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Chancellor’s Message

On this new endeavour TICAS-2019, I extend to all my felicitations and welcome with deep
appreciation to all the delegates nationwide. I am sure this initiative will give everyone an opportunity to our
new ideas on the topics to be discussed. I must congratulate at the kick-off of this conference the organizers for
the choosing the right topic for discussion. I am greatly euphoric to learn that the Department of Physics
together with the International Research Centre have come together in organizing a National conference on
Crystalline and amorphous solids. I have heard about its importance and the importance given to research on
this subject. Both types of materials due to its characteristics have found wide range of applications in field of
engineering. 1 am sure towards the end of this seminar all the participants will be enriched with new ideas to
carry on their study and research on this topic. I welcome every one of you to the Kalasalingam Academy of
Research and Education.

The success of engineering can be attributed to the branch of material science. Materials must be fit
enough to endure the stress and strain occurring during its operations. Hence study on inner molecular structure
is essential for the manufacture of new materials. In the field of material science, this topic finds importance
since the study begins from its molecular structure. Both crystalline and amorphous solids differ in their
molecular arrangement thus have drawn attentions of Scientists in development of new materials for varied
applications. On the other hand a material that can be easily soluble and can be easily assimilated by human
body is used by pharmaceutical researchers. It’s my desire that all delegates of this conference by contribute to
their best and soak up maximum information for their future perusal. At this moment I must commend the
initiatives taken by the Department of Physics together with the International Research Centre in organizing this
event and explore the vacuum that is to be filled in the area of crystalline and amorphous solids. Let me assure
our continued encouragement to your efforts, till you achieve your objectives.

As | now close my message here I wish to remind you all a famous statement made by Sir. Winston
Churchill “in this world of stiff competition the fittest survive”, I wish that every one of you become the fittest
around.

Dr. K. Sridharan
Chancellor

Trust Office : No. 52 (Old NO. 14), Sriman Srinivasan Road, Alwarpet, Chennai - 600 018, India
Phone : 044-24353370, Fax : 044-24331153
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Vice President’s Message

I am contended to know that the Department of Physics, KARE is continuing its efforts in
promotion and expansion of knowledge in Physics. The word Physics was first coined by the famous Greek
Physicist Tales who thought that all materials are made up of one element water called Physis in ancient
Greek.  Physics is the fulcrum between all branches of science and inputs theory necessary for further
research in every field. The study of matter its physical and chemical properties are the fundamentals for any
scientific research. Many Physicists like Archimedes, Anaxagoras, Maria Spiropulu, Sir C. V. Raman and
many others dedicated their lifetime towards research in Physics and their findings have become the platform
for many researches in modern times. I am confident that the initiative taken by the Department of Physics,
KARE will further enhance the research programs in Physics.

Lot of research is being carried out in world today on Crystalline and amorphous solids knowing its
applications and advantages in various fields. Their physical and chemical properties draw the attention of
scientists and technocrats for their usage in all fields. The word crystal is derived from the Greek word
krustallos. Development of crystals has found wide applications in development of Lithium batteries that are
rechargeable. Such batteries are used in day to day life in mobile batteries. I would like to recollect the
Boeing company one of In solid state electronics the crystals are used as source of energy production. And
in the study of biology knowledge of crystals are used in the exploration of proteins that is the fundamental
constituent of every living organism. The amorphous solids do not have a regular shape in their molecular
arrangement and thus called as amorphous solids. They are too widely used in all engineering applications.
In the field of electronics these materials are widely used as insulators in the manufacture of MOSFETS and
other electronic devices. I must commend the initiatives taken by the Department of Physics together with
the International Research Centre in organizing this event and explore the vacuum that is to be filled in the
area of crystalline and amorphous solids. Let me assure our continued encouragement to your efforts, till you
achieve your objective.

And before I sign off from here my hearty mazal tovto all the organizers of TICAS-2019 and wish this
event a fruitful outcome. As I welcome all the delegates for the TICAS-2019 I urge all of them to make the
best use of this conference and develop their knowledge as a famous goes, “for genius is 99% perspiration
and 1% inspiration.

Dr. S. Shasi Anand
Vice President

Trust Office : No. 52 (Old NO. 14), Sriman Srinivasan Road, Alwarpet, Chennai - 600 018, India
Phone : 044-24353370, Fax : 044-24331153
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Date: 30.03.2019

VICE CHANCELLOR'S MESSAGE

It is my great pleasure to welcome you all to the 5t"National conference on
Technologically Important Crystalline and Amorphous Solids (TICAS-2019) which
takes place in the beautiful premises of Kalasalingam Academy of Research and
Education, Krishnankoil on April 5t & 6th, 2019.

The facets of Science, Technology and Engineering are changing very fast.
Engineering and Technology is becoming inter and multi-disciplinary, and calls for
multi-institutional participation. Major experimental facilities, even in several areas
of basic research, require very large material, human and intellectual resources.
Science and Technology have become so closely intertwined, and so reinforced each
other that, to be effective, any policy needs, to view them together. The continuing
revolutions in the field of Advanced Nano and Biomaterials, Spectroscopy and
Polymers have had profound impact on the manner and speed with which scientific
information becomes available, and scientific interactions take place.

TICAS-2019 provides a forum for the dissemination of original research
results, new ideas, research and development, practical experiments, which
concentrate on both theory and practices of crystalline and amorphous materials.
Academicians, scientists, faculty members, research scholars and students across
the India will be participating in this conference.

I wish all the delegates to have a pleasant stay at Kalasalingam Academy of
Research and Education. I am certain that this conference will be a nurturing
environment for all the participants. I congratulate the Department of Physics for
their effort to conduct the conference with the theme technologically important

materials which is the need of the day for our Nation.
E-C EL
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Date: 28.03.2019

MESSAGE

With tremendous amount of happiness and satisfaction, I write this foreword to the proceeding of “st
National Conference on Technologically Important crystalline and Amorphous Solid (TICAS-2019)” to
be held in our premises between 5™ & 6™ April 2019.

I have a great pleasure through a varied reading of the abstracts along with the long list of invited
speakers that there are more than 100 participants from various institutions across the country in such a
way that TICAS-2019 continues to flourish and amplify the tradition of converging all at one place
comprising of scientists, researchers, academicians and professionals from all over the Nation. The
Conference particularly encourages the interaction of research scholars and budding scientists with the
more established scientific community in such a way that it would be a golden opportunity to present and
to discuss the systematic investigations of structural, morphological and optical properties of crystals
which would enable the progressive path to the state of the art work. I believe that these experts would
enlighten the participants to understand and interpret the application oriented details of their research
materials in a meaningful way and to open the flood gates of possible emerging areas in the advanced

areas of technologically versatile fields.

I congratulate the Department of Physics for organizing this prestigious national event on materials

science and related applications. My special thanks are due to the Convenor of the Conference and

“—WMM_

REGISTRAR

organizers for their efforts to make this seminar as a grand success.
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Phone : 044-24353370, Fax : 044-24331153






Preface

We are happy to present the proceedings of the 5" National Conference on
Technologically Important Crystalline and Amorphous Solids (TICAS-2019) organized
by the Department of Physics, School of Advanced Sciences, Kalasalingam Academy of
Research and Education, Krishnankoil during 5" & 6" April,2019. This conference
represent the gathering of Materials Science group with 45 research papers presented in
this conference and a total of about 150 participants from different state of India. There
are 5 invited lectures, 12 oral contributed papers and 33 poster contributed papers are
presented in this conference.

The deliberations of the conference cover wide range of topics of current interest in
Materials Science which includes complex solids, energy storage materials, ionic &
amorphous solids, optical & optoelectronic materials, magnetic materials, semi
conducting materials, small & macro molecules, smart & nanomaterials and thin films,
Theoretical studies on crystalline and amorphous solids, Biomaterials and biosensors and
Materials for Environmental and Healthcare. Many contributed papers demonstrate the
fundamental inherent strength and application of various materials in crystalline and
amorphous nature.

We would like to take this opportunity to thank our Chancellor, Vice President,
Vice-Chancellor, Registrar and Advisory committee members who have given constant
encouragement and support to organize this conference.

It is a great pleasure to place on record our thanks to the CSIR, New Delhi for the
financial support. The members of the local advisory committee and all our colleagues in
the Department of Physics, fellow colleagues in other departments, Post Doctoral Fellows
and Research Scholars of Physics department who have been a constant source of support
in organizing and making this conference a great success, are gratefully acknowledged.
The financial support provided by Management, PTA and Alumni association of
Kalasalingam Academy of Research and Education is acknowledged gratefully. Finally
thanks for all the contributed authors who have given their research papers in time to
bring this proceedings successfully.

Dr. S. ASATH BAHADUR
Dr. S. SARAVANAKUMAR
CONVENERS (TICAS-2019)
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Abstract

This lecture deals with the importance of Advanced Nanomaterials specifically for societal ap-
plications which relates to energy production, purification of water, nano-electronics and intelligence coating tech-
nologies.

India’s population around 130 crores is growing at an annual rate of 1.58%. Fossil fuel energy becomes scarcer.
India will face energy shortages due to increase in oil prices and energy insecurity within next few decades. The
India's economy shows that the GDP growth rate of 7.5% which makes it the second fastest emerging economy.

Energy is the foundation stone for modern life and priority in eradicating the poverty across the globe. The World
Energy status and its importance has predicted that fossil based oil, coal and gas reserves will be exhausted in another
ten decades. It is most urgent to identify alternate energy sources and its storage in an efficient manner. Such technolo-
gies can reduce carbon emissions, clean air and put our civilization on a more sustainable footing.

The energy storage through rechargeable batteries are the potential sources for energy saving and utilization.
These batteries are used in Portable consumer electronic devices, automotive and aircraft systems, UPS and hybrid
electric vehicle. Rechargeable batteries namely Pb-PbO, (2V), Ni-Fe, Ni-Cd, Ag-Zn (1.35V), Li-ion and polymer (4V)
are mostly used for energy storage.Nano materials for the fabrication of cathodes namely LiMn,04LiC00O,,LiNiO,,
LiFePOQ, are the potential areas for innovation.

The long-term development of the global water situation is closely connected to the growth of the world popula-
tion and global climate change. Hence, the demand for fresh water is growing dramatically and the food production
must also be doubled. About 70% of the world’s freshwater is being consumed for agricultural and irrigation
processes. Hence, the need for saving the water resources and also utilization of the water and waste water are to be
processed.

A variety of methodologies, technologies and innovative nano materials are applied for the purification and rege-
neration of water from different sources. Conventional decontamination processes such as chlorination and ozone
treatment consume a large quantity of chemical agents and can produce toxic byproducts. Hence, improved technol-
ogies and materials are to be innovated to reduce the toxicity of the contaminated water. Carbon, Metal-based, Poly-
meric nano adsorbents and Zeolites are mostly used for the purification of water. Nanocomposite membranes compris-
ing of mixed matrix and surface-functionalized membranes are used as filtration media. Metal oxide nanoparticles
(ALO;, TiO,) can help to increase the mechanical and thermal stability of polymeric membranes. Photocatalysis is an
dvanced oxidation process which can be employed in the field of water and wastewater treatment, in particular
for oxidative elimination of micropollutants and microbial pathogens. TiO,, WO;and complex oxides are usedfor
thepurification and photo oxidation of industrial effluents particularly dye stuffs.

Research in magnetism are related to recent advances in nanosciences and nanotechnologies. Nanocrystalline
ferromagnetic materials offer a new possibilities for a variety of phenomena including soft, hard and super paramag-
netic behaviour.For example, the introduction of relatively soft magnetic steels as magnetic cores in transformers
around one hundred years ago enabled the more efficient distribution of electrical energy from its source to factories,
public spaces and private homes.

Applications range for instance, from the large variety of hard magnets widely employed in everyday life, to so-
phisticated magnetic sensors controlling artificial satellites and the mapping of tiny magnetic fields in the human brain.

Piezoelectric and electrostrictive ceramics, fiber optic sensor materials in nano size are to be explored for elec-
trical and electronics for miniaturizing the devices.
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In the area of materials protection and to reduce the corrosion, nanostructured materials are to be investigated for the
protection corrosion of different materials.Polymer nanocomposite coatings combine with organic polymersand ad-
vanced inorganic materials can reduce the materials loss against corrosion.

A variety of methods such as Mechanical alloying, ball milling, Combustion Synthesis, Sol- gel technique, Mol-
ten salt synthesis etc. have been developed for the preparation of nano materials. This lecture gives an overview on the
Nano structured materials processing and their applications in industries.
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Abstract

Throughout the world of research, development of new drugsand drug-delivery systems are increasing in a
rapid manner. To meet the demand of the rapid drug-delivery system,the pharmaceutical industry has toimprovethephy-
sico-chemical properties of active pharmaceutical ingredient (API) available in market. APIs exist in different solid
crystal form such as polymorphs, solvates, hydrates, salts and cocrystals. As the drug substances are unavoidable mate-
rials in current societal scenario, more attention has now being paid on discovery of drug.The growing incident of poor
solubility and stability of the drug development is a notable factor which lowers the bioavailability of those drugs that are
administrated by oral route. Even though there are many tactics to enhance the bioavailability of the drug, it depends only
on the physical and chemical nature of the fundamental molecules.Solubility is an essential parameter to influence the
bioavailability of the drug to reach the site of action. For increasing the solubility and dissolution of the drug, salt for-
mation whereas recently co-crystals have attracted the attention of the researchers. It is possible to alter the acidic and
basic nature of the drug which is of poorly soluble in water. Forming salts with inorganic acids and cocrystals with co-
formers may increase the solubility and therapeutic effectiveness of the drug. Crystal engineering provides route for this.
Inorder to do the task, a detailed knowledge about crystallization process is crucial. Crystallization is a tool to understand
the drug molecules, its structure and inter- or intra- molecular forces involved in the molecules. With the use of X-ray
radiation technique the crystal structure is determined which also gives information on the geometry of the molecule and
intermolecular interactions. Hydrogen bonds, whichplays an important role in crystal engineering controls the crystalli-
zation, packing and morphology of the crystal structure. The quantum chemical calculations are performed using Gaus-
sian 09 software package. The experimentally observed vibrational spectra are compared with the data obtained by
quantum chemical method.

Theophylline and its pharmaceutical application

Xanthines are compounds obtained from plants and it is included in daily life products such as coffee, energetic
drinks, tea and chocolate. Methylated xanthines known to be methylxanthines which includes Theophylline, Caffeine and
Theobromine. Both Theophylline and Caffeine have pharmacologic mechanism of action. Caffeine plays its role in cen-
tral nervous stimulant while theophylline in airway borne diseases. Theophylline, most commonly used methylxanthi-
newas first extracted from tea leaves and it has been pharmaceutical use since 1902. Initially, it is used as diuretic and the
bronchodilator property was identified later. It becomes the most widely prescribed drugs used as bronchodilator. It is
used to treat bronchial asthma and chronic obstructive pulmonary disease (COPD). Recent studies show that theophylline
possesses anti-inflammatory effect in asthma and COPD at lower concentration. The solid state properties of theophylline
are in the attention of pharmaceutical research. Also, theophylline possesses a pyridine and an imidazole ring structure
which is a five-membered nitrogen containing heterocyclic structure.

Five crystals of theophylline were grown, namely, Theophylline monohydrate (TH), Theophyllinium chloride
monohydrate (THC), Theophyllinium nitrate (THN), Theophylline resorcinol monohydrate (THR) and Theophylline
pyrogallol monohydrate (THPY). The Single crystal XRD studies help to identify the structure of the molecule and the
interactions involved between the molecules in crystalline assembly. Also, vibrational analysis was done to characterize
the spectroscopic features. It is always interesting to correlate the structure activity relation of such type of pharmaceut-
ically important chemical species. The results are really meaningful for the further improvement of the drug for socie-
tial applications.
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STRUCTURAL AND MAGNETIC PROPERTIES OF Fe-Ga
LARGE MAGNETOSTRICTION MATERIALS

ManickamMahendran* and Vijaynarayanan
Smart Materials Lab, Department of Physics
Thiagarajar College of Engineering,
Madurai-625015
*Email: manickam-mahendran@tce.edu

Abstract

Active Magnetic Smart Materials are broadly classified into Ferromagnetic Shape Memory Alloys (FSMAs) and
Magnetostrictive (MS) Materials. One of the active FSMAs are Ni-Mn-Ga alloys and the popularly known MS materials
are Galfenol (Fe-Ga) and Terfenol-D (Tb-Dy-Fe). Both these materials play a vital role in modern day actuators and
sensors. The rare earth based Giant Terfenol-D magnetostrictive material possesses high magneto-mechanical coupling
energy to fabricate an actuator. However it has a complex structure and it involves a laborious process to prepare the test
sample. On the other hand, a newly developed Fe-Ga alloy can be used as a better actuator than its counterpart Terfenol-D.
Fe-Ga possesses stable and remarkable mechanical properties suitable for being used as an effective candidate material
for making actuators. MS material is one of the multifunctional materials widely used in actuator applications. Fe-Ga
single crystal alloy was crushed into powder form and annealed under various temperatures, to study the magne-
to-structural-mechanical and thermal property. SEM micrographs exhibited the homogenous rough facets, with the in-
crease of annealing temperature the Ga content gradually diffused inside the sample. The occurrence of exothermic peak
in DSC is mainly attributed to the formation of DO; phase. The elemental mapping of Fe K signal and Ga K signal indi-
cated no gradient in Ga content and the Ga is evenly distributed within the alloy, the selected rectangular area of SEM
clearly depict the co-existence of Fe and Ga elements in the alloy. When the magnetic field is increased the magneti-
zation increased linearly until the saturation magnetization is reached , the material changed from disordered A, phase
into BCC DO0; phase and then back to the disordered A, phase this confirms the optimized Fe-Ga samples can be used
in sensor and actuator applications.

—FG1 d
104 —FG2
|—FG3
S g
£
L
c
S o
e
(1]
N
8 v/
S -5 : 4
] 3 / 7
= ../
-10 4 fec
Wagnety Field 00T 75
| v T T T v v T T T Y
15000 -10000  -5000 0 5000 10000 15000

Magnetic field (Oe)

Keywords: Smart Materials, Ferromagnetic Materials, Magnetostriction Materials, Actuators, Saturation Magnetization

Copyright © 2019 KARE-Physics



5™ National Conference on Technologically Important Crystalline and Amorphous Solids TICAS 2019

Copyright © 2019 KARE-Physics



5™ National Conference on Technologically Important Crystalline and Amorphous Solids TICAS 2019
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Abstract

Economically beneficial systems for the exploitation of renewable energy have never been more urgently re-
quired: there is a growing consensus that burning fossil fuels is leading to dangerous accumulation of carbon-di-oxide in
the environment, and fossil fuel resources are in long term decline. Solar energy, particularly, is the only source with the
proven capacity to meet the increasing energy needs of the globe. Solar Cells, also called photovoltaics, are devices
based on solar technology which convert sunlight directly into electricity under the photovoltaic effect. Although silicon
based solar cells conquered the commercial market, their expensive investment made the researchers to develop a new
technology, called Dye-Sensitized Solar Cells. The first dye which has been used for DSSC is Ruthenium poly pyridine

based one, a noble metal carrying dye.

Organic dyes in dye-sensitized solar cells:

Organic dyes as an alternative to the noble ruthenium based sensitizers exhibit many advantages:
@ Can be conveniently designed and synthesized.
@ Superior to Ru based dyes in terms of cost and environment issues.
@ The molar extinction coefficients of organic dyes are usually higher than those of ruthenium complexes, making

them attractive for thin film and solid-state DSSCs.

