grown by slow evaporation technique using water as solvent. The
grown crystals were characterized by Powder XRD, FTIR, UV-Visible, Non linear optical analysis,
PL, EDAX, TGA/DTA and dielectric studies. The powder XRD analysis reveals that Lithium Iodate
crystal belongs to hexagonal system with unit cell parameters a = 5.481 Å, b = 5.481 Å, c = 5.172 Å,
α = β = 90°, γ = 120° and   Volume = 155.37 Å3. The functional groups of the crystal were determined
using FTIR analysis. The optical transmission range of the lithium iodate crystals was determined
by UV-Visible spectroscopy. The lithium iodate was found to be optically transparent in the entire
UV-Vis range and its UV lower cut off wavelength was found to be 267 nm.             The second
harmonic generation efficiency of   Lithium Iodate crystal studied by Kurtz and Perry method was 2.3
times that of KDP. The photoluminescence studies reveal that Lithium Iodate emits violet light of
wavelength 419 nm when excited by a light of wavelength         267 nm. The chemical composition of
Lithium Iodate crystals was confirmed by Energy Dispersive X-ray analysis. TGA/DTA studies
indicate that Lithium Iodate was thermally stable up to 258°C. The melting point of the Lithium
Iodate was 428°C. Dielectric studies reveal that both dielectric constant and dielectric loss decreases
with increase in frequency   at room temperature.
Keywords: Semi-organic, XRD, UV-Visible, second harmonic generation, Dielectric.
Corresponding author* - Dr. A. Albert Irudayaraj (vinayaga76@gmail.com)

STUDIES ON THE CHARACTERIZATION OF L-ARGININE ADIPATE CRYSTAL
GROWN FROM LIQUID DIFFUSION TECHNIQUE

K. Ramya1, N. T. Saraswathi2, C. Ramachandra Raja3*

1Department of Physics, T.U.K Arts College, Thanjavur-613 002, Tamilnadu, India.
2Molecular Biophysics Lab, School of Chemical and Biotechnology, SASTRA University,

Thanjavur-613 401, Tamilnadu, India.
3Department of Physics, Government Arts College (Autonomous), Kumbakonam- 612 001,

Tamilnadu, India.

ABSTRACT

Basically, some salts of amino acid with different organic or inorganic acids are grown from the
standard method of synthesizing the aqueous solution of the required materials mixed in a molar
proportion, and purifying the solution and then evaporating the solvent by slow evaporation
technique. In some cases, this method does not leads to the expected product, in which no reaction
takes place between the starting materials, and results in the crystallization of any one of the starting
materials. The liquid diffusion technique is employed to overcome such difficulties. Here the single
crystals of L-arginine adipate were successfully grown from liquid diffusion technique. The cell
parameters were determined by single crystal X-ray diffraction analysis. Fourier transform infrared
and Raman spectroscopic investigations were used to characterize the grown crystal. The molecular
structure was established from NMR studies. UV-Vis-NIR spectrum and second harmonic generation
were used to explore its characteristics optical features. The thermal stability has been analysed by
TGA and DTA.
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SEM, XRD, FTIR, PL & UV CHARACTERISATION OF KDP SINGLE CRYSTAL
BY SLOW EVAPORATION TECHNIQUE

M.Selvapandiyana , N.Sureshb

Department of Physics, PG Extension center, Periyar University Dharmapuri
Department of Physics, Periyar University, salem - 11

ABSTRACT

Potassium dihydrogen phosphate (KDP) is a well-known inorganic crystal. It has an
interesting property such as NLO, wide frequency conversion, high damage threshold against power
laser and good UV transmission. In present study single crystal of pure KDP has been grown by slow
evaporation solution growth technique. The crystalline and cell parameters were characterized by X-
ray diffraction analysis, the shifting in frequency assignment of different functional groups of KDP
was analyzed by FTIR Studies. The optical properties of the products were characterized by UV-
Visible spectral analysis and Photo Luminescence spectroscopy (PL).

Keyword: KDP, XRD, UV,FTIR,SEM and PL

Growth and Characterization of Ammonium dihydrogen phosphate single crystals:
Non-linear optical material

M.Selvapandiyana ,  S.Janarthananaa,b

a Department of Uhysics, Periyar University, P.G Extension centre, Darmapuri,636 705
b Department of Physics, Sri Vidya andir arts & science college,  Uthangarai,636 902

Email: mselvapandiyan@rediffmail.com
Email:jana.physics@gmail.com

ABSTRACT
Single crystals of ammonium dihydrogen phosphate (ADP) (NH4)H2 PO4 was grown by

slow evaporation solution technique at room temperature. The grown ammonium dihydrogen
phosphate single crystal was subjected to various characterizations such as powder X-ray diffraction
study, UV-Visible absorption study, Fourier transform infrared spectroscopy study and Photo
luminescence study. The grown ammonium dihydrogen phosphate single crystals are very useful to
fabricate optical devices and many industries are used in many applications i.e., in the field of
optoelectronics, telecommunication, laser technologies and optical storage devices etc.

Key words: Optical material, crystal growth, Fourier transform infrared spectroscopy,

photoluminescence
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SYNTHESIS, GROWTH AND CHARACTERISATION OF A NOVEL NONLINEAR
OPTICAL SINGLE CRYSTAL OF L- ISOLEUCINIUM HYDROGEN MALEATE

HEMIHYDRATE

A.Hemalatha1,2, N. Indumathi2, E. Chinnasamy2, M. Victor Antony Raj3 and S. Senthil2,*

1Department of Physics, Quaid-E-Millath Government College for women, Chennai – 02.
2Department of Physics, Government Arts College (Men), Nandanam, Chennai-35.

3Department of Physics, Loyola College, Chennai-34.
Corresponding author: ssatoms@yahoo.co.in

ABSTRACT
L-- Isoleucinium Hydrogen Maleate Hemihydrate (LIM) nonlinear optical single crystal was grown
from aqueous medium by the slow evaporation method at room temperature.  The powder XRD
analysis confirms the crystallinity of the grown crystal.   The second harmonic generation (SHG)
efficiency of the LIM was determined using  Kutz and Perry powder technique.  Thermo-gravimetric
and differential thermo gravimetric analysis were carried out to study the thermal behavior of the
sample.  The optical transparency has been studied using UV-vis-NIR spectroscopy and the band gap
value also found from the absorption studies.

Key words: XRD, TGA – DTA, NLO, UV-vis-NIR.

Structural impact of Zinc ions on B2O3-Na2O-ZnO glass system by means
of spectroscopic and Ultrasonic studies

L. Balua*, R. Amaravelb and R. Ezhil Pavaib

aDepartment of Physics,  Govt. Arts college, C. Mutlur, Chidambaram
bDepartment of Physics, Annamalai University, Annamalainagar- 608 002, Tamil Nadu, India

Corresponding Author mail-ezhilpavaibalu@yahoo.com

ABSTRACT

The borate glasses with different compositions of ZnO content have been prepared by melt quenching
technique and characterized using The X-ray patterns indicate that the prepared samples were
absolutely amorphous. FTIR spectral studies have pointed out the conversion of borate structural
units. For all glass samples the glass transition (Tg), crystallization (Tc) and melting(Tm) temperatures
were identified from which glass stability and Hruby’s parameter were calculated. Ultrasonic
parameters were used to understand the mechanical   properties of the samples.

Keywords: XRD, FT-IR, DTA, and ultrasonic velocity measurements.
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SOLAR CELL
Hena Gomathi Priyanka.S.B,

Department Of Physics,   Kamban College Of Arts And  Science For Women, Thiruvannamalai.

ABSTRACT
The spectrum of solar energy is quite wide and its intensities varies according to the

timing of the day and the locations.We review solor energy conversion in to electricity with particular
emphasis on photovoltaic systems,solar cell and how to store electricity.

Synthesis of pure hydroxyapatite (Ca10 (PO4)6 (OH)2 ) by Sol –gel method       and drug
loaded in presence and absence of polymer for the application of drug delivery

B.Shalini1, A.Ruban Kumar2*, A.Mary Saral2

School of Advanced sciences, VIT University, Vellore 632014, India
Abstract

The objective of the present paper is to synthesize pure HAp by Sol – gel method. During synthesis
the chemical precursors like calcium nitrate tetrahydrate and diammonium hydrogen phosphate was
mixed and ammonium hydroxide solution is added to maintain the pH of about 10.5. And the
synthesized powders are characterized using XRD, FTIR, TG/DTA, SEM. With this pure
Hydroxyapatite the drug was loaded in presence of polymer and in the absence of polymer the
powders are characterized again using XRD, FTIR, SEM, Anti bacterial studies, drug loading, drug
releasing. Keeping the above points the present study was aimed to produce the biocompatibility and
bioactivity of HAp prepared from Sol – gel method.

Keywords: Hydroxyapatite, Sol gel process, XRD, FTIR, TG/DTA, SEM, drug loading, drug
releasing.

Ultrasonic Studies of O- and P- Nitrophenols at Various Concentrations

Dr.P.Saritha,
Assistant Professor, Engineering Physics, Annamalai University,  Annamalai Nagar – 608 002.

E-mail: psarithaau@yahoo.com

ABSTRACT
To study the ultrasonic parameters of Ortho and Para Nitrophenols in various concentrations at room
temperature.  This variation in structural formula gives rise to variation in their physical properties. It
has been carried out and gives details about the determination of viscosity, density and the preparation
of solutions of various concentrations.  Of these O- and P- Nitrophenols have been studied at various
concentrations by dissolving them in double distilled water.  From the study of various parameters it
can be concluded that the solute-solvent interactions of O- and P- Nitrophenols with water are
prominent at 0.04M concentration.  This discussion throws light on the solute-solvent behavior of
Nitrophenol with water.

Keywords: Interferometer; Ostwald’s Viscometer; Pulse-Echo Technique and Ultrasonic diffraction.
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GROWTH AND CHARACTERIZATION OF L-PROLINIUM TARTRATE

Attralarasan S, Shiny Febena A, Madhavan J*
Department of Physics, Loyola College, Chennai-34

Email Id:jmadhavang@gmail.com

ABSTRACT

Single crystals of L-Prolinium tartrate (C5H10NO2)
+ (C4H5O6)

-, a new organic non-linear optical
material of size: 15 × 10 × 10 mm3 was grown using submerged seed solution growth method.
Characterization of the crystals was made using single crystal X-ray diffraction and density
determination. Spectroscopic, thermal, optical and mechanical studies were carried out. These studies
show that the crystals are thermally stable upto 161°C, transparent for the fundamental and second
harmonic generation of Nd: YAG (λ = 1064 nm) laser and possess good mechanical strength. Second
harmonic generation (SHG) conversion efficiency was investigated to explore the NLO characteristics
of this material using Kurtz and Perry method and it was found that the SHG conversion efficiency is
about 90% of that of the standard KDP crystals. Laser damage threshold study was also carried out.

Keywords: L-prolinium tartrate, FT-IR, thermal studies, micro hardness, SHG, laser damage
threshold.

