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About Sarah Tucker College (Autonomous), Tamilnadu, India

Sarah Tucker College, founded in 1895 enjoys a heritage of 120 years as a Christian
minority institution of higher education for women. It functions under the management of
the Tirunelveli Diocesan Trust Association affiliated to Manonmaniam Sundaranar
University. The motto of the college is "So run that ye may obtain the incorruptible crown™,
The mission is 'Service Through Knowledge'. The college strives towards excellence
through earnest academic pursuit and aims at creative and empathetic involvement in the
society. It seeks to serve along with the holistic development of its inmates. The high
academic standards and its reputation were acknowledged by the NAAC and reaccredited
‘with A' Grade in 5! January 2013.

About the Physics Department

Physics was introduced as a core subject at the Undergraduate level in 1968 and elevated to
the Postgraduate level in 1979. Ever since its inception, the Department has been a pioneer
in laying stress on teaching, in service education, interdisciplinary activities and carrier
counseling. The Department is notified for its consistently good academic record with
excellent results and university top ranks. Ours was the only women's college in 1979 to
have had M.Sc., Physics course affiliated to M.K.U. The department has grown to its present
state of excellence under the able guidance of efficient heads and dedicated members of the

faculty.

Objective of the International Conference

To expose the recent developments, applications and innovations in material science to

students, research scholars and faculty members of other discipline.
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Greetings

N
To v
The Organisers, A
Department of Physics,

Sarah Tucker College,

Tirunelveli.

| feel immensely pleased in conducting the International Conference on “A New Horizon in
Materials” (INHIM16 ) by our Department of Physics.

Many of the greatest inventions are due to the power of Physics. Trees, for example, are not
all made in the same way. The black Ironwood tree is so dense that it does not float on water; it just
sinks! Another noteworthy tree is the red wood: the bark of a red wood tree is resistant to fire. Albert
Einstein provided us with his classical theory of relativity. One area of the theory that is
counterintuitive for many people is that as objects move faster they actually get larger. It may also
surprise people to realize how much of the universe is made up of empty space. The composition of

an atom is considered to be almost entirely empty space.
So a study on the facts of Physics is really surprising

| too appreciate to the efforts taken by the Patron, the Convener, the Organizing Secretary,
Teaching & Non-teaching staff of our college to expose the recent developments, applications &

innovations in material science to students research scholars and faculty member of other discipline
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Gunasingh Chelladurai
Secretary & Correspondent.
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Foreword

Materials have undergone a revolution in the past century, but in many respects
the revolution is only just beginning. Innovative materials play essential roles in clean energy,
transportation, human health, and industrial productivity.Whether exploring alternative energy
sources or developing stronger, lighter materials and sophisticated devices. In earlier days, the range
of materials used by scientists in products and systems was very limited. The developments of the
20th century expanded greatly the number of materials and our knowledge of their properties, and
brought materials science much more close to manufacturing as we sought to design the properties we
wanted from engineered products. Now, in the 21st century, the ability to design new materials and to

modify existing ones is still only in its infancy, and the potential is limitless and exciting.

The possibility of influencing material composition and properties at the atomic scale creates
opportunities that we are only just starting to explore; the convergence of biology, physics and
chemistry is breaking down barriers. Innovation in materials is transforming engineering and the
world that we live in. Worldwide, materials are seen as a priority for innovation but also as a source of
competition and advantage. Understanding the new horizon in materials in future, the college with the
generous support of management, decided to conduct the conference to promote new innovations in

material science.

I congratulate the organizing committee of the conference and the entire team of the department of
Physics, Sarah Tucker College for steering the young minds. The presentations from academicians,
industrialists and materials scientist expose the recent developments, applications and innovations in

material science. | convey my best wishes and compliments for the successful conduct of the

conference.

?{OP(AA/‘
Tirunelveli —7 Principal (i/c)
07.03.2016

¥
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Sarah Tucker College, Phone: 0462-2553320
Tirunelveli - 627007, Cell: 9442447151

Tamil Nadu, India.

PREFACE

Materials Science is an interdisciplinary subject spanning the Physics and Chemistry
of matter, Engineering applications and Industrial manufacturing processes. Materials
Science is very important for the development in nanotechnology, quantum computing,
nuclear fusion, biomaterials and metallurgy as well as medical technologies such as bone
replacement materials.

Research on materials is essential to study the relationship between the structure,
properties and formation of materials. It also includes development of new materials and
processes for manufacturing them. Modern society is heavily dependent on advanced
materials: light weight composites for faster vehicles, optical fibres for telecommunications
and silicon microchips for the information revolution which is the need of the hour.

This International Conference on “A New Horizon in Materials - INHIM’16”
brings together Scientists, Research Scholars, Graduate and Post Graduate students to provide
exposure to the recent developments, applications and innovations in Materials Science in the
following areas:

% Nanomaterials
% Biomaterials
% Theoretical Physics
% Advanced Material Characterization
% Computational Material Science
¢+ Applications of Materials

X/

%

The call for papers evoked a good response from Faculty, Students and Research
Scholars. We have received 8 papers for the oral presentation and 27 papers for the poster
presentation that reveals the enthusiasm generated by the Conference. | am confident that
INHIM’16 will be a rewarding experience academically as well as scientifically to all the
participants. On behalf of the organizing committee | extend a warm welcome to the Guest
Speakers, Delegates and wish them a pleasing experience, an intellectually rewarding and
academically refreshing interaction during the Conference.

The blessing of the Almighty God is the prime factor for this International Conference

on “A New Horizon in Materials”.
@ﬂmfﬂ% Clhaislina

(Mrs. Suganthi Christina)
Convenor
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Low Loss Dielectric Materials for Metal and Superconducting Microwave
Resonator Circuits

Bindu Gunupudil*, Christopher Muirhead and Mark Colclough

School of Physics & Astronomy, University of Birmingham, Edgbaston, Birmingham, United Kingdom B15 2TT
*Corresponding Author Email Id: g.bindumalini@gmail.com

Abstract
The materials used for fabrication of microwave resonator circuits are vital in
determining key resonator parameters. These microwave resonator circuits have a wide
range of applications such as in the telecommunications industry, in the manufacture of
non-invasive blood glucose monitoring devices, Kinetic inductance detector devices and
to build circuits for studies for quantum mechanical properties. Here we describe the use of
a low loss dielectric substrate and a superconducting material to fabricate coupled,
superconducting, microwave resonator circuits. We have used oxidized silicon substrates
that have a low loss tangent and a dielectric constant of ~ 11.2. The resonator

structures were fabricated on thin film niobium which has a superconducting critical

temperature of ~ 9.2 K. The resonators were found to have high quality factors ~ 10°at 1
K, which was sufficient for our experiments. The behaviour of these circuits was
investigated thoroughly, both theoretically as well as experimentally. An in-situ tuning
mechanism was designed, constructed and implemented successfully to tune the
resonators at low temperatures. A thorough analysis was done to determine the
optimum material that could be used for our tuning probe. It was ascertained that macor,
an insulating material, that did not cause any interference in the electromagnetic
environment could be used for this purpose. Tuning of resonators was performed
without degrading the resonators’ quality factors, which is a significant experimental
achievement. These coupled resonator devices, when cooled to low temperatures ~ 20 mK

could further be used to study quantum mechanical properties of macroscopic objects.
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Keywords: Coupled Microwave Resonators, Low loss substrates, Tuning of

Microwave Resonators
Introduction

The aim of the work described in this paper is to investigate the behavior of a system of
coupled, superconducting, microwave resonators and to be able to tune them in-situ at low
temperatures. There has been considerable research on dielectric materials that can be used
as substrates for resonator circuits [1]. The most important aspect being that there should be
no losses within the dielectric substrate. At temperatures T < 1 K, irregularities in the
dielectric cause the saturation of two-level systems (TLS) and contribute to the noise in the
measured signal as well as affect the permittivity € of the substrate, thereby the microwave

resonant frequency [2].

The second part of the work describes the design and working of a tuning mechanism that
can be used in-situ to tune the microwave resonant frequencies at cryogenic temperatures.
There are extensive reports in the literature about the various ways to tune a
superconducting microwave resonator [3]. In this experimental project, a mechanical
method was designed and implemented and tuning of resonators was successfully

achieved. The details of this mechanism are explained in the subsequent sections.

Materials and Methods

The most commonly used substrate materials are silicon and sapphire. This is because of
their low loss tangent at frequencies ~ 6 GHz and at temperatures ~ 1 K. In our case, we
have used oxidized Silicon substrates. In order to fabricate the resonator structures, thin

film (~ 200 nm) niobium which is superconducting below T¢ ~ 9.2 K was sputter deposited

on the substrates. The coupled resonator structures were fabricated using conventional

photolithography on 10 x 5 mm? diced wafers. The sampled were glued and wirebonded
to a copper PCB and then enclosed in a copper cavity. Low temperature measurements
were made by placing the sample enclosure in a liquid helium cryostat with a base
temperature of ~ 1.3 K. A Vector

Network Analyser was used to make microwave transmission and reflection

measurements on the samples.

¥
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In order to design a tuning probe that could be used to tune the system of coupled
resonators, a series of tests were performed at room temperature. Both conducting as well
as insulating materials, such as brass, nylon and macor were tested. The background
transmission was measured it was seen that conducting materials affected the
microwave modes and hence could not be used. On taking into account properties such as
thermal contraction at low temperatures, it was decided that macor, an insulator would

be a suitable material for our

tuning probe. A tuning disc, made of niobium on oxidized silicon substrate was glued to the
bottom end of the macor rod. As it was lowered over one of the resonators on the chip, the

inductance was reduced and hence there was an increase in its resonant frequency.
Results and Discussion

In our coupled resonators system, we first studied the effect on the frequencies due to a
weak coupling between the resonators. Fig.1b shows a comparison between the predicted

and measured transmission response from a system of coupled microwave resonators at ~ 1
K.

Transmission, S21(dB)

-100F

— Simulated 521
— Measured S21

5755 576 5765 577
Frequency(GHz)
(b)

Fig. 1 (a) Shows a sample that is glued and wirebonded to a copper PCB. (b) Transmission

-120

from a system of coupled resonators at T = 1.3 K. The resonator quality factors are ~ 6 x

104. This figure is taken from reference [4].

&
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-40 T T T - -40

Transmission (dB)
Transmission (dB)
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2 4 6 8 0 2 4 5 8 10
Frequency (GHz) Frequency (GHz)

Fig. 2 (a) Shows the effect of lowering a brass (conducting) rod into the sample
enclosure. (b) Shows the effect of lowering a nylon (insulating) rod into the sample

enclosure. This figure is taken from reference [4].

The effect of coupling on the resonant frequencies of a few coupled resonator samples was
thoroughly investigated. A mechanism that enabled tuning of resonators was developed.
Experiments were conducted to study the effect of inserting conducting and insulating
tuning probes on the microwave background transmission. As shown in Figs. 2a and 2b, a
conducting and insulating probe were lowered into the sample enclosure. The conducting
probe caused a shift in the background resulting in unwanted modes in the frequency range
of interest. An insulating probe was preferred since it had no effect on the background

whilst being lowered into the sample enclosure.

In our experiments, an insulating material called macor was used. It was chosen for the
following reasons: firstly because it is rigid when cooled to temperatures of our interest,
i.e., ~ 1 K; secondly, it has a relatively small coefficient of differential contraction, and
thirdly, a small dielectric constant and hence, it would not significantly affect the

capacitance of the microwave resonators.

&
&
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<«—— Macorrod

Glue
/ Metal ball-bearing
Resonatorson thin film ﬁ Vacuum grease
\ —

hiobium T~ T Tuning discmade from
/'-1“'-' niobium (red) on an oxidized
silicon substrate (blue)

Oxidized silicon substrate

Fig. 3 A schematic of our tuning probe being lowered onto one of the resonators on the
chip. This figure is taken from reference [4].
Lastly, the effect of tuning the resonators in-situ was studied. This was done by lowering

the tuning probe through the lid of the sample enclosure as shown in Fig. 4a below.

-o- Simulated
g0l o N:Ieasured

50 i'
Decreasing separation of tuning disc )
| fromthe sample surface :

ey
(=)

_—

Splitting(MHz)
w
&

*

. - s
Minimum splitting i
atthe avoided crossing

________'_____.-_ \l ’,
10F 'v

5986 5865 587 5875 588 5885 589 5895
Lower Frequency(GHz)

~.
.

]
(=]
T

(@) (b)

Fig. 4 (a) A photograph of an assembled tuning mechanism set-up. (b) A comparison of
simulated and measured change in the resonant frequency when the tuning probe is

lowered over one of the resonators. This figure is taken from reference [4].
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Fig. 4b shows the effect of the resonant frequency of one of the resonators over which the
tuning probe was lowered. There is an excellent agreement between the predicted data
in AIM Spice and measured data.

Thus we were successful in the studies of coupled superconducting microwave resonator

systems as well as in tuning one of their resonant frequencies at low temperatures.
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Synthesis and characterization of zinc oxide nano particle by sol-gel route
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Abstract

This detailed study is report about the synthesis and characterization of Zinc oxide nano
particle (ZnO). ZnO is an important member of semiconducting material of Il, VI group. Due
to its unique properties, ZnO is the richest family of nano structure among all semiconducting
materials. This paper shows that ZnO nano particle is prepared by sol-gel method. Here, ZnO
nano particle is readily synthesized using zinc acetate dihydrate as a precursor and ethyl
alcohol as solvent. The ZnO nano particle which is obtained from this method by drying
process at 80°C in a hot air oven. And the sample were characterized by X-Ray diffraction
(XRD), Fourier transform infrared spectroscopy (FTIR), UV-Visible spectroscopy. The
particle size measurement which is done by XRD scherrer’s formula. The average particle
size of the prepared ZnO nano powder is 44.37nm. UV-Visible spectroscopy revealed the
formation of ZnO nano particles. The absorption spectrum shows a sharp absorbance onset at
275nm which indicates an almost uniform size of the nano particles. After this, FTIR
spectrum of the ZnO nano particles synthesized by sol-gel method which was acquired in the
range of 400-4000 cm™! correlated to metal oxide bond (ZnO). The FTIR spectra peak at
414.7cm™tindicates the characteristic absorption bands of ZnO nano particles. Also the UV-

Visible absorption spectrum and XRD shows a typical spectrum for ZnO nano particles.
Keywords: ZnO nano particles, Sol-gel, XRD, UV, FTIR.
Introduction

Today, when the world is surrounding on the roof of technology and electronics, mostly

dominated by compatible electronic equipments and thereby creating the need for materials
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possessing versatile properties. After digging the pages of history for the search of such type
of material a very common category of material comes out that is “semiconductor”. Since
independence of India the family of semiconductors is dominated by our very known
elements Germanium (Ge) and Silicon (Si). Germanium get famous due to possession of
property like low melting point and lack of natural occurring germanium oxide to prevent the
surface from electrical leakage where as silicon dominates the commercial market for its

better fabrication technology and application to integrated circuits for different purposes.

As time passes on, the rapid growing world demands speed along with technology. This need
was very well fulfilled by GaAs which ease the path for the design of high speed and
optoelectronic devices. GaAs which is a direct band gap semiconductor possessing higher
carrier mobility and higher effective carrier velocity in comparison to Si makes it better
suited for optoelectronics devices. But this do not leads to the completion of requirement for
the future world, something more is required that is high temperature electronics devices. The
world therefore now demands a material that should possess inherent properties like larger
band gap, higher electron mobility as well as higher breakdown field strength. So on making
investigation about such a material the name of compound comes out is “Zinc Oxide” which
is a wide gap semiconductor material very well satisfying the above required properties. Not
only has this ZnO possessed many versatile properties for UV electronics, spintronic devices

and sensor applications.

Also ZnO has been commonly used in its polycrystalline form over hundred years in a wide
range of applications. This ignites many research minds all over the world and creates
enthusiasm to develop proper growth and processing techniques for the synthesis of ZnO.
ZnO has been used in medical treatment for quite number of years in China. The research on
ZnO is catching fire right from the beginning of 1950, with a number of reviews on electrical
[1] and optical properties [2] like N-type conductivity, absorption spectra and
electroluminescence decay parameter. The decade of 1970 for ZnO passes away in
manufacturing of simpler ZnO devices like ceramic varistors, piezoelectric transducers etc
[3]. Also with a progress in the study of variety of characterization techniques such as
cathodluminescence (CL), capacitance—voltage studies (CV), electrical conduction and so on
[4-7].

gga
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In the field of ZnO research the last decade was mainly concerned with optimization of
different growth parameters and processing techniques. Thus currently research work related
to production of high quality, reproducible P-type conducting ZnO for device application is
the main focus. ZnO has now become one of most studied material in the last seven years as
it presents very interesting properties for optoelectronics and sensing applications, in nano

range synthesis.
Materials and Methods

ZnO nano particles were synthesized by several different methods, such as the sol-gel
techniques [8], wet chemical method [9], green chemistry [10], microwave method [11],
Thermal decomposition method [12, 13], and chemical vapour decomposition method [14].
Here, the ZnO nano particles were prepared by sol-gel method. The crystal structure of the
sample was analyzed by means of X-ray diffractometer (XRD).The absorbance spectra were
recorded on ultraviolet — visible (UV-Vis) spectrometer. The composition quality of the
synthesized material was characterized by Fourier transform infrared spectroscopy in the
mid-infra red range (400-4000cm™1).

All the chemical reagents in this experiment were obtained from commercial sources as

guaranteed — grade, and were used as received without further treatment.

In this experiment, the sol - gel method was used for preparation of ZnO nano particles (ZnO-
NPs). In a typical procedure 6.3g of zinc acetate dihydrate was added to 200 ml of double
distilled water with continuous stirring to dissolve zinc acetate completely. Then the solution
was heated to 50°C and 300ml of absolute alcohol was added slowly with stirring. After this,
3ml of H202 was added dropwise to the vessel and mixed it using a magnetic stirrer to get an
almost clear solution. This solution was incubated for 24 hours and the solution was
centrifuged and washed several times with double distilled water to remove the by products.
After washing the ZnO nano particles is dried at 80°C in a hot air oven. Complete conversion

of ZnO will occur during the drying process.

55 ﬁi"!\ X
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Results and Discussion
X-Ray Diffraction Analysis

The crystallinity was determined by XRD powder diffraction. Analysis is performed by using
an XPERT-PRO Diffractometer system equipped with a Cuka (K=1.54 A°) source, Here,
about 0.3 g of dried ZnO particles were deposited as a randomly oriented powder into a plexi
glass sample container, and the XRD patterns were recorded between 0° to 80° angles.
The phase purity and composition of the particles obtained by a sol - gel process examined by
XRD. Figure (1.1) shows a typical XRD pattern of ZnO nano particles, prepared in this work.
A number of Bragg reflections with 20 values of 36.12°, 31.63° and 34.30° are observed
corresponding to (100), (002), (101) planes[15,16] which shows a typical XRD pattern of
ZnO nano particles by using JCPDS 36-1451. The crystallite size (D) of the prepared nano

powder can be calculated by using Scherrer’s formula.

D=0.91/B Cos 0
Where ) is the wavelength of X rays used (1.54060 A), B is the fullwidth at half maximum
(FWHM) and 0 is the angle of diffraction. The crystallite size of prepared ZnO nano powder
is found to be 44.37nm.
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Figure (1.1):- X-Ray Powder Diffraction patterns of ZnO nano particles

UV- Optical Absorption Spectroscopy

Electromagnetic radiation such as visible light is commonly treated as a wave phenomenon,
characterized by a wavelength or frequency. Visible wavelengths cover a range from

approximately 400 to 800 nm [17,18]. The UV-optical spectra of ZnO is recorded in
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SCHIMADZU UV-VISIBLE SPECTRO PHOTOMETER from 200-800 nm. Figure (1.2)
shows the UV-Vis optical absorption spectrum of ZnO nano particles as shown in figure (1.2)
dried in air at 80°C. The absorption spectrum shows a sharp absorbance onset at 275 nm,
which indicates an almost uniform size of the nano particles [19-22].

Absorbance (a.u)

250 360 350
Wave length (nm)

Figure (1.2):- UV-Visible absorption of ZnO nano particle
FTIR

FT-IR is an effective method to reveal the composition of products. FTIR stands for Fourier
Transform Infrared, the preferred method of infrared spectroscopy. The prepared samples
were characterized by FTIR spectroscopy. In infrared spectroscopy, IR radiation is passed
through a sample. Some of the infrared radiation is absorbed by the sample and some of it is
passed through (transmitted). The resulting spectrum represents the molecular absorption and
transmission, gives information of type of bonding in the sample. This makes infrared
spectroscopy useful for several types of analysis.

* FTIR can identify unknown materials

* FTIR can determine the quality or consistency of a sample

* FTIR can determine the amount of components in a mixture.

Figure (1.3) shows the FTIR spectrum of the ZnO nano particles synthesized by sol-gel
method, [23] which was aquired in the range of 400-4000cm™1. The band between the 450-
500 ¢m~! correlated to metal oxide bond (ZnO). The peaks in the range of 1400-
1500cm~1corresponds to the C=0 bonds. The adsorbed band at 1544 cm™1tis assigned O-H
bending vibrations. The peak at 1340cm~tand 1512cm™corresponds to C=0 and O-H

bending vibrations respectively. The peaks in the range of 1600 to 4000cm ™! indicates the
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functional group present in it. Also the figure (1.3) shows the typical spectrum of pure ZnO

nano particles, the peak at 414.7cm ™1 is the characteristic absorption of ZnO bond.
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Conclusion

ZnO nanoparticles have been prepared using sol-gel method. XRD result which shows the
average particle size of ZnO nano particle is 44.37 nm. The synthesized ZnO nanoparticles
exhibit the UV absorption peak at 275nm. In FT-IR spectroscopy pure ZnO nanoparticles
shows stretching vibrations at 400-4000cm™1The present work proves it is simple and low

cost for producing ZnO nanoparticles.
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Abstract
Silica doped Titanium di oxide (SiO.-TiOy) thin films (different coating cycles 4, 6
& 8) were prepared by spin coating deposition on glass substrate. The prepared films
were pre annealed at 100°C for 10 minutes and post annealed at 400°C for 3 hours.
Structural and optical properties of the synthesized films were analyzed as a function
of coating cycle. X-Ray Diffractometer (XRD), Scanning Electron Microscope
(SEM), Energy Dispersive X-Ray Analysis (EDAX), UV-Vis spectrometer and
Photoluminescence spectrometer (PL) were used to explore the structural,
morphological, stoichiometric ratio and optical properties of the SiO2 doped TiO:
thin films. All the films exhibited the anatase phase, tetragonal structure with
preferential orientation along the (101) plane. X-Ray line profile analysis was
carried out to determine the micro structural properties such as crystallite size, micro
strain, dislocation density, number of crystallites and stress of the SiO2 doped TiO:
thin films. The crystallite size was found to increase as the coating cycle increases.
Morphological studies revealed that the fractured structure on the surface of the
films. The stoichiometric ratio of the film was confirmed by EDAX analysis.
Surface roughness of the film was characterized by Atomic Force Microscope
(AFM). Optical parameters such as band gap, extinction coefficient and refractive
index were estimated by optical absorption measurements. Optical band gap values

were found to decrease with the increase in coating cycle. Photoluminescence
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studies displayed that strong emission peaks were observed at 485 nm, 542 nm and
560 nm. The results of structural and optical characteristic study suggested that
coating cycle has strong effect on structural and optical properties of nano crystalline
thin films.