Recently, we have been involved in designand synthesis of novel metal free organic dyes possessing various
homo/heterocyclic structural motifs for efficient dye-sensitized solar cells. A few of our recent findings include design
and synthesis of a diverse range of carbazole / multicarbazole / phenothiazine / fluorenepossessing dyes as efficient
sensitizers for dye-sensitized solar cells. Representative examples of general structure of the dyes which have been de-

veloped in our laboratory are furnished below.
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The lecture would cover the history, importance, principle, development, and our recent findings related to dye

sensitized solar cells.
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POLYMORPHISM AND X-RAY CRYSTALLOGRAPHY
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Abstract

Polymorphism has important consequences in the development of drugs. Polymorphism is the ability of the same
drug molecule to crystallize more than one different crystal structure and that can have profound effect on physical,
chemical and pharmaceutical properties of the drug. The variation in properties of a drug substancecan lead to differ-
ences in dissolution rate, oral absorption, bioavailability, and toxicology. Also, energy differences between forms are
relatively small; form inter-conversion is common and can occur during routine manufacturing operations, in drug
product formulation, storage and use. Appearance of a new solid form in final drug product can result in product
withdrawal.

X-ray diffractometry is a generally applied method in the pharmaceuticalindustry to investigate the polymorphism
of drug substances, as well as tomonitor the occasional changes of the modification during differentsteps of the formu-
lation procedure. X-ray powder diffraction is the best first pass method, to not only discriminate solid-forms but also
provide critical data for property determination and structural exploration. The presentation covers the application of
X-ray crystallography techniques in drug polymorphism, with specific examples to recent advances.
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Abstract

The ligand meso-5,10,15,20-Tetrakis(o-nitrophenyl)porphyrin, [T(0-NO, )PP] and its vanadyl metal complex
[VO[T(0-NO,)PP] were synthesized and Vanadyl meso-5,10,15,20-Tetrakis(pyridyl)porphyrin VO[TpyP] was pre-
pared from meso-5,10,15,20-Tetrakis (pyridyl)porphyrin [TpyP]. Formation of the vanadyl porphyrin complexes was
confirmed by UV-visible spectrophotometer. Oxidation potential of the metallophorphyrins were recorded by cyclic

voltammetry (CV). The present studies of [VO[T(0-NO,)PP] and VO[TpyP]

cessive oxidation processes.
Keywords: Vanadyl porphyrin cyclic voltammetry
1. Introduction

Proteins and enzymes are formed form metal complexes
of porphyrins and related compounds. They are found to
work as redox and rearrangement catalysts’. The in-
volvement of metalloporphyrins in electron transport in
biological systems has made the study of electrochemical
properties of particular interest. Both the central metal
atoms and the porphyrin ring are electroactive center.
The function of the metal present in the chlorophyll is
found to change the properties of porphyrin ring reac-
tions through electron transfer. But in the case of cyto-
chromes metal atom is not involved in electron transfer
process?. Cyclic voltammetric studies have shown some
considerable change in the oxidation potentials. Electro-
philic substitutions in the exo-positions of the pyrrole
ring shift the oxidation potentials to higher side. Substi-
tution in the phenyl ring with electron withdrawing sub-
stituents is found to shift the oxidation potentials to
higher side, while substitution with electron donating
group in the phenyl ring lowers the oxidation potentials.

Oxidation of Ni(T(p-X)PP) where X = -CHs, -COOCH;
-NO, in dichloromethane are reported in the literature®.
Ni(T(p- CHs)PP) was found to exhibit a single oxidation
at 1.00V and 1.20V while Ni(T(p- COOCH3)PP) exhibit
only a single oxidation at 1.17V. The peak current of
the later indicated two electron transfer processess. For
Ni(T(p- NO,)PP) all peaks were found to be shifted an-
odically. The shift in the first oxidation was found to be
more than for the second oxidation. Ni(T(p-X)PP), X =
electron donating or weak electron- withdrawing group
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reveals that they undergoes two suc-

exhibited two separate oxidations, while for compounds
containing X = strong electro withdrawing group exhib-
ited only a single oxidation. The first oxidation of
Ni(T(p- CH3)PP) in dichloromethane yielded a brown
colour solution which corresponds to [Ni(IDTPP]™. Re-
moval of the second electron yielded a green coloured
solution. Electrochemical oxidation of MnTPPCI,
Mn[T(p-OCH5)PP] and Mn(OEP)CI have been report-
ed*®. The one electron oxidation product for each of the
system [~1.1 V Vs SCE] have been reported.

Normally, metal d,/d,,*-porphyrin (ay,)/(az,) interac-
tion do not occur in planar porphyrin complexes. This
is because the metal d-orbitals are orthogonal to porphy-
rin ligand a;/a,, HOMOS. Walker and Co-workers’®
have reported that d orbitals of the metal and ay /a,, or-
bitals of porphyrin ligand can have interactions in ruffle
and saddle distortions. Similar view is reported by Ghosh
et al'®™, existence of such interactions is reported by
Harada et al*? in vanadyl complexes of octaphenyl por-
phyrin (VO(OPP)) and vanadyl dodecaphenyl porphyrin
(VO(DPP)). They observed that the porphyrin with sad-
dle distortion undergoes disproportionation on oxidation
and is attributed to destabilization of a;, orbital leading
to accidental degeneravy with ay, orbital. Thus, a;, type
cation radical is unstable and disproportionate to dication
and neutral species. Thus, HOMO-LUMO gap narrowing
down is observed in the voltammogram. They further
pointed out that in vanadyl porphyrins (VO(DPP))
(vanadyl dodecaphenyl porphyrin) due to ligand distor-
tion, ay, orbital is elevated leading to the narrowing of
HOMO-LUMO gap. This narrowing results in lowering

1



of the oxidation potentials in the voltammogram. The
present work was carried out because of very limited
availability of cyclic voltammetic studies on vanadyl
porphyrins.

2. Synthesis of Porphyrins

2.1. meso-5,10,15,20-Tetrakis(o-nitrophenyl)
porphyrin

meso-5,10,15,20-Tetrakis(o-nitrophenyl) porphyrin was
prepared by a literature method™. In a 500 mL round
bottom flask fitted with nitrogen bubbler o-nitro benzal-
dehyde( 0.4952g, 2.98 mmol) and pyrrole (210 pl, 2.98
mmol) were dissolved in 300 mL of dichloromethane.
After purging nitrogen for 10 min, the condensation of
o-nitro benzaldehyde and pyrrole was initiated by adding
catalytic amount of BF;.OEt, (120 pul, of 2.5M stock so-
lution). The reaction mixture was stirred at room temper-
ature for lhour. The progress of the reaction was moni-
tored by taking aliquots of the reaction mixture at regular
intervals and oxidizing with p-chloranil and recording
the absorption spectra which clearly confirmed the for-
mation of porphyrin. After 1 hour p-chloranil (0.7327g,
2.98 mmol) was added and the reaction mixture was
stirred in air for additional 1 hour. The solvent was re-
moved under reduced pressure and the crude compound
was purified by silica gel column chromatography using
dichloromethane.

Amax + 421 nm(8S), 516nm, 551nm, 593nm, 649nm

2.2. meso-5,10,15,20-Tetrakis(pyridyl) porphy-
rin [VO[T(0-NO,)PP]

meso-5,10,15,20-Tetrakis(pyridyl)porphyrin  was pur-
chased from Sigma-Aldrich chemical and was used
directly.

2.3. Synthesis of metalloporphyrins

The reaction was carried out with a mixture of 13.5 mL
of glacial acetic acid, 6.5 mL of pyridine, 297 mg
(1.37mmol) of vanadyl sulphate and 358.21 mg
(0.42mmol) meso-5,10,15,20-Tetrakis (o-nitrophenyl)
porphyrin VO[T (0-NO,)PP] were taken in a 100 mL
round bottom flask and was refluxed until the reaction
was essentially complete (usually 4 to 5 hour). The crude
product was cooled and washed with water thrice and the
crude compound was purified by running through a silica
gel column using dichloromethane.
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Vanadyl meso-5,10,15,20-Tetrakis(pyridyl) porphyrin
VO[TpyP] was prepared by a literature method™.

VO[T(0-NO3 )PP : Apax in dichloromethane: 426 nm, 551
nm

VO[TpyP] : Amax in dichloromethane: 420 nm, 545 nm.
2.4. Cyclic voltammetric measurements

Redox potentials were determined using CHI 620B Elec-
trochemical Analyzer, at NEHU, Shillong, Meghala-
ya,India. The electrolytic cell comprised of the follow-
ing. A CHI(102) platinum electrode was used as a
working electrode. An Ag/AgCl electrode was employed
as a reference electrode. A platinum wire was used as an
auxiliary electrode. Dry dichloromethane was used as
the solvent. The amount of 0.1M of tet-
ra-n-butylammonium perchlorate (TBAP) was used as
the supporting electrolyte. The solvent in the electrolyte
cell was deaerated with oxygen free dry nitrogen gas
before any measurement had been done and nitrogen
blanket above the solution has been maintained. Calibra-
tion of Ey;, values and diffusion current were made by
using a known concentration of pure ZnTPP in di-
chloromethane/TBAP (0.1M) medium.

3. RESULTS

VO[T (0-NO,)PP], The voltammogram exhibits some
additional peaks (fig.1) along with the regular redox
couples which are expected. The first oxidation occurs at
0.730V with its corresponding reduction at 0.553V. The
AE =0.177V, Ey» = 0.6415V and its 1./l =1. The second
oxidation occurs at 1.2271V with its corresponding re-
duction peak at 1.055V. Its AE = 0.1721V, Eyp =

1.1411V and I,/I. =1.
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Fig.1.Cyclic voltammetric diagram for VO[T (0-NO,)PP]
VOI[TPyP] : The voltammogram comprises of two redox
couples. The first oxidation occurs at 0.6896V with its
corresponding reduction at 0.5185V. The second oxida-
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tion peak occurs at 1.0484V with its corresponding re-
duction peak at 0.8976V (fig.2)
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Fig.2.Cyclic voltammetric diagram for VO[TPyP]

4. DISCUSSION

The redox process of VO[T (0-NO,)PP] is in line with the
redox process of the VO[T (2,5-(OCHjs),)PP]. The first
oxidation occurred at a lower potential than that of the
VOTPP. This is quite surprising because we expected it
to occur at a higher potential. The electron withdrawing
-NO, group should lower the ring m-electron density
thereby making oxidation more difficult. This is what we
observed in our earlier work™?® with VO[T(m-NO,)PP].
One possible reason could be the presence of -NO, at
meta position which is in more sterically hundred posi-
tion making it more strained to take part in the porphyrin
ring resonance. Thereby, no effective electron withdraw-
al from the ring takes place. However, the system un-
dergoes two successive oxidation processes involving
one electron transfer in each step which is represented as
follows:

-6(0.730V vs SCE)
+e(0.553V vs SCE)

VO[T (0-NO,)PP] (VO[T(0-NO,)PP])*

(308 sA ASS0'T)8+
(3OS SA ALZT'T)P

(VO[T(o-NO,)PP])?*

VVO[TPyP] undergoes oxidation in steps similar to that of
the VOTPP oxidation. The oxidation potentials are lower
than that of the VOTPP. The substituents enrich the
n-electron density making oxidation more easier. The
oxidation process is represented as
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-6(0.6896V E
VO[Tpyp] {06896V vs SCE)

> (VO[TpyP])*
~e(0.518V vs SCE) (VOITeYPD

(305 SA A9/68°0)0+
(308 sA AP8Y0'T)e-

(VO[TpyP])**
5. CONCLUSION
From the results of the cyclic voltammetric investigation
of VO[T(0-NO,)PP] and VO[TPyP] we put forward the
following observations:
When the metal center is non-electro-active such as
vanadyl the redox process takes place in the porphyrin
ligand system. When substitutions in the phenyl ring of
the porphyrin ligand are symmetrical with electron do-
nating group, the oxidation potentials are further low-
ered. The reverse is also true. It seems the substitution in
the ortho-position of the phenyl ring of the porphyrin
ligand is more sterically hindered and strained so that the
substituents do not contribute much to the resonance.
Thus, the oxidation potentials of VO[T (0-NO,)PP] is
slightly less than VOTPP (may be due to more puckered
structure). In general it appears that substitution on the
phenyl ring causes distortions which affect the redox
potentials. It is most likely that the lowering in oxidation
potentials could be due to metal d,, porphyrin orbital
(a) in ruffle distortion and metal dx*y? porphyrin or-
bital(a,,) in saddle distortion.
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Abstract

Polymer blend electrolytes comprising of poly (vinyl alcohol) (PVA), poly (N-vinyl pyrrolidone) (PVP) as
polymer hosts, sodium nitrate (NaNO3) as a salt and L-phenylalanine as an amino acid were prepared using solution

casting technique.
wit% to 2.5 wt% in steps of 0.5 wt%.

Double distilled water was used as a solvent. The amino acid, L-phenylalanine was varied from 0.5
The prepared samples were subjected to AC impedance spectroscopy.AC im-
pedance measurements were carried out in the frequency range of 42 Hz to 1 MHz using silver electrodes.
measurement was also carried out at different temperatures for all the prepared samples.
maximum value of 1.8686 x 10 Scm™ for 2.5wt.% of L-phenylalanine system at room temperature.
energy of 0.246 eV was observed for the maximum ionic conducting sample.

The same
lonic conductivity reached a
Low activation
The maxima of tan delta peaks were

found to shifted towards the higher frequency side for different temperatures, suggested the increase in amorphicity of

the system.

Keywords: Solution casting technique, AC impedance spectroscopy, Activation energy, polymer blend electrolytes,

Conductivity.

1. Introduction

Sodium ion conducting solid polymer electrolytes re-
ceives a great deal of attention as it acts an excellent
substitute for lithium salts. For the present investiga-
tion, we have prepared polymer blend electrolytes con-
sisting of poly (vinyl alcohol) (PVA), poly (vinyl pyr-
rolidone) (PVP) as polymer hosts, sodium nitrate
(NaNO3) as salt and an amino acid L-phenyl alanine as
dopant.

2. Experimental
2.1. Materials and Methods

Poly (vinyl alcohol) (PVA) with molecular weight of
~1,25,000 g and poly (vinyl pyrrolidone) (PVP) with
molecular weight of ~90,000 g, were purchased from S.
D. Fine 5 Chemicals Ltd., and both the polymers were
used without further purification. The L-phenylalanine
salt (Merck) and sodium Nitrate (NaNO3) (Merck) are
used as raw materials to synthesis the blend polymer
electrolyte.

Copyright © 2019 KARE - Physics

2.2. Preparation of polymer electrolyte

The polymer electrolyte based on the composition of
PVA/PVP/L-phenylalanine and NaNO; were blended by
solution casting technique using double-distilled water
(D.D water) as solvent. Stoichiometric quantities of
precursor materials, 50Wt%PVA/50wWt%PVP and 2wt%
NaNO; dissolved in D.D water separately and the above
all solutions are continuously stirred for 1 h at 40 °C to
make the transparent solutions. The above PVP/PVA/
NaNO; transparent solutions are mixed together with
stirring until forming homogeneous blend solution.
Then the amino acid, L-phenylalanine with various con-
centrations from 0.5 wt% to 2.5 wt% (in steps of 0.5
wt%) was added to the above solution and stirred well at
room temperature. The obtained homogeneous solution,
PVA/PVP/L-Phenylalanine/NaNO; was then poured into
polypropylene dishes and slowly dried at room tempera-
ture for 4 days. The obtained blend polymer film is
peeled off from dishes and kept inside a desiccator for
further characterizations.



Shenbagavalli et. al.,

3. Results and Discussion
3.1. AC Impedance Spectroscopy

AC  impedance plots of the system
PVA/PVP/NaNO3/L-phenylalanine is given in Fig-
ure 1. This Figure possesses a depressed
semi-circular arc in the high frequency region and
an incline spike in the low frequency region. The
depressed semi-circle reveals the non-Debye na-
tured of the sample due to the potential well for
each site, through which the ion takes place. The
presence of an inclined spike at low frequency re-
gion at an angle less than 90° is due to the rough-
ness of the electrode-electrolyte interface [1].

lonic conductivity of the prepared samples can be
calculated by using the following relation,

where, | is the thickness of the sample, A is the area
of the electrode used (Silver electrode) and Ry is
the bulk resistance. Intercept of the low frequency
spike at the real axis of the complex impedance plot
gives the value of Rj.

1200000

= 0.5%
1%

—A—1.5% -
v 2%
. 800000 - <« 2.5% T e
= *
N » Y
3
“”
400000
all‘:.'.
an— g e,
"\

0

L L L LU L} L] i
0 200000 400000 600000 800000 1000000 1200000 1400000
Z'(Q)

Figure 1 AC impedance plot of PVA/PVP/NaNOs/
L-phenylalanine system

The calculated values of ionic conductivity of the
polymer blend electrolyte P\VA/PVP/NaNOs; is var-
ying against the concentration of L-phenylalanine
and the variation is shown in the Figure 2.

It is observed from the Figure 2, that the value of

ionic conductivity decreases for the addition of 0.5
and 1 wt.% of L-phenylalanine systems. This may
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be due to the inadequacy of L-phenylalanine con-
centrations. ~ When the  concentration  of
L-phenylalanine increased from 1 wt% to 1.5
wt.%, the value of ionic conductivity seems to in-
crease by an order of magnitude. Further increase in
the concentration of L-phenylalanine from 1.5wt.%
to 2.5wt.%, an appreciable increase in ionic con-
ductivity was observed and reaches a maximum

5 -1
value of 1.8686 x 10 Scm™.
Ll L | L) L)
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Figure 2 Conductivity Vs Activation energy of
L-phenylalanine system.

When the concentrations of L-phenylalanine in-
creased beyond 2.5 wt.%, the film was found to be
fragile in nature and hence it was difficult for han-
dling. Hence the concentration of L-phenylalanine
is varied up to 2.5wt.% and the same was found to be
an optimum concentration based on ionic conduc-
tivity results. The obtained ionic conductivity value
is comparable to that of
PVA/PVP/L-Asparagine/NH,Br system reported by
Parameswaran et al. [2].

The increase in ionic conductivity is due to the in-
crease in the number of mobile charge carrier and
also the nature of the polymer blend electrolyte
which reduces the energy carrier, there by facilitat-
ing the ion transport. [3]

3.2. Temperature dependence of ionic conduc-
tivity
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The temperature dependence of ionic conductivity
for all the prepared system over the temperature 303
K to 363 K is shown in the Figure 3.

lonic conductivity increases with increase in the
temperature for all the samples which implies that it
obeys Arrhenius relation given below,

o(t) = o, exp[—E,/KT] ... (2)

where, o, is the pre-exponential factor, E, is the
activation energy for conduction, and K is the
Boltzmann constant. Arrhenius law states that the
moment of the charge carrier from one site to its
adjacent site without having acquired much energy.
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Figure 3 Variation of log 6 with increase absolute tem-
perature for PVA/PVP/NaNOQ;/ L-phenylalanine system.