Hydrothermal Synthesis of Nd3+doped TiO2 nanoparticles and its Optical behaviour

EzhilArasi S, Madhavan J*
Department of Physics, Loyola College, Chennai-34,

Email id: jmadhavang@gmail.com

ABSTRACT

Pure and rare earth ion doped TiO2nanoparticles were synthesized by hydrothermal method. The
synthesized TiO2nanoparticles were characterized in details by X-raydiffraction, Raman spectroscopy,
Fourier transform infrared spectroscopy, UV–vis spectroscopy and photoluminescence emission
spectra.From the UV-visible measurement,the absorption edge of Nd3+-TiO2was shifted to a higher
wavelength side with decreasing bandgap. The doping reduced the bandgap.Photoluminescence
emission studies revealed the obvious peaks and the absorption and emission spectra of Nd3+ doped
TiO2 nanoparticles explain energy transfer mechanism.

Keywords: TiO2 nanoparticles, Hydrothermal technique, Energy level transition.
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GROWTH, X-RAY STRUCTURE, SPECTROSCOPIC CHARACTERIZATION AND NLO
PROPERTIES OF AMINO ACID SINGLE CRYSTALS OF GLYCINE NICKEL CHLORIDE

Shiny Febena A, Victor Antony Raj M andMadhavan J*
Department of Physics, Loyola College,Chennai-34.

Email id: jmadhavang@gmail.com
ABSTRACT

Highly transparent crystals of Glycine Nickel (II) Chloride dihydrate [GNC] with dimensions 8 mm ×
7 mm × 5 mm were grown by slow evaporation technique. Crystals of GNC, a semi organic nonlinear
optical (NLO) were grown from aqueous solution at roomtemperature by slow evaporation
method.Crystal system and lattice parameters were confirmed by Powder X-raydiffraction analysis.
Structural confirmation was done by identifying the vibrational modes using IR and FT-Raman
spectroscopic studies. Optical absorption spectrum was recorded in thewavelength region of 190-
1100nm. The optical band gap of the grown crystal was found to be 4.84eV. From TG/DTA curve, the
crystals were thermally stable and there is an improvement in stability due to dopants added with
glycine. SHG efficiency of GNC crystals was examined by Kurtzpowder method. Thus the grown
crystals are useful in fabrication of optoelectronic devices.
Keywords: GNC, Powder XRD, FT-IR, FT-Raman, SHG, Kurtz powder method

EXPERIMENTAL AND COMPUTATIONAL STUDIES ON L – PROLINIUM PICRATE
Subaranjani R, Victor Antony Raj M andMadhavan J*

Department of Physics, Loyola College, Chennai-34
Email id: jmadhavang@gmail.com

ABSTRACT
L-Prolinium Picrate (LPOP) from L-Proline and Picric acid has been successfully synthesized and
grown by slow evaporation solution technique. The presence of functional groups in the LPOP is
confirmed by FT-IR vibrational patterns and the good crystallinity indicated by powder X-ray
diffraction method. Optical behavior such as UV–visible–NIR absorption and SHG conversion
efficiency were investigated to explore the NLO characteristics of the above material. The structural
features of the material leading to the large SHG efficiency are discussed. Microhardness
measurements and dielectric studies of the compound were also carried out. Using density functional
theory (DFT), a systematic study of structure, bonding, vibration, excitation energies and non-linear
optical properties has been carried out for noncentrosymmetric L-Prolinium Picrate.
Keywords: LPOP, FT-IR, UV-Vis, NLO, SHG, DFT

INVESTIGATIONS ON QUANTUM CHEMICAL AND VIBRATIONAL SPECTROSCOPY
OF L-ARGININE PER CHLORATE - A PROMISING NLO SINGLE CRYSTAL

Vincent femilaa R, Victor Antony Raj M, Madhavan J*
Department of Physics, Loyola College, Chennai-34

Email id: jmadhavang@gmail.com
ABSTRACT

By slow evaporation solution growth method a good quality nonlinear optical crystal (NLO) of L-
Arginine Perchlorate (LArPCl) was grown. The powder XRD studies were performed for the
confirmation of the grown crystal. Using FT-IR spectrum the crystal was examined for its vibration
frequencies. UV-Vis-NIR spectrum determined that the crystal in the visible region has a wide range
of transparency. The title compound was investigated theoretically for the HOMO-LUMO analysis
using DFT method.
Key words: NLO, FT-IR, XRD, UV-Vis-NIR, HOMO-LUMO, DFT
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INVESTIGATION OF STRUCTURAL, OPTICAL AND MAGNETIC BEHAVIOUR OF
LITHIUM FERRITE AND VANADIUM DOPED LITHIUM FERRITE

Malathi S and Seenuvasakumaran P
PG and Research department of Physics, Muthurangam Government Arts College (Aut),

Vellore 632002, TamilNadu, India

ABSTRACT

Nanomaterials ferrites have application in making permanent magnets, Magneto Optic displays,
Microwave absorbers, High density information storage devices, colour imaging etc. In the present
investigation Lithium Ferrite and Vanadium Doped Lithium Ferrite are synthesized by sol-gel
process. The X-ray diffraction results show that the structure of Lithium Ferrite is tetragonal and
Vanadium Doped Lithium Ferrite is monoclinic structure. The average particle size of lithium ferrite
is 18 nm and vanadium doped lithium ferrite is 24nm are calculated from Scherer formula. The lattice
parameters and dislocation density (δ) are calculated from XRD data. Strain (ε) values are evaluated
from Williamson-hall plot. The FT-IR studies reveal the formation of ferrites showing the significant
absorption bands. The UV-Vis spectroscopic data to calculate direct and indirect optical band gap
(Eg) by using taue plot at the edge of absorption band has been determined 1.57eV & 1.71eV, 1.01eV
& 1.01eV of lithium ferrite and lithium vanadium ferrite respectively. Surface morphology of the
synthesize material is studied from scanning electron microscope (SEM). The energy dispersive X-ray
analysis spectra showed that the expected elements exist in the material. The magnetic behaviour of
the materials studied using vibrating sample magnetometer (VSM).

KEYWORDS: XRD, sol-gel, VSM, color imaging, SEM etc.

OPTICAL PROPERTIES OF NANOCRYSTALLINE STRONTIUM SULPHIDE AND
CADMIUM DOPED STRONTIUM SULPHIDE THIN FILMS GROWN BY SILAR

TECHNIQUE
Karthik rajan K and Seenuvasakumaran P

PG and Research Department of Physics
Muthurangam Government Arts College (Aut), Vellore 632 002.

ABSTRACT:

The present study focus on Structural and Optical properties of Strontium Sulphide (SrS) and
Cadmium doped Strontium Sulphide deposited thin films for Tele communication, Optical coatings,
Decorative coatings, Solar cell applications. SrS and SrCdS thin films were deposited by Successive
Ionic Layer Absorption Reaction method (SILAR) at room temperature and atmospheric pressure.
The synthesized nanomaterials of SrS and Cd doped SrS exhibits the tetragonal structure and its
corresponding average particle sizes of thin films are 31nm and 45nm calculated from Debye-
Scherrer’s formula. The strain and dislocation density of deposited films are calculated using XRD
data. Various functional groups of the synthesized nanomaterials are investigated by FT-IR analysis.
The optical direct and indirect band gap of SrS and Cd doped SrS are 2.97 eV, 3.51 eV and 2.82 eV,
2.83 eV respectively. The surface morphology of the deposited thin films are studied by scanning
electron microscope (SEM). The energy dispersive X-ray analysis (EDAX) spectra showed existence
of the expected elements in the deposited thin films.

KEYWORDS: SILAR technique, strain, dislocation density and EDAX etc.
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ULTRASONICS
K.MANIMEGALAI

Department of Physics, Kamban College Of Arts & Science For Women,Tiruvannamalai
megakrish05@gmail.com

ABSTRACT
Meaning of  Ultrasonic’s – transducers – Application In Research  Field – Ranging and navigating –
The Doppler Effect – Material Testing – High intensity  application - Chemical and electrical uses –
medical application – Diagnosis – Therapy    and  surgery

SYNTHESIS AND CHARACTERIZATION OF LITHIUM TITANIUM FERRITE AND
VANADIUM CADMIUM FERRITE

Ramyapriya R and Seenuvasakumaran P
PG and Research department of Physics, Muthurangam Government Arts College (Aut),

Vellore 632002, TamilNadu, India

ABSTRACT
In modern electronic equipments, the ferrite specifies are increasingly requirements due to their
properties especially memory capacity. Lithium Ferrite attracts considerable attention of researchers
due to feasibility of their application in microwave technology as Circulators, Isolators and Phase
shifters due to High resistivity, Low eddy current and in memory device. This comparative study has
been undertaken based on the structure, surface morphology, optical and electrochemical properties of
Lithium Titanium Ferrite (LiTiFe2O4) and Vanadium Cadmium Ferrite (V2CdFe2O4) synthesized by
sol-gel method using stabilizing agent. The synthesized samples are characterized by X-ray diffraction
(XRD) to confirm the monoclinic crystal structure and its average particle size are calculated using
Debye-Scherrer’s formula as 37 nm and 28 nm respectively. The strain and dislocation density are
calculated from XRD data. Surface morphology and atomic percentage of the materials is studied
from Scanning Electron Microscope (SEM) with Energy Dispersive X-ray Analysis (EDAX). Various
functional groups are conformed from Fourier Transform Infrared spectroscopy analysis (FTIR).
From the Tauc plot, the direct and indirect band gap of LiTiFe2O4 and V2CdFe2O4 are 1.803 eV, 1.55
eV and 1.01 eV, 1.01 eV using UV-VIS spectroscopic data. From Vibrating Sample Magnetometer
(VSM) studied the magnetic behavior of the synthesized materials.

KEY WORDS: Lithium ferrite, sol-gel method, XRD, FTIR, SEM with EDAX, magnetic properties.

INTERFEROMETERS ANALYS AND APPLICATIONS

P.Ramadoss and R.Tamilselvi
Department of Physics, Govt. Arts College, Tiruvannamalai-606 603

ABSTRACT
Fiber optic interferometer to sense various physical parameters including

temperature,strain,pressure and refractive index have been widely investigated. In this paper all the
four interferometer sensors Fabry-perot ,Mach-zehnder,Michelson and Sagnac are reviewed in terms
of operating principles,fabrication,and applications. These sensors have large potential in industrial
areas. The new sensor technologies and their descriptions are also discussed here Fabry-perot
interferometer,applied in intrinsic and extrinsic structures and mach-zehnder and Michelson
interferometric sensors based on photonic crystal fibers are discussed in detail with their remarkable
sensingperformance.

proceedings of the National Conference on Preparation and Characterization of Crystalline Materials (NCPCCM 2016)



232

Synthesis, Vibrational spectroscopic studies of 2-Amino-4-methylpyridinium
4-aminobenzoate by density functional theory

S. Suresh1, 3*, S.Venda 3, S. Gunasekaran2, S. Srinivasan3

1Department of Physics, Dr.MGR Educational and Research Institute University, Chennai, India.