Key Words: Thin film, TiO., SiO, spin coating, XRD, SEM, EDAX, AFM, UV-
Vis.

Introduction

TiOz is the most attractive materials in nano science and nano technology because of
its properties from fundamental and practical point of view [1]. Crystalline titania
has three modification phases which are rutile (tetragonal), anatase (tetragonal) and
brookite (orthorhombic). Titania nano particles received much interest for its
applications such as optical devices, sensors and solar cell applications. There are
several factors which determine the performance of TiO2 for applications such as
particle size, crystallinity and the morphology [2 - 4]. Depending on the phase
structure, the TiO- films can be tailored for different applications. So it is necessary
to understand the phase structure of TiO2 when it is deposited on different substrates
[5]. The addition of La>,O3, CeO, CuO, Fe;03 SiO. or other oxides into TiO2 can
improve the thermal stability [6]. Additionally the presence of some dopants could
increase the adhesion and mechanical stability of thin film on substrates which play
a key issue in device stability [6, 7]. The phase transformation of TiO2 depends on
the annealing temperature and dopant [8]. Many methods have been established for
thin film synthesis such as sol-gel technique [9], hydrothermal methods [10],
chemical vapour deposition [11], physical vapour deposition [12] etc., Among them,
sol-gel technique is one of the most widely used methods due to its possibility of
deriving unique metastable structure at low reaction temperatures and chemical

homogeneity [9].

In the present work, SiO. doped TiO. thin films were deposited on to glass
substrates for various coating cycles (4, 6 and 8). X-ray diffraction analysis was
carried out to determine the structural properties of the deposited films. Micro

structural parameters such as crystallite size, micro strain, dislocation density,
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number of crystallites and stress were estimated from x-ray diffraction data using X-
ray line profile analysis technique. Surface morphology, film composition and
optical properties were analyzed using scanning electron microscopy, energy
dispersive analysis by X-rays and optical absorption techniques respectively. The
effect of coating cycles on the structural, morphological and optical characteristics

of the SiO> doped TiO> thin films were studied and the results are discussed.

Experimental details

SiO2 doped TiOz thin films were prepared using sol — gel spin coating technique. All
chemicals were analytical reagent grade and used directly without any further
purification. The precursors of TiO. and SiO> were Titanium Tetra Iso Propoxide
(TTIP) and Tetra Ethyl Ortho Silicate (TEOS) respectively. Ethanol and acetic acid
were selected as solvent and stabilizer of TTIP.

Nano structure SiO2 doped TiOz thin films were prepared by the following method.
4ml TTIP was mixed with 30ml ethanol. Then 1ml acetic acid was dropped slowly
to stabilize the solution. 0.1 ml TEOS was added into the matrix of TiO2 solution
and the solution was stirred for one hour. The films were deposited on to glass
substrates (25mmx75mmx2mm) by the spin coating method with a speed of 3000
rpm/30s. The films were preannealed at 100°C for five minutes. The procedure was
repeated to obtain 4 coating cycles. The same method was followed to prepare two
more samples of 6 and 8 coating cycles. Finally all the films were post annealed at
400°C for three hours.

The deposited films were characterized extensively using the following instruments.
All the measurements were performed at room temperature. X-ray diffraction pattern
of the films were obtained using X’ pert pro diffractometer with CuK, radiation (K =
0.15405 nm) in steps of 0.1 over the 26 range of 20° - 80°. Morphological
examination of the films was done using Hitachi (s-3000H) scanning electron
microscope. The optical data and PL spectra of the SiO, doped TiO2 films was
calculated using (Schimadzu 1800) UV—-Vis—NIR spectrometer and (Schimadzu RF
— 5301) Photoluminescence spectrometer. The thickness of the prepared films was

measured by using (Surfest SJ — 301) stylus profilometer.

¥
R,
S

Special Issue on INHIM’16 ===* Sarah Tucker College (Autonomous), Tirunelveli. Page 368


http://www.drbgrpublications.in/ijcsr.php

2016; 1JCSR. 2(3): http://www.drbgrpublications.in/ijcsr.php; ISSN: 2454-5422

Results and discussion

Structural studies

To study the crystalline quality of the SiO> doped TiO: thin films for different
number of coating cycles, the films were subjected to X-ray diffraction analysis. The
XRD pattern recorded for SiO2 doped TiO: thin films for different coating cycles is

shown in Figurel.
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Fig .1: XRD Pattern of SiO2 doped TiO: thin films for a) 8 coating cycles b) 6

coating cycles  c) 4 coating cycles

The XRD result shows that all the films have anatase phase with a preferential
orientation along (1 0 1) plane. All the prepared SiO> doped TiO: films have (1 0 1),
(0 4 0), (2 00) peaks. When the coating cycle increases, there is a slight increase in
the height of peaks. It is observed that there is no change in the phase structure of the
SiO2 doped TiO- thin films. Table 1 shows the observed and calculated values which

were found to be in agreement with standard JCPDS data (File no. 89-4203).

The average crystal size of the deposited film was determined from Full Width Half
maximum (FWHM) data using the following Scherrer formula

D_ 0.94 (nm) (1)
LCoso

Where g is the FWHM in radians is the Bragg’s angle, , is the x-ray wavelength
(CuK,=0.15405 nm). As the coating cycle increases, the intensity of the peaks also

increase which reveals that the crystallinity increases due to the preferential growth

G2,

e
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of the SiO; doped TiO.. The crystallite size of the SiO2, doped TiO; thin films was
found to increase from 20.22 nm for 4 coating cycles to 53.93 nm for 8 coating
cycles.

In addition to the changes in crystallite size, crystal defects may occur by the effect
of coating cycles. Crystal dislocation is the main defect related to the crystallite size.
It needs to be addressed and hence the dislocation density available in the SiO;

doped TiO- thin film is calculated from the given formula,

5= 2)
D

where ‘D’ is the crystallite size of the SiO2 doped TiO> thin film. The observed
results are summarized in table 1. The dislocation density decreases as the coating

cycle increases.

The micro strain of the SiO2 doped thin film was measured using the relation
_ B Coso
4 ©)

From Table 1, it is observed that the strain value decreases from 0.098 for 4 coatings

&

to 0.036 for 8 coatings. The decrease in strain with increase in coating cycles implies
that lattice imperfection is due to increase in crystallite size.
The number of crystallites per unit area (N) of the SiO. doped TiO> thin film was

determined using the relation

N= L (4)
D

where t is the thickness of the film .The calculated values are summarized in Table 1.
Fig 2(a) and (b) show the variation of crystallite size & dislocation density and
variation of thickness and micro strain respectively with number of coating cycles.

Malliga et al., [13] observed similar results in their investigation on TiO».

Table 1: Structural parameters of SiO, doped TiO, thin films for various coating cycles.

Coating | 26 (degree) (hkI) Phase and | Thickness | Crystallite | Dislocation | Micro No. of
Cycles orientation | crystal (um) size Density strain crystallites
structure D (nm) 3X10% uX10% | per unit
Observed | Standard lines /m? area
NX10'6
4 25.254 25.304 101 Anatase, 1.8 20.22 24.45 0.09 21.8
tetragonal
6 25.245 25.304 101 Anatase, 1.9 40.43 6.12 0.05 2.87
tetragonal
8 25.256 25.304 101 Anatase, 2 53.93 3.43 0.03 1.27
tetragonal
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Fig 2 (a) variation of crystallite size & dislocation density and 2 (b) thickness &

micro strain with coating cycles
Morphological and Compositional analysis

Figure 3 shows the SEM micrographs of 4 and 8 coating cycles of SiO2 doped TiO;
thin films. The films produced by this technique indicate fractured morphology.
During the drying and annealing processes of the films, crack formation takes place
as a result of contraction, stress and different thermal coefficients of expansion of
the layer and substrate [5]. The fractured surface morphology of the SiO2 doped
TiOz thin films produced by this technique which resulted in a large surface area
suggest a high photo catalytic activity. The results also suggest that uniformity of the

thin film improves with increasing coating cycles.

TN ~ ‘ -
AR, 4‘
T =3kl s
N
f .
g
- |
Iy .
> .
*
1
X
Mo - D TiNrs AL y T
104m DT=2270W  SgwA=NTSBSD 21 Now 2 104m ENT=1900kV  SignaiA=NTS BSO 120t 201
= woruom g 300K Tme et Om | [FT—1  woowomn wee 30kx  mmesziroe £ B

Fig.3 SEM micrographs of SiO2 doped TiO- thin films (a) 4 coating cycles (b) 8
coating cycles

Figure 4(a) & (b) shows the EDAX pattern of SiO, doped TiO thin films of 4

coating cycles and 8 coating cycles. EDAX results indicated the main peaks of Ti, Si

and O. The presence of SiO> in the thin film could destroy the linkage of Ti-O-Ti

and would change it to Ti — O — Si. This aspect can shift binding energy of Si to

higher a value [14].
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Fig.4 EDAX spectra of SiO2 doped TiO- thin films (a) 4 coating cycles (b) 8 coating

cycles
Atomic Force Microscope (AFM) was used to characterize the surface roughness
of the thin film. AFM images (2D & 3D) of SiO2 doped TiO: thin film for 8 coating
cycles is shown in Figure 5. The root mean square and roughness values of the SiO;

doped TiO; thin film are 16.40 nm and 10.93 nm respectively.

-

Fig.5 AFM image of SiO2 doped TiO; thin film for 8 coating cycles

Optical analysis

The transmittance and reflectance spectra were recorded at room temperature to
obtain the information of optical properties of SiO2 doped TiO thin films. The
transmittance spectra of the SiO2 doped TiO: thin films obtained in the range
between 300 and 800nm for different number of coatings is shown in Figure 6. The
reduction in the transmittance with increase in coating cycles may be attributed to
the effect on the surface roughness and grain size boundary of the thin films as

described in earlier studies [15 — 18].

Transmittance(%)
¥ &8 &8 8
ﬂ-

Wavelength

Fig.6 Transmittance spectra of SiO> doped TiO- thin films (a) 4 coating cycles

(b) 6 coating cycles (c) 8 coating cycles
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The reflectance spectra of the SiO2 doped TiO2 thin films for different number of
coating cycles is shown in Figure 7. It shows that the reflectance the film increases

as wavelength increases. The highest reflectance value of about 70% is obtained for
films with 4 coating cycles.

100
80
60

40 b

Reflectance (%)

20 C

300 500 700 900

Wavelength (nm)

Fig.7 Reflectance spectra of SiO2 doped TiO> thin films (a) 4 coatings

(b) 6 coating cycles (c) 8 coating cycles

The nature of transition is determined using the following equation

ahv =k(hv —E )™ (5)
Where « is the absorption coefficient in cm™, hy is the photon energy, Eg is an
energy gap in eV and A is a constant. The value of ‘m’ determines the type of
transition present in the material. If m = 1/2 indicates that the transition involved in
the material is direct allowed and m = 2 indicates that the transition involved in the
material is indirect allowed. A plot of (ahy)? with photon energy (hy) and (ahy)*?

with photon energy (hy) for SiO2 doped TiOz thin films obtained for 4, 6 and 8
coating cycles are shown in Figure 8 (a) and 8 (b).

@

(cxhv)n2

2 22 24 26 28 3 32 34 36 33 2 22 24 26 28 3 32 34 36 38

Energyinev

Energyin ev

Fig. 8 a) Direct and b) Indirect band gap of SiO2 doped TiO> thin films for
(@) 4 coating cycles (b) 6 coating cycles (c) 8 coating cycles
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Extrapolation of linear portion of the graph to X-axis (energy) gives the band gap
value of the material. The direct and indirect band gap values of the films obtained
in the present work are found to be 3.4, 3, & 2.8 eV and 3.2, 2.8 & 2.6 eV for 4, 6
and 8 coating cycles respectively.The reason for decrease in band gap energy is

attributed to quantum size effect.

The values of refractive index n and extinction coefficient (K) are determined using

the following equations (7) and (8)

_ 1+ R”0.5 (6)
1-R”~0.5
4

where n is the refractive index of the material, K is the extinction coefficient and R
is the reflectance (%). The variation of refractive index with energy for various
coating cycles is shown in Figure 9. The maximum value of refractive index is
observed at 6 for 8 coating cycles. Also refractive index values of the prepared thin
films for 6 coating cycles and 4 coating cycles are estimated at 4 and 2 respectively.
The refractive index variation may be due to the film thickness. The same variation
is observed in extinction coefficient of the SiO2 doped TiO> thin films as shown in

Figure 10.

Refractive index

1.2 1.3 14 1.5 1.6

Energyin eV
Fig.9 Refractive Index versus photon energy for SiO2 doped TiOz thin films for

(a) 8 coating cycles (b) 6 coating cycles (c) 4 coating cycles
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Fig.10 Extinction coefficient versus photon energy for SiO, doped TiO; thin films

for (a) 8 coating cycles (b) 6 coating cycles (c) 4 coating cycles

To further validate the crystalline quality of the thin films, photoluminescence
emission spectroscopy was used and the results are illustrated in Figure 11. PL
spectra observed at excitation wavelength of 410 nm demonstrate that all the SiO>
doped TiO; films exhibit three peaks (485nm, 542nm and 560nm) which lie in the
visible range. The peaks in the visible region are associated with structural defects
[19]. The structural defects of a seed solution exhibited in the visible region are
referred to as native point defects and include oxygen vacancies which present deep
energy levels of the band gap [20 — 21]. It was observed that the PL peaks of SiO;
doped TiO> thin films are almost in the same wavelength position but have varying
intensities for different number of coating cycles. The PL intensity of SiO2 doped
TiO> thin films increase with increase in number of coating cycles. This increase is
due to the improvement in quality and increase in oxygen vacancies. It reveals that
increase in the coating cycles could improve the structural quality which can

contribute its usage as a transducer in biosensing applications [22].
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Fig. 11 PL spectra of SiO, doped TiOz thin films for (a) 8 coating cycles (b) 6

coating cycles (c) 4 coating cycles

Special Issue on INHIM’16 S Sarah Tucker College (Autonomous), Tirunelveli. Page 375


http://www.drbgrpublications.in/ijcsr.php

2016; 1JCSR. 2(3): http://www.drbgrpublications.in/ijcsr.php; ISSN: 2454-5422

Conclusion

SiO2 doped TiOz thin films were deposited successfully onto glass substrates using
spin coating technique for 4, 6 and 8 coating cycles respectively. X-ray diffraction
analysis revealed that the prepared films have anatase phase with tetragonal structure
with preferential orientation along (1 0 1) plane. Also the crystallite size was found
to be 20.22 nm, 40.43 nm and 53.93 nm for 4 coating cycles, 6 coating cycles and 8
coating cycles respectively. The micro structural parameters such as dislocation
density, strain and stress were estimated. Surface morphology showed that the films
have fractured structure. EDAX analysis revealed that films with Ti, O and Si
elements are obtained. Optical absorption measurements indicated that the deposited
film has a direct band gap value of 3.4, 3 & 2.8 eV and indirect band gap value of
3.2,2.8 & 2.6 eV for 4, 6 and 8 coating cycles respectively. PL spectra intensity
increases with increase in number of coating cycles. The result of thickness
suggested that thickness of the film increases as the coating cycle increases. Surface
topography was found by using AFM. The uniformity of the film increases with
coating cycles. These results showed that the properties of SiO, doped TiO; thin
films were considerably influenced by the coating cycles and the nano crystalline
SiO2 doped TiOz films are desirable material for photo catalytic applications.
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Abstract

Copper doped TiOz (Cu-TiO2) thin films have been deposited onto the microscopic glass
substrate by spin coating technique. The influence of varying coating cycles (3, 5 and 7) on
the structural, surface morphological and optical properties of the films have been studied by
X-ray diffraction method (XRD), Scanning Electron Microscopy (SEM) with Energy
Dispersive X-ray Analysis (EDAX), Atomic Force microscopy (AFM), UV-Vis absorption
spectroscopy (UV-Vis-NIR), and Photoluminescence (PL) study. The X-ray diffraction
pattern of Cu-TiO films confirmed the tetragonal crystal structure of anatase phase with a
strong orientation along (1 0 1) plane. The X-ray line profile analyses have been carried out
to determine the micro structural parameters such as crystallite size, micro strain and
dislocation density. The thickness of the films was about 0.96 pum to 1.8 um using stylus
profilomer. Morphological studies have revealed that grains are agglomerated, irregular with
mosaic like structure. The elemental compositions of the films were confirmed by EDAX
spectrum. The UV-Visible spectral analysis showed the transmittance and band gap (direct &
indirect) were found to decrease with increase in coating cycles. The room temperature PL
spectra of Cu-TiO; thin films show blue and green emissions at 485 nm and 545 nm with
excitation at 410 nm. These results suggest that the varying coating cycles is an important
parameter for the improvement of structural and optical quality of Cu-TiO2 thin films derived

by sol-gel spin coating technique.
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Introduction

Titanium dioxide (TiO2) is one of the most important semiconductor materials in daily life;
moreover, it has been widely used in fuel cell, solar energy conversion, photo
catalysts/catalyst for environmental remediation process, white pigment in paints and paper
and ultra-violet absorber in sunscreen cream [1-3]. Such wide range of application is quite
reasonable, because TiO is an inexpensive, environmentally friendly material with high
chemical stability, high mechanical strength and photo activation. TiO2 possesses three
different crystal structure: rutile (tetragonal), anatase (tetragonal) and brookite
(orthorhombic). The anatase crystalline TiO. has been found to be the most active
photocatalyst due to slow recombination rate of excited electron and hole compared to that of
rutile and brookite [4].

However, exploring the properties of TiO2 for improving its efficiency is still an emerging
area of research. In this regards, modifications of intrinsic properties of TiO2 by doping with
transition metal like Cu [5], Co, V [6], Fe [7] and Nb [8] have long been proposed. Specially,
copper (Cu) was found to be one of the most considerable element among the transition metal
because of its notable effects on the activity of TiO,. The existence of Cu species at TiO2
plays an important role on the activity, because Cu could influence the particle size [9],
optical or electronic properties of TiO2[10] as well as the number of oxygen or intermediate
species on the surface of the TiO2 [11]. A number of methods have been reported to prepare
Cu doped TiOz2 thin films, including chemical vapor deposition [12], spray pyrolysis [13],
sputtering [14], sol-gel process [15] etc. Among these, sol gel technique has many advantages
over other synthesis techniques for its excellent control over chemistry, homogeneity, purity

and crystalline phase.

In our work, we prepared the Cu-TiO: films by sol-gel spin coating method. Their influence
with varying coating cycles on structural, surface morphological and optical properties have

been investigated.
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Materials and Methods

Raw materials

Titanium (1V) isoproxide (TTIP, 99.95 %, Sigma-Aldrich), and copper (Il) nitrate trihydrate
(Cu (NO3)2.3H20) were used as raw materials. Ethanol (C2HsOH, 99.9 %, Merck Germany)

was used as a solvent.
Preparation of Cu-TiOz2 thin films

Cu-TiO; thin films were prepared at room temperature by using sol-gel spin coating
technique reported previously [16]. A stoichiometric amount of titanium (IV) isopropoxide
was mixed with ethanol and magnetically stirred for 10 min, and then glacial acetic acid was
added and stirred for 15 min. To achieve the desired concentration of Cu ion as a dopant in
TiO. host lattice, required stoichometric amount of Copper Il Nitrate trihydrate (Cu
(NO3)2.3H20) as a dopant precursor was dissolved in ethanol. This dopant solution was then
added to the mixture and stirred vigorously for 2 hour. Prior to deposition the substrates were
cleaned with soap solution, acetone, chromic acid and distilled water. Finally the substrates

were ultrasonically cleaned for 30 minute.

The gel was dropped onto the cleaned glass substrates which were rotated at a speed of 3000
rpm/30 s by using a spin coater. The coated layer was dried at 100°C for 5 min in a muffle
furnace. The process of spinning and drying was repeated for two more times to obtain a
three-coating film. Two more films of five and seven coatings were also prepared. Finally,

three, five, and seven layer coated films annealed at 500°C for 3 hour were also synthesized.
Characterizations

The XRD pattern of Cu-TiO. thin films obtained for various coating cycles were
characterized by X-Ray diffraction (XRD) using X’PERT-PRO X - ray diffractometer which
was operated at 40 KV and 30 mA with CuKal radiation of wavelength 1.5406 A". The
surface morphological observations and elemental analysis were done by EV018 Carlzeiss
SEM and S-Flash 6130 Bruker EDAX respectively. The thickness of the films was measured
using Surfest SJ-301 (Stylus profilometer). UV-Visible spectra were recorded in the range of
400-700 nm by using the (Schimadzu 1800) UV-VIS-NIR spectrophotometer. The
Photoluminescence (PL) spectra were recorded using (Schimadzu RF-5301) luminescence
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spectrophotometer with xenon lamp as the light source at room temperature with an

excitation wavelength of 410 nm.

Results and Discussion

XRD analysis

The XRD patterns of different coating cycles of Cu-TiOz thin films coated on glass substrate

by spin coating method is shown in figure 1.
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Figurel: XRD pattern of Cu-TiO: films for different coating cycles

The observed XRD patterns show that the coated films have tetragonal BCC structure of
anatase phase with high intensity peak in (1 0 1) orientation. The other orientations (2 1 0), (2
00),(211) and (0 0 2) are also observed for all the samples with low intensities which is
consistent with JCPDS file no. 89-4203. From the XRD pattern, it is observed that the
intensity of the peaks increases with increase in number of coating cycles. The film thickness
values measured using stylus profilometer are given in Table 1.