The increase in ionic conductivity against the in-
crease of temperature in solid polymer electrolyte
enhance the segmental (i.e. polymer chain) motion,
which resulting in an increase in the free volume of
the system. Thus, the segmental motion either
permits the ion to hop from one site to another or
provides a pathway for ions to move. In other
words, the segmental movement of the polymer
facilities, the translation ionic motion. From this, it
is clear that the ionic motion is due to translation
motion/hopping facilitated by the dynamics seg-
mental motion of the polymer. As the amorphous
region increase, the polymer chain acquires faster
internal modes in which the bond rotations produced
segmental motion to favor inter and intra chain ion
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hopping, and thus the value of ionic conductivity
becomes high. [4]

The activation energy (combination of energy for
defect formation and the energy for migration of ion)
is calculated for all the samples and is given in
Table 1.

Table 1 The value of activation energy for
L-phenylalanine added PVA/PVP/NaNO; system.

Concentrations E,

of eV)
L-phenylalanine

0.5wt. % 0.306
1wt.% 0.490
1.5wt.% 0.299
2wt.% 0.301
2.5wt.% 0.246

It can be seen from the table that the value of E, of
the system is found to decrease from 0.306eV to
0.246eV for the addition of 2.5wt% of the
L-phenylalanine system. As a temperature in-
crease, it causes the expansion of polymer blend
matrix and thus weakness the interaction within the
polymer blend matrix. This initiates the decoupling
of Na" ions from the polymer blend matrix. Be-
sides, as the temperature is increased, the polymeric
chain acquires faster internal modes and thus pro-
motes the bond rotation, resulting in faster segmental
mobility. Consequently, the intrachain and inter-
chain and interchain ion hopping mechanisms are
favorable which in turn result in higher ionic con-
ductivity [5].

3.3. Conductance spectra analysis

Conductance spectra for
PVA/PVP/NaNQO3/2.5wt%L -phenylalanine  system
(maximum ionic conducting sample) at various
temperatures is shown in the Figure 4. This spec-
trum possessed three regions. The low frequency
dispersion region is due to the overcrowding of ion
between the electrode and electrolyte. A mid fre-
guency plateau region is due to the bulk conductivity
and the region three is the high frequency dispersion
region.
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Figure 4 log o Vs log o for PVA/PVP/NaNOa/ 2.5wt%
L-phenylalanine system at various temperatures.

3.4. Loss Tangent Analysis

The frequency dependence of loss tangent indicates
the dissipation of energy in dielectrics. It is used
to analyze the electrical properties of polymer.
The loss tangent can be expressed as

tand = ¢" /e'=M" /M’ ....(3)
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Figure 5 Loss tangent spectra of
PVA/PVP/NaNO3/2.5wt% of L-phenylalanine system at
various temperatures
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Figure 5 shows that loss tangent spectra of
PVA/PVP/NaNOQO3/2.5wt% L-phenylalanine system
at various temperatures. It shows two humps,
which represents the formation of two relaxation
time in non-Debye behavior. The low frequency
humps are known as o relaxation peaks and it is due
to the dynamic dipole rotation, whereas the humps in
the higher frequency region are known as [ relaxa-
tion peaks and it is due to the dipole orientation and
statics region. B relaxation peak is related to the
amorphous phase, whereas a relaxation peak is re-
lated to the crystalline. The peak maxima of tan &
shift towards the higher frequency range with the
increase of temperature. Further, the height of tan &
peak due to B relaxion is increased with the increase
of temperature. These findings suggested that the
amorphous nature of the polymer blend electrolyte
system increase with the temperature. [6]

Conclusion

Sodium ion conducting polymer blend electrolytes
with different concentrations of L-phenylalanine
have been prepared by using solvent casting tech-
nique. Maximum ionic conductivity has been
found to be 1.8686 x 10° Scm™ for 2.5wt% of
L-phenylalanine added system at room temperature.
The temperature-dependent ionic conductivity of
polymer blend electrolytes obeyed the Arrhenius
behaviour.  Activation energy of the maximum
ionic conducting sample has the low value of 0.246
eV. From loss tangent spectra, it has identified
that low frequency a relaxation peaks are due to the
dynamic dipole rotation and the high frequency f
relaxation peaks are due to dipole orientation in
static region. The high frequency peak related to
amorphous phase is increased for high-
er-conductivity polymer electrolyte.
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Abstract

In this study, detailed vibrational spectra of 5-chloro-2-hydroxyacetophenone (CHAP) have been studied by FTIR and
FT-Raman spectra in the regions 4000-400 cm™ and 3500-50 cm™, respectively. The optimum geometrical parameters,
frequencies, infrared intensities and Raman activities were calculated by density functional theory (DFT/B3LYP)
method with 6-31+G(d,p) and 6-311++G(d,p) basis sets. The HOMO-LUMO energy gap has been computed which
confirms the charge transfer of the molecular system. Mulliken’s atomic charges associated with each atom and
thermodynamic parameters have also been reported with the same level of DFT.

Keywords: 5-chloro-2-hydroxy acetophenone; FTIR; FT-Raman; DFT

1. Introduction

Acetophenones are compounds that exhibit interesting
physicochemical and biological properties. They are
found in nature [1] and they can also be obtained by
means of diverse synthesis procedures [2]. A recent study
has linked the antibacterial activity of 20 acetophenones
with their structural characteristics by using electronic
and topological indices [3]. Particularly, hydroxy
acetophenone is used as building block for the synthesis
of rubbers, plastics, pharmaceuticals, agrochemicals and
flavour and fragrances (odour, sweet, heavy floral).
Because of these versatile behaviors of acetophenone,
Seth et al. investigated the spectroscopic and X-ray
structure of ortho-hydroxy acetophenones [4]. Anbarasu
et al., have extensively studied the scaled quantum study
and vibrational spectra of 5-fluoro-2-hydroxyacetophenone
[5]. Recently, the crystallographic, spectroscopic and
DFT studies of 5-methyl-2-hydroxy-acetophenone-
thiosemicarbazone and its nickel(ll) complex has been
studied by Cikla et al. [6]. Consideration of these factors
leads to study the detailed spectral investigation of 5-
chloro-2-hydroxyacetophenone (CHAP).

2. Experimental

The fine polycrystalline sample of CHAP was purchased
from commercial sources with a stated purity of 99% and
they were used as such without further purification. The
Fourier transform infrared spectra was recorded in the
region 4000-400 cm™, using Perkin Elmer FTIR
spectrometer equipped with an MCT detector, a KBr
beam splitter and globar source. The FT-Raman spectrum
of CHAP was recorded on a computer interfaced
BRUKER RFS-66V model interferometer in the Stokes
region 4000-50 cm™ using Nd: YAG laser operating at
200 mW power continuously with 1064nm excitation.

Copyright © 2019 KARE - Physics

3. Computational Details

In the quantum chemical calculations, DFT has proved to
be wvery useful in treating electronic structure of
molecules. The DFT calculations were carried out for
CHAP with GAUSSIAN 09W program package [7]
using the Becke’s three parameter hybrids functional
combined with the Lee-Yang-Parr correlation (B3LYP)
functional [8,9] with standard 6-31+G(d,p) and 6-
311++G(d,p) basis sets. The total energy distribution
(TED) associated with each vibration is calculated by the
MOLVIB program (version V7.0-G77) written by
Sundius [10]. The HOMO-LUMO and Mulliken charge
analyses have been computed with same level of
calculations to elucidate information regarding charge
transfer within the molecule.

4. Result and Discussion
4.1. Molecular geometry

The optimized molecular structure of CHAP having
C, symmetry is shown in Fig. 1. The global minimum
energy obtained by DFT structure optimization with
standard 6-31+G(d,p) and 6-311++G(d,p) basis sets is
calculated as -919.577287 and -919.709992 Hartrees,
respectively. The optimized geometrical parameters of
CHAP calculated by using the above methods in
comparison with the experimental data [11] are presented
in the Table 1. The thermodynamic properties like heat
capacity, entropy, dipole moment and zero point
vibrational energy (ZPVE) have also been computed at
same level of calculations for CHAP and they are
presented in Table 2. In this study, the dipolemoment
molecule of CHAP is found to be 3.8702 and 3.8537
Debye, for lower and higher basis sets, respectively. All
the thermodynamic data provide helpful information for
the further study on the CHAP.

10
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Figure 1. Molecular Structure of 5-chloro-2-hydroxy
acetophenone

improve the calculated values in agreement with the
experimental ones, it is necessary to scale down the
calculated harmonic frequencies. A better agreement
between the computed and experimental frequencies can
be obtained by using scale factor [12] of 0.96 for B3LYP
method. The resultant scaled frequencies are also listed
in Table 3.

Table 1. Experimental (XRD) and optimized geometrical
parameters of 5-chloro-2-hydroxy acetophenone obtained
by B3LYP method wusing 6-31+G(d,p) and 6-
311++G(d,p) basis sets.

B3LYP/6- B3LYP/6- ; 1
Bond length (A) 314G(d,p) 311++G(d,p) Experimental
4.2. Vibrational spectral analysis ci1-c2 1.405 1.402 1.390
. o . C1-Cé 1.391 1.387 1.377
The molecule under investigation contains 18 atoms and C2-C3 1.417 1.414 1.419
hence it has 48 modes (3N—6) of vibrations. The C2-07 1.391 1.391 1.352
geometry of the molecule CHAP is considered to possess C3-C4 1.418 1.416 1.405
C, point group symmetry. All the vibrations are active in C3-C9 1495 1.494 Larr
both IR and Raman spectra. The observed FTIR and FT- CaCo 1.381 L3r7 1376
pectra. R C5-C6 1.400 1.397 1.392
Raman spectra of CHAP are presented in Fig. 2. The C5-Cl16 1.825 1.827 1.750
detailed vibrational assignment of fundamental modes of C9-010 1.250 1.247 1.237
CHAP along with the calculated IR, Raman intensities, 39-011(0) 1518 1516 1.500
and normal mode descriptions (characterised by TED Bond angle
are reorted in Table 3 P ( y ) C2-C1-C6 120.84 120.86 120.6
P . C1-C2-C3 120.60 120.57 120.0
C1-C2-07 113.24 113.31 117.9
S6% C3-C2-07 126.16 126.12 1221
C2-C3-C4 117.56 117.58 1187
C2-C3-C9 126.92 126.87 119.8
8o C4-C3-C9 115.52 115.55 1215
3 f C3-C4-C5 120.88 120.79 119.8
B .0 {v C4-C5-C6 121.42 12153 1215
S ," , C4-C5-Cl16 119.64 119.58 118.9
g ‘ C6-C5-Cl16 118.95 118.89 119.6
g @0 C1-C6-C5 118.71 118.67 119.4
C3-C9-010 119.84 119.71 120.3
sl C3-C9-C11 122.18 122.20 120.0
010-C9-C11 117.98 118.08 119.7
o0 = : — . .
4000 1500 1000 00 Table 2. Theoretically computed thermodynamic
wavenumber (cm ') parameters of 5-chloro-2-hydroxy acetophenone.
2 Parameter B3LYP/6- B3LYP/6-
31+G(d,p)  311++G(d,p)
o Zeropoint vibrational energy(kcal mol™) 89.4635 82.5431
< Thermal energy (kcal mol™) 89.805 88.544
E = Heat capacity, C, (calmol*K™) 37.579 36.121
E Entropy (cal mol™® K?)
< 56 Total 102.153 97.020
Translational 41.300 41.300
00 Rotational 30.957 30.949
3500 3000 2500 2000 1500 1000 300
Roman shift (cmi') Vibrational 29.896 24.771
Figure 2. FTIR and FT-Raman spectra of 5-chloro-2-hydroxy Dipole moment (Debye)
acetophenone i -2.6790 2.6826
) iy 2.7931 2.7667
The calculated wavenumbers are usually higher than the
. . - e 0.0014 0.0011
corresponding experimental quantities because of the
anharmonicity and the general tendency of the quantum Htotal 3.8702 3.8537
mechanical methods to overestimate the force constants
at the equilibrium geometry. Therefore, in order to
11
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Table 3. Experimental and calculated (unscaled and scaled) vibrational frequencies (cm™) by B3LYP method with 6-
31+G(d,p) and 6-311++G(d,p) levels, IR intensity (km mol™), Raman activity (A* amu™) and probable assignments of

5-chloro-2-hydroxy acetophenone.

Experimental Calculated frequencies (cm™)
sI. frequencies (cm™) B3LYP/6-31+G(d,p) B3LYP/6-311++G(d,p) As_5|gnment
No with TED
Un IR ‘Raman Un IR ‘Raman (%)
FTIR |FT-Raman Scaled Scaled| intensity | intensity Scaled Scaled | intensity intensity
1 3544(s) - 3731 3582 | 142.15 60.08 3748 3598 171.85 99.39 v OH (98)
2 | 3080(vw) - 3248 | 3118 4.28 39.48 3218 3089 8.33 46.74 v CH (96)
3 - 3075(vs) 3246 3117 2.48 140.22 3216 3088 1.13 161.55 v CH (97)
4 - 3011(w) 3231 | 3102 1.47 52.92 3200 3072 1.19 64.13 v CH (95)
5 2927(w) | 2927(vw) 3160 | 3034 8.95 79.90 3133 3008 5.00 110.34 CHs ips (92)
6 - 2862(s) 3090 2966 10.09 54.61 3064 2941 5.14 40.00 CHjs ss (94)
7 2913(s) - 3021 | 2900 9.89 125.91 2997 2877 5.85 151.00 CHjs ops (90)
8 - 1831(vs) 1665 | 1599 | 301.27 40.34 1651 1585 212.01 63.50 CHj ipr (89)
9 1762(w) - 1633 | 1568 | 53.07 47.06 1619 1554 54.98 60.09 v CC (88)
10 | 1642(vs) - 1608 1544 33.53 10.51 1594 1530 22.89 15.20 v CC (89)
11 - 1577(ms) | 1540 | 1478 | 219.91 2.37 1535 1474 | 189.76 4.83 v CC (85)
12 1470(s) - 1522 1461 10.98 8.29 1517 1456 12.55 9.11 v CC (86)
13 - 1468(ms) 1512 1451 7.47 5.48 1503 1443 34.12 4.13 v CC (85)
14 | 1418(ms) - 1447 | 1389 | 8158 0.42 1436 1379 72.96 0.35 v CC (87)
15 - 1410(s) 1427 1370 27.96 1.76 1424 1367 51.77 1.74 v CC (84)
16 | 1356(ms) - 1379 | 1324 | 13.56 1.26 1356 1301 3.96 13.26 v CC (82)
17 - 1349(s) 1334 | 1281 | 76.70 33.93 1327 1274 10.09 13.15 v CO (80)
18 1318(s) - 1284 1233 | 267.53 14.58 1277 1225 254.65 5.89 v CO (81)
19 - 1317(ms) 1252 1202 | 18.93 1.56 1242 1193 83.82 28.07 b OH (78)
20 | 1289(ms) - 1180 1133 33.07 6.14 1170 1123 131.90 7.81 CHjs ipb (79)
21 - 1286(s) 1140 | 1094 | 66.95 3.42 1133 1088 2.64 7.97 CHs sb (76)
22 - 1239(ms) 1115 1071 22.04 9.05 1105 1061 8.28 21.14 b CH (75)
23 - 1213(s) 1097 | 1053 | 13.22 474 1091 1047 2.55 4.25 b CH (74)
24 1208(s) - 1081 1037 7.33 1.22 1074 1031 0.82 0.20 b CH (72)
25 - 1140(s) 1015 974 1.73 0.33 1003 963 2.08 0.07 CHs opb (68)
26 - 1097(ms) 993 953 10.93 10.90 987 948 18.19 15.86 CH; opr (67)
27 - 1070(s) 982 943 12.65 0.12 958 919 11.75 0.13 R asymd (70)
28 | 1024(w) - 870 835 40.06 0.56 867 832 5.14 11.87 R asymd (71)
29 - 966(w) 870 835 741 13.56 866 831 29.39 0.25 ® CC (65)
30 | 963(w) - 751 721 4.62 1.48 733 703 22.37 13.22 ® CC (64)
31 938(s) - 734 705 17.86 10.56 730 701 0.03 0.33 R trigd (69)
32 881(s) - 662 636 50.12 417 659 633 34.00 4.15 ® OH (63)
33 - 859(w) 644 618 7.59 121 628 603 0.06 0.69 b CC (70)
34 791(s) - 598 574 35.21 3.19 596 572 38.34 2.48 b CC (68)
35 - 748(s) 562 539 24.60 0.89 559 537 9.72 2.53 v CCI (69)
36 | 746(w) - 548 526 14.82 1.28 542 521 13.16 0.17 b CO (70)
37 - 654(w) 443 425 0.14 0.19 439 421 0.29 0.03 b CO (67)
38 - 650(w) 390 375 2.95 8.85 389 373 2.40 7.83 t R symd (63)
39 - 648(vw) 378 363 1.72 2.34 376 361 0.74 3.95 t R trigd (60)
40 | 644(ms) - 357 343 0.95 2.94 346 332 3.21 4.38 t R symd (62)
41 | 640(ms) - 340 326 1.85 1.68 337 324 5.13 0.43 ® CH (61)
42 512(w) - 325 312 17.95 0.77 294 282 25.43 0.53 » CH (60)
43 - 498(ms) 297 285 18.81 0.68 281 270 2.66 0.82 ® CH (58)
44 | 436(vw) 436(s) 248 238 68.30 0.70 172 165 48.08 0.83 b CCI (65)
45 - 378(w) 172 165 8.36 1.37 167 161 0.80 2.08 ® CO (56)
46 - 337(vw) 148 142 10.95 0.83 126 121 5.74 0.35 » CO (55)
47 - 185(w) 102 97 8.79 1.42 54 52 6.49 1.53 ® CC (54)I
48 - 170(ms) 11 10 3.92 0.33 11 11 117 0.17 t CH;3(51)

Abbreviations used : v-stretching; ss — symmetric stretching;
ips — in-plane stretching; sb — symmetric bending; ipr — in-plane
rocking; opr — out-of-plane rocking; ops — out-of-plane
stretching; b-bending; w-out-of-plane bending; R-ring; trigd-

Copyright © 2019 KARE - Physics

trigonal deformation; symd-symmetric deformation; asymd-
antisymmetric deformation; t-torsion; s-strong; vs-very strong;

ms-medium strong; w-weak; vw-very weak.

12



Lavanya et. al.,

O-H Vibrations

The precise positions of O—H band are dependent on the
strength of hydrogen bond. The O-H stretching appears
at 3500-3600 cm™ in the intermolecular hydrogen
bonded systems [13]. The observed peaks in this region
are strong. The title compound in this study showed a
strong absorption peak at 3544 cm™ in FTIR, which are
due to the O-H stretching vibration. This is further
supported by the TED contribution of almost 100%. The
in-plane and out-of-plane bending vibrations of the
hydroxyl groups are identified and they are listed in the
Table 3.

C-H Vibrations

Aromatic structure shows the presence of C—H stretching
vibration in the region 3100-3000 cm™. This is the
characteristic region for the ready identification of C—H
stretching vibration. In this region, the bands are not
affected appreciably by the nature of the substituents. In
the present investigation, the C-H stretching bands
observed at 3080 cm™ in IR, at 3075 and 3011 cm™ in the
FT-Raman spectrum. The in-plane and out-of-plane
bending vibrations of C—H group were found well within
the characteristic region [14] and are depicted in the
Table 3.