2Research and Development Center, St.Peter’s University, Chennai, India.

3Department of Physics, Presidency college, Chennai, India.

*Corresponding Author: sureshthanjai2003@gmail.com

ABSTRACT

2-Amino-4-methylpyridinium 4-aminobenzoate (AMPAB), was synthesized and
characterized by FTIR and UV–Visible spectra. The non-Centro symmetric single crystal of 2-Amino-
4-methyl pyridinium4-aminobenzoate (AMPAB), which crystallizes in Orthorhombic crystal system
with space group P212121, exhibits second order non-linear optical (NLO) susceptibility, due to
intermolecular charge transfer. In the AMPAB crystal, the amino benzoate anions are linked with both
of adjacent amino benzoate anions and amino methyl pyridinium cations via N—H···O hydrogen
bonding, to form the three dimensional supramolecular structure. The crystal structure also contains
weak C—H···O hydrogen bonding between adjacent anions. Density functional theory (DFT)
calculation has been carried out to study the nature of hydrogen involved in the AMPAB crystal. The
bond lengths and bond angles of the structure of AMPAB crystal calculated using B3LYP method
with 6-31G (d,p) basis set. A detailed interpretation of the vibrational spectra of this crystal has been
made on the basis of the calculated potential energy distribution (PED). The time dependent DFT
method employed to study its absorption energy and oscillator strength. The linear polarizability ( )
and the first order hyper polarizability (β) values of the investigated molecule have been computed.
The electronic properties, such as HOMO and LUMO energies, molecular electrostatic potential
(MESP) were also performed. Stability of the molecule arising from hyper conjugative interaction,
charge delocalization has been analyzed using natural bond orbital (NBO) analysis. These calculations
are compared with experimental values to provide deep insight into its electronic structure and
property of grown crystal.
Key words: 2-Amino- 4-methylpyridinium 4-aminobenzoate, DFT, H-bond interaction

GREEN SYNTHESIS AND CHARACTERIZATION OF METAL OXIDE(CUO AND ZNO)
NANOPARTICLES FROM CENTELLA ASIATICA LEAF EXTRACT
K.Ramya ,S.Ravi, S.Velmurugan, M. Gayathiri, K.Velvizhi, S.Umadevi

Department of Physics, Annamalai University, Annamalainagar-608002, Tamil Nadu, India
Department of Engg. Physics section FEAT, Annamalai University, Annamalainagar-608002, Tamil

Nadu, India
ABSTRACT

In recent years the development of metal oxide(CUO and ZNO) nanoparticles in an eco-friendly
manner using from centella Asiatica leaf extract.These green synthesized nanoparticles  have a range
of shapes  and sizes compared to those produced by other organisms. The present review is devoted to
the possibility of metal nanoparticle synthesis using plant extracts. This review provides a detaited
analysis of the various factors affecting the morphology; size and yield of metal
nanoparticles.Examples of (proteins, viral particles) to obtain nanoparticles in plant extracts are
discussed. The characterized by FE-SEM [Field Emission Scanning Electron Microscopy],X-Ray [X-
ray Diffraction] studies. The formation of metal nanoparticles will be confirmed by their XRD
spectrum.
Keywords : Metal oxide(Cuo and Zno) nanoparticles,Green synthesis ,centella asiatica,X-ray
diffraction technique(XRD)
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Synthesis, growth, spectroscopic and SHG studies on new nonlinear Optical crystal:
Mercuric Thiocyanate Cadmium Bromide (MTCB)

G.J. Shanmuga Sundar1, S.M.RaviKumar2*, S. Selvakumar3, D.Sivavishnu2

1Department of Physics, A.A. Government Arts College, Cheyyar.
2PG and Research Department of Physics, Government Arts College, Thiruvannamalai.

3Department of Physics, Government Arts College, Nandanam, Chennai
*Corresponding author: smravi78@rediffmail.com

ABSTRACT
Single crystal of Mercury thiocyanate cadmium bromide (MTCB) was successfully grown by the slow
evaporation solution growth technique at room temperature. The title compound was synthesized
using mercury thiocyanate and cadmium bromide with molar ratio of 3:1  using double distilled water
as a solvent. The size of the crystal 5 x 4 x 2 mm3 was obtained with in a period of 30 to 40 days.. The
lattice parameters of the grown crystal a=11.51Ǻ, b=11.51 Ǻ, c=4.23 Ǻ and volume V= 560.390 Ǻ3

were determined by Single crystal X-ray diffraction analysis. The crystalline nature and perfection of
MTCB crystal were observed using Powder X-ray diffraction. A Fourier transform infrared study
confirms the presence of functional group in the grown crystal. Transparency and cut off wavelength
of crystal was measured using UV-Vis NIR spectroscopy study. Nonlinear optical (NLO) behavior of
MTCB crystal has been studied for the first time by Kurtz Perry technique. Remarkable second
harmonic generation (SHG) efficiency has been observed in the MTCB crystal, its SHG efficiency is
found to be 2.64 times higher than that of known NLO crystal KDP.
Keywords: single crystal XRD; FTIR; UV-vis-NIR; SHG efficiency

ACOUSTICAL  INVESTIGATIONS ON SOME RARE EARTH METALS

P.Ramadoss and S.Dhanalakshmi
Department of Physics, Govt. Arts College, Tiruvannamalai-606 603

ABSTRACT
Sound velocity and allied parameters have been calculated and presented for Ga, Tb, Dy, Ho, Er and
Tm rare earth metals. The results are analysed on the basis of interaction.

INVESTIGATIONS ON SOME SUPERCONDUCTING ALLOYS

P.Ramadoss and M.Kavitha
Department of Physics, Govt. Arts College, Tiruvannamalai-606 603

ABSTRACT
Physical, thermal, mechanical and acoustical properties of some superconducting alloys have been
calculated and the results are analysed.
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Design and Construction of Vertical Semi Transparent Bridgman Setup

A.Saranraj, R.Murugan, S.A.Martin Britto Dhas*

Department of Physics, Abraham Panampara Research Centre,
Sacred Heart College (Autonomous), Tirupattur- 635601.
Email id: brittodhas@gmail.com, saranrajasj@gmail.com

ABSTRACT
In order to grow single crystals of nonlinear optical materials, a low cost vertical semi

transparent Bridgman technique has been designed and constructed with a single zone furnace. The
pulling rate of the constructed setup is 27 micro meter per minute. The thermal gradient of the furnace
was analyzed by moving the temperature sensor along the axis of the furnace. By using this
indigenously developed Bridgman setup a transparent and optical quality acenaphthene single crystal
was successfully grown by setting up a suitable thermal gradient achieved by means of analyzing
thermal gradient from melting region to bottom region (freezing region). The details will be
presented.

Keywords: Nonlinear optical materials, Bridgman technique, acenaphthene single crystal.

Surfactant-liaised variation in ZrO2 nanocomposites morphology

K. Gnanamoorthia, M. Balakrishnana*
aPG & Research Department of Physics, Government Arts College, Tiruvannamalai – 606 603,

Tamilnadu, India.

ABSTRACT
This paper presents the synthesis of ZrO2 nanocomposites in chemical precipitation method.

This article reports the formation of different morphologies of ZrO2 nanocomposites with sodium
dodecyl benzene sulfonate (SDBS) surfactant. This technique emphasizes the less consumption of
time for synthesizing nano powder with smaller particle size. This route for preparing ZrO2 is simple
and cost-effective method. ZrO2 nanocomposites were characterized by X-ray powder diffraction
(XRD), Fourier transform- infrared spectroscopy (FT-IR), TEM measurements, Scanning electron
microscope (SEM) and Energy dispersive spectrum (EDS). The particle size extracted from XRD
patterns, were around 44 nm. The particle size obtained from TEM image is will consistent with XRD
pattern. Analytical potential of these nanocomposites has been used to determine the illustrate levels
of polycyclic aromatic compounds in stream waters.

Keywords: ZrO2; semiconductors; nanocomposites; XRD; TEM

Corresponding author:  Tel: +91 9445140029
E-mail address: mbelectronlife@gmail.com.
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Study on the structural and optical properties of ZrO2 nanoparticles using the SDBS
surfactant by microwave irradiation route

K. Gnanamoorthia, M. Balakrishnana*

aPG & Research Department of Physics, Government Arts College, Tiruvannamalai – 606 603,
Tamilnadu, India.

ABSTRACT
Zirconium oxide (ZrO2) nanoparticles using the SDBS surfactant was successfully synthesized by
microwave irradiation route and the ZrO2 nanoparticles were analysed by TG-DTA, XRD, FT-IR,
SEM, TEM and HR-TEM techniques. More attention is given for the preparation of ZrO2

nanoparticles with good optical performance and it has been derived from UV-Visible (UV-DRS)
spectra and PL measurements. The X-ray diffraction pattern of the ZrO2 nanocrystalline has
confirmed tetragonal structure with average crystallite size in the range of 48-56 nm. SEM results
show the nanoparticles have been good polycrystalline nature. TEM results show the agglomerated
particles in the range from 43-58 nm. The HR-TEM images are corresponding to SAED pattern only.
The optical studies of UV-DRS spectra of the reflectance peak position of ZrO2 nanoparticles at about
327 nm and band gap energy values are obtained as 3.79 eV.

Keywords: Zirconium oxide; Microwave irradiation method; Tetragonal; Spherical particles
Corresponding author:  Tel: 09445140029
E-mail address: mbelectronlife@gmail.com

ANNEALING EFFECT ON STRUCTURAL, MORPHOLOGICAL AND OPTICAL
PROPERTIES OF ZrO2 NANOPARTICLES

K. Gnanamoorthia, M. Balakrishnana*

aP.G & Research Department of Physics, Government Arts College, Tiruvannamalai – 606 603,
Tamilnadu, India.

ABSTRACT
ZrO2 nanostructures have been successfully prepared by microwave irradiation method.  The
crystallite size and morphology of ZrO2 have been investigated by X-Ray diffraction (XRD),
thermogravimetric analysis (TG-DTA), fourier transform infrared spectroscopy (FT-IR), scanning
electron microscopy (SEM), energy dispersive spectrum (EDS), and transmission electron microscopy
(TEM) techniques. The XRD pattern of average particle sizes of ZrO2 is estimated to be around 14
nm. Furthermore, ZrO2 nanoparticles have the crystallite size in the range ~11-50 nm, as confirmed by
TEM. Optical and Photoluminescence (PL) properties of the synthesized samples were also
compared. Results obtained indicate that the microwave-assisted method is a promising low
temperature, cheap, and fast method for the production of ZrO2 nanostructures.

Keywords: ZrO2 nanoparticles; Microwave irradiation; Structural; Surface; Optical properties:
Corresponding author:  Tel: +91 9445140029
E-mail address: mbelectronlife@gmail.com
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Growth and Characterization studies of L- threonine Sodium fluoride (LTSF) a new
Semiorganic NLO crystal.