The crystallite size was determined using the Debye- Scherrer’s formula,

KA

D = Fost (nm) @

where D = particle size (nm), k = shape factor (0.94), A = wavelength of the incident X-ray

beam in A°, § = full width at half maximum (FWHM) of the prominent peak, and 6 =

¥
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=
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diffraction (Bragg) angle. From the calculation it is found that the crystallite size increases
with increase in coating cycles. Similar results have been shown by earlier literature saranya
et.al, [17]. Using the size of the crystallites, the dislocation density (8) and strain in the films
(1) has been determined from the relations given below

5= = @)

D2

__ BcosO
= —— ©)

where t is the film thickness. The calculated crystallite size, dislocation density and strain
values were summarized in Table 1. From the calculation it was observed that as the coating
cycle increases, the crystallite size also increases whereas the dislocation density and micro

strain decreases which reveals the improved crystalline structure.
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Figure: 2(a) Variation of crystallite size and dislocation density & 2(b) variation of

thickness and strain with different coatings of Cu-TiOz2 thin films

Table 1: Micro structural parameter of Cu-TiOz2 thin films with varying
coating cycles

Number of  Crystallite size  Thickness t Dislocation Strain
coatings D (nm) (um) density(5) lines/m? (x10%)
3 55.30 0.96 3.27 36.01
5 65.77 1.30 2.31 30.03
7 76.14 1.8 1.73 26.15
el
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Surface morphology with Elemental analysis

The SEM micrographs of Cu-TiO. thin films prepared at various coating cycles are shown in

Figure 3.
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Figure 3: SEM images for (a) 5 (b) 7 coating cycles with EDAX spectrum for (c) 5 (d) 7
coating cycles of Cu-TiOzthin films

From the morphological image it is observed that the prepared Cu-TiO: thin films were
agglomerated, irregular grain size and island like structure. Increase in coating cycle results
in nucleation over growth and the film surface observed to be closely packed. The surface
composition of the films was identified by EDAX measurement. The EDAX results are

shown in figure ¢ and d which demonstrates the presence of Ti, O and Cu in the spectrum.
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Surface topography

Atomic force microscopy (AFM) images (2D and 3D) of Cu doped TiO; thin film deposited
on glass substrate for 3 coating cycles are illustrated in figure 4(a) and 4(b) respectively.
Figure (4a) shows the uneven distribution of spherical shaped grains over the surface and (4b)
shows mountain and valley like nanostructure in some places. The surface roughness and root
mean square values are about 1.69 nm and 3.21 nm respectively. The lower roughness value

represents the homogeneity of the TiO» particles on the surface [18].
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Figure: 4(a) AFM 2D and 4(b) 3D image of Cu-TiO:z thin films for 3 coating cycles
Optical Analysis

The UV-Visible transmittance spectra of Cu-TiOz thin films for different number of coating

cycles are shown in figure 5.
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Figure 5: Transmittance spectra of Cu-TiOz thin films for different number of coating
cycles
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From UV-Visible plots, it is observed that the optical transmittance is found to decrease with
increase of film thickness. The transmittance in the visible region was observed to be
maximum for the film with three coating cycles. The transmittance found to decrease at about
350 nm for all the Cu-TiO2 thin film and approaches to zero at around 300 nm. This decrease
in transmittance is due to absorption of light caused by the excitation and migration of
electrons from the valence band to the conduction band of TiO2 [19].

The band gap energy (Eg) can be estimated from the optical absorption measurements. The

band gap value can be obtained from the optical absorption spectra by using Tauc’s relation

ahv = A(hv — Eg)" (4)

Where A is a constant related to the effective masses associated with the bands and n = % for
direct transition and n = 2 for indirect transition, a is the absorption coefficient, hv is the
incident photon energy and Egqis the optical band gap. The plot of (ahv)? with photon energy
(hv) is shown in Figure 6. The optical band gap is obtained by extrapolating the linear portion
of the plot (athv)? versus hv to o = 0. The direct and indirect band gap of Cu-TiO2 thin films

for different number of coating cycles are shown in figure 6(a) and 6(b) respectively.
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Figure 6: (a) Direct and (b) Indirect bandgap of Cu-TiO:z thin films for different
number of coating cycles
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The direct and indirect band gap energy values of the Cu-TiOz thin films (Table. 2) are found
to decrease with increase in number of coating cycles which might be the result of the change
in film density and increase in crystal size. Similar results have been shown by earlier

literature malliga et.al, [20].

The extinction coefficient (K) and refractive index (n) of Cu-TiO2 thin film has been

calculated from

aA

k= — ®)
_ [1+R 4R 5
- (ﬁ) + (1-R?) K (6)

=3
5

7(a)
7(b)

o

o
o

7 Coatings

01

7 Coatings
0.05 %
3 Coall

0
12 L7 22 27 32 12 16 2 24 28

Extinction coefficient, K

Refractive index, n

Energy (eV) Energy (eV)

Figure 7: (a) Extinction coefficient and (b) Refractive index vs Energy of Cu-TiOz thin

films for different number of coating cycles

From the figure, it is observed that the extinction coefficient increases with increase in
coating cycle and this due to increase in absorption. The refractive index of the films also
increases with respect to coating cycle. The value of refractive index of different coating
cycles is in the range of 2.5 to 3.1 which is higher than bulk anatase due to thickness of the
film [21].

Table 2: Optical Data of Cu-TiO2 Thin Films
Coating  Direct bandgap Indirect bandgap Transmittance

cycles (eV) (eV) (%)
3 3.2 3.0 60
5 3.0 2.8 45
7 2.8 2.6 35
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Photoluminescence Analysis

The most valuable information on the quality and purity of the films may be obtained from
PL spectra. The PL spectra of Cu-TiO2 thin films for different coating cycles at room
temperature with excitation wavelength of 410 nm is shown in figure 8. Each PL spectra is
characterized by three emission bands. A blue emission with a peak centered at around 486
nm (2.6 eV) can be attributed to indirect recombination via defect states with the interaction
of phonons in TiO: lattice. The peak at 545 nm (2.2 eV) corresponds to TiO2 anatase phase.
In general, it has been observed that the transparency in the films adversely affects their PL

response [20].
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Figure 8: PL spectra of Cu-TiO2 thin films for different number of coating cycles

Conclusion

Cu-TiO2 thin films have been deposited onto glass substrates using sol-gel spin coating
technique with different coating cycles. X-ray diffraction analysis revealed that the prepared
films have tetragonal crystal structure with preferential orientation along (1 0 1) plane. It was
also observed that the crystallite size increases but dislocation density and strain decreases
with increasing number of coatings due to increase in film thickness. Surface morphology
shows that the films are with irregular grains with flake like morphology. EDAX spectra
confirms the presence of Ti, O and Cu. Optical study revealed that the transmittance and

optical band gap (both direct and indirect) decrease but PL band emission intensity increases

oy
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with increase in number of coating cycles. These results confirm that varying coating cycles
has strong effect on structural & optical properties of Cu-TiO> thin films and high potential

application in photo catalytic activities.
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Abstract

Nonlinear optical (NLO) crystals can be classified into organic, inorganic and semi organic
materials. L-alanine doped glycine lithium chloride crystal is a semi-organic material and it
was grown using water as the solvent by slow evaporation at room temperature. Colourless
crystals of well-defined morphology were grown in a growth period of 20 days. The
solubility of the material was measured. The grown crystals were characterized by powder X-
ray diffraction analysis and FT-IR analysis. Also UV-Vis spectral studies, dielectric studies

and microhardness measurement of the grown crystals were carried out.
Keywords: NLO, GG, Gamma-glycine
Introduction

v-glycine single crystals have been grown using additives such as potassium chloride,
sodium chloride, potassium bromide, ammonium chloride, phosphrous acid, lithium nitrate,
magnesium chloride, cadmium chloride etc . In this work, y-glycine (GG) crystals have been
grown using lithium chloride as the additive and to modify the various properties of
gamma-glycine, L-alanine is added as dopant. Single crystals of undoped and doped
gamma-glycine was grown by solution method with slow evaporation technique at room
temperature (31°C). The grown crystals were characterized to analyze the structural, spectral,
mechanical, electrical properties and other properties and the obtained results are presented.
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Materials and Methods
Sample preparation

Single crystals of gamma-glycine (y-glycine) was grown by taking AR grade glycine and
lithium chloride in 1:1 molar ratio. Initially, the aqueous solution of lithium chloride was
prepared and the calculated amount of glycine was added into it. By adding more double
distilled water and by stirring using a hot plate magnetic stirrer, saturated solution was
prepared and this solution was filtered using high a quality filter paper .Then the filtered
solution was allowed for slow evaporation to obtain the crystals. It took about 20 days to get
single crystals of gamma-glycine (GG). The sample was re-crystallized again to improve the
purity. To grow L-alanine doped gamma-glycine crystals, 1 mole%, 2 mole% and 3 mole%
of L-alanine were added into the solutions of gamma-glycine and single crystals were
obtained by slow evaporation technique. The grown crystals are displayed in the figure 1. It is

observed that all the grown crystals are transparent, colourless and non-hygroscopic.

g
|

(i) (iii)
Figure 1: The grown crystals: i) 1 mole% of L-alanine doped gamma-glycine

crystal, ii) 2 mole% of L-alanine doped gamma-glycine crystal

Measurement of solubility

The solubility is the amount of solute present in 100 ml of saturated solution at a particular
temperature and it is measured by gravimetrical method. The solubility curves for the pure
and L-alanine doped gamma-glycine are presented in the figure 2. It is observed from the
results that the solubility values decrease when L-alanine is added as the dopant into gamma-
glycine crystals and as the concentration of these dopant increase in the host crystals, the

solubility is found to decrease.

-
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Figure 2: Solubility curves for undoped and L-alanine doped gamma-glycine crystals.
Characterization techniques

X-ray diffraction (XRD) provides an efficient and practical method for the structural
characterization of crystals and the molecular structure, atomic coordinates, bond lengths,
bondangles, molecular orientation and packing of molecules in single crystals can be
determined by X-ray crystallography. The grown crystals were subjected to the single crystal
XRD method to estimate the lattice parameters by employing a Bruker-Nonious
MACH3/CAD4 single X-ray diffractometer with Mo Ke@radiation (A=0.71073 A). The
optical transmission spectrum of the samples was recorded in the 190- 1100 nm region using
a Perkin Elmer UV-vis-NIR spectrometer (model-Lambda 35).

For this study, an optically polished single crystal of thickness 2mm was used. In the present
study, microhardness measurements were done using a Vickers microhardness indentor
(Leitz Weitzier hardness tester). Hardness test provides useful information on the strength
and deformation characteristics of materials. The Vickers microhardness number was
calculated using the relation Hv = 1.8544 P/d2 kg/mm2, where P is the applied load and d,
the diagonal length of indentation impression. Dielectric constant and dielectric loss values of

crystalline samples were measured using a two probe arrangement and an LCR meter.
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Results and Discussion
XRD studies for identification of crystal structure

From the Single crystal x-ray diffraction study, it is noticed that all the grown undoped and
doped crystals of gamma-glycine crystallize in hexagonal crystal structure. The unit cell
dimensions obtained by single crystal XRD studies for the sample are shown in the table 1.
The diffraction data shows a very good match with the data reported in the literature and
slight changes in the values of lattice parameters have been noticed for L-alanine doped

gamma-glycine samples compared to pure gamma-glycine crystal.

Table 1: Unit cell constants of undoped and doped gamma-glycine crystals

) Angular Unit cell
Axial
Crystal ) ) parameters | volume
dimensions (A)
(degrees) A3
) a=b=7.023 (2) o=p=190°
Undoped gamma-glycine (GG) 234.04
c=5.4780(1) y =120°
GG crystal doped with 1 mole % | a=b=7.092(4) o=p=190° 239,82
of L-alanine c=5.501(2) y =120° i
GG crystal doped with 2 mole %
) a=b=7.102(3) o=p=90°
of L-alanine 240.41
¢=5.507(6) y =120°
GG crystal doped with 3 mole % | a=b=7.111(3) o=p=90°
241.29

of L-alanine ¢=5.510(1) y =120°

Powder XRD studies for the grown crystals were carried out and the recorded XRD patterns
are given in the figures 3 . The sharp diffraction peaks in the patterns indicate the percentage
of crystallinity is high. The diffraction peaks were indexed using the indexing software
package and the obtained Miller indices (hkl values) were compared with the standard chart
(JCPDS file No. 06-0230).. The powder XRD data for the samples are given in the tables 2.
The unit cell parameters obtained from powder XRD diffraction method are observed to be

almost the same with the data obtained from single crystal XRD method.
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Figure 3: Powder X-ray diffractogram for GG crystal doped with 1 mole% of L-alanine

Table 2: Values of 2-theta, interplanar distance, Miller indices and relative intensity
for GG sample doped with 1 mole % of L-alanine

S.No. 20 (degrees) d(A) HKkI I/ Imax (%)
1 21.672 4.097 101 37.93
2 25.092 3.546 2-10 43.1
3 29.053 3.070 200 100
4 29.957 2.980 111 67.2
5 33.390 2.681 2-21 70.6
6 35.745 2.509 102 36.2
7 38.758 2.321 3-10 37.9
8 42.220 2.138 2-31 27.5
9 52.013 1.756 103 27.5
10 60.220 1.535 400 31.0
11 68.665 1.365 3-33 24.1

Critical nucleation parameters

Nucleation Kkinetic studies were performed for the grown crystals of undoped and doped

gamma-glycine using a constant temperature bath (CTB). From these studies, the data of

g
e
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critical nucleation parameters were obtained and these data will be useful to understand the
nucleation phenomena that are taking place in the supersaturated solutions of samples The
plots of induction period versus supersaturation ratio for undoped gamma-glycine (GG), GG
sample doped with L-alanine is presented in the figures 4. From the results one can
understand that the induction period decreases with supersaturation ratio values and the

induction period is observed to be increased when gamma-glycine is doped with L-alanine.

1600

1400

1200

1000 H|—#— Pure GG Sample
—e— GG +L-alanine(1 mole%)
—A— GG +L-alanine(2 mole%)
—v— GG +L-alanine(3 mole%)

Induction period t (seconds)

800 T T T T T
1.22 1.24 1.26 1.28 1.30

Supersaturation ratio (S)

Figure 4: Plots of induction period versus supersaturation ratio for gamma-glycine
samples doped with L-alanine

Dielectric studies

The grown crystals were cut, polished and subjected to the measurement of dielectric
constant and loss factor. The lower the dielectric loss the more effective is a dielectric
material. The dielectric loss angle is an important parameter both for the material of a
dielectric and an insulated portion . The plots of dielectric constant (&) and dielectric loss
factor (tan 8) versus log of frequency for the samples at different temperatures such as 30, 50
and 80 °C are presented in the figure5. The variations of AC conductivity with temperature
for the undoped and doped gamma-glycine crystals are shown in the figures 6. The AC
conductivity of the grown crystals increases with increase in temperature. When the
temperature of the crystals is increased, there is a possibility of weakening of hydrogen bond

and this results in an enhanced conductivity .

Special Issue on INHIM’16 - Sarah Tucker College (Autonomous), Tirunelveli. Page 396


http://www.drbgrpublications.in/ijcsr.php

2016; 1JCSR. 2(3): http://www.drbgrpublications.in/ijcsr.php; ISSN: 2454-5422

N -
w
EN
(6]
o -

Figure 5: Variation of dielectric constant with frequency for 1 mole% of L-alanine

added gamma-glycine crystal at different temperatures
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Figure 6: Temperature dependence of AC conductivity for undoped and L-alanine

doped gamma-glycine crystals at 103 Hz
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Fourier transform infrared (FTIR) spectroscopic studies

Functional groups and the molecular structure of compounds can be identified using the
infrared spectroscopy. The higher-energy near-IR, approximately 14000-4000cm™ can
excite overtones and harmonic vibrations. The mid-infrared, approximately 4000-400 cm™!
may be used to study the fundamental vibrations and associated rotational-vibrational
structure. The recorded FTIR spectra of the samples are shown in the figures 7. The
assignments for absorption bands of infrared spectra were given in accordance with the data
reported in the literature . The broad envelope in the higher wavenumber region between
3200 and 2400 cm™ was due to hydrogen interaction with other atoms such as N—H stretching
of NH2 and C-H of CH; stretching. The bands observed at 501, 606 and 683 cm™ are
attributed to carboxylate groups while the peaks absorbed at 1491 and 556 cm are attributed
to NHs group. Thus, the carboxyl group is present as carboxylate ion and amino group exists
as ammonium ion in gamma-glycine. The peak observed at 1040 cm™ is assigned to C-C-N
stretching vibration. The band at 606 cm™ is due to the wagging vibration of COO
structure. The bending vibration of CH group appears at 927 cm™ in the spectrum. The peak
at 1385 cm™ is assigned to CH> twisting vibration. The peak around 2885 corresponds to CH
stretching. The presence of carboxylate and ammonium ion clearly indicates that the glycine
molecule exists in zwitter ionic form in gamma-glycine crystal. It is observed that the
absorption peaks/bands are shifted slightly and some bands are narrowed or broadened when

the dopants are added into the lattice of gamma-glycine crystals.

THaIom Daiee 58

W sl r [

Figure 7: FTIR spectrum of 1 mole% of L-alanine doped gamma-glycine sample
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Microhardness, Stiffness constant and Yield strength

The mechanical strength of crystals was tested by carrying out microhardness studies by
applying different low loads. The traces of Vickers hardness number with a load for the
undoped gamma-glycine and doped gamma-glycine crystals are shown in the figures 8. The
results show that the hardness increases when gamma-glycine (GG) is doped with L-alanine.
The presence dopant in the lattice of GG may be strengthening the bonds and hence the

microhardness increases.

The values of slope are the work hardening coefficient or Mayer’s index for the samples and
they are given in the table 3. It is known that if the value of n is less than 1.6, the material
will be hard category of materials and hence the L-alanine doped gamma-glycine crystals are

found to be more harder than undoped (pure) gamma-glycine crystal.

Sy [ — pure GG sample

—e— GG + L-alanine (1mole%)
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110 4 |—¥— GG + L-alanine (3mole%)

120

100

©
o
1

80 +

2
H,, (kg/mm°)

70 +

60

50

40

20 30 40 50 60 70 80 90 100 110
Load (g)

Figure 8: Dependence of hardness number with applied load for pure and

L-alanine doped gamma-glycine crystals
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Table 3. Values of work hardening coefficient (n) for the samples of L-alanine

gamma-glycine

Sample Work hardening
coefficient(n)
Pure Gamma glycine(GG) 5.175
GG +L-alanine (1mole%) 5.083
GG +L-alanine (2mole%) 4.324
GG +L-alanine (3mole%) 3.914

Determination of transmittance, optical band gap, extinction coefficient and refractive

index

Optical transmittance and transparency cut-off wavelength and other linear optical parameters
are important for single crystals mainly used in optical applications. The grown crystals were
cut and polished and the specimen 1.5 mm thick was subjected to transmission measurements
using a spectrophotometer in the spectral region of 200—1100 nm. The recorded transmittance
spectra of the samples are presented in the figures 9. From the transmittance spectra it is
evident that the grown crystals of undoped, and L-alanine doped gamma-glycine crystals
have UV lower cut-off wavelength and the transparency in the entire visible region and it
suggests that the crystals are suitable for second harmonic generation. The calculated band

gap values are given in the table 4.

80 4
70 7
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40 7
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Figure 9: Transmittance spectrum of gamma-glycine crystal doped with 1 mole%

of L-alanine
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Table.4.Band gap values for Undoped and doped gamma-glycine

Sample Band gap (eV)

Undoped gamma-glycine 5.62

Gamma-glycine + 5.12

1 mole% of L-alanine

Gamma-glycine + 4.95

3 mole% of L-alanine

Conclusion

Pure gamma glycine and L-alanine doped gamma glycine were synthesized and solubility
studies were carried out. Single crystals of un doped and L-alanine doped gamma-glycine
grown by slow evaporation technique. Single crystal XRD study reveals the hexagonal
structure of the grown crystals. The band gap of both the samples of this work is found. The
mechanical property of the grown crystals was studied by micro hardness test and it is
noticed that there is an increase in hardness when gamma glycine crystal is doped with |-

alanine. The dielectric property also effectively studied.
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Abstract

The present communication deals with the nucleation kinetics of urea doped Bis glycine
picrate (BGP).Induction period and interfacial energy have been determined for the aqueous
solution growth of urea doped BGP. It is observed that the induction period decreases asthe
supersaturation ratio increases and hence the nucleation rateincreases. The solubility of urea
doped BGP crystal has been estimated at different temperatures. It is observed that, BGP has
apositive temperature coefficient of solubility. Nucleation parameters such as radius of the
critical nucleus, number of molecules in the criticalnucleus and critical free energy change

have also been investigated.

Keywords: Nucleation kinetics; Induction period; Interfacial energy; solubility; BGP; doping

Introduction

Crystals of amino acid family have been grown and studiedby several researchers for their
excellent nonlinear optical (NLO) properties. The study ofamino acid crystallizes with other
organic and inorganic molecules, which presents a high non-linear opticalcoefficient has
gained much attention in the last few years because of the possibility of using them in
technological devices .Picric acid forms stablepicrates with various organic molecules like
glycine through n bonding orionic bonding. BisGlycine picrate(BGP)is an organic nonlinear

optical material that belongs to monoclinic crystalsystem and the lattice parameters are a =
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14.968 A, b = 6.722 A, ¢ = 15.165 A and p= 93.65° .Influence of urea on the morphology,
growth rate and the characteristics of BGP have been reported in our earlier investigation .In
the present study, the nucleationparameters such as interfacial energy, volume free energy
andcritical free energy change were evaluated numerically using theexperimentally

determined induction period for urea doped BGP.
Material synthesis and purification

The BGP was synthesized by reacting the aqueous solutionsof high purity glycine and picric
acid in the molar ratio of 2:1with double distilled water as the solvent.The reactants were
thoroughly dissolved in double distilledwater and stirred well using a temperature controlled
magneticstirrer to yield a homogeneous mixture of solution. Then the solution was heated
until the synthesized salt of pure Bisglycine picrate was obtained. Calculated amount of urea
of 0.5, 1 and 1.5 mole %were added to the solution of Bisglycine picrate to obtain urea-doped
Bisglycine picrate salt. The purity of the synthesized salts was further improved by repeating

the recrystallization process.
Experimental procedure

The solution growth method is widely used and best suited for growing goodquality single
crystals with well faceted morphology. Solubility measurements arean essential pre-requisite
for the success of the solution growth technique. Solubilitystudies were carried out in an
aqueous solution by gravimetric method. The solubility of pure BGP was determined by
dissolving the solute in water. The solution was kept in a constanttemperature path
maintained at 30 °C (accuracy+0.01 °C) andcontinuously stirred using a motorized magnetic

stirrer.