CHj; Vibrations

For the assignments of CHj; group frequencies, nine
fundamental vibrations can be associated to each CHj
group. Three stretching, three bending, two rocking
modes and single torsional mode describe the motion of
the methyl group. In this study, the CH3; symmetric
stretch frequency is established at 2862 cm™ in Raman
and CHjs in-plane stretch frequencies are assigned at 2927
cm? in both IR and Raman spectra for the title
compound. These assignments are also supported by the
literature [15] in addition to TED output. The two in-
plane methyl hydrogen deformation modes are also well
established. We have observed the symmetrical methyl
deformation mode at 1286 cm™ in the Raman spectrum.
The band at 2913 cm™ in infrared and 1140 cm™ in
Raman is attributed to CH; out-of-plane stretching and
out-of-plane bending modes, respectively. The methyl
deformation modes mainly coupled with in-plane
bending vibrations. The FT-Raman bands obtained at
1831 and 1097cm™ are assigned to CH; in-plane and out-
of-plane rocking modes, respectively. The assignment of
the band at 170 cm™ in Raman is attributed to methyl
twisting mode.

C=0 Vibrations

The carbonyl bonds are the most characteristic bands of
infrared spectrum. Both the carbon and oxygen atoms of
the carbonyl group move during vibration and they have
nearly equal amplitudes. Normally carbonyl group
vibrations [16] occur in the region 1800-1700 cm™.
Accordingly, the band appeared at 1318 and 1349 cm™ in
the FTIR and FT-Raman spectra, respectively, are
assigned as C=0 stretching vibrations of CHAP.

C-Cl Vibrations

The vibrations belonging to the bond between the ring
and the halogen atoms are worth to discuss here, since

Copyright © 2019 KARE - Physics

mixing of vibrations are possible due to the lowering of
the molecular symmetry and the presence of heavy atoms
on the periphery of molecule [17]. The FT-Raman band
at 748 cm™ has been assigned to C—Cl stretching mode.
The C-CI in-plane bending and out-of-plane bending
vibrations are also summarized in the Table 3.

C-C Vibrations

The bands between 1400-1650 cm-' in the aromatic and
hetero aromatic compounds are assigned to C-C
stretching vibrations [18]. The benzene ring modes
predominantly involve C-C bonds. The vibrational
frequencies at 1762, 1642, 1470, 1418, 1356 cm™ in IR
and 1577, 1468, 1410 cm™ in Raman are associated with
C-C stretching modes of carbon skeleton. The ring out-
of-plane and in-plane bending modes have also been
summarized in the Table 3.

4.3. Mulliken charges analysis

The calculation of atomic charges describes a significant
task in the application of quantum mechanical
calculations to molecular systems [19]. Mulliken
population analysis has been carried out for the
comparison of different choice of the basis sets to
describe the electron distribution in CHAP. The Mulliken
charges calculated at different basis set calculations are
listed in Table 4. The carbon atom C2 has the high
negative charge, atoms C3 and C5 have positive charges
since they are attached with OH, CO-CHs and CI groups,
respectively, which leads to redistribution of electron
density. All the hydrogen atoms have a net positive
charge because they are electron acceptors.

Table 4. Mulliken charges analysis for 5-chloro-2-
hydroxy acetophenone

Atomic charges (Mulliken)

Atoms
B3LYP/6-31+G(d,p) B3LYP/6-311++G(d,p)
c1 -0.3403 -0.5451
c2 -1.1625 -1.4285
c3 1.4382 1.3485
c4 -1.5897 -1.0586
cs5 0.9714 0.9027
cé -0.6300 -0.3865
07 -0.6046 -0.4873
H8 0.4427 0.4248
c9 0.4770 0.0506
010 -0.4178 -0.3351
cu -0.9938 -1.1044
H12 0.2529 0.3420
H13 0.2209 0.2650
H14 0.2209 0.2649
H15 0.2535 0.3680
cli6 0.3640 0.7515
H17 0.2117 0.3039
H18 0.2047 0.3234

4.4. HOMO-LUMO analysis

The frontier molecular orbitals (FMOs) such as highest
occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) play an important
role in the electric and optical properties, as well as in
UV-vis spectra and chemical reactions [20]. The
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HOMO-LUMO orbital for CHAP is shown in Fig. 3. In
this study, the HOMO is located over ring system,
chlorine and hydroxyl atoms and LUMO: of = nature,
(i.e. benzene ring) is delocalized over the whole C-C
bond; consequently the HOMO—LUMO transition
implies an electron density transfer to the C—C bond of
the benzene ring and CO-CHj3 group from chlorine atom.
Moreover, these orbital significantly overlap in their
position for CHAP. The HOMO-LUMO energy gap is
found to be 4.501 eV by B3LYP/6-311++G(d,p) method.
This explains the ultimate charge transfer interaction
within the molecule, which influences the biological
activity of the molecule.

LUMO
(First Excited State)

Ewao= -2.495 eV

Energy Gap = 4,501 eV

Exovo= -6.996 eV '
HOMO

ﬁ’ (Groun}l State)

9

9
L)

Figure 3. HOMO-LUMO for 5-chloro-2-hydroxy acetophenone

5. Conclusion

The optimized geometries, harmonic vibrational
wavenumbers and intensities of vibrational bands of 5-
chloro-2-hydroxy acetophenone have been determined
using DFT-B3LYP with 6-31+G(d,p) and 6-311++G(d,p)
level calculations. The normal modes of CHAP have
been studied by FTIR and FT-Raman spectroscopies on
the basis of C; point group symmetry. The frequency
assignment for normal modes is supported by the TED
calculation. The lowering of HOMO-LUMO band gap
may lead to the understanding of properties and chemical
activity of the molecule. Furthermore, the Mulliken’s
charge and thermodynamic properties of CHAP have
been calculated and the results are discussed. These
results will be of assistance in the quest of the
experimental and theoretical evidence for 5-chloro-2-
hydroxy acetophenone in reaction intermediates,
pharmaceuticals and agrochemicals industries.

Copyright © 2019 KARE - Physics
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Abstract

The crystal is crystallized in the centrosymmetric monoclinic P2,/n space group space group. The crystal and molecular
structures of the grown PYRZ compound shows that existence of electron delocalization leads to the variation in bond
lengths and bond angles. the dihedral angles between the phenyl rings and the plane of the pyrazole rings range from

8.8 (1)° to 32.9 (1)°.

Keywords: Pyrazole, Crystal Structure, Hydrogen bonding, Bifurcated

1. Introduction

The Pyrazole and its derivatives are the subject of many
research studies due to their widespread potential bio-
logical activities such as antifungal, antimicrobial and
antiviral activities [1-4]. They can also be used as a
pesticide and biodegradable agrochemicals. A wide vari-
ety of biological effects of pyrazole provoked interest for
their crystal and molecular structure study.

2. Experimental
2.1. Preparation

A mixture of 3-aminocrotononitrile (1 mmol),
1-phenylhydrazine (1 mmol) and L-proline (0.4 mmol)
was taken in water (10 mL) and heated to reflux. After 1
h of continuous reflux, 2-((dimethylamino)methylene)
cyclohexane-1,3-dione (1 mmol) was added and the re-
flux continued for another 1 h. Upon addition, the mix-
ture turned homogeneous. The completion of the reaction
was evident from the formation of a precipitate, which
was filtered, washed with water, and dried under vacuum
and obtained a pale yellow solid.

2.2. Single crystal XRD studies

The crystallographic calculations of PYRZ2 were done
by Bruker AXS KAPPA APEX-2 diffractometer
equipped with graphite monochromator. The structure
was solved by direct methods and refined by full-matrix
least-squares calculations using SHELXL-2014. Relia-
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bility index (R-factor) for F2 > 26(F2) was found to be
6.11%, which confirmed the convergence of the reliable
structure.

3. Results and Discussion

3.1. Structural Commentary

The crystal PYRZ2 was crystallized in a monoclinic
P2,/n space group (Table 1). The asymmetric part of the
crystal PYRZ contains four units of the molecule (Figure
1).

H31X (29
H-O H32
o M e
=N v C3 CS/\ ~° N33 120
H17 LB & Nas L
H16C12\\“ \\/ C8 N35 / A
\ g9 Ak~ BV
H14 HI3 m1o Fes H2A4

H26

Figure 1. The molecular structure of PYRZ2 with the
numbering scheme for the atoms and 50% probabil-
ity displacement ellipsoids
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The molecular geometry of one of the four units shows
that the dihedral angles between the phenyl rings and the
plane of the pyrazole rings ranges from 8.8 (1)° to 32.9
(1)°. The phenyl ring is planar, with r.m.s. deviations
ranging from 0.132 to 0.191 A. All C-N bond lengths
varies from 1.308 (2) to 1.370 (3) A. Also in the cyclo-
hexanone group of the quinoline ring, all the C-C bond
distances, ranges from 1.48 to 1.49 A. The lengthening
of the C-C bond is due to electrostatic interactions be-
tween the formal positive charges on the carbonatoms.

Table 1 Crystallographic data, intensity data
collection and structure refinement parameters for
PYRZ

Experimental Details PYRZ
Empirical formula Ci7 HisNs O
Formula weight 276.06
Temperature 293(2) K

Crystal system, space group Monoclinic, P2y/n

a=13.693 (10) A, b =18.400 (1) A

Unit cell dimensions c=22.782 (2) A p=99.4 (1)°

Volume 5663.2 (7) A°

Z, Calculated density 16, 1.295 Mg/m®

F(000) 2316

Crysta] size 0.23 x 0.19 x 0.18 mm?®
Theta range for data 1410 25.0°
collection

-16<h<16,-21 <k<21,
Limiting indices -27<1<27
Reflections collected / unique {53897 / 9976 [R(int) = 0.0377]
Completeness to theta = 25.2°  |97.30%

Final R indices [I>2sigma(l)] ~ |R1=0.0667, wR2 = 0.1886

R indices (all data) R1=10.1047, wR2 = 0.2245

Largest diff. peak and hole 0.505 and-0.267 e. A-3

3.2. Supramolecular features

The crystal structure is also influenced by C-H---O and
C-H---N interactions (Table 2). The self-associated
graph-set S(5) and S(6) motifs are formed through
C-H---N intramolecular interaction. Another
self-associated S(5) motif is observed by weak intra mo-
lecular interaction. This ring motif is connected to
neighbor's unit through C-H---O hydrogen bond making
bifurcated ring R,* (4) motifs (Figure 2). These ring mo-
tifs form layers like structure along the b-axis of the unit
cell (Figure 3).
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A view of ring motifs connecting the molecules
through C-H---N and C-H---O interactions in PYRZ

Figure 3. The packing diagram of PYRZ2, viewed
along b-axis

Table 2 Hydrogen bonds geometry for PYRZ2

D-H..A d(D-H) | d(H..A) | d(D..A) | (DHA)

A, ) A A A ©)
C19-H20--N33 093 | 2.432(2) | 2.769(4) | 101
C27-H28--N35 0.93 | 2.369(2) | 3.004(4) | 125
C55-H56-N69 093 | 2.989(3) | 3.517(5) | 117
C63-H64--N71 0.93 | 2.434(2) | 3.030(4) | 121
C3-H4--072 " 0.93 | 2.594(3) | 3.458(4) | 154
C39-H40--036" 093 | 2536(3) | 3.399(4) | 154
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4. Conclusion

In PYRZ2, the dihedral angles between the phenyl rings
and the plane of the pyrazole rings range from 8.8 (1)° to
32.9 (1)° for the four units. This orientation liberty is
raised due to the packing specificity of the crystal.

(1]
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Abstract

Co-crystals of Theophylline Resorcinol and Pyrogallol have been crystallized and their crystal structure was
determined by single crystal X-ray studies. The optimized geometry for both the crystals are employed using HF
and DFT calculations with B3LYP method. The hydrogen bonding analysis shows that TR is closely packed
than TPY which influence the structure stability. Hirshfeld surface analysis confirms the structure stability of
the compound, which shows that there exhibits imbalance in TPY due to the presence of N-H:--N interaction,
which does not exhibit in TR. The mulliken charge analysis confirms the redistribution of electron density due

to the substitution of the coformers.

Keywords: Hydrogen bond, Hirshfeld, HF, DFT, mulliken.

1. Introduction

Cocrystallization of an active pharmaceutical
ingredient  (APIl) with a pharmaceutically
acceptable molecule forms an attractive route for
the development of pharmaceutical products.Co-
crystallization alters the molecular interactions and
composition of pharmaceutical materials to
optimize drug properties thereby improving
bioactivity [1]. Cocrystallization of APl with water
soluble coformers has been used in altering the
physicochemical properties to overcome the
difficulties associated with poor aqueous solubility
[2]. Hydrogen bonding plays a vital role in
determining the stability of the structure with
respect to biological and chemical entities.
Theophyllineis an APl similar to caffeine and
theobromine which belongs to xanthine family
closely related to plant alkaloids and show many
distinct biological and pharmacological activities
[3].Also theophylline, an imidazole molecule is a
biologically important one having the capability of
forming hydrogen bonding with —NH group act as
hydrogen-bond donors and the two carboxyl
oxygen atoms act as hydrogen-bond acceptors [4].
The present study is wused to attempt
cocrystallization of catechin compounds such as
resorcinol and  pyrogallol  withtheophylline.
Moreover the phenolic —OH group can also be used
to cocrystallize with theophylline which may be
possible by inclusion of water molecules into the
crystalline lattice [5], which plays an important role
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in the formation of pharmaceutical cocrystal.
Resorcinol and Pyrogallol is a safe coformer
molecule and its derivatives exhibit anticancer
activity. Pyrogallol is an active ingredient of
Emblicaofficinalis (Amla), which has the potential
to develop as nontoxic anti-cancer agent [6]. The
present study herein reports the monohydrate
structures of Theophylline resorcinol (TR) and
Theophylline pyrogallol (TPY), where the former
one is the redetermination work [7] and latter one is
newly synthesized cocrystal. Density Functional
Theory (DFT) has been employed to refine and
check their microscopic molecular structure. To the
best of our knowledge, no work dealing with
computational studies has been reported so far.
Also, computational investigations have been made
to compare with the experimental methods in
computing the molecular structure to analyse the
chemical properties of the compounds.

Single-crystal X-ray analysis is the most powerful
method for structural characterization of complexes
including co-crystals. The aim of present
investigation is the synthesis, structural and
spectroscopic  characterization of theophylline
complex with resorcinol and pyrogallol. Further,
the venture to wunderstand the nature of
intermolecular interactions throughout the structure
or around the surface of the molecule Hirshfeld
surface analysis is carried out. Also, it helps to
reveal about close and weak contacts and also more
distant interactions. To identify the delocalization
activity of the electron clouds in the optimized
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molecular structure were performed using Hartree-
Fock method (HF) and Density functional theory
(DFT).

2. Experimental

Anhydrous Theophylline and resorcinol were
dissolved in distilled water in 1:1 ratio and the
resulting solution was stirred for 2 to 3 hrs at room
temperature. A small cube-shaped crystal suitable
for X-ray diffraction was obtained after four days.
Anhydrous Theophylline and pyrogallol were
dissolved in distilled water in 1:1 ratio. The
resulting solution was stirred for 2 to 3 hrs at room
temperature. A light brown coloured solution
obtained after filtration was left to evaporate slowly
at room temperature. Small brown colour block
type single crystals suitable for X-ray diffraction
were obtained after two days. The densities of the
crystals were measured by sink and swim method
(flotation technique).The densities of TR and TPY
observed to be 1.52(1) and 1.67(3) Mg.m?
respectively. X-ray intensity data of the grown
crystals of TR and TPYwere collectedat room
temperature with MoK, radiation (A = 0.71073 A)
using using Bruker AXS KAPPA APEX-2
diffractometer at room temperature. The structure
was solved by direct methods and refined by full-
matrix least square calculations using SHELXL-
2014 software [8]. All the H atoms were positioned
geometrically and refined using riding model
approximation, with C-H= 0.93-0.96 A, N-H =
0.86 A and U;(H) =xUeq (C,N) where x=1.5 for
methyl H and 1.2 for all other H atoms. Infrared
spectrum using KBr pellet of the sample was
recorded in the region of 4000-400 cm®
usingPerkin Elmer Spectrometer at a resolution of
1 cm™.The FT-Raman spectrum was recorded in
the frequency range of 50-4000 cm™ using a
BRUKER RFS 27 FT-Raman Spectrometer module
and the Nd:YAG Laser source was operated at
1064 nm with the resolution of 2 cm™.

3. Computational details

Theoretical calculations were carried out using
Gaussian 09[9] software package. The geometry
optimization and vibrational modes calculation of
TR and TPY were carried out with both Density
Functional Theory (DFT) and Hartree-Fock (HF)
method, which gives the structural and spectral
characteristics. The starting geometry for both the
compound was taken from final X-ray refinement
cycle. The geometry of the molecule without
considering the water molecule was optimized
using DFT employing the Becke-3-Lee—Yang—Parr
(B3LYP) and HF methods supplemented with the
standard 6-311++G(d,p) basis set. In TPY after
several attempts, the theoretical calculation for
DFT is done in 6-31++G (d,p) basis set. The
molecule was not optimized in 6-311++G (d,p)

Copyright © 2019 KARE-Physics

basis set. The vibrational frequency calculations
were performed based on the minimum energy
conformer derived from the gas-phase calculation
at the DFT level using Gaussian 09 .The electronic
properties of the compounds have been computed,
which determines the way a molecule interacts with
other species [10]. HOMO-LUMO for both TR and
TPY were performed theoretically. Both the
compounds were compared to analyze the charge
interaction and activity of the compound. In the
study of chemical kinetics and chemical equilibria,
the knowledge of thermodynamic function is of
great importance. Hirshfeld surfaces and their
corresponding fingerprint plots were calculated and
analyzed by reading the CIF file into software
CrystalExplorer [11]. The Hirshfeld molecular
surfaces of the complexes TR and TPY were
generated and finger print plots were plotted using
Crystal Explorer 3.1 which accepts the crystal data
in CIF format. The bond lengths of hydrogen were
automatically modified to typical standard neutron
values (C-H=1.083A and N-H=1.009A) [17]. In
order to describe the wvarious intermolecular
interactions like O---H, C---H,N---H,C---C and other
contacts present in the crystal structures,the 2D
finger plots were displayed on the graph axes.

4. Result and discussion

4.1 Molecular geometry

The molecular structure of TR and TPY was
confirmed by X-ray diffraction studies and
optimized through HF and DFT calculations are
shown in Fig.1 and 2. TR crystallizes in monoclinic
space group Cc. The crystal structure of TPY 2:1 is
observed in triclinic space group P/1 with an
asymmetric unit that contains two theophylline
molecules and one pyrogallol molecule. The
optimized bond length and bond angles of TR and
TPY are computed using HF and DFT methods.
The computed values are then compared with the
experimental values. The bond lengths of
theophylline in both the compounds are similar,
which indicate that there is no transfer of proton
from coformers. The optimized and experimental
value of C=0O bond distance in theophylline
agrees well with the actual value (1.2 A) indicating
the bonds are dominant in their double bond
character. In TR, there is a slight difference in bond
angle (010-C3-C8) / (N9-C15-N7) which may be due
to oxygen atom of one O-H group of resorcinol
reacts with exo-carbonyl group and imidazole of
theophylline. Also, the bond angles 023-C28-C30
and 023-C28-C26 deviates due to the formation of
N-H--O hydrogen bonding network. In TPY, the
increase in bond distances (C22-031 and C30-033)
and bond angles may be due to the formation of N-
H:--O and O-H---O hydrogen bonding network. The
two theophylline molecules are interconnected
through N-H-N interaction between the imidazole
rings thereby altering the bond angles within the
ring. There is a slight variation between the
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experimental and computed values. The difference
is due to the fact that one isolated molecule is
carried out in gas phase in theoretical calculation
and many packing molecules are carried out in
solid phase in experimental measurement.
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Fig.1 The molecular structure of the TR with the
numbering scheme for the atoms and 50%
probability displacement ellipsoids (a), optimized
molecular geometry and atomic numbering scheme
by (b) HF and (c) B3LYP method

Fig.2 The molecular structure of the TPY with the
numbering scheme for the atoms and 50%
probability displacement ellipsoids (a), optimized
molecular geometry and atomic numbering scheme
by (b) HF and (c) B3LYP method.