Allen Mosesa, S. Tamilselvana*, D. Sivavishnub, S.M. Ravi Kumarb
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b Department of Physics, Govt Arts College, Tiruvanamallai.

*Corresponding Author: tamilraji1977@gmail.com

ABSTRACT
The single crystal growth of nonlinear optical crystal L-Threonine Sodium Fluoride (LTSF) has been
successfully synthesized by taking equimolar quantity of L-Threonine and Sodium Fluoride, by
mixing them thoroughly using deionized water.  The crystal has grown by adopting the method of
growing in a slow evaporation solution using water as solvent at room temperature. The prepared
solution was placed in an undisturbed condition, and it was inspected regularly over a period of a
month. A single crystal has been harvested. The single crystal was characterized by different
techniques finding out its suitability for device fabrications. The optical studies reveal the
transparency of the crystal in the entire visible region. The grownup crystal was subjected to single
crystal XRD diffraction technique to examine the crystal system and unit cell parameters. Powder
XRD pattern confirms that there is change in the basic structure of materials. Functional groups in
crystal lattice were qualitatively identified by FTIR spectrum.Optical behavior of the crystal was
identified by UV-Vis analysis. Thermal property of grown crystal was reported in the TGA/DTA
analyses. Thermal studies revealed that grownup crystal LTSF is thermally stable. Laser damage
threshold and nonlinear optical activity of the grownup crystal were confirmed by Q-switched Nd :
YAG laser beam. The second harmonic generation (SHG) efficiency of the LTSF crystal was studied
by Kurtz powder method and the efficiency was 2.2 times greater than that of the pure KDP. When
compared with the pure L-Threonine crystal, it was found that the efficiency was two times greater
than that of L-threonine.

Structural, optical, photocatalytic degradation and antibacterial activity of Ce - doped
ZnO nanoparticles prepared via wet-chemical method

R. Bomila a*, S. Srinivasan a

a,a*Department of Physics, Presidency College, Chennai- 600 005
Email: bomilar.m.sc@gmail.com

ABSTRACT
The undoped and Ce-doped ZnO nanoparticles were synthesized by the

wet - chemical method with Octylamine (OA) as capping agent. Zinc acetate dihydrate and Cerium
nitrate hexahydrate was used as precursor materials. The structure, morphology and optical properties
were characterized by X-ray Diffraction, Scanning electron microscope, UV-Visible spectroscopic
techniques respectively. The presence of ZnO was confirmed by Fourier transform- infrared
spectroscopy and Fourier transform-Raman spectroscopic analysis. The band gap value of ZnO was
determined from the UV-Vis spectral study. Further we also investigated the photocatalytic
degradation of Eosin Yellow, which was well known textile dye by using undoped and Ce-doped ZnO
nanoparticles in de-ionized water under sunlight irradiation. The bactericidal efficiency of Ce-doped
ZnO nanoparticles were investigated  against a Gram positive (Staphylococcus aureus) and a Gram
negative bacteria (Escherichia coli).
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Synthesis, Growth, Spectroscopy and Optical Studies on Novel Nonlinear Optical
Material: Zn(IO)3

D. Sivavishnu1, T. kubendiran2, S.M. Ravi Kumar2

1,2 PG and Research Department of Physics, Government Arts College, Tiruvannamalai-606603,
Tamilnadu, India.

*Corresponding author: smravi78@rediffmail.com

ABSTRACT
Novel nonlinear optical material Zinc iodide (Zn(IO)3) were successfully grown using slow
evaporation solution growth technique at constant temperature. The grown Zn(IO)3 crystal is upto the
dimension of 6x4x6 mm3. The lattice parameters of the grown crystal are a=11.137Ǻ, b=5.271 Ǻ,
c=11.142 Ǻ, and volume V= 654.07 Ǻ3 were obtained by Single crystal x-ray diffraction analysis,
which reveals that the crystal Zn(IO)3 belongs to monoclinic crystal system with space group P21. The
crystalline perfection of Zn(IO)3 was ascertained by Powder x-ray diffraction analysis. Functional
groups were identified by FTIR spectroscopy. The Zn(IO)3 crystal were further characterized by UV-
Vis-NIR transmission spectrum in the range of 200-1000 nm. The lower cut-off wavelength (212 nm)
and the band gap (Eg=5.4 eV) are estimated from the optical studies. Dielectric constant and dielectric
loss measurements were carried out at different temperatures and frequencies. Nonlinear optical
property of the crystal Zn(IO)3 was studied by Kurtz powder technique using Nd:YAG laser and the
crystal exhibits second harmonic generation (SHG) property.
Keywords: XRD analysis, optical property, SHG efficiency

FTIR-ATR, FT Raman and UV- Visible Spectroscopic analyses and the study on
Photo Stability and Estimation of Metformin

S. Kamatchi *1, E. Sailatha1, S. Gunasekaran2 and R. Pavithra Marthandam1

1 – Spectrophysics Research Laboratory, PG & Research Department of Physics, Pachaiyappa’s
College, Chennai – 600 030.

2 – Sophisticated Analytical Instrumentation Facility, St. Peter’s University, Avadi, Chennai – 600
054.

* E-mail: kamatchi27788@gmail.com

ABSTRACT
Antidiabetic drugs are the medicine prescribed for the treatment of diabetes mellitus. It reduces blood
glucose levels and improves insulin sensitivity. Metformin reduces LDL cholesterol and triglyceride
levels and is not associated with weight gain and is the only         anti-diabetic drug that has been
conclusively shown to prevent the cardiovascular complications of diabetes. These drugs can be
administrated either orally or intravenously. They are available either in the form of tablets, powder,
syrup and injection.  Whatever be the form of drug, quality assurance is essential for the safety and
efficacy of drugs, modern spectroscopic techniques are sensitive tools for quality and quantity
conformation. The FTIR and Raman spectra of metformin have been analyzed in terms of
characteristic frequencies of functional groups in the region 4000-450 cm-1 and 4000-50 cm-1

respectively. To find the quality factor of metformin using UV-Visible spectroscopic technique in the
region 200-800 nm, metformin stored in different environmental conditions were analyzed at different
concentrations. A comparison after the sample stored in the ideal condition is made with samples
exposed to environmental hazards. Further, the internal standard ratios for some specific modes of
vibration have also been studied from the FTIR spectra of these samples. A systematic approach has
been adopted using UV-Visible Spectroscopic technique for estimation of the active substance of
metformin.
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Study of Single Human Hair Fiber of Asthmatic Individuals– A spectroscopic approach

P. Sasi Rekha1* and S.Gunasekaran1

1 St.Peter’s University, Avadi, Chennai-600 054, TN, India.
*Corresponding author: sasirekha77@yahoo.com

ABSTRACT
Passing from normal tissue to pathological tissue, cellular biochemistry changes. From a diagnostic
and therapeutic point of view, it is fundamental to study the physical and chemical changes occurring
in tissues and cells due to disease. Spectroscopy has received quite a lot of attention not only for
understanding the biological nature of the disease, but also for the diagnosis of the disease in recent
times. In this study, it has been demonstrated that the study of FTIR spectra of single Human Hair
Fiber is used to differentiate between the healthy and asthmatic individuals. Some clear differences
are observed in terms of optical density of absorption bands and a satisfactory analysis has been made.

Characterization of Nano Cellulosic fibrils isolated from Plantain non-wood fibres

R. Pavithra Marthandam*1, E. Sailatha1, S. Gunasekaran2 and S. Kamatchi1

1 – Spectrophysics Research Laboratory, PG & Research Department of Physics, Pachaiyappa’s
College, Chennai – 600 030.

2 – Sophisticated Analytical Instrumentation Facility, St. Peter’s University, Avadi, Chennai – 600
054.

* E-mail: pavimarth@gmail.com
ABSTRACT

Cellulose is one of the richest renewable sources obtained from various plants and microorganisms.
This study emphasizes the isolation of Nano Cellulosic Fibrils (NCFs) from the non-wood plant
resources; agro wastes of Plantains fibres of two different kinds were chosen to isolate NCFs. The
NCFs have been obtained using pulping, bleaching and acid hydrolysis and the Lignocellulosic fibres
were characterized using FTIR-ATR in the Mid IR region of 4000-450cm-1 to learn the chemical
modifications after every treatment to the fibres. The crystallinity index of the fibres and NCFs were
studied using powder XRD. The NCFs are also characterized using SEM, HRTEM, AFM, DLS and
TGA.

FTIR-ATR Spectroscopy in the Analysis of Sugar in Wheat

S.Natchathira*1,  S.Gunasekaran1, S.Kamatchi2 and  R.Pavithra Marthandam2

*1-Deparment of physics, St. Peter’s University, Avadi, Chennai-600054.
1- SAIF-SPU, St. Peter’s University, Avadi, Chennai-600054

2- PG& Research Department of Physics, Pachaiyappa’s College, Chennai-600030.
ABSTRACT

FTIR Spectroscopic technique is evolving as an important technique in analyzing the
polysaccharides of grains and cereals .It is yet again proved with analyzing the fiber, glucose
and amylose content of wheat flour procured from different source. The qualitative and
quantitative Information of Arabinoxylans (fiber), glucose and amylose were, gathered by the
FTIR spectral absorption at 1740cm-1, 1077cm-1, and 929cm-1 respectively in the Mid IR
region of 4000-450cm-1. The quantitative information of the sugar in wheat flour was
obtained by performing internal standard ratio calculations over 1740cm-1, 1077cm-1, and
929cm-1 to the FTIR absorptions at 3292cm-1, 1536cm-1, 858cm-1 and 761cm-1.The
commercially available different brands of wheat also compared with the home ground wheat
flour, sieved for four times. The glucose, amylose and fiber content of wheat are also
compared with raw and boiled rice flour. The obtained sugar profile is also ensured by the
available glycemic index rice and wheat.
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Analysis over Nutrients in Soil by  Fourth Derivative FTIR and UV- Visible DRS
Spectroscopy

S.Revathi a*, S. Gunasekaran a, R.Pavithra Marthandam b and S. Kamatchi b
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ABSTRACT

This investigation solely focuses on finding the suitability of soils in growing crops by adopting
spectroscopic techniques. There are few different types of soils which enhance the plant growth of
certain kind due to its suitability. The nutrient content to the soil to soil is very unique based on its
inorganic and organic content. Thus, the investigation is extended in studying the spectral behaviors
of soils used for cultivation of different crops in infrared region. The FTIR studies of soils are carried
out in the mid IR region of 4000-450cm-1.The FTIR spectral exhibitions of soils, the qualitative
analysis has been carried out and the minerals present in the soils were found. The presence of sulfate
ions of ZnSO4, CaSO4, MnSO4, and FeSO4 is attributed to the FTIR absorption in the region of 995cm-1

in the zeroth order spectra of the soil samples. Further, to classify the sulfate ions of various nutrients,
fourth derivative FTIR spectroscopy is employed and the absorption band at 995 cm-1 recoded into the
absorptions in the regions of 1112 cm-1, 1009 cm-1, 904 cm-1, and 870 cm-1 of sulfate ions based on the
association. The results obtained from chemical methods is compared with the results of Fourth
Derivative FTIR spectral impressions of the soil samples.The soil samples were also investigated for
the presence of the sulphate ions UV-Visible DRS spectroscopy technique. The results obtained from
reflectance spectroscopy techniques are compared by the conventional spectrometric and titrimetric
techniques involved in soil analysis.