It isdone to have uniform temperature and concentration throughoutthe volume of the
solution. After attaining saturation, theequilibrium concentration of the solute was analyzed
gravimetrically .The same process was repeated for the urea doped BGP. Solubility diagrams
for undoped (pure) and urea doped BGP salts at various temperatures ranging from 30 °C to

50°C are presented in the figure 1.
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Figure 1: Solubility diagram for pure and urea doped BGP crystals
The saturated solution of pureand urea doped BGP were prepared using the solubility data for
the nucleation experiments.The induction period was measured experimentally at different
supersaturations by employing the isothermal method . In this method, 50 ml of
saturatedsolution of BGP in an aqueous solution of 1.1 supersaturation ratio was prepared
inaccordance with pre determined solubility at 303 K. The prepared saturated solutionwas
placed in the constant temperature water bath. The temperature of the bath wasraised a few
degrees above the saturated temperature to dissolve the excess solute that remained
undissolved. The bath temperature was lowered to 303K and a stop clock was started as soon
as the solution reached 303 K, when the nucleation formedinside the solution a bright glitter
was observed. The total time elapsed between supersaturation and the appearance of a
nucleus of detectable size was taken as theinduction period (t). The time required for the
growth of the critical nucleus to adetectable size was negligibly small, compared with the
time needed between theattainment of supersaturated and the appearance of a nucleus of
detectable size.Hence this can be taken as induction period. The appearance of the first speck
of thenucleus was seen at the bottom of the container. This process was repeated for
calculatingthe induction periods for different supersaturation ratios (1.13, 1.16, 1.2 ) .The
same process was repeated for the urea doped BGPand the obtained results were plotted as a
function of supersaturation isshown in Fig. 2. The induction period decreased as the
supersaturation increases. The measured induction period values were used to estimate the

interfacial tensionvalues.
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Figure 2.Plot of induction period ( ) vsSupersaturation ratio (S)

Nucleation kinetics
The classical nucleation theory states that the energy requiredto form the nuclei (spherical) is

given as,
AG = grtr3AGV +4nrio 1)

where_Gy is the energy change per unit volume, ‘o’ is the interfacialtension and ‘r’ is the
radius of the nucleus.The first term in Eq. (1) represents the formation of a newsurface and
the second term represents the differences in the chemicalpotential between the crystalline
phase and the surroundingmother liquor. Fluctuation in the supersaturated solution causesthe
formation of a small cluster of molecules known as embryos.The driving force for the
nucleation from the saturated solution isgiven as,

AGVszzns 2

\’

whereAGy is the volume free energy change, V is the specific volumeof the solute molecule
and k is the Bolzmann’s constant.In the critical state, the free energy formation obeys the
condition

d(AGy)/dr = 0. Hence, the critical radius and the Gibbscritical freeenergy barrier for

nucleation can be expressed as;

« _ 20V

"~ KkTInS (3)
Here k is the Boltzmann’s constant, T is the absolute temperature, S is the supersaturation
ratio
« _ MRT
AGT = N 4(Ins)? 4)
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The rate of nucleation (i.e., the number of nuclei formed per unit time per unitvolume) can be

expressed by an Arrhenius-type equation
— Aexp(2E
J = Aexp(=)(5)
where A is the pre-exponential factor
(approximately A= 1 x 10% for solution),

The number of molecules in the critical nucleus is expressed by

3
4mr*

=y (6)

According to the classical theory of homogenous nucleation(14), the

induction period (1) is related to the interfacial tension (o) as follows

3 3172
16ma” NV

Int =-InB +m (7)

k=2

Na
where B is a constant, R is the universal gasconstant and Na is the Avogadro’s number and t©
theinduction period at temperature T and supersaturation ratio S.A plot of 1/ (In
S)2againstIn(t)(fig 3)from Eq. (6) is a straight line andthe intercept on the Y-axis gives the
value of In B. The slope is givenas,

3312
— 16ma> NV

3R3T3 (8)
6.4
/v
6.2 4 /V
/v (]
6.0 v _—
/ u
_—
5.8 _—
e ./
=
5.6 4 u
°
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’ ] —e— BGP + 0.5 mole% of urea
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Figure.3. Plot of 1/ (In S)?vsIn (7).
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Results and discussion

The solubility of Pure and urea doped BGP crystals as a function of temperature is shown in
Fig. 1. From the graph,it is observed that solubility of the samples in water increases with
temperature and it is found to be more for urea doped BGP than the pure BGP. Since the
solubility increases with temperature, the samples have positive temperature coefficient of
solubility. Fig.2 shows the induction period as a function of supersaturation ratio at
constanttemperature. The value of t decreases and hence the nucleation rateincreases as the
supersaturated concentration of the aqueous solution isincreased. It can be noticed that
theinduction period increases with increase in additive concentration of urea. The study of
induction period againstsupersaturation gives an idea of optimized induction period in orderto

have a controlled nucleation rate to grow good quality singlecrystals.

Table 1: Summary of critical nucleation parameters for pure and urea doped BGP

samples
Sample S | AG'x10 | Jx10%® | r'x1070 N
20 nuclei/s m
(joules) | /volum
e

Pure BGP | 1.1 0.429 3.608 12.6 21.47
1.13 | 0.261 5.378 9.82 10.10

1.16 |0.177 6.567 | 8.08 5.66

1.2 0.117 7.573 6.58 3.05
BGP+05 (1.1 0.425 3.643 12.5 21.12
mole% of | 1.13 | 0.258 5.417 9.76 10.05
urea 1.16 | 0.175 6.598 8.04 5.62
1.2 0.116 7.591 6.54 3.025
BGP + 1|11 0.308 4.810 11.2 15.41
mole% of | 1.13 | 0.187 6.412 8.72 7.27
urea 1.16 | 0.127 7.395 7.18 4.06
1.2 0.084 8.186 5.85 2.19

BGP+15 (1.1 0.179 6.535 9.32 8.97
mole% of | 1.13 | 0.109 7.718 7.27 4.258
urea 1.16 | 0.074 8.387 5.98 2.37
1.2 0.049 8.901 4.87 1.28

Theinterfacial tension has been calculated at constant temperature(room temperature) for pure

BGP and various mole percentage of urea doped TGS crystals from the graph (fig.3) drawn
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between In T and 1/ (InS)?. The calculated values of interfacial tension vary from 6.473 to
6.661 mJ/m?-Using the interfacial tension value, the nucleation parameterssuch as radius of
critical nucleus(r), Gibbsfree energy change(AG*) and number of molecules (n) in the
critical nucleushave been calculated for the controlled nucleationcondition and the results are
summarized in the Table 1.1t is notedfrom Table 1that the value of r* decreases with the
increase ofsupersaturation and consequently the nucleation rate (J) increases with increase of
supersaturation. That means the number of critical nucleiformed will be increased which will
lead to spurious nucleation. Also itwas observed that the values of n and AG* decreases with
the increaseof supersaturation and also these parameters decrease when concentration of urea

is increased.

Conclusion

The fundamental nucleation parameters of pure and urea doped BGP crystals were
determined on the basisof the classical nucleation theory. The solubility and induction period
have been experimentallydetermined. The interfacial tension was calculated at different
supersaturation conditions using the experimentally determinedinduction period values. The
nucleation parameters such as volumefree energy, Gibbs critical free energy, radius of critical
nucleus andthe number of molecules in the critical nucleus were determinedusing the

interfacial tension values.
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Abstract

Over recent years, amino acid family crystals have been subjected to extensive investigations
by several researchers for theirnonlinear optical (NLO) properties. DL-alanine is one among the
rare amino acid racemates crystallizing in a noncentro symmetric space group. A new Organic
Single crystal of DL-Alanine Oxalate (DLAQO) has been grown from solution by slow
evaporation technique. Transparent colourless crystals uptol0 mm x 6 mm x 3 mm were
obtained. Formation of the new crystal has been confirmed by single crystal XRD and FTIR
spectra. The grown crystals have been subjected to powder X-ray diffraction studies to identify

the crystalline nature.

Single crystal X-ray diffractometer was utilized to measure unit cell parameters and to confirm
the crystal structure. The cell parameters of the grown crystal are identified from single crystal
XRD. DLAO belongs to monoclinic system with with a lattice parameters a=11.329(3)
A°,b=6.583(3) A°, ¢c=12.460(4) A° and a=y=90° and p=113.58(2)° and volume of the unit cell

is 851.6(6) A%.The functional groups are confirmed in vibrational analysis. Mechanical strength

o
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of the grown material is tested by Hardness studies. The value of hardness increases when the

applied load is increased.

Keywords : Aminoacid; DL-alanine; Crystal growth; Single crystal; X-ray Diffraction;
Crystal structure; Microhardness

Introduction

The organic materials play an important role in second frequency mixing, electro-optical
modulation, optical parametric oscillation, optical bi-stability, harmonic generation (SHG) etc.
Over recent years, amino acid family crystals have been subjected to extensive investigations
by several researchers for their nonlinear optical (NLO) properties. Amino acids and their
complexes are the organic or semi-organic materials that have attracted great attention due to
their ability in ease of processing in the assembly of optical devices. The complete
understanding of the properties of amino acid crystals, as well as other organic crystals, still

requires more attention

DL-Alanine is one among the rare amino acid racemates crystallizing in a non-centrosymmetric
space group. The structure of DL-alanine was elucidated by Subha Nandini et al. The crystal
structure is stabilized by a network of characteristic head-to-tail hydrogen bond sequences. The
carboxyl group is present as a carboxylate ion and amino group as ammonium ion. From the
literature survey, it is noticed that a limited number of papers are available on DL-alanine

complexes.
Experimental studies of DLAO crystal
Growth procedure

DL-alanine oxalate (DLAO) was grown from the aqueous solution using double distilled water
by slow solvent evaporation technique. An equimolar amount of DL-alanine and oxalic acid
(AR grade) were mixed with sufficiently large amount of water at 50 °C to synthesize DL-
alanine oxalate. A saturated solution of 150 ml was taken and the solution was filtered using
filter paper. The filtered solution was taken in a beaker, which was tightly closed with a thick
filter paper so that the rate of evaporation could be minimized. Good transparent, small single
crystals were obtained after 3 weeks and the obtained material were re-crystallized twice in

distilled water in order to improve their purity. The recrystallized crystalswere used as the seed

¥
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to obtain big sized crystals ofDL-alanine oxalate. The harvested crystals of DLAO are

displayed in the figure 1.

Fig 1: Photograph of DLAO crystals

Solubility measurement

To grow bulk crystals from solution by slow evaporation technique, it is desirable to select a
solvent in which it is moderately soluble. It is found that DLAO sample is sparingly soluble in
organic solvents like acetone, methanol and ethanol and is reasonably soluble in water. The size
of a crystal depends on the amount of material available in the solution, which in turn is decided
by the solubility of the material in that solvent. The solubility of DL-alanine oxalate in water
was determined by addinga known quantity of solute in solvent maintained at constant
temperature till it was completely dissolved. Using this technique, the magnitude of the
solubility ofDL-alanine oxalatewas evaluated at various temperatures viz. 30°C, 40°C, 45°C,
50°C and 55° C. The temperature dependence of solubility of DL-alanine oxalate is shown in
figure 2. From the result, it is observed that the solubility increases with temperature. These
data can be used for preparing the saturated solution and for carrying out nucleation Kkinetic

studies.
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Fig 2: Variation of solubility with temperature for DLAO crystal
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Results and Discussion
X-ray diffraction studies

The cell parameters of the grown crystal were obtained using single crystal X-ray
diffractometer (Bruker-Nonius MACH3/CADA4).1t is observed that the DLAO crystal belongs to
monoclinic system with the cell parameters a=11.329(3)A, b=6.583(3) A, c=12.460(4) A ° and
o=v=90° and p=113.58(2)° and volume of the unit cell is 851.6(6)A .

In order to identify the diffraction planes of the crystal of DLAO, the grown sample was
subjected to powder X-ray diffraction studies with a high resolution PANalytical X’pert PRO
diffractometer. The XRD pattern is shown in figure 3.The reflections of powder XRD pattern
were indexed using the INDEXING software package by following the procedure of Lipson
and Steeple . The values of 20, hkl values and d-values etc. are presented in the table 1.
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Fig 3: Powder XRD pattern of DLAO crystal
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Table 1: The values of 20, hkl values and d-values for DLAO crystal

20 d(std) HKl
15.55 5.7032 011
20.36 4.3256 102
21.391 41506  -103
22.50 39571 212
24.57 3.6150 112
26.51 33575  -213
29.45 3.0634 310
30.72 29018  -122
4155 2.1656 303

FTIR analysis

The vibrational analysis of the grown crystal was done using FTIR spectrometer. The FTIR
spectrum is recorded in the range 0f400-4500 cm™ . The recorded spectrumis shown in Fig. 4.
In FTIR spectrum, the broad intense peak is observed between 3200-2800 cm ™, which is due to
NHs" vibrations. This confirms that the amine group presented in the DL-alanine molecule
bonded with oxalic acid through hydrogen bonding. ToanalyzetheFTIRspectrum,the molecular
structureofthiscompoundistakenintoaccount. The broad bandsaround3039cm™and 3157 cmr
correspond toNHstretchingvibrations. The peak observed at 2948 cm™ showsCH stretching and
that at1929 cm™ indicates CN stretching.The C=0O stretching band observed at 1724 and
1600cm™ indicate the presence of carboxylic acid group. The CH3 bending deformation was
assigned to the peak at 1460 cm™. The peak at 1407 cm? was assigned to symmetrical
stretching of the COO" group. TheC-O stretching wasassignedto1006 cm™.The peaks between
1147 cm-* and 918 cm-! are assigned to asymmetrical coupled vibrations of alanine. In the
lower frequency range, the sharp peak observed at 520 cm-! is assigned to COOrocking. The

assigned vibrational frequencies are given in the table 2.

P
P
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Table 2: FTIR frequency assignment of pure DLAO crystal

Wavenumber in cm-? Band assignments

520 COOrrocking

918 Asymmetric coupled vibrations of
alanine

1006 C-O stretching

1147 Asymmetriccoupled vibrations of
alanine

1407 COO symmetrical stretching

1460 CHs bending deformation,

O-H symmetric stretching&
C-O symmetric stretching

1517 NHs" symmetric deformation &
NH: in-plane deformation
1600 C=0 stretching
1724 C=0 stretching
1926 C—N stretching
2948 C—H stretching
3039 N—H stretching
3157 N-H stretching
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Fig 4: FTIR spectrum for the grown crystal DLAO
Mechanical Properties

The mechanical strength of DLAO crystal was checked by carrying out microhardness studies
by means of Leitz Vickers microhardness tester. The static indentations were made at room
temperature with a constant indentation time of 10 s. The indentation marks were made by
varying the load from 25 to 100 g. Vickers microhardness values have been calculated and a
graph (Fig.5) is plotted between Vickers hardness number (VHN) and applied load P. It is

observed from the graph that the hardness increases as the load increases. The experiment

.......
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shows that the crystal of DLAO breaks when a load more than 100 g is applied and this result is
not shown in figure 5. The formation of cracks on the surface of the crystal beyond the load 100
g is due to the release of the internal stresses generated locally by indentation. The work
hardening coefficient ‘n’ of the DLAO crystalis 3.67 and it has been determined from the slope
of the log P versus log d plot (fig. 6). Since the work hardening coefficient is more than 1.6, this

crystal is a soft material and the hardness is low.
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Fig 5: Plot of Hy versus load for DLAO crystal
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Fig 6: Variation of log P with log d for DLAO crystal
Second Harmonic Generation (SHG) studies

A high density Nd:YAG laser (A=1064 nm) with a pulse duration of 6 ns was passed through
the powdered sample of the DLAO. The SHG emission was confirmed from the output of the

laser beam having the green emission (A=532 nm). SHG efficiency of the grown DLAO crystal
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is 1.13 times that of the standard KDP crystal. Thus this crystal is a potential material for

frequency conversion.
Conclusion

Solubility studies of DL-alanine oxalate (DLAO) sample has been carried out at different
temperatures and the single crystal of this sample has been grown from aqueous solution by
slow evaporation method. XRD studies reveal that thestructure of DLAO crystals is monoclinic.
The XRD studies show that the crystalline perfection of the grown crystal is reasonably good.
The presence of functional groups in the sample has been confirmed by FTIR analysis. The
mechanical strength has been checked for the sample and the work hardening coefficient value
has been calculated.

Acknowledgement

The authors are thankful to the authorities of National Institute for Interdiciplinary Science and
technology, Papanamcode, Trivandrum, Madurai Kamaraj University, Madurai, and St.
Joseph’s College (Autonomous), Triuchirappalli for providing instrumental facility for

characterization.
References

J. Badan, R. Hierle, A. Perigand, J. Zyss, Am. Chem. Soc. Symp. Ser. 233, in: D.J. Williams
(Ed.), Am Chem. Soc., Washington, 1993

M. Kitazawa, R. Higuchi, M. Takahashi, Appl. Phys. Lett. 64 (1994) 2477

L. Misoguti, A.T. Varela, F. D Nunes, V.S. Bagnato, F.E.A. Melo, J. MendesFilho, S.C, Zilio,
Opt. Mater. 6 (1994) 147

W.S. Wang, M. D Aggarwal, J. Choi, T. Gebre, A.D. Shield, B.G. Penn, D.O. Frazier, J.
Cryst.Growth 198/199 (1999) 578

M. SubhaNandhini, RV. Krishnakumar, K. Sivakumar, S.Natarajan, ActaCrystalogr., E 58
(2002) 307

R.Becker and W.Doring, Ann. Physik, 24 (1935) 719

D.Turnbull and J.C. Fisher, J.Chem.Phys., 17 (1949) 71

o
o <N

Special Issue on INHIM’16 -7 Sarah Tucker College (Autonomous), Tirunelveli. Page 418


http://www.drbgrpublications.in/ijcsr.php

2016; 1JCSR. 2(3): http://www.drbgrpublications.in/ijcsr.php; ISSN: 2454-5422

H. Lipson, H.Steeple, “Interpretation of X-ray powder Diffraction Patterns”, FifthEd,
Macmillan, NewYork (1970)

Ivan Kityk, MalgorzataMakowska-Janusik, Mol. Cryst. Lig. Cryst. 353 (2000) 513
M. Arivanandhana, K. Sankaranarayanan, P. Ramasamy, J. Crystal Growth 31 (2008) 1493

N.TheresitaShanthi, P.Selvarajan, C.K. Mahadevan, Curr. Appl. Physics, 9 (2009) 1155

a%_y

&

Special Issue on INHIM’16 $5=L Sarah Tucker College (Autonomous), Tirunelveli. Page 419


http://www.drbgrpublications.in/ijcsr.php

2016; 1JCSR. 2(3): http://www.drbgrpublications.in/ijcsr.php; ISSN: 2454-5422

International Journal of Current Science Research

www.drbgrpublications.in

Volume: 2; Issue: 3 [Special Issue]; March-2016; pp 420-427. ISSN: 2454-5422
Synthesis and characterization of semi organic nonlinear optical material: Ammonium

Tartrate Tetra hydrate

S.G.PushpalathaGracelin!, C.Krishnan? and P.Selvarajan®

!Department of Physics, Sarah Tucker College, Tirunelveli, India.
2Department of Physics, Aringnar Anna College, Aralvaimozhi, India.

Department of Physics, Aditanar College of Ats and Science, Tiruchendur, India.

Abstract

A semiorganic non-linear optical crystal of ATT have been grown by slow evaporation technic
using water as a solvent. The structural and vibrational properties of the crystals were studied.
Fourier transform infrared (FTIR) studies confirm the vibrations of various functional groups
present in the grown crystal. The optical transmittance is studied through UV visible
spectroscopy. The crystal system and lattice parameters were determined from the crystal X-

Ray diffraction analysis. And the solubility of the crystal is determined.

Key words: Semi-organic, non-linear, slow evaporation, X-Ray diffraction.

Introduction

Recent research is focused on semi organic materials due to their large linearity, high damage
threshold good mechanical and thermal stability .The present investigation is focused on the
growth and characterization of crystal of ATT(ATT) a new semi organic material .The ATT
crystals are grown by slow evaporation technique at room temperature.The ATT crystals

obtained is subjected to various characterization studies such as XRD,FT-IR and UV-VIS.
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Crystal Growth

The calculated amount of ATT salt was first dissolved in 100 ml of deionised water by
continuous stirring to get a homogeneous mixture. The saturated solution was then filtered
using watt man filter paper to remove the suspended impurities. Then the solution was left
undisturbed. The filtered solution was allowed to evaporate slowly at room temperature. Good,

optically transparent crystals were harvested in a growth period of three weeks.
Characterization Studies

Single crystal X-ray diffraction analysis of the grown crystal of Ammonium Tartrate Tetra
hydrate was carried out using Enraf-Nonius CAD-4 diffractometer using Mo K, radiation to
determine the unit cell parameters and space group.Optical studies have been carried out using
ELICO SL 218 double beam UV-visible spectrophotometer which records optical spectrum in

the wavelength range of 200-1100nm.FTIR absorption spectrum of the grown crystal in the

infrared region 4500 - 400 cm_l was recorded on a spectrometer (Model: SHIMADZU- FTIR-
8400S) using a KBr pellet technique. Second Harmonic Generation (SHG) test for the grown
crystal was performed by the powder technique of Kurtz and Perry using a pulsed Nd:
YAGlaser (Model:YG501C,[1=1064 nm). Smooth, flat surface was selected and subjected to
this study on the (001) plane of the crystal.

Results and Discussion
Single Crystal X-ray diffraction analysis

Single crystal X-ray diffraction analysis of the grown crystal of Ammonium Tartrate Tetra
hydrate was carried out using Enraf-Nonius CAD-4 diffractometer using Mo K, radiation to
determine the unit cell parameters and space group. The analysis of the collected data reveals
that the ATT crystal is monoclinic in structure with space group P1 and lattice parameter are a =
8.9901(A),b = 15.5424(A),c = 6.2512(A) oa=y=90° , p=101.507°

FTIR Spectral analysis

The infrared spectroscopy is effectively used to identify the functional groups of the
sample.When infrared radiation interacts with a sample, a portion of the incident radiation is
absorbed at a specific wavelengths and the Fourier Transform Infrared (FTIR) absroption
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spectrum is a characteristic of functional groups of molecules in a sample. FTIR absorption

spectrum of the grown crystal in the infrared region 4500 - 400 cm-1 was recorded on a
spectrometer (Model: SHIMADZU- FTIR-8400S) using a KBr pellet technique. The recorded
FTIR spectrum of ATT crystal is presented in the figure 1. The present vibrational
spectroscopic study was carried out with a view of obtaining an insight into the structural
aspects of crystals. The assignments for absorption bands of infrared spectra were given in
accordance with the data reported in the literature.The broad envelope in the higher
wavenumber region between 3238 and 2700cm™ was due to hydrogen interaction with other
atoms such as N-H stretching of NH> and C—H of CHa stretching. The bands observed at
539cm are attributed to carboxylate groups while the peaks absorbed at 612 cm™ are attributed
to NHz group. Thus, the carboxyl group is present as carboxylate ion and amino group exists as
ammonium ion in ATT. The peaks observed at 827 cm™ are assigned to C-C-N stretching
vibration.The presence of carboxylate and ammonium ion clearly indicates that the ATT
molecule exists in zwitter ionic form in ATT crystal. The grown crystals were subjected to
FTIR analysis to analyze the presence of functional groups. The observed frequencies and their

assignments of ATT crystal are given.