4.2 Hydrogen bonding

Hydrogen bonds are frequently engaged in co-
crystal design due to their characteristics nature. It
has been prominent that the H-bonds which are
linear and closer to linearity are stronger than
bonds that are far from 180°. The crystal structure
of both the compounds is stabilized by two
classical N-H---O, O-H:--O intermolecular hydrogen
bonds and non-classical C-H--O, C-H-N
intermolecular interactions. The crystal packing of
TR is extended by a water linkage forming a 1D
tape running along crystallographic b axis and they
form an infinite one-dimensional chain parallel to
(0 0 2) and (0 0 -2) planes making strong intensity
peak at X-ray diffraction. The water molecule acts
as a bridge for connecting two theophylline and one
resorcinol molecule by N-H--O, O-H:--O hydrogen
bonds in the co crystal Hence, the water molecules
act as both H-bond donors to carbonyl group and
imidazole ring in theophylline and acceptor to
phenolic group of resorcinol. Further one of the OH
group in resorcinol is hydrogen bonded to
theophylline forming a dimer ring R,%(7) motif
through N-H---O and C-H:--O hydrogen bonding
network lies in the hydrophilic region as shown in
Fig.3a. Also, a ring R,(9) motif is formed between
resorcinol and theophylline through one classical
O-H--O hydrogen bonding and two non-classical
C-H--O, C-H--N interactions (Fig.4). Both the ring
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motifs in TR molecule aggregate as layer and
separated by a distance of 13.90A.

The crystal packing of TPY is extended by three
water molecules leads to the formation of an
infinite one-dimensional hydrogen-bonded ribbon
parallel to (-1 0 -1) and (1 O 1) planes with dimer
ring R,%(10) and R,*(6) motifs utilizing a single C-
H--O hydrogen bond and C-H--N interactions.
Also, a ring R,%(8) motif is formed between two
theophylline molecules by C-H--O and N-H-N
interactions. The water molecules connect two
theophylline and one pyrogallol molecule thus,
creating two trimeric ring Rs*(11), R33(7) motifs
(Fig.5).The hydroxyl group in pyrogallol are
involved in hydrogen bonding through N-H---O, O-
H-O and C-H--O hydrogen bonding network
thereby forming ring R,!(5), R5*(9) motifs which
lies in the hydrophilic region as shown in Fig.3b.
The packing structure of TPY is aggregated as
layer like structure (Fig. 3b) in which the water
molecule occurs in ¥ of the hydrophilic region and
separated by a distance of 11.90A. A two
bifurcated ring R,(6),R,'(5) motifs observed in
TPY contribute greatly in constructing the
structure. It is concluded that all the donors and
acceptor atoms of theophylline are utilized in the
presence of coformers. As there is a difference in
stoichiometric ratio of both the compounds,
hydrogen bond pattern also differs. The oxygen
atom in water molecules with 022-OW /035-01W
distance less than 3A with a suggestive that the
water molecules act as hydrogen donor. Also, the
molecules with smaller volume suggest closely
packed structure. This shows TR molecule will be
closely packed than TPY, which influences the
stability of the crystal structure.

(a) (b)

Fig.3 The packing diagram of (a) TR and (b) TPY
viewed down c axis. Dashed line indicate Hydrogen
bond
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Fig.5 Ring motifs R,%(6), R,%(10), R:3(9), R,%(19), and
R,%(8) diagram for TPY

4.3 Hirshfeld surface analysis

The Hirshfeld surface analysis of two co-crystals of
theophylline was generated by
Crystal Explorer 3.1. The two dimensional finger
plots enumerate the intermolecular interactions
involved in packing of crystal. Using Hirshfeld
surface diagram, the intermolecular interactions are
identified, which are possible for the stability of the
crystal structure. The 3D Hirshfeld surfaces and 2D
fingerprint maps of the cocrystals are shown in
Figure. The distance from the Hirshfeld surface to
the nearest atoms outside and inside the surface are
characterized by the quantities d. and d;,
respectively [12]. The d,om mapped by Hirshfeld
surface is indicated by red-blue-white colour
scheme, where red represents closer contacts and a
negative value, blue represents longer contacts and
a positive value and white represent distance of
contacts exactly corresponding to the VanderWaals
separation with a d,om value of zero (Fig. 6 and 7).

The N---H/H-N interactions regions are visible in
finger plots where one molecule acts as a donor and
other one acts as an acceptor . In TR and TPY, the
N--H/H--N contact is 6.5 and 8.1% respectively.
This imbalance in TPY is due to the presence of N-
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H--N interaction, which does not exhibit in TR,
showing C-H-N interaction which is reflected in
Hirshfeld surfaces as light red spot. Aromatic
compounds possessing hetero atoms in the ring
show more intensity in C—C contacts between the
rings. In TPY/TR, the - stacking occupies with a
distance 3.8 A/3.3A showing C—C contact is more
in TPY than TR. The most interesting feature is
that H--H contacts are predominant in the total
Hirshfeld surface especially for TPY (48.5%)
having huge proportion of hydrogen atoms in the
structure. The contribution of O--H/H--O
interactions in both the co-crystal shows similar
percentage. For TR and TPY, O-H---O hydrogen
bonding intermolecular interaction appear as two
sharp spikes in the 2D fingerprint map, which
influences the total Hirshfeld surfaces comprised of
31.7 and 32.4% respectively. Also the N-H--O
hydrogen intermolecular interaction appears as
sharp spikes in both the compound comprised of
19.9 %. Apart from above interactions, O-C and
O-0 interactions are also observed.

A€ CH |

48.5%
| =

LAe C-H

-

di

Fig.7 Hirshfeld surfaces and 2D fingerprint plots of
TPY

positive charge, in particular, the hydrogen atoms
H35 and H54 in TR (Fig.9a) and TPY that have
charge of 0.500/0.461 and 0.635/0.649 in HF/DFT
methods respectively (Fig.9b).The presence of
large amounts of negative charge on oxygen and
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net positive charge on hydrogen atoms may suggest
the presence of intramolecular hydrogen bonding in
the crystalline phase. In both the compounds, the
methyl carbons (C11 and C17 atoms) possess
negative charge due to electron withdrawing
character of nitrogen atom. The carbonyl atom C3

4.4 Conclusion

Recently, for the research of molecular structures,
DFT has become an important tool that is widely
used. In TR and TPY, the experimental geometry
agree well with the theoretical values. The
deviation in the bond length and bond angles is
confirmed by the hydrogen bonding network in
both the compound. The stability of the crystal
structure is attributed by Hirshfeld analysis in
which TPY possess imbalance in their structure due
to the presence of N-H-N interaction.
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Abstract

New co-crystal containing 5-Fluorouracil (an anticancer drug) as an active pharmaceutical ingredient (API) was
prepared by the liquid-assisted grinding method. The prepared co-crystal namely, 5-fluorouracil hydroquinone
(5FUHYQ) was studied through single X-ray diffraction. It reveals that the crystal packing is supported by N-H---O and
O-H--O classical hydrogen bonds forming a sheet-like molecular architecture. The drug molecules are connected
themselves through three N-H:--O intermolecular hydrogen bonds leading to two dimeric ring R22(8) motifs. These two
ring motifs are placed adjacently forming two chain C21(6) motifs which are running along the a-axis of the unit cell,
oppositely. The drug molecules are sandwiched at y = 1/2 and the coformers are placed at y = 0 and 1 making the
supramolecular assembly. These ring and chain motifs to form a hydrogen-bonded sheeted. The 5SFUHYQ has lower
calculated density than the parent drug which favour the improved membrane permeability of the drug. The anticancer
activity of the parent drug is retained against human cervical cancer cell line (HeLa) in this new co-crystalline form.

Keywords: XRD, Anticancer activity, FT-IR, FT-Raman, DFT and FMO

1. Introduction hydroquinone as acoformers. In which, the co-crystal of
hydroquinone was successfully crystallized with the 5FU
using the liquid-assisted grinding method and reported
here as a first time in literature (scheme 1). Further, the
several characterizations, such as vibrationaland
cytotoxicity studies were also done to describe the
properties of new co-crystal.

5-Fluorouracil (5FU) is one of the fluorine-based
derivatives and a well-known anticancer drug. It was
first prepared in 1957 [6] and used in the treatment of
solid tumors, such as colorectal, breast, gastrointestinal
and ovarian cancers [7-9]. Also, it is used as an ointment,

particularly in skin cancer [10-13]. It is one of the r

antimetabolite drugs and also the pyrimidine analogue Z"

[14]. From the crystal engineering perspective, the 5FU /J\ HO OH
has hydrogen bonding donors (two N—H) and hydrogen

bonding acceptors (two C=0) in the molecular structure © ﬁ O

[15]. It act as strong hydrogen bonding synthon with 5FU HYQ
neighbouring molecules in crystalline assembly. In this Scheme 1 Structures of 5-Fluorouracil (5FU) and

point of view, number of co-crystals were attempted with Hydroquinone (HYQ)

5FU, with the coformers of cytosine [16], 1- .

methylcytosine [17], theophylline [18], urea, thiourea, 2. Experimental

2,2" -bipyridine & 4,4' -bipyridine [19], acridine, 2.1. Preparation

phenazine& 4,4-bispyridylethene [20], adipic, succinic, The co-crystal of 5-fluorouracil  hydroguinone
terephthalic, benzoic & malic acid [21], 4-  (5SFUHYQ) was synthesized by the liquid-assisted

hydroxybenzoic acids [22] and 3-hydroxybenzoic acid,  grinding method. The experiment was performed by
4-aminobenzoic acid &cinnamic acid [23] etc. The adding an equimolar of 5FU (0.130 g) and the
present work was initiated with the series of hydroxyl hydroquinone (0.110 g) with few drops of distilled water
aromatic compounds like catechol, resorcinol and ~ to make the paste using mortar pestle. Finally, this paste
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was dissolved in the methanolic solution to allow the
slow evaporation at room temperature. After two week
period, the needle-shaped crystal was harvested.

2.2. Single Crystal XRD studies

The necessary crystallographic calculations, i.e., the unit
cell parameters of 5SFUHYQ and full data collections
were done from single-crystal X-ray diffraction studies
by Bruker SMART APEX CCD area detector
diffractometer (graphite- monochromated, MoKa =
0.71073 A) [24]. Crystallographic data, details of the
data collection and refinement statistics are given in
Table 1. The structure was solved by direct methods
using SHELXL 2014 [25]. All the H atoms were
positioned geometrically and refined using riding model
approximation, with C—H = 0.86-0.93 A and Uiso(H) =
1.2 Ueq (parent atom). The R-factor (0.035 %) of the
compound confirms the convergence of the crystal
structure.
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Figure 1. ORTEP diagram of title compound
2.3. FT-IR studies

The FTIR spectroscopy studies were used to analyze the
presence of functional groups insynthesized compound.
The FTIR spectra of title compound were recorded
usingJasco spectrometer FTIR, model 410 under a
resolution of 4 cm-1 and with a scanning speed of 2
mm/sec was used for IR spectral measurements. The
samples were prepared using pellet technique and the
spectra were recorded over the range 4000-400 cm™,
shown in the figure 2.
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Figure 2. FT-IR spectrum of title compound
2.4. Anticancer activity Studies

The cytotoxicity of the grown crystal (SFUHYQ)
was investigated against human cervical cancer cell
line (HeLa) and compared with the parent drug
5FU. The above cell line was acquired from the
National Centre for Cell Science (NCCS), Pune. It
was grown in Eagles Minimum Essential Medium,
which is containing 10% Fetal Bovine Serum
(FBS). These cells were sustained at37 °C, 5%
CO2, 95% air and 100% relative humidity (Figure
3).
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Figure 3. Cytotoxicactivity of 5SFUHYQ and 5FU
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3. Results and Discussion

New co-crystal of 5-fluorouracil hydroquinone
(5FUHYQ) was prepared by the liquid-assisted grinding
method. The molecular structure of the present
compound is confirmed by single crystal X-ray
diffraction technique. The crystal packing is stabilized
through the three-dimensional network of intricate N—
H-O and O-H--O classical hydrogen bonds forming
sheet-like architecture. This sheets are parallel to the
(0 42 ) and (04 2) planes of the unit cell. The drug
molecules are situated midpoint of the sheet and the
coformers are placed at y = 0 and 1. The present
compound has lower calculated density than the parent
drug which favour the improved membrane permeability
of the drug. The anticancer activity of the present
compound was analyzed against the human cervical
cancer cell line (HeLa). This study reveals that SFUHYQ
retains its activity against human cervical cancer cell line
(HeLa) with possible improved physiochemical and
pharmacokinetic properties.

REFERENCES

[1] 1. T. Fuchikami, I. Ojima, J. Am. Chem. Soc. 104
(1982) 3527

[2] V.A. Soloshonok, T. Hayashi, Tetrahedron Lett. 35
(1994) 2713

[3] I. Qjima, K. Kato, K. Nakahashi, T. Fuchikami, M.
Fujita, J. Organomet. Chem. 54(1989) 4511.

[4] R. Mohamed Asath, R. Premkumar, T. Mathavan, A.
Milton Franklin Benial, SpectrochimicaActa Part A:
Molecular and Biomolecular Spectroscopy 175 (2017)
51-60.

[5] J. Wang, M. Sanchez-Rosello, J.L Acena, Carlos del
Pozo, Alexander E.Sorochinsky, Santos Fustero, Vadim
A. Soloshonok, and Hong Liu, Chem. Rev,,
DOI:10.1021/cr4002879.

[6] C. Heidelberger, N.K. Chaudhuri, P. Danneberg, D.
Mooren, L. Griesback, Nature 179 (1957) 663-666.

Copyright © 2019 KARE-Physics

(7]

(8]

(9]

[10]

[11]

[12]

[13]
[14]
(15]

(16]
[17]
(18]
[19]
[20]
[21]
[22]
[23]

[24]

7. P.T. A. Galek, E. Pidcock, P. A. Wood, I. J. Bruno
and C. R. Groom, CrystEngComm, 14 (2012) 2391-
2403.

8. P. G. Johnston, H.-J. Lenz, C. G. Leichman, K.D.
Danenberg, C. J. Allegra, P. V. Danenberg and L.
Leichman, Cancer Res., 55 (1995) 1407-1412

9. E. Raymond, C. Buquet-Fagot, S. Djelloul, J. Mester,
E. Cvitkovic, P. Allain, C. Louvet and C. Gespach, Anti-
Cancer Drugs, 8 (1997) 876-885.

10. A.D. Vivier, Clinical and Experimental Dermatology
7 (1982) 89-92.

11. S. P. Delaney, E. M. Witko, T. M. Smith and T. M.
Korter, J. Phys. Chem. A, 116 (2012) 8051-8057.Suter,
P. M. (2004). SchweizRundsch. Med. Prax. 93, 857-863.

Krampitz, L. O. (1969). Annu. Rev. Biochem. 38, 213—
240

Breslow, R. (1958). J. Am. Chem. Soc. 80, 3719-3726
Kraut, J. & Reed, H. J. (1962). Acta Cryst. 15, 747-757.

Pletcher, J. & Sax, M. (1972). J. Am. Chem. Soc. 94,
3998-4005.

Shiro, M., Nakai, H. & Makino, I. (1978). Acta Cryst.
B34, 3424-3426.

MacLaurin, C. L. & Richardson, M. F. (1983). Acta
Cryst. C39, 854-856.

Ishida, T., Tanaka, A. & Inoue, M. (1984). Acta Cryst.
C40, 437-439.

Shin, W. & Chun, K. S. (1987). Acta Cryst. C43, 2123—
2125.

Koziol, A. E., Palenik, R. C. &Palenik, G. J. (1987). Acta
Cryst. C43, 1555-1557.

Kim, M. J., Suh, I. H., Aoki, K. & Yamazaki, H. (1988).
Acta Cryst. C44, 725-727.

Casas, J. S., Castin™ eiras, A., Couce, M. D., Sordo, J. &
Varela, J. M. (1994). Acta Cryst. C50, 1265-1267.

Hu, N. H., Kiyota, Y. & Aoki, K. (2000). Acta Cryst.
C56, 1284-1286.

Bruker (2000). SHELXTL/PC. Version 6.10. Bruker
AXS Inc., Madison Wisconsin, USA.

25



TICAS 2019

59 National Conference on Technologically Important Crystalline and Amorphous Solids

INVESTIGATION STUDY ON STRUCTURAL AND
SPECTROSCOPIC FEATURES OF IMPROVED BIO-
ACTIVITY OF NITRATE SALT OF VITAMIN B3
(NICOTINIC ACID)

M. Mary Latha?, L. MaryNovena?, S. Athimoolam®" and B. Sridhar®

# Department of Physics, University College of Engineering Nagercoil, Anna University, Nagercoil 629004
> Laboratory of X-ray Crystallography, Indian Institute of Chemical Technology, 500 007, Hyderabad, India

*e-mail: athi81s@yahoo.co.in

Abstract

Nitrate salt of nicotinic acid is grown by slow solvent evaporation technique and subjected to single crystal XRD.
The arrangement of molecules and hydrogen bonding were analyzed using single crystal XRD. The optimized
structure and vibrational analysis are calculated by DFT method using 6-311++G (d,p) basis set. The N-H:--O and
O-H''*O hydrogen bond forms predominant interactions whereas H:**O interactions range from to 2.7 to 3.1 A. The
oxygen atom in the water molecule acts as a donor to form two ring R, * (4) and Rs? (6) motifs. The compound is
subjected to vibrational analysis (FT-IR and FT-Raman) to identify the functional groups present in the compound

and the assignments are made using gaussview software by DFT method using 6-311++G(d,p).

Keywords: XRD, DFT, FT-IR, FT-Raman, basis set.

1. Introduction

In drug development, most of the drugs exist in
crystalline solid state because of stability and easy
handling. Recently salts of active pharmaceutical
ingredients (APIs) are increasingly grabbing the
attention of the researchers in order to overcome the
problem in solubility. Besides solubility, the physical
and chemical stability of the drug must be
characterized mainly in order to improve the
pharmaceutical activity of API. Nicotinic acid (NIC)
known to be a 3-pyridine carboxylic acid, used to
treat hypercholesterolemia [1]. Nicotinic acid
derivatives show better activity against leukemia and
it is widely used in many applications due to their
biological activity. Nicotinic acid produces itching of
skin, facial flushing and sensation of feeling hot,
diarrhea and hyperglycerin [2]. This adverse reaction
hampered the use of nicotinic acid in many patients..
Nitrate salts are grown in order to improve the
physicochemical properties of the drug by acting as
an effective coformer. In the present work quantum
chemical calculations has been carried out using
Density functional theory (DFT). DFT is the
prominent tool for studying the molecular structure,
spectroscopic and electronic properties. Theoretical
studies gives solution to the problems confronted in
the experimental and computational techniques.