ISOLATION AND CHARACTERIZATION OF NANO CELLULOSIC FIBRILS
FROM ACACIA NILOTICA

G.B.Anushya1*, S.Gunasekaran1, R.Pavithra2 and S. Kamatchi2

*1-Deparment of physics, St. Peter’s University, Avadi, Chennai-600054.
1- SAIF-SPU, St. Peter’s University, Avadi, Chennai-600054.

2- PG& Research Department of Physics, Pachaiyappa’s College, Chennai-600030.

ABSTRACT
In this present work, the cellulosic and nano cellulosic fibrils were successfully isolated from ground
wood of Acacia Nilotica. The ground wood, Cellulose and isolated nano cellulosic fibrils are
characterized by using Fourier Transform Infrared Spectroscopy (FTIR-ATR), Powder XRD
technique, High Resolution Scanning Electron Microscopy (HRSEM), High Resolution Transmission
Electron Microscopy (HRTEM). The appearance and disappearance of bands in FTIR spectra shows
the removal of lignin and hemicelluloses was successful after the treatment of acid hydrolysis. The
XRD patterns obtained shows the enrichment in the percentage of crystalline nature from ground
wood to Cellulose and nano cellulose manifests a significant conversion of amorphous to crystalline
nature. The surface morphology of ground wood, cellulose and nano cellulose of Acacia Nilotica is
observed by using HRSEM analysis. The dimension of isolated nano cellulose was obtained by
HRTEM analysis.
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Discrimination of Diabetic and Normal Human Scalp Hair Fibre Using Single bounce
ATR - FTIRSpectroscopic Technique

A.Rajeswaria*, S. Gunasekarana, S. Kamatchiband R.PavithraMarthandamb
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ABSTRACT
Diabetes is the faster growing long term disease that affects millions of people worldwide.Diabetes
mellitus is a chronic metabolic syndrome or disorder that prevent the body to utilize the glucose
completely or partially. Diabetes is known as a disorder of carbohydrates metabolized characterized
by high blood sugar level (hyperglycemia). To diagnosis diabetes, hair could be used to detect
diabetic by using FTIR-ATR technique. The FTIR-ATR spectra of human scalp hair fibres have been
recorded in the mid-infrared region of 4000-450 cm-1. The human hair samples of diabetic patients
where chosen for study, because they exhibit distinct changes in the bio- chemical properties, which
can be analysed successfully by advanced FTIR-ATR spectroscopic techniques. The FTIR-ATR
spectral analysis revealed differences in several major metabolic components glucose, proteins, and
lipidsthat clearly demarcated normal and diseased hair fibres. Patients with Diabetes showed increase
in the peak height ratio of the I1240/1085, I3285/2930 ,and I1640/1545 of glucose, protein, and lipids bands. In
the present study aims at employing FTIR-ATR Spectroscopy for analyzing the Diabetes hair sample
with elevated glucose, protein and lipid, levels to detect spectral parameter, which might serve as
biomarker for identifying and detecting glucose, protein and lipid. The absorbance values at these
specific modes of vibration varied significantly from that of normal subject. To differentiate Diabetes
from that of normal subjects, Internal Radio parameter among the absorption bands has been
introduced and the results are substantiated by histogram. It has been found that diabetes hair sample
is more sensitive to absorb infrared radiation than that of normal hair fibre.

Preparation and characterization of TiO2 @ carbon nanoroad as anode materials for
lithium ion Battery applications

E.Priyadharshini a*, S. Srinivasan a

a,a*Department of Physics, Presidency College, Chennai- 600 005
*Email: prydharshini20@gmail.com

ABSTRACT
In this method study provides a simple hydrothermal method. The purpose of this method controlled
introduction of carbon to optimize better electrical performance of lithium ion battery using the
TiO2@ carbon nanoparticle as anode materials. Lithium ion battery is prepared by a facile route using
titanium tetrachloride and commercial filter paper is the carbon source. The weight ratios between
carbon nanoparticle and TiO2, nanoparticles, which seriously affect the battery performance, have
been demonstrated to be easily tuned by adjusting the different sintering temperature. The
electrochemical performance shows that the TiO2@carbon nanoparticle with the good percentage
have been the best performance with the good capacity of 540 mAg-1after 40 cycle at a current density
of 100 mAg-1.were calcined at different temperature 400,450,500oC and characterized using Powder
X-ray diffraction (XRD), Thermo gravimetric (TG) & Differential thermal (DT) analyses, Scanning
Electron Microscope (SEM), energy dispersive X-ray diffraction, FT-Raman & UV-Visible Spectral
analyses and galvanostatic Charge-discharge tests.
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Crystal structure analysis of (2'R,3'R,4'R)-3'-(1H-benzo[d]imidazol-2-yl)-4'-(4-
bromophenyl)-1'-methyl-2-oxospiro[indoline-3,2'-pyrrolidine]-3'-carbonitrile

K. Elumalai1, Nataraj Poomathi2, P. T. Perumal2
, K. Sakthi Murugesan1*

1,1*Department of Physics, Presidency College (Autonomous), Chennai-600 005, India

2Organic Chemistry Division, CSIR Central Leather Research Institute,
Adyar, Chennai-600 020, India

*Corres.author email: ksakthimurugesan2492@gmail.com

ABSTRACT
The crystal structure of(2'R,3'R,4'R)-3'-(1H-benzo[d]imidazol-2-yl)-4'-(4-bromophenyl)-1'-methyl-2-
oxospiro[indoline-3,2'-pyrrolidine]-3'-carbonitrile (C27H26BrN5O3). The compound crystallizes in
Monoclinic, P21/nspace group with unit cell parameters at 296(2) K as follows: a = 18.660 (2) Å, b
=7.5092 (7) Å, c =19.001 (2) Å, α = β =90°, γ =110.26°.Crystal data were collected using BRUKER
SMART APEX II CCD X-ray diffractometer. The structure was solved by direct methods and refined
on F2 by full-matrix least-squares procedures to the final R1 of 0.089usingSHELXL programs.

Key Words:oxoindoline, pyrrolidine and crystal structure.

Infrared study of compositional changes of poorly crystalline hydroxyapatite of bone
tissues of fingerlings edible fish

S.Karthikeyan*1, R. Ravisankar2, P.Eswaran3
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ABSTRACT
The composite nature of bone consists of hydroxyapatite, collagen, water, minerals which surrounds
crystals by dense filling. A biological apatite usually has a calcium deficient substituted by either
CO3

2- or PO4
3- ions. This characteristic change influence crystallinity, crystal symmetry, and lattice

parameters, physical and biological characteristics of bone. Thus quantitative measurement of bone
mineral composition varies considerably in relation to bone age, type and its nature. The mineral
component of bone is the poorly crystalline hydroxyapatite in which   CO3

2- ions substitutions will
lead to nonstoichiometric apatite minerals.  This substitution creates vacancies and distorts the crystal
lattice consequently which affects the mechanical strength of bone. FTIR is a powerful tool for
conformation regarding bone minerals and its compositions. This changes is studied by FTIR in the
region of 500-650 cm-1, 850-890 cm-1, 900-1200 cm-1 and in amide I region. In addition the other
parameters such Ca/P ratio, crystallinity Index, Mineralization index and aging of bone can be
computed from the FTIR spectra. The study reveals a bone mineral of fingerling is poorly crystalline
and its crystallinity increases to the aging of bone. Further changes in the secondary structure protein
are studied in the collagen matrix of the bone sample. The study helps in understanding the
mechanism of compositional changes in the bone minerals and its crystalline nature using FTIR
spectroscopy.

Key Words: FTIR, hydroxyapatite, Crystallinity Index, Ca/P ratio, bone minerals
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Comparative Study on Healthy and Anemia Diseased Human Nail Samples using FTIR-
ATR Spectroscopic technique.

P. Ramesh a, S. Gunasekaran b
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St. Peter’s University, Avadi, Chennai -600 04.

Corresponding author Email: rameshphysics12@gmail.com

ABSTRACT
Generally nails can be an index of health with abnormalities found under diseased conditions. There is
a prominent colour change in the anemic diseased patients nail. Possible differences in infrared (IR)
spectra of nail samples of anemia patients compared to the healthy subjects were investigated in the
present study. The FTIR-ATR spectra of human nail samples have been recorded in the mid-infrared
region of 4000-450cm-1. The spectral analysis revealed that differences in several major metabolic
components of proteins, lipids and glucose that clearly indicated healthy and anemic diseased nails.
There are significant changes in the spectral bands at 3285cm-1,1655cm-1 and 1545cm-1 due to N-H
Stretching Vibrations of amide A, Amide I and Amide II respectively for anemic nail with that of the
healthy nail. Intensities of IR spectra provide quantitative information, while the frequencies revealed
that quantitative analysis about the nature of the chemical bonds and their structure. Infrared
spectroscopy may represent an appropriate tool with which to identify the risk factor of anemic
diseases.

Magnetic and Electrochemical Behaviour of Cobalt Doped Tungsten Oxide (WO3)
Nanomaterials by Microwave Irradiation Method

V. Hariharana, B. Gnanavelb*, S.Komathib and D.Dhanabalanb

aDepartment of Physics, Mahendra Arts and Science College,
Kalipatti – 637 501, Tamilnadu, India

b PG & Research Department of Physics, Chikkaiah Naicker College, Erod – 4, Tamilnadu, India
E-mail address: gnanavelphd@gmail.com

ABSTRACT
Nanocrystalline WO3.H2O nanopowders, doped with cobalt (2 and 5 wt%) have been synthesized
using CoCl2.6H2O and Na2WO4.2H2O in a facile microwave irradiation process, followed by the
annealing process. The samples were characterized with powder X-ray diffraction, field emission
scanning electron microscopy, UV-VIS diffusion reflectance spectroscopy, photoluminescence
spectroscopy and cyclic voltammetry (CV). X-ray diffraction patterns showed both undoped and Co
doped WO3.H2O crystallized with orthorhombic phase. Annealing h-WO3 at 600˚C 6h in air resulted
in the different products, W17O47 (monoclinic) for undoped, WO3 orthorhombic for 2 wt% Co doped
and WO3 (monoclinic) for 5 wt% Co doped. FE-SEM micrographs suggested that the dopants are able
to influence the growth rate and morphology of the prepared nanopowders. UV-VIS-DRS spectra
revealed that the dopant (Co ion) is incorporated in the intermediate energy level. Blue emissions (450
– 550 nm) were verified using PL at room temperature for the annealed samples (W17O47 and WO3)
with excitation wavelength 390 nm. The difference in peak intensity observed through PL spectra
attributed to the possible distortions in WO4

2- tetrahedron group during microwave irradiation process.
Electrochemical studies showed the possible enhanced catalytic behavior of cobalt doped (5wt.%) as
prepared samples than that of others. The temperature dependent magnetic susceptibility (300 K to 2
K) and isothermal magnetization measurements showed the enhancement in magnetic behaviour of
the samples for diamagnetic to antiferromagnetic nature which is clearly shows the incorporation of
Cobalt ion at tungsten lattice site and in determining the resultant magnetic behaviour of the samples.
Keywords: Tungsten oxide, Microwave irradiation, Cobalt doping, Nanoparticles, Magnetic

properties, Cyclic Voltammetry
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Growth and Characterization of Pure, L-Lysine doped and L-Leucine doped TGS
Crystals

K.Balasubramanian1*,  A.Ponchithra2, T.Karpagam2, S.Sivapriya2.
1 Department of physics, The M.D.T Hindu college, pettai, Tirunelveli.