Fig 1 FTIR Graph

T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

wavenumber (cm-1)

Fig(1) FTIR Spectra Of Ammonium Tartrate Tetrahydrate.
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Optical properties

To determine the transparency range of the grown ATT crystal, UV-vis transmittance spectrum
was recorded and is shown in Fig.2. Optically clear single crystal of thickness 2mm was used
for this study. The cut- off wavelength of the crystal occurs at 225 nm. From the figure, it
shows that the crystal was optically transparent in the wavelength range from 300 to 1100 nm
and it is a feature that promotes possible optical applications in NLO devices. The crystal has
sufficient transmission in the visible and IR region. The optical absorption coefficient (o)) was
determined using following formula o= ((2.303log(1/T)t).where T is the transmittance and t is
the thickness of the crystal.Optical transmittance range and transparency cut-off of single
crystal are important factors for optical applications. The recorded transmittance spectra of ATT
crystals in the wavelength range of 200 — 1200 nm are shown fig (3).Transmittance (T) = %
T/100.The wave length is increased, transmittance is also increased. At about 225 nm a sharp
fall to zero in the transmittance is observed for ATT sample and the crystal has sufficient
transmittance in the entire visible and near IR region. The sharp fall at 225 nm for the sample
corresponds to the fundamental absorption edge, which is essential in connection with the
theory of electronic.The band gap of ATT is calculated using the formula Eq =1240/Amax,it is
found to be (4.97) eV.

Fig 2The wave length versus percentage of transmittance
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Fig.2 The graph was drawn between wave length versus percentage of T. From the graph
increasing the wavelength also increased the percentage of T.
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Fig.3 The Wavelength Verses the Absorbance
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Fig 3 The absorbance wave length is 249nm.The absorbance is decreased,also the wave length

is increased.
Fig 4 Wave length versus Reflectance
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The graph was plotted between Wave length (L) andReflection(R) as shown in fig (4)The
relation is given by Reflectance(R)=1-(T+A).The Reflectance wavelength is 249nm.The

reflectance is decreased also the wavelength is increased.
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Fig 5 Wave length versus absorption coefficient
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The dependence of optical absorption coefficient with the photon energy helps to

study the band structure and the type of transition of electrons.The absorbance is decreased,;

also the wave length is increased.

Fig 6 Wave length versus refractive index
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The refractive index (n) can be determined from reflectance data using n= (1+\/R_) /(1 =+R).

The plot between wavelength and refractive index (n) of ATT crystal is shown in fig (6). From
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the fig (6) it is observed that the refractive index decreases with increasing wavelength.The
refractive index (n) of the ATT crystal is 1.57 at 297nm.

Fig 7 Photon of energy versus (ahv)?
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20+

(ahv)*2

4.97

The plot of variation of (ahv)? versus hv is shown in fig (10).This plot is known as the Tauc’s
plot and it is used to find out the accurate optical band gap value.The band gap was evaluated
by the extrapolation of the linear part and the value is found to be 4.97eV. As a consequence of

wide bandgap,the grown crystal has large transmittance in the visible region.
Conclusion

Semi organic crystals of ATT was grown from slow evaporation technique. Single crystal X-ray
diffraction study shows the crystal belongs to monoclinic crystal system. The FT-IR spectrum
confirms the functional groups present in the grown crystal. UV-Visible spectral analysis
reveals that ATT crystals are optically transparent in the entire uv-visible range and has
transparency of about 90% with a lower cut off wavelength at 225 nm. As ATT crystal have
good optical transparency and reasonably good NLO properties, these materials could be

potential candidates for NLO applications.
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Abstract

Amino acids contain proton donor carboxylic group and proton acceptor amino group. Thus at
favorable pH, the natural amino acids exist as zwitterions with a negatively charged carboxyl
group and positively charged amino group. Among these, Glycine (HN2CH2COOH) is a
nonpolar and aliphatic amino acid. It is also the smallest of 20 amino acids commonly found in
proteins. It is not chiral and can fit into hydrophilic and hydrophobic environments due to its
minimal side chain of only one carbon atom. As doping can alter the physical and chemical
properties of crystals, here an attempt was made to dope Glycine crystals with sulphamic acid.
The dopant sulphamic acid is a classical inorganic compound which crystallizes in space group
Poca, Which is centrosymmetric. According to the theoretical concept of SHG, the
centrosymmetric crystals do not show SHG. But it was fruitful indeed, as a novel NLO single
crystals GSA had been harvested as a result of doping. X-ray diffraction analysis and FTIR
spectral analysis had been carried out. Thermal stability, hardness studies, second and third

harmonic nonlinear optical studies of the crystals were reported in this work.

Keywords: Single crystal XRD, Powder XRD, FTIR Spectrum, Vicker’s microhardness

analysis, TG-DTA, SHG efficiency, Third harmonic nonlinear optical parameters
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Introduction

Nonlinear optical (NLO) crystals play a major role in the fast developing fields like photonics
and opto-electronics. In recent decade, major advances have been made in the development of
NLO materials with improved optical, mechanical characteristics and high damage thresholds.
Ideal NLO crystals are expected to posses large nonlinear figure of merit for frequency
conversion, wide phase matching angle ,high laser damage threshold, wide optical transparency,
ease of fabrication and high mechanical, thermal and chemical stability. Several NLO single
crystals have been grown with Glycine and sulphamic acid separately but this work is a new
attempt to dope glycine with sulphamic acid.

Experimental work

AR grade chemicals glycine and sulphamic acid were purchased so as to harvest GSA single
crystals. To grow single crystals GSA, 1mole % of sulphamic acid was added with calculated
amount of glycine in doubly deionized water and put on magnetic stirrer for four hours to get
highly homogeneous mixture of uniform composition. After proper filtration, the solution was
left undisturbed in dust free atmosphere. Fine colourless transparent single crystals BASA were

obtained after a period of three weeks.

Fig.1 Photograph of the crystal GSA
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Results and discussion
Single Crystal XRD analysis

The crystals GSA were analyzed for cell parameter values with computer controlled Bruker-
Nonius MACH3/CAD4 single crystal X-ray diffractometer and the obtained results are

tabulated as below:

Table 1 Cell parameter values of GSA

Sample System a(A) b(A) c(R) V(A)3

GSA Monoclinic 5.14 12.01 55 315
For GSA, the value of g = 111.77°

Powder XRD analysis

Powder XRD patterns of the grown crystals GSA was recorded using BRUKER AXS D8
advance diffractometer with CuK. (A=1.5418A) radiation after crushing the sample into fine
powder. The sample was scanned over the range 0-80° at the rate of 2 per minute. The patterns
are given in fig.2. The unit cell parameters determined from single crystal XRD were used to
index the reflecting planes. In the figure, we can notice the appearance of sharp peaks in the
diffraction patterns which indicate the good crystalline nature of the grown crystals. The
variation in the intensity of diffracted beam at different planes accounts for the incorporation of

the dopant sulphamic acid into the host lattice.
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Fig.2 Powder XRD pattern of GSA
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Fourier Transform Infrared (FTIR) spectral studies

FTIR absorption spectra of the grown crystals in the infrared region 4000-400 cm™ were
recorded on a Lambda 35 spectrophotometer using a KBr pellet technique and it is shown in the

figures 3. The absorption bands/peaks and their assignments are given in the table 2.

3916

80

60

% Transmittance

40 4

20 T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm”™)

Fig.3 FTIR spectrum of GSA

Table 2 Spectral assignments of sample GSA

Wave number (cm) Spectral assignments
3173 NHs* stretching
3009 NH3"* stretching
2899 C-H stretching
2616 N-H-O stretching
2270 N-H stretching
2122 Combination band
1610 C=0 stretching
1515 N-H bending
1408 COO  symmetric stretch
1328 CHa twisting
1112 C-C stretching
1031 C-C-N stretching
895 (SO4)2 stretching
696 N-S stretching
607 COO wagging
503 COO rocking
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Microhardness studies

Measurement of microhardness of a material is a measure of resistance to plastic deformation. It
is a mechanical property that is studied by measuring the Vickers microhardness number (Hv)
with various loads. The variation of Vicker’s hardness number (Hy) with different loads for
GSA crystals were measured using Shimadzu HMV-2T microhardness tester and is presented in
Fig.4.and it is noticed that the Vickers hardness number (Hy) increases with the applied load

which confirms the reverse indentation size effect.

The graph plotted between log d and log P for the crystals GSA are shown in fig.5. The slope of
the line gives the Meyer’s index or work hardening coefficient (n) . If n<1.6, the material is
brought under the category of hard materials. If n >1.6, the material is soft one. Here for GSA, n
=2.94. Hence GSA is a soft material.

#2H 4 GSA =
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Fig. 4 Variation of Hv with load
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Fig. 5 Graph between log d and log P
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Fig.6 Plot of yield strength, elastic stiffness constant, fracture toughness coefficient

and brittleness index as function of load

Table 3 Calculated mechanical parameters of GSA

Load (P) gm Yield strength (G,) Elastic stiffness Fracture Brittleness index
MPa constant (C,;) x toughness (K,) (B)
10 Pa X 10° kgm37?2 m 12
25 8.836 551 3401 79.53
50 10.796 7.82 6.803 48.58
100 13.589 11.7 13.6006 30.58
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Thermal studies

Thermo gravimetric analysis on the grown crystals GSA are performed with the help of Perkin

Elmer Diamond instrument in nitrogen atmosphere with a rate of flow of 20

© C/min upto 800 °C. The corresponding curves are shown in fig.7.
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Fig.7 TG-DTA thermogram of GSA

GSA is thermally stable upto 273°C. This is proved both by TG and DTA. The occurrence of a
sharp endothermic peak at 273.1°C represents the melting point of the component. A small
sharp exothermic peak at 580°C may be due to volatization of the compound. Melting point at
273°C is also confirmed by the TG curve also.

Second order NLO studies

The Second Harmonic Generation (SHG) test for the grown sulphamic acid doped Glycine
samples was performed using Nd: YAG laser with first harmonics output of 1064 nm, width 8
ns and repetition rate 10 Hz. The second harmonic signal generated in the samples was
confirmed from the emission of green radiation. In this experiment, potassium dihydrogen
phosphate (KDP) was used as the reference. Both the reference material and the samples are
taken in powder form. The values of SHG relative efficiency of the grown crystals BASA and
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GSA with reference to KDP are tabulated in the table 4. The powder SHG test confirms the
NLO property of the samples. This shows that doped crystals will be better candidates for NLO
applications. Due to the presence of dopant into the crystal lattice, there is an increase in
polarizability of the molecules, which tends to increase the SHG efficiency.

Table 4 Value of relative SHG efficiency

Relative
Sample SHG
Efficiency
GSA 0.613

Z-Scan analysis

Third order nonlinear optical property of the grown crystals GSA was studied by Z-scan
technique. The magnitude and sign of the nonlinear refractive index (nz) and nonlinear
absorption coefficient () of the crystals were calculated from Z-scan data. The open aperture
(OA) and closed aperture (CA) Z-scan methods are used for the simultaneous measurement of
nonlinear absorption coefficient and nonlinear optical refraction for optical materials. In this
experiment, Gaussian laser beam was used for molecular excitation and its propagation
direction has been taken as Z —axis of the optically polished crystal. The beam was focused
using a convex lens and the focal point was taken as Z=0. The monochromatic continuous wave
(CW) laser light 632.8 nm with power 3.13 MW beam from He-Ne laser was used. The
optically polished 1mm thick crystal was fixed in the travel range of 25 mm. The input energy
and the energy transmitted by the sample were measured using a power meter. The normalized
transmittance for the positioned crystal was measured at different positions and was used to
calculate the third order nonlinear optical property of the crystal. The peak followed by a valley

is the signature for nonlinearity of the material.
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The Z-scan curves in closed and open aperture modes are illustrated in fig.8 and fig.9
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Fig.9 Closed aperture Z-scan curve

Table 5 Third harmonic nonlinear optical parameters of GSA

Sample n2 B R.Pofx® | LPofy® x @
102 cmsW 10 cm/W 1010 1010 10%es.u
GSA 4.546 1.081 7.904 9.465 1.233
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The values of third order nonlinear refractive index, absorption coefficient and susceptibility for
the crystals GSA are given in table 5. The negative value of nonlinear refractive index indicates
the self defocusing nature of the crystals and nonlinear absorption value tells that the crystals
have saturable absorption. Thus the materials which are opaque to a smaller number of photons

have now become transparent when a large number of photons are incident on it.
Conclusion

Novel sulphamic acid doped NLO single crystals GSA were successfully grown by slow
evaporation solution growth method at room temperature. The crystals are found to be
colourless and transparent with well defined external appearance. Single crystal diffraction
studies reveal that GSA belongs to monoclinic system. Powder XRD analysis elucidates the
good crystalline nature of the samples and the planes responsible for the occurrence of
reflecting peaks. FTIR studies are utilized to identify the modes of vibration and the possible
functional groups present in the crystals. The crystals belong to the category of soft materials
from Vickers’s hardness analysis. GSA is stable upto 273 °C. Hence below these temperatures,
these materials are ideal candidates for device fabrication. From SHG measurement, it is
evident that GSA has 0.613 times SHG efficiency of KDP. The negative third order nonlinear
refractive index of the doped crystals makes them prominent materials for protection optical
night vision sensor devices. The open aperture transmittance data confirmed the saturable
absorption by the candidates. The promising third order NLO properties of the crystals
especially the self defocusing nature suggest their suitability for applications in optical limiting

and photonic devices.
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Abstract

Crystals are the unacknowledged pillars of modern technology. Without crystals, there would
be no electronic industry, no photonic industry, no fiber optic communications. Crystal growth
is an interdisciplinary subject covering physics, chemistry, material science, chemical
engineering, metallurgy, crystallography, mineralogy, etc. In 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. Optically good quality pure and metal doped KDP
crystals have been grown by microbial free gel growth method at room temperature and their
characterization have been studied. Gel method is a very simple method and can be utilized to
synthesize crystals which are having low solubility. Potassium dihydrogen orthophosphate
KH2PO4 (KDP) continues to be an interesting material both academically and industrially.
KDP is a representative of hydrogen bonded materials which possess very good electro — optic
and nonlinear optical properties in addition to interesting electrical properties. Due to this
interesting properties, we made an attempt to grow pure and nickel sulphate doped kdp crystals
in various concentrations (0.002, 0.004, 0.006, 0.008 and 0.010) using gel method. The grown
crystals were collected after 15 days. We get crystals with good quality and shaped. The dc
electrical conductivity(resistance, capacitance and dielectric constant) value were measured at
different frequencies of pure and nickel sulphate added crystal with a temperature range of 40°C
to 120°Cusing simple two probe setup with Q band digital LCR meter present in our lab. The
electrical conductivity increases with increase of temperature. The dielectric constants of metal
doped KDP crystals were slightly decreased compared to pure KDP crystals.

Keywords: KDP, NiSO4
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Introduction

Potassium dihydrogen orthophosphate (KDP) KH2PO4 continues to be an interesting material
both academically and industrially. KDP is a representative of hydrogen bonded materials
which possess very good electro—optic and nonlinear optical properties in addition to interesting
electrical properties. The demand for high quality large single crystals of KDP increase due to
the application as frequency conversion crystal in inertial confinement fusion [1-2]. The piezo
electric property of KDP crystal makes it useful for the construction of crystal filters and
frequency stabilizers in electronic circuit’s .

The excellent properties of KDP include transparency in a wide region of optical spectrum,
resistance to damage by laser radiation and relatively high non- linear efficiency, in
combination with reproducible growth to large size. Therefore, it is commonly used in several
applications such as laser fusion, electro-optical modulation and frequency conversion. Many
studies on the growth and properties of KDP crystals in the presence of impurities have been
reported [3 - 4]. Potassium dihydrogen phosphate (KDP) crystal draws persistent attention of
scientists due to its excellent quality and possibility of growing large- size crystals [5 - 6].
Microscopically, crystal growth includes crystal morphology, crystal defects, and growth rate,
which are all related to the constituent growth units and their chemical bonding process [7 - 8].
KDP, ADP and DKDP are the only nonlinear crystal currently used for these applications due
to their exclusive properties. The grown crystals were characterized using dielectric constant,

electrical properties, optical transmittance, for pure and NiSO4 doped KDP crystals.

Materials and Methods

Pure and NiSO4 doped KDP single crystals are grown in sodium meta silicate gel medium using
analar grade KDP and NiSO4 with in concentrations of 0.002, 0.004, 0.006, 0.008 and 0.010 of
dopant and sodium meta silicate (1.08g/cm?® ). During the process p" was maintained at 5-6 at
room temperature figure (1). Ethyl alcohol of equal volume is added over the set gel without
damaging the cell surface .When the alcohol diffuses into the set gel, it reduces the solubility.
This induces nucleation and the nuclei are grown into the single crystals. The crystal growth
was carried out at room temperature. The growth period was about 20 days for pure and NiSO4

doped KDP crystals. Pure and KDP doped crystals are shown in the fig (2).
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Figure.1 Growth of pure KDP doped with NiSO4 with various concentrations

EReT TUTTTETN ——
ERREEREET I eaans suuks baRADRETEE '
33l Ienusal RERSN =08 ARNSENAENE FNEOA 1
) 1] i 1 Bt 2N
1 HHHHH TS T
e S— —r- : 7
Senes anannpasns ammE: 1 2SS R PR RSt tasEns 5!
Ba%EES) I . L4 be saans 5t 3 1 23
o T 8 11 - 11t +3 + -
R Bt Ioas e s nasn! ! HH =
H - = E
jenns snnes 3 & o . - -
IaNS suan| 1 1 3.4 TR
jnnus N 13 ;8 BW S noms
e S SSsssssss=ses!
| b b 4
U +-
jos 1
HHHH
- 11 +3
it
b - -
! = =28si2
T " o T
fans -
1 : : HH
1

¥
1t
I

3
Tttt
ittt
W
=8

Special Issue on INHIM’16 Sarah Tucker College (Autonomous), Tirunelveli. Page 441


http://www.drbgrpublications.in/ijcsr.php

2016; 1JCSR. 2(3): http://www.drbgrpublications.in/ijcsr.php; ISSN

Fig. 2. Gel grown Pure KDP and NiSO4 added KDP crystals

Doping

. 2454-5422

Doping means adding impurity to the known pure crystal .To prepare a doped crystal a required

amount of dopant solute is also mixed along with the pure solute.

Table 1: Doping concentrations of impurities

Mass of NiSO4 Added in gm
Doping ratio
1:0.002 0.06571
1:0.004 0.13143
1:0.006 0.19714
1:0.008 0.26286
1:0.010 0.32857

&

Special Issue on INHIM’16

Sarah Tucker College (Autonomous), Tirunelveli.

Page 442


http://www.drbgrpublications.in/ijcsr.php

2016; 1JCSR. 2(3): http://www.drbgrpublications.in/ijcsr.php; ISSN: 2454-5422

An impurity can suppress, enhance or stop the growth of crystal completely. It usually acts on
certain crystallographic faces. The effects depend on the impurity concentration, super
saturation, temperature and pH of the solution.

Results and Discussions

Dielectric constant and electrical conductivity studies

Dielectric properties are correlated with electro- optic properties of the crystals particularly
when they are non- conducting materials. Due to the incorporation of metal ions polarization
increases and the electrical conductivity increases. (fig.5,6) The magnitude of dielectric
constant depends on the degree of polarization, charge displacement in the crystal. The
dielectric constant of materials is due to the contribution of electronic, ionic, dipolar and space
charge polarizations which depends on the frequencies [5]. At low frequencies, all these,
polarization are active lower frequencies and high temperatures [6], in KDP crystals, many
reports are available about its dielectric behavior and in our present work the measured
dielectric constant values are in good agreement with the reported results [7-8]. The
temperature dependence of dielectric constant at frequency 100Hz to 1KHz is shown in fig. 4,5.
Even though KDP has many reports on dielectric loss, the study clearly ensures the crystalline
perfection of crystals in our present case; it is observed that the dielectric loss decreases with
increasing frequency and low dielectric losses were observed for the gel method crystal
compared to the solution growth. The lower value of dielectric constant is a suitable parameter
for the enhancement of SHG signals. The measurement of dielectric constant and loss as a
function of frequency at different temperatures give an idea about the electrical processes that
are taking place in materials and these parameters were measured on the polished (010) face of
the pure and metal doped KDP crystals. Frequency dependences of dielectric constant of these
crystals at room temperature are observed from the figures and it is observed that dielectric
constant of KDP and NiSO4 doped KDP crystals are high at low frequencies and they decreases
with increase in frequency. The very high value of er at low frequencies may be due to the
presence of all four polarizations namely space charge, orientation, electronic and ionic and its
low values at higher frequencies may be due to the loss of significance of these polarizations
gradually. The nature of decrease of er frequency suggests that pure and NiSO4 doped KDP

crystals contain dipoles of continuously varying relaxation times.

Special Issue on INHIM’16 -7 Sarah Tucker College (Autonomous), Tirunelveli. Page 443


http://www.drbgrpublications.in/ijcsr.php

2016; 1JCSR. 2(3): http://www.drbgrpublications.in/ijcsr.php; ISSN: 2454-5422

700

600

500 -

400 -~

300

200 \

100 '%A

et Series7
=@ Seriesb
=ie=Series5
== Series4
==fe=Series3
== Series2
=¢=—>Seriesl

Fig.3. Variation of dielectric constant (¢r) with temperature at frequency of 100Hz for

pure and NiSO4 doped KDP crystals

300

250

200 -+

150 -

100 -

50 -

=t Series’
=@=Series6
=ie=Series5
=>é=Seriesd
==fe=Series3
== Series2
=4¢=—"Seriesl

Fig.4. Variation of dielectric constant (gr) with temperature at frequency of 1KHz for

pure and NiSO4 doped KDP crystals

Special Issue on INHIM’16 Sarah Tucker College (Autonomous), Tirunelveli.