Copyright © 2019 KARE-Physics

In the present work a dual approach
comprising of theoretical and experimental
methodologies are carried out. The structural
characteristic feature of the compound is carried out
using single crystal XRD. The optimized geometry,
vibrational wavenumbers, electronic properties have
been calculated using B3LYP/6-311++G (d,p) level
of theory. The FT-IR and FT-Raman spectra are
analyzed using vibrational spectroscopy with the
calculated values which helps to identify the shifting
of wave numbers due to the intermolecular
interactions that takes place within the molecule.

2. Experimental

Nicotinic acid was dissolved in 10 ml of water with
few drops of Nitric acid. The solution is stirred well
until a clear solution is obtained. By slow evaporation
technique, the solution is slowly evaporated and
hence good quality crystals were obtained within one
3 week. By Flotation technique (Sink and swim
method), the density of the grown crystals were
measured, The X-ray intensity data was collected at
room temperature for the grown crystal with moka
radiation (=0.71073A°) using Bruker AXS KAPPA
APEX--2 diffractometer at room temperature. By
direct methods the structure is solved and refined by
full matrix least - squares calculation using SHELX
- 2014. A Jasco Spectrometer FT-IR model410 under
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a resolution of 4cm™ with the searing speed of 2mm/
Sec was used for infrared measurement. The
observed spectrum was recorded over a range of 40-
400cm™. FT-Raman measurements were made with
FRA106 Raman Module. Nd:YAG Laser operated at
1064mm with a power output of 20mw is used as a
source.

3. Computational details

The theoretical calculation for NICN was carried out
by Density Functional Theory using Gaussian09w
[3]. They provide information regarding optimized
molecular structure, vibrational frequencies using 6-
31++G (d,p) basis set employing the Becke-3-lee-
yang -parr (B3LYP) method. The positive values of
all wavenumbers confirm the optimized geometry of
the molecule. Finally the theoretically calculated
frequencies are compared with experimentally
measured frequencies.

4. Result and discussion
4.1 Molecular geometry

The molecular structure of the title compound
(NICN) with atom numbering is shown in fig (1).
The compound crystallizes in monoclinic system
with P2;/n space group. The geometrical parameters
(Table.2) such as bond length and bond angle are
theoretically calculated by DFT method using 6-
311++G (d,p) basis set. The parameters of NICN are
compared with pure nicotinic acid previously
reported. The protonation of the cation is confirmed
by the C-N bond distance and widening of C-N-C
bond angle which is deviated by 4.8 from parent
compound. The C-N bond distance is observed to be
1.33 and 1.329 A whereas the computed value is
1.336 A respectively.
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Fig. 1 (@) ORTEP view of NICN and (b)
Optimized structure with DFT-6-311++G(d,p)

4.2 Hydrogen bonding

The properties of the materials are not only
determined by the molecular structure but also the
way with which it interacts with the ions [4].
Therefore strength and nature of the intermolecular
interactions forms the fundamental in crystal

Copyright © 2019 KARE-Physics

engineering and supramolecular chemistry .The
crystal packing of NICN is stabilized through an
extensive classical and non-classical hydrogen
bonding interaction. The nitrate anion plays a
significant role by forming hydrogen bonds with the
cations. The crystal packing viewed in the present
crystal structure shows C-H--O dimer which is not
observed in previous reported compound. Further the
cations and anions are interconnected through O-
H---O hydrogen interactions and are almost linear
(175.6(5)).

Fig. 2. A view of molecular assembly showing ring
motifs formed through classical N-H-+O and O-
H---O hydrogen bonds (shown as dashed lines)

Fig. 3 Packing diagram of the molecules showing
alternate hydrophilic and hydrophobic regions at
y = 0,1 and y = 1/2 respectively. H bonds are
drawn as dashed lines

4.3 Vibrational analysis

The vibrational spectroscopy plays an important role
to find the strength of intermolecular forces.
Depending upon their strength (strong/ normal
/weak) the hydrogen bonds causes up-shift of
deformation mode and down-shift of stretching mode
of vibrations [5]. The present compound consists of
19 atoms with 51 normal modes. In the present work,
the vibrational analysis is discussed on the basis of
vibrations of pyridine ring modes and carboxylic acid
group. Theoretical calculations were done for free
vacuum whereas experimental values are carried out
in solid samples. The calculated wavenumbers are
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compared with the experimentally obtained values
and the differences in the wavenumbers may be due
to the molecular conformation and hydrogen bonding

[6].

Vibrations of Pyridine ring

The structure of pyridine ring occurs in many
pharmaceutical, natural and commercial products. In
pyridine ring the C-H stretching vibration occurs at
the region 31500-3000 cm™. In NICN, the C-H
stretching vibration is observed as a medium band
FT-IR and a sharp band in FT-Raman. The modes
(47-50) are assigned to be C-H stretching vibration.
A sharp band observed in the region 1566 cm™ in FT-
IR is assigned to be C-H in plane bending. The C-H
in plane bending vibrations is coupled with N-H and
O-H in plane bending vibration. The experimental
values are in good agreement with theoretical data.
The N-H stretching vibration in the pyridine ring
compound is usually observed in the region 3000-
3500cm™. In NICN, a strong broad band observed in
B3LYP method in the region 2738 cm™ is attributed
to N-H:--O stretching vibration but it is not observed
experimentally.
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Fig. 6 FT-IR spectrum of NICN

Carboxylic group vibration

The O-H stretching vibrations of carbonyl group are
generally observed in the regain 3500cm™. In NICN,
the O-H stretching vibration is not observed
experimentally but it is predicted in DFT method.
Generally the O-H in-plane bending vibration occurs
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in the region 1440-1395 cm * and out-of-plane
bending vibration occurs between 960 and 875cm™.
In NICN, the O-H in-plane bending vibration occurs
as a strong peak in the region 1533cm™in FT-IR and
1566 cm™ in Raman.

Vibrations of nitrate anion

In NICN, the nitrate anion exists in planar form. The
nitrate anion in the unit cell helps to stabilize the
structure of crystal through hydrogen bonding
interaction. Nitrate ions are not free as the oxygen
atoms form hydrogen bonding with the N atom in the
pyridine ring of nicotinic acid. The NOj stretching
vibrations are normally expected to occur in the
region 1049, 830, 1355 and 690cm™. In NICN, NO,
stretching vibration is predicted in B3LYP method in
the region 1326 cm™.
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Fig.7 FT-Raman spectrum of NICN

5. Conclusion

NICN crystals were grown by slow solvent
evaporation technique and the structure is determined
by single crystal XRD studies. Theoretical
computations were carried out by B3LYP method
using 6-311++G (d,p) basis set. The optimized
structure is compared with the geometrical
parameters and there is slight deviation from the
experimental value. The N-H-O and O-H-O
hydrogen bonding dominates the crystal structure.
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The FT-IR and FT-Raman bands are assigned using
B3LYP method. The vibrational assignments are
compared with the experimental values. The upshift
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Abstract

Co-precipitated zinc sulphide nanoparticles were synthesized and the as obtained nanoparticle was characterized for structure
studies using x-ray diffraction tool and FTIR studies, morphological studies with Scanning electron microscope, and optical
studies were carried out using UV-Vis spectrophotometer and Photoluminescence. A noteworthy particle size of about 10 nm
from XRD was in good agreement with SEM studies. The obtained optical absorption of 325 nm is blue shifted and 448 nm
emission wavelength of PL makes ZnS NPs suitable for PV application.

Keywords — Coprecipitation, FTIR, PL, SEM, XRD, ZnS.

I. INTRODUCTION

The renowned first semiconductor discovered with
extraordinary properties is ZnS;owing to its wide band gap
(~3.7 eV) belonging to 11-VI group with an exciton binding
energy of 40 meV [1]. Biomedical technology, bio sensors,
optical sensor, solid state solar window layers,
photoconductors, catalysts, field emitters, light emitting
diodes[2-8]and electroluminescence, [9] are the wide range
of applications of ZnS due to its non-toxicity[10] and
stability. In recent times, ZnS is been employed as a buffer
layer in hetero-junction solar cell like CIGS(Copper Indium
Gallium diSelenide) and CZTS(Copper Zinc Tellurium
Sulphide). During the past three decades, ZnS has been
successfully prepared from conventional synthetic routes
such as one pot synthesis, sol gel formation, hydrothermal
preparation, solid state reaction as well as coprecipitation.
Many researchers have reported and designed ZnS NPs in
many characteristic shapes such as spherical, tube, rod like
features [11]. The wider bandgap of ZnS facilitate more
number of photons to reach the window-absorber interface,
thereby  enhancing the blue response of the
PV(photovoltaic) cells that paves for enhanced cell
performance [11].

Recently, efficiency improvisation of solar cells has
become more significant with an aim of choosing
environmentally friendly materials. In this work, ZnS
nanoparticles (NPs) was synthesized cost effectively using
coprecipitation route and the synthesized ZnS NPs were
investigated from the structure studies using x-ray
diffraction tool, morphological studies with Scanning
electron microscope, FTIR studies and optical studies via
UV-Vis spectrophotometer and Photoluminescence.

I1l. EXPERIMENTAL WORK

The precursors are zinc acetate (Zn(CH3COOH),.2H,0)
for Zn source and thiourea (SC(NH2),)for S source. 0.1M
of Zinc Acetate was prepared in ethanol and 1 M thiourea

Copyright © 2019 KLU - Physics

solution was taken in a burette. Under controlled addition of
thiourea drops to Zinc acetate solution and constant stirring
for 12 hours, a white precipitate was obtained. The
precipitate was centrifuged and sonicated using ultrasonic
cleaner and washed 4 to 5 times with deionized water. The
precipitate was dried in muffle furnace at 200°C for 4
hours. Then, the as obtained powder sample was stored for
further characterization studies. The procedure was
repeated for the concentration of ZnS 1M.

I1l. CHARACTERIZATION

XRD, FTIR, SEM, UV and PL studies were carried out
using PANalytical X PertPRO X-Ray Diffractometer) with
Cuka (A=1.54060 A), SHIMADZU IR-TRACER 100, Zeiss
Scanning Electron Microscope, Perkin Elmer
Spectrophotometer in the absorption mode at room
temperature, Photoluminescence instrument respectively.

V. RESULTS AND DISCUSSION

A. Structural studies

X-ray diffraction spectrum of ZnS NPs is shown in figure
1.The peak broadening of XRD spectra reveals the
confirmation of nanosized Zinc Sulphide[12].28.54°, 47.79°
and 56.56° are the three major peaks appeared for the (hkl)
planes (111), (220) and (311) respectively. The elucidation
of cubic Zinc blende structure was well coordinated with
JCPDS DATA BASE No. 05-0566.The average particle
size was around 5.3898 A by Debye- Scherrer formula. Cell
volume 156.57 A®,

Table 1: d-spacing values of ZnS

20 (hkl) d(Obs) d(calc)

28.54 111 3.12495 3.11178
47.79 220 1.90162 1.90557
56.56 311 1.62580 1.62507
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Figure 1. XRD spectrum of ZnS NP

B. FTIR studies

The spectrum in the range 500-4000 cm™ of ZnS 0.1 M
and ZnS 1 M concentration shows IR absorption due to the
various vibrations involved is shown in Figure 2. The major
peaks are at 733 cm™, 1074 cm™ and 716 cm™, 1126 cm™
are in good agreement with the reported results in Refs.
[13] and [14]. 1412 cm™ and 1403 cm™ are assigned to the
C=0 stretching modes. 2351 cm™, 2686 cm™ are the other
peaks present along with water peaks of O-H stretching and
bending was observed in 3389, 3386 cm-1 and 1616 and
1622 cm™. It was evident from the spectra that as the
concentration was increased to 0.1 to 1 M, the transmittance
intensity was reduced and absence of some peaks.

Zns 0.1 M|
50+ | ZnS1M |
404

3
830
5 2351
=
E204 2686
= 16161412 1074 733
[ 3389 412
l—
104
04 1622 716

B T T T T S S S 4

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm™

Figure 2. FTIR spectrum of ZnSNP 0.1 M and 1 M.

C. Morphological studies

From the SEM images of ZnS nanostructures it can be
seen that ZnS nanoparticle have been synthesized in rock
like structure, they are agglomerated and appeared in the
form of nanocrystallites [15] and the size was
approximately 50 nm.

Copyright © 2019 KLU - Physics
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Figure 3. SEM image of ZnS0.1 Mand 1 M

D. Optical studies
i. UV-Visible measurements:

UV-Visible spectra is a best supporting tool to identify
and to recognize the optical absorption actions of
semiconductor nanoparticles. The optical absorption
spectrum of ZnS NPs is shown in figure-4. An absorption
peak was observed in 325 nm for as synthesized ZnS
nanoparticles and was in good agreement with the reported
articles [16,1].

Absorbance (a.u.)

200 a0 a0 50 800 700 800
Wavelength (nm)
Figure 4. UV absorption spectrum of ZnS NP
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ii. Photoluminescence:

PL intensity (arb. units)

3%0 4EI|D AéU SC‘IU 5‘.‘50 600
Wavelength (nm)
Figure 5. PL emission spectrum of ZnS NP

The PL spectrum of the as-synthesized ZnS NPs is
shown in figure.5. From the data it is evident that there is a
strong emission band at about 448 nm and this could be due
to the emission of blue fluorescence attributed to the
recombination that has been taken place between the
shallow electron trap states (i.e) S vacancy - the
VB(valence band) and CB(conduction band) — Zn vacancy
trap, respectively[18].

V. CONCLUSION

ZnS NPs were successfully synthesized by
coprecipitation method. The calculated particle size from
Debye-Scherrer formula was approximately 10 nm. A
morphological study of SEM show rock-like structure and
is in good agreement with XRD. The FTIR studies inferred
the presence of stretching and bending assignments. The
inference from UV absorption of 325 nm clearly indicates
the blue shift. The investigation on photoluminescence
evidenced 448 nm. These results affirm that the synthesized
material can be used in photovoltaic technology especially
as a buffer layer in solar cells.
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Abstract

Lead free NKN-xBT (x=0.1, 0.2) ceramics were synthesized by solid state reaction method. The powder X-ray diffrac-
tion (PXRD) analysis reveals that the crystal structure of the sintered samples was transformed from tetragonal (P4mm)
to cubic (Pm3m). Surface morphology of the NKN-xBT (x=0.1, 0.2) ceramics were analyzed by scanning electron mi-
croscope. Ferroelectric behavior of the samples was examined by P-E hysteresis loop measurements and maximum po-

larization decreases with increasing substitution of Ba®* ions.

Keywords: Lead free, ceramics, Rietveld refinement, phase transition, optical properties

1. Introduction

Perovskite Pb(Ti,Zr)O; and Pb(Mg;,sNb,3)O5 based pie-
zoelectric and ferroelectric materials have been widely
used in transforms, actuators and sensor due to the higher
piezoelectric properties near the phase transition. As a
lead-free, environmental friendly material,
Nay sKosNbO3 based ceramics have been widely used in
technological applications as ceramics capacitors, posi-
tive temperature coefficient (PTC) thermistors, piezoe-
lectric devices, optoelectronic elements and semicon-
ductors, and so on [1-4]. Pure NaysK,sNbO; ceramics
have low piezoelectric properties. Different dopants like
BaTiO;, Bi(ZngsTigs)O; modified ceramics shows im-
proved piezoelectric properties (ds3=104pC/N) fabricated
by the hot pressing method [5]. In the present work, Ba®*
ions substituted on NaysKosNbO5 and the structural, op-
tical and morphological properties have been analyzed.

2. Experimental
2.1. Preparation

Polycrystalline NKN-xBT (x=0.1, 0.2) ceramics were
synthesized by solid state reaction method. Na,COs,
K,CO3, Nb,Os, BaCOsand TiO, were used as precursor
materials. The starting materials were mixed according
to the molar mass of the desired formula and ball milled
for 3 h, then calcined at1000°C for 3 h. The mixture was
again ball milled for 3 h, then mixed with poly (vinyl
alcohol) and pressed into disk. Finally, the samples were
sintered at 1200°C for 2h using tubular furnace.

Copyright © 2019 KARE-Physics

3. Results and Discussion
3.1 Powder X-ray diffraction

The room temperature X-ray diffraction patterns of
NKN-xBT, (x=0.1, 0.2) ceramics sintered at 1200°C are
shown in figure 1. The compositions x=0.1, x=0.2 in-
dexed for tetragonal phase (P4mm) and cubic phase
(Pm3m), respectively. The inset of figure 1 shows the
peak splitting for (200) and (002) around 45°-47°. The
(200) and (002) peaks are merged into single (200) peak,
which is revealed that the tetragonal phase (x=0.1)
transformed to cubic phase (x=0.2). The inset of figure 1
also represents the shifting of diffraction peaks. The
peaks are shifted towards the lower angle side of 26 due
to the higher ionic radii of Ba*" ions substituted in Na*
and K" ions [6].

The structural refinement was done using Rietveld re-
finement method [7] and JANA2006 software [8].A
good agreement between the observed and calculated
patterns was obtained and the profiles are presented in
figures 2 (a) and (b). The refined structural parameters
are listed in Table 1.
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ics (a) x=0.1, (b) x=0.2

Table 1.Structural parameters of NKN-xBT ceramics.

Parameters x=0.1; x=0.2;
y =0.03 y =0.03

a=b(A) 3.9507 (8) 3.9607(3)

c(A) 3.9283 (7) 3.9607(1)

cla 1.008 1

Space group P4mm Pm3m

Volume (A% 61.30(2) 62.13 (1)

Density (gm/cc) 4.45 4.39

Rp (%) 6.30 6.66

Rops (%0) 2.13 2.05

GOF 0.21 0.22

Fo0) 76 76

Rp- Profile reliability factor; Rqps- Observed profile relia-
bility factor; GOF- Goodness of fit; Fgog- Number of
electrons in the unit cell
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3.1. Microstructural properties

The microstructure was investigated using scanning
electron microscopy shown in figure 3. The SEM images
show particles with agglomeration. The SEM images of
the NKN-xBT, (x=0.1, 0.2) ceramics with an average
grain size of about 350 nm.

Figure 3. SEM images of NKN-xBT ceramics.
3.2. Optical properties

The optical band gap of NKN-xBT, (x=0.1, 0.2) ceram-
ics determined by Tacu’s relation. Optical band gap and
the absorption coefficient are related by the relation;
ahv=A(hv-Eg)" [9]. The variation with (ahv) the photon
energy (hv) is shown in figure 4. The estimated band
gaps for NKN-xBT, (x=0.1, 0.2) ceramics is found to be
3.412 and 3.356 respectively. With the increase of the
Ba®* dopant content, the band gap of doped sample was
decreased, in turn leading to a higher absorption capabil-

ity. 25

= x=01;y=0.03

. =10.2; y =0.03
201 L L !

o
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i L
o
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Figure 4. Tauc plot for NKN-xBT ceramics.