2 Research Scholar, Department of physics, The M.D.T Hindu college, pettai, Tirunelveli.

ABSTRACT
Pure and amino acid doped Triglycine sulphate crystals were grown from aqueous solution by slow
evaporation method.  The solubility of the TGS increases with increasing temperature.   The grown
crystals were subjected to powder XRD analysis, and the result shows slight changes in peak
intensities and peak position, which may be attribute to strain in lattice. The presence of functional
groups in the crystals has been observed by FTIR analysis. Optical transmission studies were carried
out by allowing the UV-NIR rays of wavelength between                        200-1100nm. Dielectric
constants of the grown TGS crystals were determined at various temperatures. Micro hardness studies
were carried out by using vickersmicrohardness tester.
Key words: Growth from solution - X-ray diffraction - FTIR studies - Transmittance spectrum -
Dielectric constant - Microhardness test.

Tri-block copolymer of Poly (Urethane-Urea) Based on HMDI: Synthesis and
Characterization

M. Kayalvizhi,  K. Balaji  and A. Arun*

P.G & Research Department of Chemistry, Government Arts College, Tiruvannamalai – 606603,
Tamilnadu, INDIA.

ABSTRACT

A series of polyurethane triblock copolymers were synthesized by reacting a hexamethylene
diisocyanate (HMDI) with functionalized polystyrene (OH-PSt-OH, Mn = 2,000 g/mol). Two different
amines were used as chain blockers, n-hexylamine (6m) and aniline. The length of the soft segment
was varied from 2000 to 9042 g/mol using HMDI as chain extenders. The synthesized copolymers
were characterized by viscosity measurements, FT-IR, DSC, TGA, water absorption and solvent
resistivity. Depending on the urethane-urea concentration, the melting temperature of the polymers
was varied from 273°C to 258°C. The inherent viscosities of the polymer were found to be 0.13 - 0.42
dL/g suggesting that triblock copolymers were of low molecular weight. The solubility of the polymer
in chloroform was found to be depends on the concentration of the hard segment. The TGA data
reveals that the polymer showed single stage decomposition centered around 400°C.

Keywords: Polystyrene, Poly (urethane-urea), semi-crystalline, thermal stability, solvent resistivity.
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Growth aspects, spectral and thermal studies of Cerium (III) doped sulphanilinic acid
with tartaric acid based single crystal

E.Vinoth*, S.Elavarasu, N.Vaigundan, M.Govindharaj and  E. Vakees
*PG and Research Department of Physics, Government Arts College, Tiruvannamalai 606611, India
Department of Chemistry, Sivagamiammal College of Arts and Science, Krishnagiri 635108, India

ABSTRACT
Growth and characterization of novel crystal based on ammonium ceric sulphate (ACS), sulphanilic
acid and tartaric acid. The crystals were grown by slow evaporation technique using water solvent.
The grown crystal structure is confirmed by single crystal X-ray, FT-IR, UV-Visible, NMR, TGA,
NLO and electrical properties. A single crystal X-ray diffraction study is confirmed by monoclinic
structure of system. All the functional groups are confirmed by FT-IR spectroscopy. Structural studies
are established by NMR technique. The growth crystal is thermally stable upto 208ºC and melting
point is 168ºC. The powder SHG studies were done with the Kurtz powder technique and the NLO
efficiency is one times greater than that of standard KDP.
Keywords: X-ray diffraction, crystallization, growth from solution, nonlinear materials
Corresponding author tel.:+91 9442792346
E-mail address:vakees.e@gmail.com

Growth and characterization of HALT single crystal by Sankaranarayanan -
Ramasamy (SR) and Slow Evaporation Solution Growth (SEST) method

R. Purusothamana, M. Shankara, P. Dennis Rajb, I. Vetha Pothehera*

aDepartment of Physics, Bharathidasan Institute of Technology (BIT) Campus, Anna University
Tiruchirappalli - 620024, Tamil Nadu, India.
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* Corresponding author: Dr. I. Vetha Potheher, Assistant Professor in Physics, Bharathidasan Institute
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Mobile: +919942994274, Email: potheher11@gmail.com
ABSTRACT

The HALT single crystal was grown by Slow Evaporation Solution Growth method and
Sankaranarayanan – Ramasamy method. The SEST crystal was dimension 5x4x3 mm3 and their
grown crystal growing period 20 days. The seed crystal of SEST was used (010) was SR method. The
SR grown crystal was growing period of 40 days and their growing crystal length 50mm diameter
20mm. The HALT grown crystal was confirmed X-ray diffraction method by both single and powder
X-ray techniques. The crystal was space confirmed P21, the mention space group identity helpful
behavior for acentric or polar group. The HALT single crystal was optical transmittance SR method
grown crystal higher than SEST grown crystal. The Photoluminescencespectrum of grown crystal was
SR high intensity to SEST method. The thermal analysis grown crystal was melting point at 130 °C.
The piezoelectric coefficient of HALT grown crystal was 0.67 pC/N that time of compared quartz
single crystal.
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Synthesis and Characterization of ZnO nanorods by using hydrothermal method

N. Senthil Kumar, E. Vivek, S. Sharmila, I. Vetha Potheher*
Department of Physics, Bharathidasan Institute of Technology (BIT campus), Anna University,

Tiruchirappalli, Tamilnadu, India
*Corresponding Author e-mail: potheher11@gmail.com

ABSTRACT

In this present work, ZnO nanorod was prepared by a hydrothermal method. The ZnO nanorods were
synthesized by using a 100ml Teflon lined stainless steel autoclave. The Synthesized ZnO nanorods
where confirmed and characterized by UV-Visible spectroscopy, Powder X- ray diffraction (PXRD),
Fourier Transform Infrared spectroscopy (FTIR), Raman Spectroscopy, TG-DTA analysis, Zeta
Potential analysis and Field Emission Scanning Electron Microscopy (FESEM). The UV absorption
of the wavelength observed at the peak of 378 nm & Energy band gap of the ZnO nanorods was found
to be 3.2eV.The FTIR analysis confirmed the presence of various functional groups in the ZnO
nanorods. The synthesized ZnO nanorods are confirmed by the powder XRD analysis and the
crystalline size was calculated by the Scherer’s formula and it also shows the purity of the synthesized
ZnO nanorods. The thermal behavior of the ZnO nanorods was studied by TGA and DTA analysis.
The zeta potential analysis shows stability of the synthesized ZnO nanorods. The crystalline size,
shape and surface morphology of the ZnO nanorods are determined by using FE–SEM.

A study on Electrochemical Properties of ZnO/Mn2O3 Nanocomposite material for
Supercapacitor Application

N. Senthil Kumar, E. Vivek, S. Sharmila, I. Vetha Potheher*
Department of Physics, Bharathidasan Institute of Technology (BIT campus), Anna University,

Tiruchirappalli, Tamilnadu, India
*Corresponding Author e-mail: potheher11@gmail.com

ABSTRACT

In this work, ZnO/Mn2O3 nanocomposite is synthesized by adopting simple hydrothermal method.
The as prepared material was characterized by Powder X-Ray Diffraction, Fourier Transform Infrared
Spectroscopy, Raman spectroscopy, TG-DTA analysis, UV-Vis spectroscopy. The UV absorption of
the wavelength observed at the peak of 215nm. The FTIR analysis confirmed the presence of various
functional groups in the ZnO/Mn2O3 nanocomposite material. The synthesized ZnO/Mn2O3

nanocomposite was confirmed by the powder XRD analysis and the crystalline size was calculated by
the Scherer’s formula and it also shows the purity of the synthesized nanoparticles. The surface
morphology was studied using Field Emission Scanning Electron Microscopy (FE-SEM). The
electrochemical performance of ZnO/Mn2O3 was analyzed by employing techniques like cyclic
voltammetry, galvanostatic charge discharge and electrochemical Impedance Spectroscopy. Based on
the electrochemical results, it shows a specific capacitance of about 675 F/g at the scan rate of 5 mV/s
in 1 M KCL electrolyte solution and gives a better cyclic stability even after prolonged cycles (1000
cycles). The efficiency of 90.5 % was obtained and moreover it possess constant efficiency rate from
100 to 1000 cycle , which entails the ZnO/M2O3 nanocomposite is as a promising candidate for
supercapacitor applications.
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FABRICATION OF SN:CEO2/ TIO2 HYBRID PHOTO ANODE FOR DYE
SENSITIZED SOLAR CELLS

K.Sahadevan1,2, P.Kumaresan1, M. Karl Chinnu3
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ABSTRACT
CeO2 and Sn:CeO2nanocrystals, successfully synthesized by simple Sonochemical method. Their
photo voltaic performance was investigated with TiO2 nanostructure in an effort to enhance the light
conversion efficiency of DSSCs. The highest short circuit current was measured among them, which
was proved to be related to the fast electrons transferred in the hybrid electrodes. CeO2 has high band
gap energy and conduction band of both stable Ce3+ (4f15d0) and Ce4+ (4f05d0) oxide states, owing to
the remarkable redox property and oxygen storage capacity. The Ceria changes in the conduction
band of TiO2, due to the unoccupied Ce-4f trap states in the band gap, and reduction of Ce4+ to Ce3+

when electrons are injected in the photo anode. The cerium oxide doped photoanodes with special
electrochemical properties which strongly influence the performance of DSSCs. The PCE of the
Sn:CeO2-TiO2anode cell was conspicuously improved by loading the Sn:CeO2 and the maximum PCE
was 5.4 %. The overall solar to electric energy conversion efficiency was about 24% for
Sn:CeO2/TiO2 (AM-1.5, 100 mW/cm2) compared with pristine anode.
Keywords: Sn:CeO2:TiO2, DSSCs, Photocurrent, impedance, electron life time

FTIR, FT – RAMAN ANALYSIS AND QUANTUM CHEMICAL CALCULATIONS ON
ACETAZOLAMIDE

M. Suhasinia*, E. Sailathaa, S. Gunasekaranb, G.R. Ramkumaarc,

*aPG& Research Department of Physics, Pachaiyappa’s College, Chennai – 600 030.
bResearch and Development, St. Peter’s University, St. Peter’s Institute of Higher Education and

Research, Avadi, Chennai – 600 054
cHead, Department of Physics, C.Kandaswami Naidu college for Men, Chennai – 600 102.