Page 444


http://www.drbgrpublications.in/ijcsr.php

2016; 1JCSR. 2(3): http://www.drbgrpublications.in/ijcsr.php; ISSN: 2454-5422

160

140

120

100

80

60

40

20

et Series’
=0—Seriesb
=3ie=Series5
=>e=Series4
==fe=Series3
== Series2
== Seriesl

Fig.5. Variation of electrical conductivity (6) with temperature at frequency of 100Hz for

pure and NiSO4 doped KDP crystals
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Conclusion

Pure KDP crystals and metal doped KDP crystals are grown by gel method. In gel growth, due
the three dimensional structures, the crystals are free from microbes. The capacitance and
dielectric constant and electrical conductivity were measured at different frequencies of pure
and NiSOsdoped KDP crystals. The capacitance and dielectric constants of metal doped KDP
crystals were slightly decreased compared to pure KDP crystals. The lower the value of
dielectric constant more is the enhancement of SHG signals. The electrical conductivity (o) of
the pure KDP and NiSO4 doped KDP crystals were found to be increase with increase of

temperature and frequencies.
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Abstract

The alpha decay is one of the most important decay processes of the heavy and super heavy
nuclei. Using Cubic Plus Yukawa Plus Exponential model, the alpha decay of even-even
isotopes of Cm nuclei in the range 238 < A <250, Cf nuclei in the range 240 < A <256 and Fm
nuclei in the range 246 < A < 256 from ground state to ground state and ground state to excited
states of daughter nuclei have been studied by including both quadrupole (B2) and hexadecapole
(B4) deformations of parent and daughter nuclei as well as the spin-parity effects. The computed
half-lives are compared with available data and are found in good agreement with each other.
Hindrance factor and branching ratio have been calculated. The centrifugal barrier effect on

decay rate is also investigated.
Keywords: Alpha decay, Q - value and fine structure
Introduction

Alpha decay can provide some reliable information on nuclear structure and nuclear reaction.
The alpha decay theory was formulated by Gamow[1] and independently by Gurney and
Condon on the basis of quantum tunnelling. The fine structure of alpha decay was formulated
by Salomon Rosenblum [2] in 1929.1n this paper we have studied the alpha decay of even-even
nuclei from ground to ground and excited states of daughter nuclei using (CYEM) Cubic Plus
Yukawa Plus Exponential model [3] by incorporating the ground state deformation 2 and 4 of
the parent and daughter but treating the emitted cluster as a sphere. The details of our model are
described in section 2. The results and discussion are given in section 3. Finally the conclusions

are given in section 4.
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Cubic plus Yukawa plus Exponential Model
In this work, the spins and the parities of parent and daughter nuclei are included; the daughter
nucleus has a quadrupole deformation only and the emitted cluster is considered to be spherical.
If the parent nuclei have deformations say quadruple and hexadecapole and if the Q-value of the
reaction is taken as the origin, the potential for the post - scission region as the function of the
centre of mass distance 'r' of the fragment is given by

V(r) = Ve(r) + Va(t)+(C+HDR/2ur? - Ve (1) - Q (1)

Here V¢ is the coulomb potential between a spheroid daughter and spherical emitted
cluster. Vy is the nuclear interaction energy due to finite range effects of Krappe et al[4]; and
Vg is the change in nuclear interaction energy due to quadruple and hexadecapole
deformations in the daughter nuclei, ‘r’ is the distance between fragment centers , ‘0’ is the
angular momentum, and ‘p’ is the reduced mass . The angular momentum carried by the alpha
particle in a ground state to ground state transition of even-even nucleus is zero . In odd-even or
odd-odd nuclei, it could not be equal to zero. In this case, the centrifugal barrier term must be
added with the Coulomb barrier. The values of natural angular momentum have been obtained

from the usual nuclear spin and parity conservation law,

| 3i-3; | < e< | 3i+J; | and milmi=(-1)* @
Where Ji,[ i and J;,[ ]; are the spin and parity of parent and daughter nuclei respectively.
The effect of atomic electrons on the energy of alpha particle should also be taken into account.
The energy of alpha particle emitted from nucleus in alpha decay is
Qi=Qes—gsEi’ ©®
Where Qgs—es is the Q- value for ground state to ground state transition and E;" is the
excitation energy of daughter nucleus to the i ih state. The ground state to ground state Q-value
IS given by
gs0es= AMp-(AMg+AM,) + [K1(ZpP'-ZgP') - koZcP?] 4)

Where Mp, Mg, M, are the mass excess of parent, daughter and alpha nuclei as tabulated by
Audi et al [5].Where the terms in the brackets represent the effect of the screening to the
nucleus caused by the surrounding electrons. The quantity kZ P represents the total binding
energy of the Z-electrons in the atom, where the values k1=8.7x10° M eV and B1 = 2.517 for
nuclei of Z > 60 and k»=13.6 x10® Me V andB, =2.408 for Z < 60 have been found from
reported by Huang et al [6].
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For a prolate spheroid daughter nucleus with longer axis along the fission
direction, Pik - Pichak [7] obtained

3 ZgZee? 1-y2 +1
Vc(l’) :5 d re 14 [ 2y ln)):—_1+ }/] (5)

and for an oblate spheroid daughter nucleus with shorter axis along the fission direction

3 ZgZee? [
2 r

For the overlapping region, we approximate the potential barrier by a third order

Ve(r) = y (1 +yHarctan y~1 — y?] (6)

polynomial in (r) as suggested by Nix[8]having the form

N2 —r\3
Ve(r) = —Ep[V(r)e + Eyl {Sd (:t_rrli) = Se (:t_:li) } 0
M<r<r
Where rn= a+ Rq

Here ae is the semi-major (or) minor axis of the spheroid cluster depending on the pro
late (or) oblate shape of the emitted cluster; and r; is the distance between the centers of mass of
the daughters and the emitted particle portions in the spheroid parent nucleus.

If the nuclei have spheroid shape, the radius vector R (6) making an angle 6 with the
axis of symmetry locating sharp surface of a deformed nuclei is given by ref [3]

R(0) =Ro [1+ X7-0 Xim=—nBrm¥nm(6)] (®)
Here Rois the radius of equivalent spherical nucleus.

If we consider spheroid deformation 3, then

R(0) = R, [1 + /32(5/471)1/2 (cos?e —1/2)l 9)

and if Nilsion hexadecapole deformation B4 is also included in the deformation then egn

(6) becomes

R(0)=Ro [1 + f, (5/471)1/2 (3/2 Cos?0 _1/2) + B4 ((9/4n))1/2% (35c0s*8 — 30cos?0 + 3)

(10)
Expressing the energies in MeV, lengths in fm and time in seconds for calculating the

life time of the decay system we use the formula,

o
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—-21
T= 2222 (1+ exp(k) (11)

Ey
The action integral K is given by K =KL+ Kr
Where K== ["[2B, V(r)] /2 dr (12)

2

KR: h

[7°12B, (rV ()] /2 dr (13)

The limits of integration raand rp are the two appropriate zeros of the integrand which

are found numerically.
Results and Discussion

We have made our calculations by including quadrupole and hexadecapole deformations of
parent and daughter nuclei which are taken from the tables of Moller et al[9]and spin-parity
effects. We have calculated alpha decay half lives for experimentally known even-even nuclei
of Cm, Cf and Fm isotopes.The computed half-lives of alpha decay are compared with the
available data. The calculated half-lives are in good agreement with the available data. Table.1
gives the Logarithmic half-lives for alpha decay of even-even isotopes of some actinide nuclei
from ground state to ground state transition. Figure 1 gives the plot of logarithmic half lives vs.
Q values. Some of the nuclei are found to have long half-lives which indicate the stability and
magicity of corresponding parent nuclei and lower half —lives value indicates the same
corresponding to daughter nuclei. Table.2 gives the Logarithmic half-lives for alpha decay of
even-even isotopes of?**Cm, 2%2Cfand?>*Fm nuclei from ground state to excited state transition.
All these transitions are taken from Ref[11]. The angular momentum carried by the even-even
nuclei from ground state to excited state is not zero and hence the centrifugal potential is added
to the potential energy V(r). From table 2, it is found that, with the inclusion of centrifugal term
the half life value gets increased. Because it increases height of the potential barrier. Figure2
gives alpha decay scheme for 2>*Fm Parent nucleus to various levels of 2°°Cf daughter nucleus.

Fig.3 showing the Histogram for Branching ratio of 2**Cm, ?°?Cf and 2°**Fm nuclei.

The standard deviation is estimated using the following expression.

n
1
_ h 3 exp.
o= ) Z[log T - log T, ]2
i=
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The estimated standard deviation for the half lives by our model is 0.2395 while the same
calculated by Ref [10] is 0.21008. The hindrance Factor (HF) is calculated by the formula,

exp.

T
HF= —22_ The calculated HF is close to unity which shows better result. The branching ratios

~ mthero.*
Tifs

of alpha decay to each state of the daughter nucleus have been evaluated with the help of the

alpha decay width,
B=T"(Qi,£i)*100%/Y(Qn,Cn)

Where the sum n is going over all states, which can be populated during the alpha transition
from the ground state of the parent nucleus. The Branching ratio value is found to be greater for
all ground to ground transitions and is going on decreased for all other transitions.

Tablel. Comparison of calculated values of logarithm of half life time for oven-even isotopes of some
actinide nuclei from ground state to ground state transition.

Decay mode Q(MeV) LogT(s) HF
Expt | Ref[10] | CYEM | (cal)

96CM*#—g,Pu*+,He* | 6.668 5.51 5.26 546 | 1.1220
96CM?Y—g4Pu?+,He?* | 6.440 6.52 6.29 6.48 1.0965
96CM?2—g4Pu?8+,He* | 6.258 7.28 6.86 7.38 0.7943
96CM?** —g4Pu?%+,He?* | 5.945 8.87 8.57 8.97 0.7943
96CM?*0—g4Pu?*+,He* | 5.518 11.26 11.10 11.47 | 0.6166
96CM?* 5gPu?**+,He* | 5.204 13.16 13.14 13.51 0.6166
98C 249 —96Cm?+,He? | 7.760 2.03 1.75 1.90 1.3489
08C 22 —96Cm?*8+,He? | 7.560 2.41 2.52 2.61 0.6310
98C 4 —96Cm?*%+,He? | 7.374 3.18 2.88 3.30 0.7586
98C 2% —96Cm2*2+,He? | 6.907 5.21 5.19 5.29 0.8318
08C %8 596Cm2*+,He* | 6.406 7.56 7.19 7.68 0.7586
98C 0 —g6Cm?*5+,He? | 6.174 8.69 8.45 8.86 0.6761
98C 22 —96Cm?**8+,He* | 6.262 8.01 8.08 8.46 0.3548
98C 4 —g6Cm?%+,He* | 5.972 9.31 9.99 10.05 | 0.1820
98C 226 —9sCm?>>?+,He* | 5.600 10.87 12.22 12.25 | 0.0417
100FM?*0—ggCf242+,He* | 8.421 0.17 0.31 0.39 0.6025
100FM?*8—¢gCf244+,He* | 8.048 1.66 1.55 1.68 0.9549
100FM%0—4gCF246+,He* | 7.604 3.38 3.26 3.36 1.0471
100FM?%—¢gCf2*8+,He* | 7.198 5.04 4.97 5.01 1.0715
100FM%*—4gCF20+,He* | 7.354 4.14 4.08 4.42 0.5248
100FM?%—¢gCf2%2+,He* | 7.073 5.14 5.27 5.65 0.3090

3
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of some actinide nuclei from ground state to excited states of daughter nuclei
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LogT(s)
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\ —e—Refl0
y 5‘2 8‘4 86

LogT(s)

Transition | Q(MeV) LogT(s) Beal.
(Calculated)
244Cm—>240PU
0" —0" 5.945 8.97 83.88
0" —2" 5.902 9.70 15.62
0" —4" 5.803 11.20 0.494
0" —6" 5.651 13.23 4.61e-3
0"—8* 5.448 15.71 1.53e-5
252Cf—>248Cm
0" —0"* 6.262 8.46 86.04
0"—2* 6.219 9.26 13.64
0"—4" |6.118 10.89 0.320
0" —6" 5.964 13.10 1.97e-3
0"—8" 5.757 15.70 4.95e-6
254Fm—>250Cf
0" —0" 7.354 4.43 85.12
0"—2* 7.311 5.20 14.46
0" —4* 7.212 6.76 0.398
0" —6" 7.057 8.80 3.63e-3
NN I

58 60
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Fig.1. Logarithmic half lives of alpha decay Vs Q values including deformation effects.
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296.2

141.9
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Fig.2.Schematic representation of alpha decay of >*Fm parent nucleus to various levels of 2°°Cf

daughter nucleus.

.

B0

Fig.3. Histogram for Branching ratio of 2**Cm, ?>Cf and ?>*Fm nuclei.
Conclusions

We have calculated alpha decay half —lives of even-even nuclei using CYEM model. The
computed half-lives are compared with available data and are found in good agreement with
each other. The calculated HF is found to be unity which shows better result. If the Hindrance
Factor is between 1 and 4, the transition is called a ‘favoured transition’. Due to this effect,
height of the potential barrier gets increased and it increases the half life value also. The
Branching ratio value is found to be greater for all 0*—0" transitions followed by 0% —2*
transitions while the same decreases as we move from ground to other excited state transitions.

That means the alpha transmissions to the remaining excited states are strongly hindered.
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Abstract

In this work, nanoparticles of cerium oxide (CeOz) were synthesized by solution method
using a microwave oven. The precursor used to prepare the nanoparticles of CeO> was
ammonium ceric nitrate. The precursor was dissolved in de-ionized water and pH value of the
solution was adjusted to be at 12 using sodium hydroxide . The prepared solution was kept in
the microwave oven at a temperature of 70 °C for about 30 minutes. Then, the light yellow
precipitates were thoroughly washed with de-ionized water, and dried at 95 °C for 8 h to form
as prepared powder. Conventional thermal treatment of the as prepared powder at 200 °C for
about 2 hours. The synthesized CeO2 nanoparticles were subjected to various techniques like
XRD, SEM, and FT-IR studies .

Keywords: CeO2, nanoparticles,
Introduction

Conventional materials like metals, semiconductors, glass, ceramics, polymers, oxides etc can
be converted into smart materials in nano-scale dimensions. Nanomaterials range from
inorganic to organic, crystalline to amorphous, which can be found as single particles,
aggregates, powders, nanowires, quantum dots, nanofilms, nanofibres, nanotubes.
Nanomaterials have unique and interesting properties when compared to conventional
materials [1]. Cerium oxide(CeO.), Ceria, is one of the most important rare- earth oxides ,
finds wide applications in electrolyte materials of solid oxide fuel cells , ultraviolet blocking
materials, in the field of catalysts, Chemical Mechanical Polishing (CMP) and oxygen gas

sensors and so on [2-6]. It has a fluorite — like cubic structure in which each cerium site is
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surrounded by eight oxygen sites in fcc arrangement and each oxygen site has a tetrahedron
cerium site. Methods based on wet chemical routes like co-precipitation, hydrothermal, sol- gel
method, microemulsion method etc have been employed to synthesize of CeO» nanoparticles by
many researchers [7-14]. But the above methods seem to be tedious and expensive to obtain

CeO2 nanoparticles.

It is reported that  nanoparticles can be prepared in an easy manner using a domestic
microwave oven [15]. This method has been successfully applied for the preparation of
nanosized inorganic materials [16-18]. Compared with conventional heating, microwave
heating has an advantage of high efficiency and rapid formation of nanoparticles with a nano-
size distribution. This work reports  the studies of ceria nanoparticles synthesized by
microwave-assisted solution method from an aqueous solution containing ammonium ceric

nitrate and sodium hydroxide.
Experimental

All chemicals were analytical grade (AR) and used without further purification. In the
synthesis of CeO2 nanoparticles, the precursor ammonium Ce(1V) nitrate ((NH4)2Ce(NO3)e)
was dissolved in deionized water and pH value was adjusted to be 10 using sodium
hydroxide. A chemical reaction took place in the solvent and a pale yellow precipitate was
formed. Then the prepared mixture solution was kept at a temperature of 70°C for about for 30
minutes in air in a domestic microwave oven (900 W, 2450 MHz., Onida, India). Pale yellow-
coloured precipitate was formed in the solution after the microwave heating. Synthesized pale
yellow precipitate was filtered and washed with de-ionized water and it was dried at 95°C for
8h to obtain as-prepared powder. Conventional thermal treatment of as-prepared powder at

200°C in air for 2 h resulted in the formation of CeO2 nanoparticles.

The powder XRD pattern of the synthesized sample was taken using a powder X-ray
diffractometer  (Model:Ritz-170 with Nickel filtered CuK, radiations (1.54056 A, 35KV,10
mA). The particle size (d) of the sample can be estimated from XRD pattern by applying the
full —width at half- maximum () to the Debye-Scherrer’s relation d=(0.98L1)/ (B cos 6
) where A is the X-ray wavelength and 0 is the diffraction angle . The SEM image of the
synthesized nanopowder of ceria was recorded using a Hitachi Scanning Electron Microscope.
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Results and Dissusion

Figuue 1 shows the XRD pattern of the sample. From this figure, the characteristic peaks
located at 20 = 28.5, 33.1, 47.5, 56.2 and 50.0 ° are corresponding to (111), (200), (220), (311)
and (222) planes respectively. These match well with the peaks of cubic flouorite crystal

structure.

wh 1] f
'H.J .V\' ;"u 'u\_. 200 140,060 L600n WD 7

Fig.1: Powder XRD pattern of ceria nanoparticls& Fig.2: SEM image of ceria nanoparticles

For the various reflection peaks of the XRD pattern, the particle size was estimated using the
Debye-Scherrer’s relation and the average size of nanoparticles of the samples was found to be
around 12 nm. The Scanning Electron Microscope(SEM) image of the sample was used to
identify the morphology of the nanoparticles. The SEM image of the synthesized ceria
nanopaticles is displayed in the figure 2. It is observed that that most of the particles are

agglomerated. Hence the shape of a single nanoparticle is not clear from the SEM image.

Fourier Transform Infrared (FTIR) spectrometer is the sophisticated instrument which can be
used to identify the functional groups of samples of nanomaterials, crystals and other types of
materials. When an infrared radiation is passed through a sample, certain percentage of
intensity of the radiation would be absorbed by the sample and that will be indicated in the
FITR spectra. The absorption of IR radiation in the sample is due to stretching and bending
vibrations. Depending on the material of the sample, absorption of IR radiation will occur at
certain frequencies. An FTIR spectrum is recorded between percentages of transmittance (%T)
and wave number of IR radiation. By observing the absorption bands or peaks in the wave
number range 400 cm™ to 4000 cm of FTIR spectrum, one can ascertain the functional groups

of the sample and hence the chemical formula and the sample can be identified.
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The FTIR pattern of cerium dioxide nanoparticles is shown in the figure 3. The broad
absorption band located around 3400 cm™ corresponds to the O—H stretching vibration of
residual water and hydroxyl groups, while the absorption band at 1630 cm™ is due to the scissor
bending mode of associated water. The complex bands observed at about 1518, 1350 , 1053
cm™ are due to unwanted residues in the sample. The band at 848 cm™ corresponds to metal —
oxygen bond. The assignments for the bands/peaks of FTIR pattern were the assignment for

the various absorption peaks of the spectrum are provided in the table 1.
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848
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1350

Transmitance ( % )
™
1630
1518—C_
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4000 3000 2000 1000
Wavenumber (cm)

Fig.3: FTIR pattern of cerium dioxide nanoparticles

Table 1 : Assignments for absorption bands of FTIR spectrum of cerium dioxide nanoparticles

Bands (cm-1) Assignments
3400 OH stretching
1630 OH bending
1518 CHzbond
1350 CH2 bond
1053 -

848 Metal-O bond

Conclusion

Nanocrystalline CeO- (ceria) particles have been synthesized by microwave -assisted solution
method using ammonium ceric nitrate as the precursor. Sodium hydroxide played an important

role in forming nanoparticles of ceria. The average size of nanoparticles of the sample was

o
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estimated by powder XRD studies. SEM image revealed the morphology of nanoparticles. BY
observing the absorption bands or peaks in the wave number range 400 cm™ to 4000 cm™ of
FTIR spectrum, one can ascertain the functional groups of the sample and hence the chemical

formula and the sample can be identified.
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Abstract

Molecular interactions can be studied by dielectric measurements by virtue of the
influence of local order and the overall dipole moment. The short range interaction
between permanent dipoles could readily be described by the Kirkwood-Frolich
correlation factor in dilute solutions of bromoform and ethyl bromide with inert solvent.
The interactions between the solute species among themselves may be given by the
modified form of the correlation factor g’ by not taking into account of solvent-solvent
interactions. The dielectric constants of the binary mixtures were measured at 303,
308,313 and 318K. The results were interpreted in light of the theory. The nature of

interactions was identified in both the systems.
Keywords: Dielectric constant, Kirkwood correlation factor, H-bond, Multimers
Introduction

Dielectric studies are of great help in the assignment of the molecular structures or
configurations, particularly those of organic compounds. Although infrared (IR),
ultrasonic and nuclear magnetic resonance (NMR) studies are the powerful tools for
studying intermolecular H- bonds, dielectric studies provide very useful information
about molecular association and intermolecular rotation. Determination of the modified
Kirkwood correlation factor (g) provides the information about intermolecular
association among the associating molecules (Purohit H D et al., 1991). Ethyl bromide
is used as a solvent, as an anesthetic in medicine, as a refrigerant, as a fumigant. It is a

ethylating agent in organic synthesis. It is possible to reconcile the data obtained
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from dipole moment studies of complexes of alcohols with ethyl bromide (T. Indira et
al., 2009). They have found that the enhancement of the dipole moment value confirms
hydrogen bonding between alcohol molecules and benzene with alcohol. The survey
of literature shows that very little work on esters (L.Eberson et al., (1969) has
reviewed the various types of hydrogen bonding in carboxylic acids and esters.
Bromoform was used as a solvent, sedative, and flame retardant, but now it is mainly
used as a laboratory reagent. Its high density makes it useful for separation of minerals
by density. Some work on ultrasonic studies of bromopropane with benzene mixture was
reported (S S Yadava et al., 2004). Benzene is a colorless liquid with sweet odor. Use
benzene, to make other chemicals which are used to make plastics, resins, nylon and
synthetic fibers. In this context, the variation of linear correlation factor was studied with
composition and temperature for the binary systems (acetic acid+ benzene, methyl
acetate + benzene and ethyl-methyl ketone+ benzene) carried out the dimeric state of
acetic acid is due to self-association (Krishnan et al., 1997). The following binary
systems Bromoform in Benzene (), Ethyl bromide in benzene (1), were studied based

on Kirkwood-Frohlich model.
Materials and Methods

Ethyl Bromide (AR grade), Bromoform (AR grade) and Benzene (AR grade) were
commercially obtained from S D Fine-chem. Limited (India) and used without further
purification. Binary mixtures of Ethyl bromide, Bromoform and benzene were prepared
at 5 different concentrations by volume fraction. Assuming ideal mixing behaviour the
concentration was converted into the molefraction (Prajapati et al., 2010). The
dielectric constant was measured at 1 KHz using a Systronix Digital LCR meter 925.
The scale of the instrument was calibrated using standard liquids like carbon

tetrachloride, benzene, toluene and chlorobenzene.