3.3 Ferroelectric properties

The ferroelectric properties of NKN-xBT, (x=0.1) ce-
ramics are shown in figure 5. The ferroelectric phase for
x=0.1 compositions shows polarization-electric field
(P-E) loop at room temperature. The values of maximum
polarization (Ppax), coercive field for ferroelectric phase
at room temperature arel2.25 uC/cm® and 6.56 kV/cm
respectively. However, it is clearly observed that the
higher polarization in x=0.1 samples, whereas the polar-
ization decreases in x=0.2.It is also observed that the
remnant polarization (P,) and ferroelectricity of the sam-
ples decrease as the particular concentration of Ba”‘ion
increases. As polarization decreases, it may be due to the

34



Sasikumaret.al.

changes  from
tro-symmetric.

non-centro-symmetric to cen-

154 = x=01; y=0.03

Al
1V

-15 fllﬂ —; 0 ; IIII 15
Electric filed (kV/cm)

5

Polarization (uClem*)

Figure 5. Ferroelectric hysteresis loop for
NKN-0.1BT.

4. Conclusion

NKN-xBT (x=0.1, 0.2) ceramics synthesized through
solid state reaction method. The X-ray diffraction results
showed that the formation of pure perovskite phase for
the samples. The profile refinement was performed to
analyze crystal structure of the samples. Microstructural
properties and optical properties of NKN-BT were ana-
lyzed by scanning electron microscopy and UV-Visible
spectroscopy, respectively. Ferroelectric properties of the
samples found to improve for x=0.1 composition.
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Abstract

Ba;.«Nd,TiO3 (x=0.00, 0.02, 0.04, 0.06, 0.08) ceramics were synthesized by solid state reaction method. The structural
analysis performed by powder X-ray diffraction and Rietveld refinement method. The ceramic samples crystallized with
tetragonal and cubic phases. A phase transition identified from tetragonal (x>0.04) to cubic (x<0.06). Microstructural
properties of ceramics were analyzed by scanning electron microscopy. Energy band gap values were evaluated by

UV-visible spectroscopy.

Keywords: Ceramics, Rietveld refinement, phase transition, optical properties, perovskites

1. Introduction

As a lead-free, environmental-friendly material, BaTiO3
has been widely used in technological applications such
as ceramics capacitors, positive temperature coefficient
(PTC) thermistors, piezoelectric devices, optoelectronic
elements and semiconductors, and so on [1-4]. In the
dielectric field, BaTiO5 with a high dielectric permittivi-
ty is the most important dielectric material [5,6]. Barium
titanate is one of the most attractive materials due to
multifunctional behavior based one electrical property.
The doped barium titante ceramic materials are mainly
used in the application of capacitor, sensors and actuators
[7]. Recently, researchers have investigated the doping of
rare ions on BaTiO3; materials to control grain size and to
improve dielectric properties for multifunctional applica-
tions [8]. In the present work, Nd** ions substituted on
Ba?* at A-site and the structural, optical and morpholog-
ical properties have been analyzed.

2. Experimental
2.1. Preparation

The polycrystalline Ba;,Nd,TiOz; (x=0.00, 0.02, 0.04,
0.06, 0.08) samples were synthesized by conventional
solid state reaction method. Stoichiometric mixture of
starting precursors BaCOj; (purity: 99.9%), TiO, (purity:
99.9%) and Nd,Os; (purity: 99.99%) powders were
ground using agate mortar for 6 h. Then the mixed pow-
der samples were calcined at 1200°C for 5 h. The various
compositions were sintered at 1350°C for using tubular
furnace for 2 h.
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2.2. Powder X-ray diffraction studies

The phase structure was analyzed by powder X-ray dif-
fraction (Burker advance D8 EVO) in the 20 range from
10-100° with step size of 0.02° using CuKa radiation
(A=1.54056 A). The Rietveld refinement [9] was done on
the XRD pattern by JANA2006 [10] software.

2.3. Morphological and optical studies

The microstructures and elemental present of the samples
were examined using scanning electron microscope (Carl
Zeiss EVO 18) equipped with energy dispersive spectro-
scope (EDS) (Carl Zeiss EVO 18). The Ultravio-
let-visible (UV-vis) absorption spectra were employed
for optical band gap measurements.
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Figure 1. Powder X-ray diffraction patterns of Ba; «Nd,TiOs.
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3. Results and Discussion
3.1 Powder X-ray diffraction

Figure 1(a) shows the powder X-ray diffraction patterns
for Ba;,Nd,TiO; (x=0.00, 0.02, 0.04, 0.06, 0.08) ceram-
ics measured at room temperature. All the experimental
diffraction peaks well matched with the JCPDS standard
patterns corresponding to the tetragonal and cubic struc-
tures (JCPDS No. 05-0626, space group P4mm and
JCPDS No. 31-0174, space group Pm3m). The X-ray
diffraction clearly indicates that no other secondary
phase could be detected in the samples. XRD patterns
clearly indicate crystal structure of pure BaTiO3 at room
temperature is tetragonal. With the addition of Nd**, it
reveals that the crystal structure of the samples changes
from tetragonal (x>0.04) to cubic (x<0.06). This is evi-
denced that the two separate (002) and (200) characteris-
tic peaks at ~46° is merged into a single (200) peak from
x<0.06. As it can be seen from figure 1, the diffraction
peaks shift towards lower Bragg angle side of 20, which
will result in a gradual decrease in the unit cell parame-
ters (Table 1). This is attributed that the ionic radius of
Nd** (1.08 A) is much smaller than that of Ba®* (1.35 A)
[11]. The structural refinement was done using Rietveld
refinement method [9] and JANA2006 software [10].
The refined cell parameter values are given in Table 1.

Table 1. Structural parameters of Ba; ,Nd,TiO3 ceramics.

Parame- X= X = X = X= X =
ters 0.00 0.02 0.04 0.06 0.08
a=h(A) 4.003 4.002 3.999 4.016 3.999
c(A) 4.038 4.025 4.002 4.016 3.999
cla 1.008 1.005 1.0006 1 1
Space P4mm  P4mm  Pm3m P4mm  Pm3m
group
\'/E%Iume 64.73 64.49 64.02 64.79 63.95
(A)

Density 5.98 6.00 6.05 5.98 6.06
(gm/cc)
R, (%) 7.30 10.04 6.63 7.37 7.03

Rops (%) 2.90 5.79 1.36 4.00 1.29
GOF 0.21 0.26 0.20 0.23 0.22
F000) 102 102 102 102 102

R - Profile reliability factor; Ry, - Observed profile reli-
ability factor; GOF- Goodness of fit; Fq0) - Number of
electrons in the unit cell

3.1. Microstructural properties

Figures 2 (a)-(e) display the surface morphology images
of Ba; 4«Nd,TiO; (x=0.00, 0.02, 0.04, 0.06, 0.08) ceram-
ics prepared by solid state reaction method. The SEM
images reveal that particles uniformly arranged with dif-
ferent grain sizes. For x=0.00, for the BaTiO; ceramic,
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the grains have an average grain size of about 3.18 um.
After the partial substitution of Nd** for Ba?*, the grain
size of the ceramics gradually becomes increases and the
average grain sizes of the ceramics with x=0.02, 0.04,
0.06 and 0.08 are about 4.12 pm, 4.88 pum, 5.97 and 6.58
pm, respectively.

Figure 2. SEM images of Ba; ,Nd, TiO3 ceramics.

3.2. Optical properties

The absorption edge of Ba,,Nd,TiO; appeared at around
290 nm, which was similar to previously reported work.
Compared to pure BaTiOs, the Nd-doped BaTiO; sam-
ples exhibited enhanced absorption capability especially
in the visible light region, and the absorption intensity
became gradually stronger as increasing the Nd dopant
content. Moreover, the band gap could be calculated
from the Tauc plot using following equation
ahv=A(hv-E;)" [12]. ((ahv)? vs photon energy (hv)) for
the direct band gap semiconductor, as presented in figure
3. The estimated band gaps vary from 3.55-3.41 eV for
the Ba; «Nd,TiO3; samples. With the increase of the Nd
dopant content, the band gap of doped samples was
gradually decreased, in turn leading to a higher absorp-
tion capability.
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Figure 3. Tauc plot for Ba,,Nd,TiO3 ceramics.
4. Conclusion

The polycrystalline Ba; 4Nd,TiO; (x=0.00, 0.02, 0.04,
0.06, 0.08) samples were successfully prepared by solid
state reaction method. Phase transition behavior of the
prepared samples was investigated by powder X-ray dif-
fraction data. A tetragonal to cubic phase transitions was
indentified. Surface morphological analysis shows the
particle size of the prepared samples increased with addi-
tion of Ba®* content. Optical band gap values are deter-
mined from Tauc plot.
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Abstract

Cancer is a major health problem worldwide and it affects 12 million people each year. Based on a 1% yearly increase,
there will be 27 million new cancer cases per year, 17 million cancer deaths each year and 75 million persons alive with cancer
within 5 years of diagnosis by 2030. More than 20 million persons around the world live with a diagnosis of cancer and more than
half all cancer cases occur in the developing countries. Cancer is responsible for about 20% of all deaths in high income countries
and 10% in low- income countries. Despite significant advances in cancer treatment, early detection of oral cancer and its curable
precursors remains the best way to ensure patient survival and improved quality of life. In this review an attempt is made to
understand the nature of endogenous fluorophores and cellular metabolism that occur in the experimental oral carcinogenesis and
to assess their feasibility for antitumor efficacy by using autofluorescence spectroscopy. The results of this study raise the
important possibility that fluorescence spectroscopy in conjunction with PC-LDA has tremendous potential to monitor and

potentially predict response to therapy.

Keywords: Cancer, Early detection, Fluorescence spectroscopy, PC-LDA

1. Introduction

Oral squamous cell carcinoma (OSCC) is the sixth
most common cancer worldwide with increasing incidence
and mortality rate (Gillison, 2007). Its early detection is
crucial to improve survival and reduce morbidity,
disfigurement, loss of function, poor quality of life, duration
of treatment and hospital costs (Scott et al., 2008; Rogers et
al., 2009). Despite numerous technological advances over
the last fifty years, the survival rate linked to OSCC did not
undergo a marked improvement and it amounts to
approximately 50% at five years (Hayat et al., 2007).
Therefore, early detection of oral cancer is very important
for improving five year survival. Unfortunately, early
diagnosis has a very low rate mainly due to low rates of
screening. The gold standard for oral cancer diagnosis
remains tissue biopsy with histological assessment, but this
technique needs a trained health-care provider, and is
considered invasive, painful, expensive and time consuming
(Nair et al., 2012). As a consequence, in recent years there
has been a growing and persisting demand towards
developing new non-invasive, practical diagnostic tools that
might facilitate the early detection of oral cancer
(Mercadante et al., 2012). Optical spectroscopy methods are
fast emerging as potential alternatives for early diagnosis of
cancer (Sharwani et al., 2006; Liu, 2011). A number of
optical spectroscopic techniques have recently been
explored as tools to improve the in vivo, real-time detection
of pre-cancers and cancers. Based on strong clinical
rationale, many researchers have investigated the
autofluorescence spectroscopy of tissues in the head and
neck region and in various other organs, such as the
bronchus, colon, cervix and esophagus for developing non-
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invasive screening methodologies for early diagnosis of
cancer (Liu et al., 2013). Over the last decade many reports
promising for in vivo fluorescence spectroscopy can detect
high-grade pre-cancer with good accuracy and also in drug
monitoring. Autofluorescence of tissues is produced by
fluorophores that naturally occur in living cells after
excitation with a suitable wavelength (De Veld et al., 2005;
Li and Xie, 2005; Zhang et al., 2014). Early pilot studies
focused on UV and blue excitation wavelengths. More
recently, a study of 146 patients comparing 18 different
excitation wavelengths found that three broad ranges of
excitations, 330-340 nm (UV), 350-380 nm (UV) and 400—
450 nm (blue)-gave the best sensitivity and specificity for
detection of high-grade pre-cancer (Chang et al., 2002).
Autofluorescence spectroscopy seeks to exploit biochemical
information provided by prominent tissue fluorophores such
as collagen, NADH, FAD and porphyrin (Sulfikkarali and
Krishnakumar, 2013) NADH and FAD are involved in the
oxidation of metabolic molecules; therefore, direct
monitoring of their fluorescence dynamically can be used to
report the metabolic activity of cells and tissues (Rajaram et
al., 2010). Metabolic activity of the relative amounts of
reduced NADH and FAD and the microenvironment of
these metabolic electron carriers can be used to non-
invasively monitor changes in metabolism, which is one of
the hallmarks of carcinogenesis (Skala et al., 2007). The
optical “redox ratio” (fluorescence intensity of FAD divided
by that sum of FAD and NADH) is widely used to monitor
cellular metabolism in cells, ex vivo tissues and in vivo
tissues in order to diagnose disease, monitor cellular
differentiation and  characterize ~ other  metabolic
perturbations (Skala et al., 2007; Ostrander et al., 2010;
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Shah et al.,, 2014). Moreover it is sensitive to early
metabolic shifts after cancer treatment and has potential to
non-invasively detect treatment response sooner than current
methods. Hence, large-scale cell proliferation or tumor
growth can be identified by significant changes in NADH
and FAD fluorescence (Skala et al., 2007). Animal models
are of great importance in attempting to better understand
the natural history and molecular biology of carcinogenesis.
The hamster cheek pouch carcinogenesis model is a well-
known and well-characterized animal model of human oral
cancer and squamous cell carcinomas (SCC) (Nagini et al.,
2009). Animal models of hamster buccal pouch have
become an imperative tool in the development and testing of
new anticancer drugs (Krishnakumar et al., 2013). The
combination of autofluorescence methods provides a novel
integrated environment in which a collection of spectral
biomarkers validated on well-defined animal models may
provide important clues to tumor biology and response to
treatment, with potential applications in human neoplasms.
Hence, the present literature survey gives the importance of
the fluorescence spectroscopy can provide valuable
information regarding the NADH, FAD and cellular
metabolism present in the tissues.

2. Fluorescence

The phenomenon, fluorescence of substances, had
been observed for hundreds of years and was explained by
the British scientist Sir George G. Stokes in 1852 that
fluorescence can be induced in certain substances by
illuminated with ultraviolet light. He formulated Stokes’s
law, which states that the wavelength of the fluorescent light
is always greater than that of the exciting radiation;
therefore fluorescence is the phenomenon in which
absorption of light of a given wavelength by a fluorescent
molecule is followed by the emission of light at longer
wavelengths. Thus, fluorescence is the emission that results
from the return to the lower orbital of the paired electron.
Such transitions are quantum mechanically allowed and the
emissive rates are typically of nearly 10® Sec™. These high
emissive rates result in fluorescence lifetimes of nearly 10
nano seconds.

The lifetime is the average period of time when a
fluorescence biomolecule, flourophore remains in the
excited state. For atoms excited by a high temperature
energy source, this emission is commonly termed as optical
emission. For molecules, it is termed fluorescence if the
transition occurs between states of the same spin. There are
certain factors that control the occurrence of fluorescence. It
is seen that whenever the interaction between excited
molecules and surrounding is strong, radiation less decay
will occur. But if the interaction between them is ineffective
at achieving large energy, transfer needs to take it to the
lower electronic state. The radiative decay thus dominates
and the molecule fluoresces. The various energy levels
involved in the absorption and emission of light by a
molecule is classically presented by a Jablonski energy
diagram, named in honor of the Polish physicist Professor
Alexander-Jablonski. A typical Jablonski diagram illustrates
the singlet ground (S (0)) state, as well as the first (S (1))
and second (S (2)) excited singlet states as a stack of
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horizontal lines as shown in Figure.1. The thicker lines
represent electronic energy levels, while the thinner lines
denote the various vibrational energy states (rotational
energy states are ignored). Transitions between the states are
illustrated as straight or wavy arrows, depending upon
whether the transition is associated with absorption or
emission of a photon (straight arrow) or results from a
molecular internal conversion or non-radiative relaxation
process (wavy arrows). Vertical upward arrows are utilized
to indicate the instantaneous nature of excitation processes,
while the wavy arrows are reserved for those events that
occur on a much longer timescale.
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Figure.l. Jablonski diagram

Absorption  of light occurs very quickly
(approximately a femto second, the time necessary for the
photon to travel a single wavelength) in discrete amounts
termed quanta and corresponds to excitation of the
fluorophore from the ground state to an excited state.
Likewise, emission of a photon through fluorescence or
phosphorescence is also measured in terms of quanta. The
excess vibrational energy is converted into heat, which is
absorbed by neighboring solvent molecules upon colliding
with the excited state fluorophore. An excited molecule
exists in the lowest excited singlet state (S (1)) for periods
on the order of nanoseconds (the longest time period in the
fluorescence process by several orders of magnitude) before
finally relaxing to the ground state. If relaxation from this
long-lived state is accompanied by emission of a photon, the
process is formally known as fluorescence. The closely
spaced vibrational energy levels of the ground state, when
coupled with normal thermal motion, produce a wide range
of photon energies during emission. As a result,
fluorescence is normally observed as emission intensity over
a band of wavelengths rather than a sharp line.

The diagnostic potential of fluorescence from
biological tissues was first described by Stubel in 1911.
Stubel investigated the native fluorescence
(autofluorescence) of animal tissue under illumination with
UV light (Stubel, 1911). In 1924 the French Policard
observed the red fluorescence from porphyrins when
examing tumor lesions with light from a Wood lamp
(Policard, 1924). Indeed, Policard observed the endogenous
porphyrins in tumor tissues. Several years later, the Germans
Auler and Banzer first described the localisation and
fluorescence of exogenously administered porphyrins in
malignant tumors. Malignant tumors in the oral cavity and
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oropharynx are in many cases visualized by the naked eye,
but early recurrent malignancies and precancerous lesions
may be difficult to visualize, particularly when they appear
in cicatrices (Westbury et al., 1962). In these cases
fluorescence diagnostics is valuable. It helps to identify the

real margins of the malignant tumor. This diagnostics of
malignant tumors is based on a quite selective accumulation
of porphyrins in tumor tissues. In fluorescence spectroscopy
of tissue, several fluorophores present in tissue provide
important biochemical bases for optical contrasts.
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B e
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Monochromator
Fiber optic probe
Excitation
Source Monochromator

Figure.2. Schematic representation of in vivo fluorescence measurement setup

The fluorescent properties of most fluorophores present in
tissue are correlated with certain pathological conditions and
this allows tissue diagnosis through fluorescence
spectroscopy. Some fluorophores that are in tissue include
collagen, elastin, flavin adenine dinucleotide (FAD) and
reduced nicotinamide adenine dinucleotide (NADH) and
porphyrin. The oxidized forms NAD and FAD are electron
acceptors in the metabolism of the cell. After accepting an
electron the carriers are reduced into the forms NADH and
FADH,, respectively. Later these reduced forms transfer the
electrons to oxygen in the mitochondria and they once again
become oxidized. It is the reduced form NADH and the
oxidized form FAD that are fluorescent in the visible region.
Depending on the state of the cell the balance between the
concentrations of oxidized and reduced forms will change
and lead to differences in the fluorescence spectrum, which
therefore can give information about the metabolic function
of the cell and tissue. Collagen and elastin are proteins that
are found in supportive tissue and are important
fluorophores in the extracellular matrix (Monici, 2005).
Porphyrin is a component of heme derived from
intermediate porphyrinogens in the biosynthesis pathway to
proto-heme and it occurs naturally in small amounts in all
living cells. Under normal conditions, the synthesis of
protoporphyrin is under feedback control; that is, cells
produce it at a rate just sufficient to match their heme levels,
but with excessive cellular proliferation the feedback
mechanism loses control and the excess porphyrin thus
produced appears in the tissues and blood. Therefore, the
relatively narrow porphyrin fluorescence peaks from Pp-IX
could be informative about the condition of the mucosa
under investigation. Carcinogenic processes produce

Copyright © 2019 KARE - Physics

alterations not only at the cellular level but also in the
structural tissue composition and this gets reflected in
autofluorescence spectral shape and intensity. Usually,
alterations in the concentration of these flurophores take
place prior to major structural tissue changes and this makes
autofluorescence spectroscopy very sensitive to early tissue
transformation.