ABSTRACT
The Fourier Transform (FT) infrared and FT-Raman spectra of benzothiazole (BT) have been
recorded and analyzed. The equilibrium geometry, bonding features, and harmonic vibrational
frequencies have been investigated by ab initio (HF) and density functional theory (DFT) methods.
The assignments of the vibrational spectra have been carried out. A detailed interpretation of the
vibrational spectra of the molecule has been made on the basis of the calculated Potential Energy
Distribution (PED) by VEDA program. The computed optimized geometric bond lengths and bond
angles show good agreement with experimental data of the title compound. UV–visible spectrum of
the compound was also recorded and the electronic properties, such as HOMO and LUMO energies
and λmax were determined by time-dependent DFT (TD-DFT) method. Stability of the molecule due
to conjugative interactions arising from charge delocalization has been analyzed using natural bond
orbital (NBO) analysis. The thermodynamic functions of the title molecule were also performed using
the HF and DFT methods.
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FITR – ATR  Spectroscopy in Qualitative & Quantitative analysis of different Milk
Species
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ABSTRACT
FTIR- ATR, having diamond IRE is employed for the identification and quantification of the nutrient
composition of milk in different milk species of cattle, such as Goat (SGM), Cow (SCM), Buffalo
(SBM), boiled Cow’s milk (SBCM) and boiled Buffalo’s milk (SBBM). The same is employed in the
characterization of various brands of commercially available stored milk procured from grocery shop
viz., SAM, SSTM, SSFCM, SAPFCM, SAPTM and SAPSM to study the contents of the constituents
of the milk were chosen, based on the results of the fresh cattle milk samples. The FTIR absorption of
the constituents of  fat, protein, lactose and minerals witnessed in the region of 1744 cm-1, 1644 cm-1,
1451 cm-1, 1066cm-1 and 1024cm-1 are also quantified to the FTIR absorptions at 1402 cm-1 and 892
cm-1. The efforts taken in this quantification work discloses the contents in different brands of
commercially available stored milk.

Qualitative and Quantitative Assessment of Pure Honey and Commercial Honey Using
FTIR-ATR Spectroscopy

S.Vimalaa*, S.Gunasekaran a, S.Kamatchi b, R.Pavithra Marthandam b

a* - Department of Physics, St. Peter’s University, Avadi, Chennai – 600 054.
a – SAIF–SPU, St. Peter’s University, Avadi, Chennai – 600 054.

b – PG & Research Dept of Physics, Pachaiyappa’s College, Chennai – 600 030.

ABSTRACT
Honey is an important agricultural product for medicinal properties for centuries.  A large proportion
of honey’s components consist of sugars, mainly Fructose, Glucose, Sucrose and Maltose.  The
spectral exhibition of pure honey extracted from bee is compared with the procured commercial
honey samples VAH, VBHGA2, VDA, VHGA1 and VLH.  The spectra of honey samples have been
recorded in the Mid- Infrared region of 4000 – 450 cm-1. The ratio of the spectral intensities are
considered to discriminate the adulterated samples from the pure sample.  The spectral signatures of
the adulterated samples are also recorded in the Mid IR region. The variations observed in the optical
density of the FTIR spectral signatures of the honey samples show the differences in the Fructose,
Glucose and Sucrose of honey. The sensitive bands from the honey ie., 1063 cm -1 due to stretching
vibration of C-O of fructose, 1033 cm -1 due to C-O stretch in the C-OH of glucose and 995 cm -1 due
to C-C and C-O stretching of sucrose. The quantitative information of the honey samples are obtained
by performing internal standard ratio calculation over the chosen specific modes of vibration I1063/3298,
I1033/3298 & I 995/3298 and quantified.
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Study of antibacterial activity, synthesis and characterisation of silver nanoparticles
using Morinda coreia leaf extract in green synthesis methods
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ABSTRACT

Silver nanoparticles (Ag NPs) have involved the interest of researchers because of their unique
properties and various field applications such as medicine, catalysis and textile. The green synthesized
Ag NPs were analyzed by UV-visible analysis, Fourier transform infrared spectroscopy (FTIR), X-ray
diffraction (XRD), Field emission scanning electron microscopy (FESEM), Energy-dispersive X-ray
spectroscopy analysis (EDAX) and Transmission electron microscopy. UV-Vis spectroscopy
technique used to study the formation of Ag NPs and it exposed the surface plasmon resonance (SPR)
at 428 nm. FTIR spectra provide the evidence for the presence of biomolecules responsible for
reduction and capping of silver nanoparticles. X-ray diffraction (XRD) analysis revealed the average
crystalline size of the synthesized Ag NPs was approximately 20 nm. Field emission scanning
electron microscopy (FESEM) depicted the spherical morphology of Ag NPs with size range of 15-25
nm.TEM reveals spherical shape of synthesized Ag NPs. The synthesized silver nanoparticles were
found to exhibit high antibacterial activity against the bacteria such as E. coli, K. pheumoniea, M.
flavus, P. aeruginosa, B. subtilis, B. pumilus, S. aureus.
Kew words: Ag NPs, Green synthesis, Anti bacterial activity.
* Corresponding author. E-mail address: anandhi8888@gmail.com (K. Anandalakshmi) Tel: +91-
9842694183

Linear and Nonlinear Optical Properties of L-Glutamic Acid Zinc Chloride (LGAZC)
Semiorganic NLO Crystal

S. Chennakrishnan1, D. Sivavishnu2, J. Johnson2, S.M. Ravikumar2,*
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Abstract

The aim of this work is to investigate the growth and physiochemical properties of nonlinear optical
semiorganic crystal of L-Glutamic acid Zinc chloride (LGAZC) optically good grade and defect free
crystal was grown by slow evaporation technique under optimized conditions. Single crystal X-ray
diffraction studies reveals that the crystal is orthorhombic structure with lattice parameters a = 5.17 Å,
b = 6.95 Å, c = 17.35 Å, α = β = γ = 90° and Volume = 623.411Å3. The spectroscopic properties were
investigated by recording the Fourier transform infrared and optical transmission spectra. The thermal
decomposition process was investigated by Thermo Gravimetric and Differential Thermal Analysis
(TG/DTA). LGAZC crystal exhibit second harmonic generation (SHG) efficiency which is nearly
0.44 times more than that of KDP. The presence of the metal ion in a grown crystal was investigated
by EDAX study.

Keywords: NLO, XRD, EDAX, Thermal studies,
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Preparation and characterization of TiO2 @ carbon nanoroad as anode materials for
lithium ion Battery applications

E.Priyadharshini a*, S. Srinivasan a
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ABSTRACT
In this method study provides a simple hydrothermal method. The purpose of this method controlled

introduction of carbon to optimize better electrical performance of lithium ion battery using the
TiO2@ carbon nanoparticle as anode materials. Lithium ion battery is prepared by a facile route using

titanium tetrachloride and commercial filter paper is the carbon source. The weight ratios between
carbon nanoparticle and TiO2, nanoparticles, which seriously affect the battery performance, have

been demonstrated to be easily tuned by adjusting the different sintering temperature. The
electrochemical performance shows that the TiO2@carbon nanoparticle with the good percentage

have been the best performance with the good capacity of 540 mAg-1after 40 cycle at a current density
of 100 mAg-1.were calcined at different temperature 400,450,500oC and characterized using Powder
X-ray diffraction (XRD), Thermo gravimetric (TG) & Differential thermal (DT) analyses, Scanning
Electron Microscope (SEM), energy dispersive X-ray diffraction, FT-Raman & UV-Visible Spectral

analyses and galvanostatic Charge-discharge tests.

Vibrational Spectroscopic and Thermodynamic analysis on 2-(2, 3-dimethylphenyl)
amino benzoic acid

R.Padmavathi1*, B. Rajamannan2, S.Gunasekaran3, G.R.Ramkumar4, G Sankari5.
1Department of Physics, Meenakshi Sundararajan Engineering college, Kodambakkam,

Chennai,600024.
2Engineering physics, FEAT Annamalai University, Annamalai Nagar, Chidambaram.

3Research and development St.Peter’s institute of Higher Education and Research ,St.Peter’s
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4.Department of Physics ,C.Kandaswaminaidu college for Men, Anna Nagar East, Chennai,600102.
5Department of Physics, Meenakshi college for Womens, Kodambakkam, Chennai, 600024,

*E-mail: pathmavathi@gmail.com

ABSTRACT
Mefenamic acid is a nonsteroidal anti- inflammatory drug (NSAID). Mefenamic acid is a white to
greyish-white, odorless, microcrystalline powder with a melting point of 230°-231°C and water
solubility of 0.004% at pH 7.1. The molecular weight is 241.29. The FTIR and FT-RAMAN Spectra
of 2-(2, 3-dimethylphenyl) amino benzoic acid were recorded in region 4000-450 cm-1 and 4000- 50
cm-1respectively. the vibrational parameters were determined by  B3LYP/6-31G(d,p),B3LYP/6-
31++G(d,p),RHF/6-311G(d,p).Thermodynamic parameters such as zero point vibrational energy
(ZPVE) ,thermal energy and specific heat capacity ,entropy of Mefenamic acid at 298 K in ground
state have been calculated by HF and  DFT  methods. The calculated HOMO and LUMO energies
indicate that charge transfer occurs within the molecule.

Keywords: Vibrational spectra, DFT, Thermodynamic properties
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ABSTRACT

Once upon a time we surprised, how great this “new” technology is that we have to see inside people
bodies in a non-invasive way!, Yes!, the human body scanning technology developed by Ultrasonic
irradiations for medical Imaging Purpose since 1950’s but It is taken a long amount of time because
the research and development of sound waves and its allied technology slowly enhanced from the way
back in the 17 Th Century. But, it is very interesting to look back and see how one of the most widely
used medical imaging modalities came about and how it has changed over the decades to become
what it is today. Moreover, one can only imagine how ultrasound technology will continue to evolve.
Nowadays, Ultrasonics and Its assisted Technologies are entered many Industries Like Medical,
Pharmaceutical, Chemical, Petrochemical, Oil & Refineries, Energy, Biodegradation, Biodiesel &
Biofuels, Solar, Wind, Hydro, Atomic, Nuclear &, Thermal  Power Generation Plants, Road &
Transports, Automotive, Railways, Aerospace & Aeronautical, Ship & Marine, Civil & Mechanical
Constructions, Manufacturing,   Fabrications, Machining, Welding, Moulding, Brazing, Cleaning,
Cutting, Waste Management,  Water Treatments, etc., From the Economical View Without Ultrasonic
Assistance, the development of Industrial Practices are very difficult. That’s why, we are interested to
review and study the recent Industrial Practices through Ultrasonically Assisted Methods Viz.,
Production, Processing, Enhancing, Testing, Analysis, Measurements, Quality Control and Assurance
activities. By the way, we attempt to identify the Principles, Techniques, Equipments and Application
Data’s are summarized for these areas and the limitations due to the influence of unwanted variables
are identified in some case studies and also we aims to accelerate the forthcoming Technological
developments in the field of Ultrasonics.
Keywords: Ultrasonics, Ultrasonic Irradiations, Application of Ultrasonics, Industrial Practices on
Ultrasonics, Ultrasonic Assisted methods, Uses of Ultrasonics, Ultrasonic Processor, Sono-process,
Physics of Ultrasonics, UFD,UTG, Ux Cleaning, Sonicator,etc.,

Growth and Characterization of nickel sulphate admixtured L-alanine crystals (LANS)

1R.Jothimani, 2P. Selvarajan
1Department of Physics, Sadakathullah Appa College, Tirunelveli Tamil Nadu.