The temperature was maintained at 298+1K using Sigma constant temperature bath. The
refractive indices were measured using Abbe’s refractometer. Densities were determined
using a 10ml specific gravity bottle and a K-Roy microbalance. The uncertainties in the
measurement of dielectric constants, refractive indices and densities were + 0.0001,

+0.0002 and + 0.0001 gm/cc respectively.

Theory
Attractive forces, dipole-dipole interactions and other slowly varying interactions play a
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role in the structure of the liquids. The modern theories of liquids show that the repulsive
intermolecular forces dominate the structure of the denser liquids. In the case of
associated liquids it is almost impossible to account for their dielectric behavior in the
continuum approach and one has to recourse to the theories based on the statistical
mechanical approach of the dielectric constants. Theoretical interpretations of the
measured dielectric constants of associated liquids were enhanced by the Kirkwood’s
theory of dielectric polarization (Kirkwood., 1939) which was later modified by Frohlich
(Frohlich., 1958). The Kirkwood-Frohlich treatment takes care of short range
correlations like hydrogen bonding through the introduction of the dimensionless

correlation parameter g’.

The interactions between the polar solute and the non-polar solvent may be considered
by a modification of the Kirkwood correlation factor, which takes into account the
interactions between the solvent molecules among themselves. If g’ is the linear
correlation factor of dielectric polarization between the solute and the solvent

species, one can write (Kirkwood.,1939).

g’ = [B(T)=- WiB\(D] gy 1

n2+2)2 4w NyWo<p2>

B(T) = (£—n2)3(£2:+n2)T . L 2

_ (e1—nq) (2e14n2)T
- 3e,p1

B, 3

where e,n and p represent the static dielectric constant, refractive index and the density of
the solution respectively and the suffix 1 indicates the solvent, k is the Boltzmann
constant, < 3 > is the squared dipole moment of the polar species, wi and w2 are the
weight fractions of the solvent and solute, M2 is the molecular weight of the polar solute
and NA is the Avogadro number. The value of g’ can be determined for different
concentrations by measuring the dielectric constant, refractive index and density of the

solutions.
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Results and Discussion

The variation of density, refractive index, dielectric constant and Kirkwood-Frohlich
correlation factor g’ with concentration of the liquids at different temperatures for the
system | and Il are given in Table 1 and 2. The value of g’ is calculated using Eqn (1).
The variation of g° with x2 is graphically represented in Fig 1. From the Tables 1 and 2,
the dielectric constant value increases with concentration of the solute and also decreases
with the increase of temperature. In pure liquids, the solute molecules do not exist as
clusters. On dilution, the solute molecule exists as clustered species with a little dipole
moment larger than the gas phase moment. As more and more solvent is added, the
clusters become very smaller, until reaches a non-hydrogen bond. The cluster sizes vary
with the volume fraction. Therefore the dielectric constant increases with the increase of

volume fraction (Kroeger et al., 1987).

With the increase of temperature the dielectric constant value of all studied systems at
various concentrations decreases. Due to the thermal agitation, the orientation of the
molecules is disturbed. So the dielectric constant value decreases with the rise of
temperature. Similar conclusions were reported by many researchers (Kroeger et al., 1987
to Bottcher et al., 1973). The value of correlation factor g’ decreases on increase of
concentrations. For all the studied systems, for all temperatures, the g’ value decreases
with increase of concentrations. The deviation of g’ value from unity is the measure of
the molecular interactions. The value of g’ greater than unity implies the parallel
orientation of the dipoles. The value of g’ less than unity implies the anti-parallel
orientation of the dipoles. In the system I, g’ greater than unity is obtained up to the
concentration of 0.2050 at 308K, this implies the parallel orientation of the dipoles,
formation of a-multimers and y-multimers. The formation of linear multimers is favoured

as proposed by Cole and Dannhauser (Cole et al., 1955).

The rotation about the hydrogen bond is more restricted, the correlation between the
dipoles in chain increases, leading for this type of molecules to higher values of g’. As
dilution decreases, glJ decreases. This may be explained as follows: with the
decrease of dilution, more solute molecules may be available for the interaction with

solute molecules. This may lead to the rupture of the H-bonds between the solute
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molecules and the solute molecules may tend to interact with the solvent molecules
through a weak H-bond. Afterward the value of g’ less than unity are obtained. This
implies the anti-parallel orientation of the dipoles, formation of - multimers. Increase of
dilution, the g’ value decreases due to the self-association of solute molecules through H-
bonding (Bordewijk et al., 1973).

At high dilution, as temperature increases, solute-solute interaction may be less favoured
due to hindrance of the solvent molecules. This results in favour of more solute-solute
interactions. Increase of temperature at very high dilutions may increase the size of the
molecules (linear multimers) favouring parallel orientation of the solute molecules,
which may be the reason for the increase of g’ values with the temperature. Large
deviation of g’ value from unity indicates the strong self-association among the solute
molecules. The strength of the solute-solute interactions in bromoform with benzene
mixture is higher than the ethyl bromide-benzene mixture. Hence it may be concluded at
303 and 308K for system I, parallel orientation among solute molecules exists. At 313 and
318K g’ of system | varies about 10 to 17 percent. This indicates there is no self
association between solute molecules through H-bonding. This shows the absence of
short-range interaction between the solute molecules. The solute molecules may exist in
monomeric state. Small deviation of g’ values from unity may be due to dipole-dipole

interaction (long-range) as well as ©-x interaction between the solute and solvent.

There may be a weak m-r interaction between the = electron clouds of benzene with the
oxygen atom of the esters. g’ does not vary appreciably with x2 as well as with
temperature. Deviation of g’ value from unity up to 20% can be taken as due to long-
range interactions as well as the n-x interactions (Thenappan., Sankar., 2006). In system
Il at 0.0519 concentration g’ value is above 1 indicating parallel orientation at all
temperatures. For all other concentration and all temperatures g’ value is less than 1

indicating antiparallel orientation.
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Fig.1- Variation of g’ with concentration:
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Table 1 - Variation of density, refractive index, dielectric constant and g’ with
concentration at four different temperature of bromoform (X2) + Benzene

binary mixtures

Tenperature X, d gm/cc n & g
(K)
0.0539 1.0491 1.5019 2.3576 1.4983
0.1050 1.0787 1.5045 2.4447 1.1904
303 0.1550 1.1785 1.5076 2.5215 1.1160
0.2050 1.2777 1.5132 2.6151 1.1051
0.2595 1.3911 1.5188 2.7000 1.0489
0.0539 1.0379 1.4942 2.3342 1.1922
0.1050 1.0675 1.5012 2.4113 1.0611
308 0.1550 1.1673 1.5062 2.4981 1.0564
0.2050 1.2665 1.5114 2.5817 1.0369
0.2595 1.3799 1.5164 2.6556 0.9753
0.0539 1.0283 1.4928 2.3108 0.9682
0.1050 1.0579 1.4972 2.3810 0.9571
313 0.1550 1.1578 1.5029 2.4607 0.9497
0.2050 1.2569 1.5068 2.5349 0.9445
0.2595 1.3704 1.5126 2.6151 0.9181
0.0539 1.0180 1.4902 2.2974 0.9174
0.1050 1.0478 1.4939 2.3576 0.8796
318 0.1550 1.1479 1.4983 2.4279 0.8796
0.2050 1.2472 1.5035 2.4981 0.8674
0.2595 1.3608 1.5090 2.5683 0.8372
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Table 2- Variation of density, refractive index, dielectric constant and g¢ with

concentration at four different temperatures of Ethyl bromide(X2)+ Benzene

(X1)binary mixtures.

Terrp((le(r)ature X, d gm/cc N & g
0.0519 0.8954 1.4912 2.6151 1.2236
0.1002 0.9208 1.4918 2.8492 0.9873
303 0.151 0.9445 1.4882 3.1326 0.9379
0.1989 0.9694 1.4864 3.2705 0.808
0.2461 0.9904 1.4814 3.4812 0.7766
0.0519 0.8842 1.4895 2.5917 1.2008
0.1002 0.9096 1.4889 2.8258 0.9925
308 0.151 0.9333 1.4874 3.0896 0.9249
0.1989 0.9582 1.4832 3.2003 0.7866
0.2461 0.9792 1.4762 3.3641 0.7399
0.0519 0.8745 1.4872 2.5683 1.1809
0.1002 0.9 1.4855 2.8024 0.998
313 0.151 0.9237 1.4832 2.9896 0.8602
0.1989 0.9486 1.4793 3.1003 0.7403
0.2461 0.9697 1.4738 3.2641 0.704
0.0519 0.8643 1.4836 2.5449 1.1714
0.1002 0.8899 1.4819 2.7556 0.9656
318 0.151 0.9138 1.4784 2.896 0.7991
0.1989 0.9389 1.4762 2.9662 0.6621
0.2461 0.9601 1.4704 3.0833 0.6167
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Abstract
L-alanine alaninium nitrate (LAAN) crystal is a semi-organic nonlinear optical material. XRD
analysis confirmed the monoclinic structure of LAAN crystal.SHG efficiency of the sample
show good value. Third order nonlinear optical studies using z-scan technique is done to find
open and closed aperture of LAAN crystal in order to estimate the nonlinear optical parameters.
The impedance analysis was also carried out for the sample to find out various electrical

properties as a function of frequency and temperature.
Keywords: Single crystal; XRD; Impedance; Third-order NLO; SHG
Introduction

Organic crystals with large second-order and third-order nonlinear susceptibilities are of great
interest because of their potential use in optical parametric amplifier and oscillator in the
infrared region. Among the amino acids the L-alanine is a well-known organic nonlinear optical
material which has been examined by several researchers in the recent past on its crystal growth
and properties. The Z-scan technique is a popular method for the measurement of optical
nonlinearity of the material. It has the advantage of high sensitivity and simplicity and is used to
measure the third order nonlinear optical parameters. Impedance spectroscopy is a powerful
technique for the characterization of electrical behavior of optical material. This technique

analyzes the ac response of a system to a sinusoidal perturbation and subsequent calculation of
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the impedance as a function of frequency of the perturbation. The output response, when plotted
in a complex plane, appears in the form of a succession of semicircle representing electrical

phenomena due to bulk material, grain boundary effect and interfacial phenomena.

Nucleation kinetics parameters, solubility, growth, hardness parameters, XRD analysis,
dielectric analysis, etching studies and nonlinear optical analysis of L-alanine alaninium nitrate
single crystals grown by slow cooling technique is already reported for the first time by R.Jothi
Mani, et al. In this work impedance analysis and Z scan measurements of LAAN sample is

discussed for the first time.
Materials and Method

L-alanine and nitric acid was taken in 2:1 molar ratio to synthesis LAAN sample. Calculated
amount of reactance was dissolved in double distilled water and stirred well to get
homogeneous solution. Crystallization was allowed to take place in a constant temperature bath
(accuracy + 0.01 °C) by slow cooling method. It is observed that the grown crystals are

transparent, colourless and it is well formed with sharp edges (figure 1).

Figure 1: Harvested crystals of LAAN

Results and Discussions

Second Harmonic Generation analysis

The generation of second harmonics was confirmed as the LAAN crystal is found to produce
green light of halved wavelength (532 nm) when it is irradiated by fundamental wavelength
(J1064 nm) of Nd:YAG laser. It is observed from this study that the relative SHG efficiency

of grown sample is 2.1 times that of the reference KDP crystal.

Third Harmonic Generation analysis
Third-order NLO studies were carried out by Z-scan technique. It is a standard technique for

determining the nonlinear index of refraction (n2), nonlinear susceptibility (x®)and nonlinear

o
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absorption coefficient (). This method depends on the position (Z) of the thin sample under the
investigation along a focused Gaussian laser beam. Measurements of open and closed aperture
of the normalized transmittance is made in order to estimate the intensity dependence of

nonlinear absorption and nonlinear refraction process and the curves are shown in figure:2

This technique is also useful to find the sign of nonlinear refractive index (n2). The negative
nonlinear refractive index of the sample shows transmittance peak followed by transmittance
valley, similarly the positive nonlinear refractive index shows the transmittance valley followed
by transmittance peak.

LAAN

7] . LAAN

/.\ Open aperture mode

[

d

0\.

\ Closed aperture mode

0/
/o/'/
.
\.\

Normalised Transmittance (arb.units)
-~
/.
Normalised Transmittance (arb.units)
©
1
.
.
L ]
\.\

Figure 2 : Open and closed aperture mode of LAAN sample

The formulas for calculating nonlinear optical parameters are already explained in literature[8].
The nonlinear absorption () and nonlinear refractive index (nz) of the crystal has been
measured in open and closed aperture curves respectively. The negative sign values of
nonlinear refractive index (n; = 6.476 x10° cm?W) reveals the self-defocusing nature, the
nonlinear absorption coefficient (B = 10.60 x10° cm/W) value exhibits the two-photon
saturation absorption process of sample. And third-order nonlinear susceptibility (3® = 4.489 x
10 (esu) is due to the m-electron cloud movement from the donor to the acceptor of the grown
crystal. Z-scan data of LAAN shows that the sample has better third order nonlinear optical

property and produces higher energy for optical applications.

Impedance Analysis

Impedance spectroscopy is a powerful technique for the characterization of electrical behavior
of NLO material. The complex impedance of the sample demonstrated as the sum of the single
RC circuit with parallel combination. Figure: 3 shows the real (Z’) and imaginary (Z”) part of

impedance (resistor and capacitor behavior) and both are decrease with rise in frequency and

%a
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temperature and gives indication of increasing conduction with temperature and frequency. The
coincidence of the impedance (Z’) at higher frequencies at all the temperatures indicates a
possible release of space charge. A Nyquist plot (complex impedance spectrum) of LAAN at
different temperatures shows (figure: 4) the transport response function. Characteristically, one
semicircular arcs and spikes have been observed. The low frequency semicircle is considered
due to the grain boundary (blocking core) whereas the higher frequency semicircle depicts the
bulk effect. This bulk effect arises due to the parallel combination of bulk resistance (Rp) of
LAAN material. The values of bulk resistance (Rp) and grain boundary resistance (Rgp) at
different temperatures have been obtained from the intercept of the semicircular arc on the real
axis (table 1).

14 5
124 —=—30°C
4 LAAN —e—50°C
10 |-—a—70°C|
8 3
-~ [e]
a
= ° z,.
N 4 N
24 i
04
04
2 T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Log frequency Log frequency

Figure 3: Variation of real and imaginary part of impedance (Z’ and Z”) with frequency
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Figure 4: Nyquist plot and variations of Dc conductivity with temperature for LAAN
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It is found that the values of Ry and Rqp decreases with rise in temperature. This shows the

negative temperature coefficient of resistivity (LAAN) behavior like that of insulator.

Table: 1
Temperarure °C Bulk resistance Rp Grain boundary
(ohm) resistance Rgp (0hm)
30 5.54 x10° 3.48 x10°
50 3.70 x10° 1.91 x10°
70 1.17 x10° 0.58 x10°

The dc conductivity values (figure: 4) found by the formula DC = d/AR (ohm m)? show
increase in conductivity with increasing temperature. The electrical relaxation process occurring

in the material has been found to be temperature dependent

Conclusion

A nonlinear optical LAAN crystal was grown by slow cooling technique for the first time.
SCXRD analysis confirmed the monoclinic structure with non-centrosymetric space group of
the sample. Nonlinear optical analysis was carried out by Kurtz powder technique and Z-scan
measurements. Electrical properties were determined by Impedance analysis. All the above

analyses shows that LAAN sample is promising NLO material for optoelectronic applications.
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Abstract

Nonlinear optical single crystals of DL malic acid doped Ammonium Dihydrogen Phosphate
were grown by slow evaporation solution growth method. The grown crystals were
characterized using X-ray diffraction studies. The possible functional groups present were
identified using Fourier Transform Infrared Spectroscopy. Optical parameters like
transmittance, absorbance, reflectance, optical absorption co-efficient, refractive index,
extinction co-efficient, band gap energy, optical conductivity, electrical conductivity, electrical
susceptibility and real and imaginary parts of dielectric constant of the crystal were estimated
from UV-Vis-NIR spectrum. SHG efficiency was checked using Kurtz-Perry powder technique.
Third order nonlinear refractive index, nonlinear absorption co-efficient and third order
susceptibility had been calculated from Z-scan technique. Mechanical parameters such as work
hardening co-efficient, yield strength, elastic stiffness constant, fracture toughness and

brittleness index were obtained using Vicker’s microhardness studies.

Key Words: Solution growth, FTIR, UV-Vis-NIR spectrum, SHG, Z-scan technique, Vicker’s

micro hardness
Introduction

Ammonium Dihydrogen Phosphate, which is an important isomorph of Potassium Dihydrogen
Phosphate crystal, has been widely used for frequency conversion in laser systems, optical
switches and acousto optical devices. This hydrogen bonded compound also exhibits piezo

electric activity and low temperature order-disorder phase transition. Below 148.5K, ADP is
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ferroelectric and belongs to P212:2; space symmetry group while above this temperature, it
paraelectric having 14/2d symmetry [1]-[3]. This is also nonlinear optical material having
applications in the field of photonics for frequency mixing, parametric amplification and electro
optic modulation. DL-malic acid is an organic material which is chosen to be doped with ADP.
Because of this attempt, the SHG efficiency of ADP is found to increase so that we arrive at

better advantage of using these doped crystals in photonics and related fields.
Experimental Work

The commercially available AR grade chemicals ADP and DL-malic acid were purchased and
2mole% of DL-malic acid is dissolved in deionized water together with calculated amount of
ADP. The solution is put in magnetic stirrer for about four hours to get highly homogenous
mixture and filtered. After leaving it in dust free undisturbed atmosphere for three weeks,
colourless transparent single crystals had been harvested. Out of these, fine crystals were

selected and characterized. The photograph of the grown crystal is given in fig.1

Figure 1.Photograph of the grown crystal
Results and Discussion
FTIR SPECTRAL ANALYSIS

BRUKER IFS 66V FTIR Spectrometer was used to record the FTIR spectrum of the grown
crystal. The spectrum was given in fig.2 and the corresponding assignments [4],[5] are given in
tablel.
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Fig. 2.FTIR Spectrum

Table 1-FTIR assignments

wavenumber
incm? FTIR assignments
O-H stretching, P-O-H stretching , N-H
3242 vibrations of ammonium
2410 band due to hydrogen bond
2294 combination band
1634 O-H bending of water
1444 H-H bending of NH4
1407 bending vibrations of ammonium
1289 CHa rocking vibration
1102 P-O-H vibrations
917 P-O-H vibrations
549 PO vibrations
414 PO vibrations
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UV-VIS-NIR SPECTRAL STUDIES

Optical transmission spectrum of the crystal was recorded using Lambda 35 spectrophotometer
in the wavelength region 400-1100nm and is shown in fig.3.

Transmittance & Absorbance (AU)

Fig.3.transmittance, absorbance and reflectance as function of wavelength
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Good transmittance for a wider region of wavelength is the required condition for device

fabrication and this is achieved here. The cut off wavelength in the UV region is found to be

280 nm. and the band gap energy from Tauc’s plot in fig.4 is 4.5 ¢ V .[6],[7]. The variation in

the refractive index(n) of the crystal with wavelength is plotted in fig.5 .
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Fig.4.0Optical absorption coefficient and extinction coefficient versus wavelength
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The calculated values of extinction co-efficient (K), optical conductivity (6op), electrical
conductivity (6er), electrical susceptibility (yc), real and imaginary parts of dielectric constant at

2A=700nm are estimated and tabulated as below in table 2.

Table 2 — Optical parameters of the crystal

Extinction co-
efficient 2.241x10°

optical conductivity | 2.22x10%%s?

electrical

conductivity 82.74m%s!
Electrical

susceptibility 0.4247
R.P.of dielectric

constant 5.338

I.P.of dielectric
constant 10.365x107°

Z- SCAN TECHNIQUE

When a third order material is translated along a focused Gaussian laser beam, its index of
refraction changes causing focusing or defocusing of the beam. By properly monitoring the
transmittance change through a small aperture at the far field position (closed aperture), one is
able 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), one can determine the intensity

dependant absorption of the sample.

He-Ne laser beam with wavelength 632.8nm was used and it was focused using a convex lens
of focal length 18.5 cm. The optically polished 1mm thick crystal was translated along Z-axis.
The input energy and energy transmitted by the sample were measured using a power meter.
The normalized transmittance for the positioned sample was measured at different positions and
was used to calculate the third nonlinear optical property of the materials [8],[9]. The Z- scan
curves in both open and closed aperture modes are illustrated in fig.6 and fig.7 respectively.

The calculated values of the third order parameters are,

¥
S
=

Weesiedn
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nonlinear refractive index (nz) = 2.6245x10ecm?/W,
nonlinear absorption co-efficient(B) = 7.512x10" %cm/W,
the real and imaginary parts of the third order susceptibility Re y*= 3.601x10 ®esu

Im y ®=5.193 x 10 “Sesu.
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Fig.6 . Z-scan —open aperture Fig.7. Z-scan- closed aperture

3.4. VICKER’S MICROHARDNESS TEST

Mechanical strength of the material plays a key role in the device fabrication. According to
Jianghong Gong el al, during an indentation process, the external work applied by the indenter
is converted to a strain energy component which is proportional to the volume of resultant
impression. The hardness of a material is influenced by various parameters such as the lattice

energy, De bye temperature, heat of formation and interatomic spacing.

The Vicker’s hardness indentations were made on the cut and polished samples and load was
varied as 25g, 50g and 100g and the corresponding diagonal length of the indentation mark
was measured using Vicker’s diamond indenter and attached to an incident light microscope.
The indentation time was kept at 5s for all loads. The Vicker’s hardness number was calculated

using the relation
Hv = 1.8544 P/d 2 Kg/mm?

Where Hy is Vicker’s microhardness number, P is the applied load in Kg.,d is the diagonal
length of the indentation in mm. The variation of Hy with load P is shown in fig.8.

P oo
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It is evident from the plot that the hardness of the sample increases with load. The plot between
log P and log d is a straight line and the slope of the line gives the work hardening index which

is found to be n=3.75[10]. Fig.9.Hence this crystal belongs to the category of soft materials.

The yield strength (6y), elastic stiffness constant (C11), fracture toughness (K¢) and brittleness

Constant (B) are calculated and given in table 3 as below.