2Department of Physics, Aditanar College of Arts and Science,Tiruchendur, Tamil Nadu.
ABSTRACT

NLO materials have a nonlinear response to the electric field of the light of a laser beam. Most of the
amino acids are NLO materials that find application in field of optical communication, information
technology, signal processing and industrial applications. The NLO active material such as L-alanine
is mixed with nickel sulphate in the molar ratio 2: 1 to bring out better NLO active crystals. The
reactants are dissolved in double distilled water, stirred well using hot plate magnetic stirrer at 50oC
for three hours. The solution was filtered and kept in undisturbed place. Colourless and transparent
crystals were formed and they were harvested after growth period of 20 days. The grown crystals are
subjected to various characterizations. The structure of LANS was confirmed to be orthorhombic with
a non-centro symmetric space group P212121 by SCXRD analysis. The NLO efficiency of LANS is
highly pronounced comparing to that of L-alanine. Good degree of crystallinity of the sample is
confirmed by TGA/DTA analysis. UV–visible–NIR transmittance spectrum was recorded for the
sample to analyse the transparency in visible and near infrared region (NIR). The optical band gap
(Eg) and other optical constants were determined. The grown sample was characterized by Energy
Dispersive Analysis by X-rays (EDAX) to confirm the presence of elements. Hardness parameters
show the mechanical strength of LANS crystal.
Keywords : SCXRD; NLO; crystallinity; solution growth; optical constants; LDT
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EFFECT OF TEMPERATURE, STRUCTURAL AND MAGNETIC STUDIES ON ANILINE
CAPPED MANGANESE OXIDE NANO STRUCTURES FABRICATED BY

HYDROTHERMAL METHOD

aA. Martin Joseph, bR. Thilak Kumar*
aResearch and Development Centre, Bharathiar University, Coimbatore , Tamilnadu, India

bPeriyar Arts College, Cuddalore-607001, Tamilnadu, India
*Corresponding author email: manojthilak@yahoo.com

ABSTRACT
Hydrothermal fabrication of pure α-Manganese Dioxide Nanostructures were done by the reduction of
0.2m/L of KMnO4 with 0.2m/L of Na2S2O3.5H2O at two elevated temperatures (393 and 413K) by
passivating with the organic ligand Aniline. The Structural, Functional, Morphological and Chemical
Composition of the fabricated Nanorods were investigated by X-Ray Diffractometer (XRD), Fourier
Transform Infrared Spectrometer (FTIR), High Resolution Scanning Electron Microscope (HR-SEM)
and Energy Dispersive X-Ray Spectrometry (EDX). The XRD analysis indicated high crystalline
nature of the product, FTIR confirmed the contribution of the organic ligand in surface passivation.
HR-SEM image revealed the morphology of the fabricated α-MnO2 Nanostructures. EDX confirmed
the presence of Mn and O in the material. The Magnetic studies were carried out using Vibrating
Sample Magnetometer (VSM) which showed that the α-MnO2 nanostructures exhibits a paramagnetic
behavior with Saturation magnetization around 0.49 and 0.70emu/g . The magnetic properties, like
saturation magnetization, coercivity and Retentivity were found to increases with increasing reaction
temperature. This enhancement is attributed to the transition from a multi-domain to a single-domain
nature of the material were reported.

Keywords: Nanostructures, Hydrothermal Fabrication, X-Ray Diffraction, Vibrating Sample
Magnetometer

EFFECTS OF ANNEALING TEMPERATURE  OF MAGNESIUM DOPED NICKEL
FERRITE NANOPARTICLES

K.ELAYAKUMARa, R.SAGAYARAJb, R.THILAKUMARc

aResearch scholar, Bharathiar University, Coimbatore, Tamilnadu, India.
bResearch scholar, ThiruvalluvarUniversity, Vellore, Tamilnadu, India.

Department Of Physics, Periyar Arts college, Cuddalore, Tamilnadu. India.
E-mail: elaya.phys@gmail.com

ABSTRACT
As a promising material for soft magnets, magnesium doped nickel ferrite nanoparticles were
prepared by co-precipitation method. The structural, functional groups and morphological studies are
carried out for the investigation of prepared nanoparticles . The crystalline size of the nanoparticles
are increases by varying the annealing temperature at (650°C,750°C,850°C) are found to be 35,40,52
nm. From the analysis of FT-IR spectra the functional groups are studied, the morphology of the
nanoparticles are remarkably varying from mixed spongy state to spine structure.

a Corresponding  Author E-mail: elaya.phys@gmail.com
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STUDIES ON THE GROWTH, STRUCTURAL, OPTICAL, MECHANICAL AND
SHG PROPERTIES OF DIGLYCINE AMMONIUM CHLORIDE SINGLE

CRYSTAL: AN ORGANIC NONLINEAR OPTICAL CRYSTAL

H.JUDE LEONARD HILARYa, P.C.JOBE PRABAHAKARb, A.CHRISTY FERDINANDc

aResearch scholar, Bharathidasan University, Tiruchirappalli, Tamilnadu, India.
Department Of Physics, T.B.M.L.college, Porayar, Tamilnadu. India.
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E-mail: judeleonard141@gmail.com

ABSTRACT
Single crystals of diglycine ammonium chloride was grown from aqueous solution by low
temperature growth technique. The phase purity and crystal structure of the grown crystals were
confirmed by Powder X-ray diffraction analysis. The presence of functional groups were confirmed
by FT-IR spectrum. The optical absorption and lower cut-off values were ascertained by recorded
UV-Visible spectrum of crystals. The mechanical properties of the grown crystal was subjected to
Vickers hardness test. The second-order nonlinear optical property was confirmed by Q-switched
Nd:YAG laser technique.
Keywords: Solution growth, XRD, FT-IR, Optical absorption, Mechanical, NLO

SYNTHESIS, GROWTH AND CHARACTERIZATION OF ORGANIC NLO
MATERIAL: DIGLYCINE TRICHLOROACETATE

H.JUDE LEONARD HILARYa, P.C.JOBE PRABAHAKARb, A.CHRISTY FERDINANDc,
C.YOGAMBALd

aResearch scholar, Bharathidasan University, Tiruchirappalli, Tamilnadu, India.
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cDepartment Of Physics, Periyar Arts college, Cuddalore, Tamilnadu. India.
dDepartment Of Physics, St.Joseph’s  college of Arts And Science, Cuddalore, Tamilnadu. India.

E-mail: judeleonard141@gmail.com

ABSTRACT
A nonlinear optical material of Diglycine Trichloroacetatecrystal was grown by slow evaporation
method. The form of crystallization was confirmed by powder X-ray diffraction analysis. The
presence of all the functional groups of the sample was confirmed by FT-IR spectral analysis. The
grown crystal was subjected to Vickers microhardness test. The optical transparency and lower cut-off
value of UV transmission 237 nm were ascertained by recording a UV- Visible spectrum of crystal.
The second-order nonlinear optical property was confirmed by Q-switched Nd:YAG laser.
Keywords: Crystal growth, PXRD, FT-IR, UV-Vis-NIR, Nonlinear optical
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STUDIES ON GROWTH, STRUCTURAL, OPTICAL AND THERMAL
PROPERTIES OF CADMIUM THIOCYANATE DIMETHYL SULFOXIDE NLO

CRYSTAL
S. Karthick*, A. Albert Irudayaraj, A. Dhayal raj, R. Vinayagamoorthy

Research and PG Department of Physics, Sacred Heart College,
Tirupattur, Vellore Dist. - 635601.

ABSTRACT

The organometallic crystal,Cadmium Dimethyl Sulfoxide Thiocyanate (CDST) was grown
from aqueous solution. The grown CDST crystals are characterized by powder X-ray diffraction for
structural analysis.Fourier Transformation Infrared analysis confirms the presence of functional
groups in the CDST. UV- Visible analysis reveals that CDST is about 90% transparent in the entire
visible region and UV lower cutoff wavelength is 236 nm. TGA and DTA studies reveal
thephysicochemical stability of the CDST and NLO study by Kurtz – Perrypowder technique reveals
that the CDSTexhibits emission of green light and the second harmonic generation efficiency of
CDTS was 1.2 times that of KDP.

Key words: Organometallic crystal, FTIR, UV-Vis, TG/DTA, NLO.

STRUCTURAL, OPTICAL AND ELECTRICAL PROPERTIES OF
HYDROTHERMAL SYNTHESIZED VO2 AND LiV3O8 NANOMATERIALS

Suganya A and Seenuvasakumaran P
PG and Research department of Physics, Muthurangam Government Arts College (Aut),

Vellore 632002, TamilNadu, India

ABSTRACT

Vanadium dioxide (VO2) and Lithium Vanadium oxides (LiV3O8) have been extensively studied in
recent research, because of their potential applications in thermochromic materials and as a cathode material
for rechargeable lithium batteries. VO2 and LiV3O8 are successfully synthesized via facile hydrothermal
method using vanadium pentoxide (V2O5), Lithium nitrate (LiNO3) as a starting materials and NaOH as a
reductant. The precursors are kept in stainless steel-autoclave at 1200C for 20 hours. In the case of
hydrothermal method, formation of nanostructured materials depends on concentration of precursors,
reaction rate and temperature, reductant and pH. From XRD, the crystalline structure of synthesized
nanomaterials VO2 and LiV3O8 monoclinic phase and the crystallite size are 27 nm and 23 nm respectively.
The strain is estimated through Williamson-Hall plot which reveals the structural defects of nanomaterials.
The morphological and elemental compositions are analyzed from SEM with EDAX diffraction. From FT-IR
spectrum, the conformation of absorption band of metal oxide and various functional groups peaks are
performed.The measurement of direct and indirect energy gap of VO2 and LiV3O8 are determined from Tauc
plot as 1.76 eV & 1.69 eV and 1.57 eV & 1.54 eV respectively. The emission excitation values are studied
from Photo Luminescence spectra. The electrical properties are investigated from graphical results of Cyclic
Voltameter.

KEYWORDS: hydrothermal synthesis, stainless steel autoclave, VO2, LiV3O8, thermochromic material,
Lithium ion batteries.
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