Table 3.Mechanical Parameters of the grown crystal

Load (P) g Yield strength Elastic Fracture Brittleness
(oy) MPa stiffness toughness index (B)
constant (Cu1) coefficient (Kc)
104 Pa m-42
25 1.9 7.675 7.502 43.588
50 2.475 12.193 15.003 28.394
100 3.366 20.892 30.006 19.313

SHG ANALYSIS

Nonlinear optical property of the grown crystal was analyzed with Kurtz-Perry powder method
and its efficiency was compared with KDP and urea. Second harmonic radiation generated by
the randomly oriented micro crystals was focused by a lens and detected by a photomultiplier
tube after filtration of the incident radiation of wavelength 1064 nm. The doubling of frequency
was confirmed by the emission of the green colour output radiation whose characteristic
wavelength is 532 nm. The relative measured output from the specimen with respect to KDP
crystals shows that the SHG efficiency of the crystal is 1.032 times higher than that of KDP

crystals.
Conclusion

DL-malic acid doped ADP single crystals were successfully grown using slow evaporation
solution growth method. The functional groups present in the grown crystals were elucidated
using FTIR spectroscopy. The wider bandgap of the material, significant transmittance and

uniformity of refractive index in the entire visible region make the candidate ideal for device

P
P
=<
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fabrication. Moreover, the crystal has self focusing nature and two photon absorption process as
inferred from Z- scan technique. The mechanical strength of the crystal is also sufficient to

withstand the processes involved in device fabrication.
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Abstract

DL-malic acid doped ADP nonlinear optic single crystals were grown by solution method. The
thermal stability and the dielectric properties of the crystals were studied. Good thermal
stability and low dielectric loss of the crystals enable them as better candidates for opto

electronic device fabrication.

Keywords: Slow evoparation solution growth method, TG-DTA, AC conductivity, activation

energy
Introduction

Ammonium Dihydrogen Phosphate, which is an important isomorph of Potassium Dihydrogen
Phosphate crystal, has been widely used for frequency conversion in laser systems, optical
switches and acousto-optical devices. This hydrogen bonded compound also exhibits
piezoelectric activity and low temperature order-disorder phase transition. Below 148.5 K, ADP
is ferroelectric and belongs to P2:12:2; space symmetry group while above this temperature, it is
paraelectric having 14/2d symmetry. This is also nonlinear optical material having applications
in the field of photonics for frequency mixing, parametric amplification and electro optic
modulation. DL-malic acid is a dicarboxylic acid which is chosen to be doped with ADP.
Because of this attempt, the SHG efficiency of ADP is found to increase so that we arrive at
better advantage of using these doped crystals ADPMA in photonics and related fields. These

newly grown single als are found to posses second harmonic generation efficiency greate
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than ADP. To avail the maximum usage of these crystals, the thermal and dielectric properties

of these crystals were analyzed by the corresponding characterization tools and presented in this

paper.
Method of crystal growth

Analar Reagent (AR) grade chemicals Ammonium Dihydrogen Orthophosphate (ADP) and
DL-malic acid were purchased commercially. To obtain DL-malic acid doped ADP single
crystal ADPMA , 2 mole % of DL-malic acid along with the calculated amount of ADP were
dissolved in double distilled water The solution was stirred well using a magnetic stirrer for
three hours and filtered. The solution was kept undisturbed in dust free atmosphere till
transparent colourless nonlinear optical single crystals ADPMA were harvested. The

photographs of the crystals are shown in fig 1.

Fig.1.Photograph of the grown crystal ADPMA

Results and Discussion
Single crystal X-ray diffraction analysis

The unit cell parameters and crystalline system of these three crystals ADPMA were found out
using BRUKER- NONIUS MACH3 /CAD4 single crystal X-ray diffractometer and tabulated in
table 1.

Table 1 Cell parameter values of ADPMA single crystals

Sample System a(A) b(A) c(A) V(A)3

ADPMA Tetragonal 7.525 7.525 7.573 429
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In ADPMA, the system in which the material crystallizes remains the same which is tetragonal.

The lattice parameters vary a little and there is a small change noticed in the volume of the unit

cell.
Powder X-ray diffraction analysis

The harvested crystals ADPMA were ground into fine powder and the powder X-ray
diffractions were recorded using X-ray diffractometer using BRUKER AXS D8 advance

diffractometer with CuKa (A=1.5418 A) radiation . The sample was scanned over the range O-
80 ° at the rate of 2 per minute. The crystalline phase structure of the samples was identified

from the crystallographic parameters such as 20, d-spacing, relative intensity and hkl values.

From the patterns 20 values were read directly and the relative intensity of the diffraction peaks
can be estimated. The d-spacings corresponding to different peak positions were calculated
using Bragg’s law 2dsin® = nA where d is the interplanar spacing, 6 is the angle of diffraction,
n is the order of diffraction and A is the wavelength of X-rays used. The peaks were indexed
using the procedures of Lipson and Steeple. The powder X-ray diffraction spectra for the

crystals ADPMA are plotted in fig. 2 .

12000 - = ADPMA
. 8 o
10000 — = =
2 - T1=
S 8000 -
(=2 q
= —
=~ 6000 - =
= | <
z
5 4000
= 1 S . P
2000 - = s e =3
- 12 oS =
0 J | e =
L I L] I ¥ I L | L I Y I y | s I
0O 10 20 30 40 50 60 70 80
26 (deg.)

FTIR spectral analysis

The Fourier Transform Infrared spectral analysis has been carried out to understand the
chemical bonding and it provides useful information regarding the molecular structure of the
compound. The spectrum was recorded with Perkin EImer FTIR spectrometer in 400-4000 cm
range using KBr pellet technique. Infrared absorption studies involve examination of stretching,

bending, twisting, rotating and vibrational modes of atoms in a molecule and hence to identified

£
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the functional groups of the samples. FTIR spectrum is interpreted using known group

frequencies and thus it is easier to characterize the substance.

The FTIR Spectra of the crystals ADPMA are given in fig.3 and the corresponding spectral

assignments are displayed in table 2.

100
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é 60 K
[
R &
s
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\ ge 2
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22()00 35100 30100 25T00 ZOIOO ' 1 5‘00 1 0'()0 560
Wavenumber (cm'l)
Fig.3.FTIR spectrum of ADPMA
Table 2 Spectral assignments for ADPMA
ADPMA
Wave number cm? Assignments
3243 O-H stretching, P-O-H stretching , N-H vibrations of ammonium
2410 band due to hydrogen bond
2294 combination band
1634 0O-H bending of water
1444 H-H bending of NH4
1407 bending vibrations of ammonium
1289 CHj> rocking vibration
1102 P-O-H vibrations
917 P-O-H vibrations
549 PO, vibrations
414 PO, vibrations

&
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Thermal analysis

Studies of thermogravimetric and differential thermal analysis (TG-DTA) were carried out to
check the thermal stability and to identify various endothermic and exothermic transitions. The

thermal curves of the grown crystals ADPMA are given in fig.4.

r 01211

Weight (mg) - - -

V| F-20
| (19688 °C
| -2.161 mgimin

| Lz
D37 T T . . T T 227

T
3|4 100 200 300 500 600 700 728

400
Temperature (°C)

Fig.4. TG-DTA thermogram for the crystal ADPMA

In ADPMA, the crystal is found to be thermally stable upto 196.88 °C and the crystal melts at
196.88 °C. No other endothermic and exothermic peak seen from DTA curve of the crystal. In
TGA, there is weight loss of 51.3 % of the sample between 180 °C and 230 °C. In between 280
°C and 600 °C, a weight loss of 33.3 % is observed.

Dielectric studies

The dielectric properties of the crystals ADPMA were determined using Agilent (4284A)
Precision LCR meter. The experiment was conducted at various temperatures from 40 °C to 140
°C over a frequency range 100 Hz to 1 MHz The variation of dielectric constant with frequency
at different temperatures is shown in fig. 5. The variation of dielectric loss with frequency at
different temperatures is shown in fig.6. Similarly these two dielectric parameters have the
variation with temperature at different frequencies and these are plotted in fig. 7 and fig.8. All

these crystals have similar behavior in which dielectric constant decreases with frequency and

¥
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increases with temperature. As the crystals have low dielectric loss at high frequencies, they are
found to posses enhanced optical quality with less defects. This is a required vital parameter for

the NLO materials in the fields of various applications.

It is observed that AC conductivity of the crystals increases with temperature and activation
energies are calculated at frequency 1 kHz for all the three crystals. The values are tabulated in
table 5.
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- —=— 60 °C
E 10 4 0
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Fig.5.Dielectric constant versus frequency of the applied field at different temperatures
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Fig.7.Dielectric constant versus temperature at different frequencies
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Fig.8.Dielectric loss versus temperature at different frequencies
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Table 3 Dielectric parameters of ADPMA crystals

Sample | Frequency Dielectric Constant Dielectric Loss
Hz €r tand
40°C | 60°C | 80°C | 100°C | 120°C | 40°C | 60°C | 80°C | 100°C | 120°C
102 7.68 | 8.16 9.79 1053 | 11.98 | 0.09 | 0.13 | 0.23 0.32 0.4
108 6.83 | 7.25 7.68 7.91 8.62 | 0.048 | 0.06 | 0.07 0.08 0.082
ADPMA 10* 6.46 | 6.66 6.95 7.36 7.84 | 0.034 | 0.045 | 0.06 0.07 0.074
10° 6.23 | 6.34 6.47 6.77 6.99 | 0.021 | 0.027 | 0.038 | 0.041 | 0.041
108 597 | 6.06 6.11 6.35 6.51 0.02 | 0.024 | 0.029 | 0.031 | 0.033

The values of AC conductivity of the crystals ADPMA were calculated at different

frequencies and temperatures and listed in table 3. The corresponding curves are plotted in fig.

9. Activation energy for the three grown crystals at frequency 1 kHz is calculated using fig.10

and shown in table 5.

Table 4 Variation of ac conductivity of the crystals ADPMA with frequency and temperature

GCac X

Sample Fre(q|_L|JZe)ncy 10°¢ (Qm)™
40°C 60° C 80°C 100°C 120°C
10? 0.00384 0.006 0.0125 0.0187 0.027
103 0.0182 0.024 0.03 0.0352 0.0393
ADPMA 104 0.022 0.246 0.0332 0.0286 0.0422
10° 0.727 0.951 1.366 1.543 1.593
10° 6.636 8.083 9.848 10.941 11.94

.......
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Fig. 9 Variation of AC conductivity with temperature
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Fig.10 Graph drawn to calculate activation energy of the crystals

Table 5 Activation energy of the crystals at frequency 1 kHz

Sample Eac eV

ADPMA 0.1032
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Conclusion

Novel NLO single crystal ADPMA were grown successfully using slow evaporation solution
growth method. The crystalline nature and lattice parameters were found out using single
crystal XRD analysis. Powder XRD pattern of the crystals were obtained and the reflecting
planes were indexed. The possible functional groups present in the crystals were determined
from FTIR spectra. The hardness studies revealed the mechanical strength of the crystals.
Thermal stability of the sample was checked using TG-DTA analysis. Dielectric parameters
were calculated and AC conductivity and activation energy of the crystals were estimated from

dielectric studies.
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Abstract
Manganese doped Copper oxide nanoparticles are synthesized by a microwave assisted solvo
thermal method using Copper acetate as precursor. This gives a large scale production of Copper
oxide nanoparticles. X-ray diffraction pattern reveals cubic structure. The morphology of the
sample is examined by Scanning electron microscopy technique. The functional group and other
impurities present in the material are interpreted by FTIR. The optical property of manganese
doped copper oxide nanoparticles are analyzed by UV-Visible spectroscopy.

Key words: Solvothermal, Nanoparticles

Introduction

In recent years, controlled synthesis of inorganic materials with well defined morphologies
has attracted considerable interest since the morphological diversity of inorganic materials has a
significant impact on their functional diversification and potential applications. Copper oxide is a
P-type semiconductor oxide that is being widely studied due to its interesting properties and
applications. It has potential applications in solar cells, Catalysis, electrode material,
magnetic storage media and lithium ion batteries. Copper oxide nanoparticles have been
prepared by several methods ranging from thermal reduction, sonochemial method and solid
state reaction to gas phase process. Among those, solvothermal process has been shown to be a
powerful technique for generating novel materials with interesting properties particularly the

solvothermal technique provides the alternative approach that allows the economical
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synthesis of fundamentally important cell defined nanometer sized materials at mild conditions.
The present work is focused on the synthesis and characterization of nano meter sized
manganese doped copper oxide nanoparticle by a simple microwave assisted solvothermal

method.

Materials and Methods

Copper (Il) acetate monohydrate, urea, ethylene glycol (solvent), Manganese (Il) acetate tetra
hydrate are used as precursors. Copper acetate and urea are taken in the molecular ratio 1:3 and
dissolved in 100ml ethylene glycol as individually. Manganese acetate is also dissolved in
ethylene glycol. The solutions are mixed together. The solution is kept in a domestic microwave
oven. Microwave irradiation is carried out for 20 minutes till the solvent is evaporated
completely. Colloidal precipitate is obtained. The precipitate is washed several times with
distilled water and acetone to remove organic impurities. The prepared sample is dried in

atmospheric air.
Results
XRD analysis

The XRD pattern which is obtained in the present study for Mn doped Copper oxide

nanoparticles is shown in fig.1. All diffraction peaks can be indexed in the Cu20 cubic structure,

Which was confirmed from the JCPDS 78-2076. The planes (110), (111), (200), (220), (311) and
(222) are corresponding to Cu20. The planes (002), (100), (101), (004) and (110) are

corresponding to Mn. No peaks of impurities are found in XRD pattern.

The average crystallite size was estimated using Debye Scherrer’s equation ;

D =k A/ Bcos 8,where K — Scherrer constant, A — Wavelength of the X-ray source (1.5406 AO)
and B—

Full width half maximum (FWHM) of a diffraction peak

N
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Fig 1: XRD spectrum of Mn doped Cu20 nanoparticle
FTIR analysis

The FTIR analysis is performed by SHIMADZU MODEL-IRAFFINITY-1. The peak at

3500 cm™L and 1624cm™! represents (O-H) water tensional tremble. The peak at 2362 emL s
attributed to C-H tensional .The peak at 1458 cmL and 1384 cmL represents (N-O) and (C-
O) tremble respectively. The peak at 986 cml represents (O-C-O) tensional tremble and 608
-1

cm™ reveals the dopant Mn-O tremble respectively.

Cu 0:Mn (0.02)
Cu ,0:Mn (0.06)

Transmittance %

T T T T T
4000 3500 3000 2500 2000 1500 1000 500

wavenumber(cm™)

Fig 2: FTIR spectra of Mn doped CuzO nanoparticles
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SEM Analysis

In order to obtain insight information about surface morphology and particle size of the samples,
SEM analyses were performed.

20kV  X1,500 10pm 0001 1147 SEI 5um

20kv  X1,500 10pm 0001 1147 SEI 20kV  X5,000 Spum 0001 1147 SEI

Fig 4 SEM image Cu20: Mn (0.069)

é
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SEM image reveals that Mn doped Copper oxide nanoparticles exhibit rose flower like

structure and the average size of the image is found out using Image J software.

UV —Visible analysis

UV-Visible absorption spectroscopy has been used to investigate the optical properties of
Mn doped copper oxide nanoparticles. The absorption spectra of Mn doped Cu20 nanoparticles
is shown in Fig.5.1t has been observed that the samples exhibit an absorption edge

around 294nm&283nm respectively. The energy band gaps are 4.23ev&4.3%v.

1.0

283 Cu,O : Mn (0.02)
0.9 I~ CU,O : Mn (0.06)

\
294 |

08 4.~ |
\ |

Absorbance

T T
400 600 800 1000 1200 1400 1600 1800
Wavelength (nm)

Fig.5.Absorbance spectra of Mn doped Cu20 nanoparticles
Discussion

Mn doped Cu20 nanoparticles are synthesized by microwave assisted solvothermal

method. The XRD result gives a cubic structure with lattice parameters a=b=c=4.267 AQ The
average size of Mn (2 wt%& 6wt %) doped Cu20 nanoparticles are found to be 39nm and
33nm respectively. The average crystallite size from XRD is very agreed with SEM
confirmation. FTIR spectrum analysis gives the brief investigation of functional groups. UV-
VISIBLE absorbance spectrum reveals blue shift in case of higher Mn doping concentration.
This shift towards lower wavelength could be attributed to the quantum confinement effect of
nanoparticles.
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ABSTRACT Cobalt doped manganese oxide nano particles have been synthesized by
solvothermal route. The structural properties were analyzed by X-ray diffraction (XRD). The
particle size was calculated from XRD data by using Scherrer equation and is confirmed by
Scanning electron microscope (SEM) analysis. The SEM image shows that the nanoclusters having
spherical geometry. The optical properties were analyzed by Ultraviolet—Visible (UV-Vis)
spectroscopy. UV-Vis spectra illustrates that Cobalt doped Manganese oxide nano particles acquire
blue shift from the bulk value (2.5 eV). The functional groups present in the material were
interpreted by Fourier transform infrared (FTIR) spectral analysis. Manganese oxide nano particles
have many applications in the near future by virtue of its magnetic properties and catalytic
properties. Manganese oxide is environmental friendly in nature. Due to good electro mechanical

performance, it is a good electrode material for super capacitors and batteries.
Keywords: Cobalt doped MnO2 nanoparticles, Solvothermal route, XRD, SEM and UV-Vis

Introduction: A nano structured material is defined as a solid material characterized by at least

one dimension in the nanometer range. The inorganic nano materials such as quantunm dots,

e

Special Issue on INHIM’16 - Sarah Tucker College (Autonomous), Tirunelveli. Page 503


http://www.drbgrpublications.in/ijcsr.php
mailto:karthikabharthi@gmail.com

IJCSR; 2(3); 2016 http://www.drbgrpublications.in/ijcsr.php; ISSN: 2454-5422

nanowires and nano rods are made from metals, semiconductors or oxides are of particular interest
for their mechanical, magnetic, optical, chemical and other properties. It is widely used as
catalyst.Compared to bulk active electrode materials, the corresponding nanomaterials possess
higher capacities, larger surface area, and lower current densities.Solvothermal synthesis is
relatively new and interesting technique for the synthesis of oxide materials. VVarious nanomaterials
have been synthesized in remarkably short time under microwave irradiation. Microwave
techniques eliminate the use of high temperature calcination for extended periods of time and allow

for fast, reproducible synthesis of crystalline metal oxide nano particles.

In the present investigation we report the synthesis of Cobalt doped Manganese oxide nanoparticles
by microwave-assisted solvothermal methodand characterized by powder X-ray diffraction,
morphology is examined by Scanning electron microscope, the functional groups and other
impurities present in the material were interpreted by Fourier transform infrared spectral analysis

and the optical properties were analyzed by ultraviolet - visible spectroscopy.

Materials and Methods: AR grade Manganese Il acetate tetra hydrate (CH3;COQO).Mn.4H,0, Urea
NH2CONHq; (catalyst) andCobalt Il acetate tetra hydrate (CH3COQ).Co.4H,Owere used as starting
materials. The calculated amounts of Manganese Il acetate tetra hydrate and urea were taken in the
molecular ratio 1:3 and dissolved in 100ml ethylene glycol separately.Cobalt Il acetate tetra
hydrate(2wt% and 6wt %) were taken along with the precursors.The solution was stirred well and
the completely dissolved solution was kept in a microwave oven.The microwave irradiation was
carried out till solvent evaporated completely.The prepared samples were washed several times
with double distilled water and then with acetone (to remove organic impurities) the washed

samples were dried in atmospheric air and were used for characterization studies.

Results: X-Ray diffraction analysis:The crystal structure and phase purity of the samples are
analyzed byBruker AXS D8 Advance model diffractometer. Fig 1 shows the X-ray diffraction
pattern of Cobalt doped MnO2znano system with different dopant concentration (2% and 6%).All
the diffraction peaks are well indexed to the orthorhombic structure with lattice constants of

a = 9.3720A°, b=2.8508 A°c=4.4706 A%and o= p =y = 90°.

The crystallite size was estimated using Debye Scherrer’s equation; D = kA / fcos8(m) Where, K —
Shape factor ~0.9, A — Wavelength of the X-ray source (1.5406 A% and p — Full width half

By
R,
TN
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maximum (FWHM) of adiffractionpeak.The crystallite size and lattice parameters are given in

tablel.

Intensity (counts)

T T T T T T T
10 20 30 40 50 60 70 80
20 (degree)

Figl: XRD pattern of MnO.:Co nanosystem
Tablel: Lattice parameters of MnO2: Co (0.02 & 0.06) nano particles

Sample Crystallite size (nm) | Lattice parameter (A°)
a b c

MnO2:Co(0.02) 40.0007
9.3720 | 2.8508 | 4.4706

MnO2:Co(0.06) 34.2709

Scanning electron microscope analysis: The morphology of the as-prepared sample was
examined by JEOL Model JSM - 6390LV Scanning electron microscope. The SEM images of
Cobalt doped MnOznanosystem with different dopant concentrations (2% and 6%) are shown in

Fig 2a and Fig 2b.

| L
“lt i

20kV  X1,500 10um 0001 1147 SEI

20kV  X1,500 10um 0001 1147 SEI

Fig: 2a SEM image MnO2: Co (0.02) Fig:2bSEM image MnO.: Co (0.06)

Fourier transforminfrared spectral analysis: The functional groups and other impurities present
in the material were interpreted by SHIMADZU MODEL —IR AFFINITY -1. FTIR spectrum for
Cobalt doped MnO2nano system with dopant concentration (2% and 6%) is presented in Fig3.
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Fig: 3 FTIR spectra of Cobalt doped MnO:nano particle

UV-Vis spectroscopy: The optical properties were analyzed by Model Varian, Cary 5000
Ultraviolet —Visible spectrometer.Fig 4 shows theUltraviolet —Visible absorbance spectra of Cobalt
doped MnOgznano system with different dopant concentration (2% and 6%).The Ultraviolet —

Visible absorption shows peak at 273nm due to Cobalt doped MnOznano particles.

T T T T T T T
400 600 800 1000 1200 1400 1600
Wavelength (nm)

Fig: 4 UV-Vis spectrum of Cobalt doped MnO2nano particles

Discussions: The particle size reduces with increase of dopant concentration. The Bragg reflections
from (101), (201), (111), (211), (212), (001) and (002) planes which corresponds to MnO2(JCPDS
44-0142) and(100), (002), (102), (110) planes represents to Cobalt (JCPDS 05-0727). The
crystallite size 30nm to 40nm is very agreed with the SEM by Image J software. The SEM image
confirmed the shows that the nanoclusters having spherical geometry. It consists of irregular
particles with a variety of pores due to the evolution large amount of gases that are formed as by
product during synthesis. Highly porous nature of cobalt doped manganese oxide nano particles
enhances the adsorption characteristics. The broad band at 3394.72 cmis associated with the
stretching vibrations of hydrogen bonded surface water molecules and hydroxyl groups.763.81cm”
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1 671.23cm™, 617.22cm1represents MnO; stretching, bending and wagging vibrations. The band
located at 532.35 cm™& 401.19cm™ can be ascribed to the Co-O stretching and wagging. UV-Vis
spectra illustrates that Cobalt doped Manganese oxide nano particles acquire blue shift from the
bulk of MnO:nano particles (ie) 2.5 eV. Energy band gap increases with Cobalt concentration due

to the effect of quantum confinement.
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