Fluorescence spectroscopy has gained increasing
importance in recent years, especially in molecular and
cellular biology and in many associated areas of biochemical
analysis, because it offers many advantages such as extreme
sensitivity, a high degree of selectivity, gives a wide
spectrum of information in very short time and exceptional
flexibility in measuring a range of solid and liquid sample
formats.

Light-induced  fluorescence  spectroscopy  of
biological tissues is based on the physical phenomenon that
when with a light beam in appropriate spectral region one
irradiates some biological sample it could re-emit the light
with a spectrum, related to its biochemical content. These
molecules, which are in the tissue and re-emit the light, are
called fluorophores and the process itself is called
fluorescence. Light sources that can be used include
incoherent light sources such as Xe or Hg lamps, light-
emitting diodes or monochromatic laser light. When light
penetrate into the tissue, it could cause reflection from the
tissue layers and non-homogeneities in the tissue; could
cause absorption, as well as fluorescence (Figure. 2). When
fluorescence is observed in situ the resultant spectrum is
superposition of several overlapping contributions of various
fluorophores, concentrations and special distribution vary
depend on the stage of tissue pathology. It is typical to
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observe changes in intensity, or appearance/disappearance
of fluorescent maxima with progression towards neoplasia.
These spectral changes could indicate tissue pathological
condition and stage of the lesion growth. The principle of
autofluorescence spectroscopy is based on the fact that
different diseased tissues contain different
morphohistological characteristics and intrinsic fluorophores
that give rise to different fluorescence emission spectra
when the tissues are excited at a suitable wavelength
(Richards-Kortum et al., 1996). If only endogenous
fluorophores, naturally existing in the sample, are used to
obtain fluorescent signal from the tissue one could observe
autofluorescence. Several endogenous fluorophores are
often involved in the transformations that occur in the
neoplastic process and are therefore interesting for
quantitative research. These include: tryptophan, tyrosine,
collagen, elastin, NADH, FAD and porphyrin.

When the light emitted by a sample is measured
and the excitation light is at a constant wavelength, an
emission spectrum is collected. Excitation of the tissue
autofluorescence may be done with the excitation light
delivery fibre or fibre bundle is placed in direct contact with
the tissue.

Differences in tissue components and structure
modify the fluorescence emission, including its intensity and
behavior, so that normal and cancer tissues may be
discriminated after fluorescence analysis. This technique has
been used to detect neoplastic tissues in a variety of organ
systems, such as the cervix of uterus, colorectum, lungs, and
head and neck (Sivabalan et al., 2010; Rajasekaran et al.,
2013; Sulfikkarali and Krishnakumar, 2013). These studies
suggest the possibility of using autofluorescence
spectroscopy in cancer diagnosis.

Figure.3. (a) Spectrofluorometer with the fiber optic
probe and (b) Fiber optic probe bundle for analysis

3. Review of literature

Kirkpatrick et al., (2005) have used endogenous
fluorescence spectroscopy to measure metabolic changes in
response to treatment with N-4-(hydroxyphenyl) retinamide
(4HPR) in ovarian and bladder cancer cell lines.
Fluorescence signals consistent with nicotinamide adenine
dinucleotide (NADH), flavin adenine dinucleotide (FAD)
and tryptophan were measured to monitor cellular activity
through redox status and protein content. The results
revealed that redox signal changes depended primarily on
changes consistent with NADH fluorescence, whereas the
FAD fluorescence remained relatively constant. Further, the
results suggest that fluorescence redox values along with
changes in tryptophan fluorescence may be used as an
endpoint marker for chemopreventive drugs.
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Li and Xie, (2005) have investigated the
autofluorescence spectroscopic differences in normal and
malignant colonic tissues at 280, 340, 380, 460 and 540 nm
excitation wavelengths. Malignant tissues showed higher
amino acids and endogenous porphyrins and lower
NAD(P)H and FAD when compared to the normal tissues.
The results suggest that under 340, 380 and 460 excitation
wavelength were found to be optimal excitation wavelengths
for the diagnosis of colonic cancer.

Skala et al., (2007) have investigated the potential
for in vivo precancer diagnosis with metabolic imaging via
multiphoton fluorescence lifetime imaging microscopy
(FLIM) of the endogenous metabolic cofactor, reduced
nicotinamide adenine dinucleotide (NADH). The results
demonstrated that the protein-bound NADH lifetime
decreased with low grade pre-cancers (mild to moderate
dysplasia) and high grade pre-cancers (severe dysplasia and
carcinoma in situ (CIS)) when compared to the normal
tissues. Further, they observed that the protein-bound
NADH relative to free NADH decreased with low grade
pre-cancers in vivo. The results suggest that multiphoton
FLIM is a powerful tool for the non-invasive
characterization and detection of epithelial pre-cancers in
vivo.

Farwell et al., (2010) have investigated the benefit
of using time resolved fluorescence spectroscopy for
diagnosing malignant and premalignant lesions of the oral
cavity. Spectral intensities and lifetime values at 3 spectral
emission bands (spectral bands (SBs); SB;=380 + 10 nm;
SB,=460 += 10 nm and SB3;=635 + 10 nm) allowed for
discrimination among healthy epithelium, dysplasia,
carcinoma in situ and invasive carcinoma. The lifetime
values at SB, were the most important when distinguishing
the lesions using only time resolved parameters. An
algorithm combining spectral fluorescence parameters
derived from both spectral and time domain parameters
(peak intensities, average fluorescence lifetimes and the
Laguerre coefficient [zero-order]) for healthy epithelium,
dysplasia, carcinoma in situ and invasive carcinoma
provided the best diagnostic discrimination, with 100%,
100%, 69.2%, and 76.5% sensitivity and 100%, 92.2%,
97.1% and 96.2% specificity, respectively. The results
suggest that time-resolved fluorescence derived parameters
significantly improves the capability of fluorescence
spectroscopy-based diagnostics in the head and neck cancer.

Shaiju et al, (2011) have carried out
autofluorescence  spectroscopic  screening of normal
volunteers with and without lifestyle oral habits and patients
with oral submucous fibrosis (OSF). The spectra from
different sites of habitu’es, non-habitu’es and OSF patients
were analyzed using the intensity ratio, redox ratio and
linear discriminant analysis (LDA). The spectral disparities
among these groups are well demonstrated in the emission
regions of collagen and flavin adenine dinucleotide. The
results revealed that LDA gives better efficiency of
classification than the intensity ratio technique. The results
confirms that the clinical application of autofluorescence
spectroscopy along with LDA, yields spontaneous screening
among individuals, facilitating better patient management
for clinicians and better quality of life for patients.
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Liu et al, (2013) have studied ex vivo
autofluorescence (AF) spectra patterns between the normal
colon tissue and adenocarcinoma tissues at different
excitation wavelength of 337, 375, 405 and 460 nm. They
noticed a significant difference in the spectral patterns of the
normal and adenocarcinoma tissues. Compared with the
other three excitation wavelengths, the AF spectra obtained
at 337 nm excitation provided more diagnostic information,
but also more sensitive to the trivial change resulted from
neoplastic transformation. For discriminated normal from
adenocarcinoma tissues, the sensitivity, specificity and
accuracy were 88.9%, 80.0% and 83.9%, respectively at 337
nm excitation. The study suggests that the pattern
recognition of the multiple excitation AF spectra is an
effective algorithm for improving the diagnostic accuracy of
adenocarcinoma.

Lin et al., (2012) have investigated the spectral
characteristics of the normal and cancerous nasopharyngeal
tissues by laser-induced autofluorescence spectroscopy and
recorded the autofluorescence excitation emission matrix by
in vitro. To quantify the changes of collagen and NAD(P)H
in cancerous nasopharyngeal tissues peak ratio algorithm
(1455 £ 10 nm/1380 £ 10 nm) was used. The results suggest
that the excitation wavelength at 340 nm was an excellent
diagnostic  excitation  wavelength ~ for  cancerous
nasopharyngeal tissues.

Atif et al., (2012) have studied fluorescence
emission spectra of normal and malignant lung cells at
different excitation wavelengths: 230, 300, 340, and 450 nm,
corresponding to the absorption of tyrosine, tryptophan,
collagen or elastin, Nicotinamide adenine dinucleotide
(NADH) and flavin adeno dinucleotide (FAD). Similarly
excitation spectra were also recorded at 340 nm. The
emission profiles showed considerable difference between
the malignant and normal cells with the malignant cells
having more fluorescence intensity than that of normal cells
keeping emission at 340 nm. Furthermore, the results
suggest the discriminating features between normal and
carcinoma cells lines because of higher concentration of
tryptophan (1.5 times), NADH (3 times) and flavin (4 times)
in carcinoma cell lines.

Shaiju et al., (2013) have reported the efficacy of
autofluorescence spectroscopy to serve as a single entity to
discriminate tumor tissues from normal ones by analysing
the wvariations in both endogenous fluorophores and
chromophores involved. The emissions from prominent
fluorophores  collagen, flavin adenine dinucleotide,
phospholipids and porphyrin were analyzed at 320 and 410
nm excitations. The results conclude that potential of
fluorescence spectroscopy as a single entity to evaluate the
prominent fluorophores as well as the hemoglobin
concentration within normal and tumor brain tissues.

Pu et al., (2013) have investigated the spectral
changes of native fluorophores among normal fibroblasts
and cancer cell lines of different metastatic ability by
fluorescence  spectroscopy. The normal (fibroblast),
moderately metastatic (DU-145) and advanced metastatic
(PC-3) cell lines were each selectively excited at 300 nm,
and their fluorescence emission spectra were analysed by
PCA to explore the differences of the relative contents of
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tryptophan and reduced nicotinamide adenine dinucleotide
in those cell lines. The results show that the tryptophan
emission featured predominantly in the fluorescence spectra
of the advanced metastatic cancer cells when compared with
the moderately metastatic cancer and normal cells.

Shah et al., (2014) have investigated the potential
of autofluorescence spectrum with metabolic cofactors
reduced NADH and FAD for chemotherapeutic response in
human head and neck squamous cell carcinoma (HNSCC).
The optical redox ratio and fluorescence lifetimes of NADH
and FAD resolved a response after 24 hours of treatment
with targeted therapies and chemotherapies in HNSCC cells.
The results indicated that optical metabolic imaging showed
promise to identify effective drug candidates during drug
development. Additionally, applying optical metabolic
imaging to measure treatment response early has potential to
impact quality of life for HNSCC patients.

Udayakumar et al., (2014) have investigated the
native fluorescence and time resolved fluorescence
spectroscopy of normal and malignant oral tissues under UV
excitation. To quantify the spectral differences between
normal malignant oral tissues, the two ratio variables
(Ri=lysllzg and  Ry=lsioflarg) were introduced in the
excitation spectra. Among them LDA of ratio variables
reveals that R; provided 86.4 % specificity and 82.5 %
sensitivity. The analysis was further extended to time
resolved fluorescence spectroscopy of normal and malignant
oral tissues and provided better significance when compared
to fractional amplitudes and component lifetimes. The ROC
analysis of average lifetime results in 77% sensitivity and
70% specificity with the cut off value of 4.85 ns.

4. Conclusion

In this review an attempt has been made to show
that fluorescence spectroscopy can be used to evaluate the
antitumor efficacy. This raises the important possibility that
fluorescence spectroscopy, in conjunction with PC-LDA,
has tremendous potential to monitor or potentially predict
response to therapy.
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Abstract

The filler added solid polymer electrolytes (SPE) based on polyvinyl pyrrolidone (PVP):sodium nitrate(NaNO3) have
been prepared by solution casting techniques. The metal oxides (ZnO & TiO,) are used as fillers which are nanosized
particles. The maximum ionic conductivity value of 2.76x107° S/cm is obtained for PVP:NaNOs:TiO, system. The pre-
pared systems are ionic conductors which are proved by transference number studies. The transport parameters like
mobility and diffusion coefficient are also calculated. The prepared films are suitable for electrochemical applications

which is confirmed by electrochemical studies.

Keywords: PVP, ionic conductivity, activation energy, mobility, liner sweep voltammetry.

1. Introduction

Energy storage systems are being received extensive
attention due to the increasing energy demand and envi-
ronmental crisis. The overview of current development
in electrical energy storage technologies and the applica-
tion in power system operation is explained by Xing
Luo et al [1]. Among the applications, the battery sys-
tems can offer a number of high-value opportunities,
provided that lower costs can be obtained. Due to the
lighter, safer, flexibility and low cost of solid polymer
electrolytes (SPE) which is used in electrochemical cell
applications. SPEs instead of liquid electrolytes are used
in energy storage devices [2]. Most composite electro-
lytes reported in the literature are formed by dispersing
fillers (e.g., Al,Os, SiO, TiO,) into high-molecular
weight polymers doped with salts [3-7]. The fabrication
of efficient energy storage devices depends on develop-
ment of electrolytes with improved electrical and elec-
trochemical properties [5].

In this present work, the metal oxide dispersed sodi-
um ion conducting polymer electrolytes are prepared by
solution casting techniques. The sodium-based batteries
could provide an alternative chemistry to lithium batter-
ies. The sodium (4™most abundant element in the earth
crust) is the second-lightest and smallest alkali metal
next to lithium. Based on the wide availability and low
cost of sodium, ambient temperature sodium-based bat-
teries have the potential for meeting large scale grid en-
ergy storage needs [8-9]. The synthetic polymer PVP is
used as polymer host due to its improved ionic move-
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ment compared to other semi-crystalline polymers. So-
dium nitrate is doped along with PVP polymer matrix
and the metal oxide nanofillers ZnO and TiO, are dis-
persed as fillers in the PVP:NaNO; polymer electrolytes.
The electrical and electrochemical properties of the pre-
pared systems are discussed.

2. Experimental & Characterization techniques

Using solution casting techniques, different polymer
electrolytes are prepared by mixing PVP and NaNOs; in
various ratios and PVP:NaNO; (94:06) polymer electro-
lyte shows maximum ionic conductivity of 1.21x107
S/cm [10]. Along with the optimized system, the metal
oxides MO (ZnO and TiO,) are added as fillers. Ethanol
is used as solvent throughout the work. The polymer
PVP (94wt.%) and 6wt.% of NaNO; are taken and they
are dissolved in 30 ml of ethanol separately at room
temperature. The solutions are mixed and stirred con-
stantly until the formation of homogeneous solution.
After that, 5mg of metal oxide fillers (ZnO/TiO,) are
added along with the homogeneous solution and it is
sonicated for 15 minutes. The resulting solution was
poured into Petri dish and dried at room temperature till
films are peeled from Petri dish.

Electrical properties of the system are analyzed by
HIOKI 3532-50 LCR HITESTER Impedance analyzer.
Using the Wagner’s dc polarization method, the trans-
ference number studies are carried out. The electro-
chemical properties of the system are analyzed by CHI
6008e electrochemical workstation.
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3. Results and Discussion
3.1. Electrical Studies

3.1.1 Cole Cole plot

= PVP:NaNOy

2Q)

blocking electrodes.
3.1.2 Dielectric spectrum

The dielectric constant (¢') and loss (¢”) of the pre-
pared system is shown in the Fig.2. Both dielectric con-
stant and loss have maximum values at low frequency
region and relatively constant at high frequency. The
large value of ¢ & ¢"is due to the interfacial effects and
the motion of the free charge carrier in the materials. At
high frequency region there is no hopping of charge car-
riers and it gets only oscillation without reaching the
surface of the electrode. Hence, the ¢'(®) is constant at
high frequency region. Due to the decrease of ion diffu-
sion, £¢""(@) get constant at high frequency [11].

Fig.1 Cole Cole plot of the prepared SPEs

The Cole-cole plot of the system is shown in the
Fig.1. The bulk resistances of the SPEs are calculated
from Cole-Cole plot by using Z-view software. The pure
PVP film has ionic conductivity value of 1.01x10°° S/cm
which is enhanced to 1.21x10° S/cm by addition of
6wt.% of NaNO; salt. The ionic conductivity of
PVP:NaNO; film is enhanced to 1.45x10° S/cm &
2.76x10° S/cm by addition of ZnO & TiO, nanofillers.

Table.1 lonic conductivity of the prepared solid pol-
ymer electrolytes at different temperature
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Fig.2 Dielectric spectrum of prepared systems

(A) dielectric constant (B) dielectric loss

The dielectric loss tangent value was calculated

Temperature PVP:NaNO; ;\n/(I;:NaNogz 'IID'Y(;)Z NaNOs:
(94:06) (94:06:05) (94:06:05)
303K 1.21x10° 1.45%x10° 2.76x10°
313K 1.98x10°° 2.24x10° 3.70x10°
323K 3.27x10° 2.40x10° 4.55x107
333K 7.44x10° 6.60x107° 5.62x10°
343K 1.52x10™ 8.70x10° 7.41x10°
353K 2.92x10™ 1.07x10™ 8.96x10°

The nature of the filler material has an important
influence on the conductivity behavior [6]. In Fig.1, the
MO dispersed system has a two well defined region: one
arc in high frequency region relating to the parallel
combination of bulk-resistance & bulk-capacitance of the
material and the low frequency spike is attributed to
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from dielectric constant and loss (tan 8 = €"" / ¢"). The
relaxation time (table.2) of ions in the system is calcu-
lated using the equation @ T = 1(®- angular frequency, t-
relaxation time). Due to the interfacial polarization
mechanism and dipolar relaxation, the dispersive regions
are obtained [10]. The low relaxation time is obtained for
TiO, added system compared to the ZnO added system.
It is well matched with ionic conductivity values.

3.1.3 Temperature dependent conductivity

The ionic conductivity of the samples is analyzed in
the temperature range from 303K to 353K. The conduc-
tivity values of the prepared electrolytes are increased
with increase of temperature. The linear increase of ionic
conductivity reflects the Arrhenius behavior of the sys-
tems. It is used to calculate the activation energy of the
systems which is reported in the table.2. The low activa-
tion energy (0.21eV) is obtained for PVP:NaNO;:TiO,
system [6]. The effect of TiO2 contributes more than
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ZnO to increase the conductivity properties.
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Fig.3 Arrhenius plot of prepared systems

3.2 Transference number studies

Table.2 Transference number parameters of the

prepared SPEs
Solid polymer electrolytes
Parameters PVP:NaNOs PVP:NaNOs: PVP:I_\laN03:
(94:06) ZnO TiO,
: (94:06:05) (94:06:05)
Activation
Energy 0.60 0.39 0.21

(eV)
Relaxation -5

time 1.17x10 7.94x10° 4.89x10°

(sec)

Transference i*f 83?; t,=0.999 t,=0.999
number (t) T t =0.00012 t.=3.57x10°
Mobility(p) W= 7.77x10° W= 9.41x10° W= 1.8x107

(cm?/Vs) 1=1.19x10"° p=1.18x10™" 1=6.42x1012
Diffusion

coefficient D,=2.03x10"° D,= 2.45x107° D.= 4.69x10°
(D)(cm?/s) D.=3.12x10 D.=3.07x10 D= 1.68x10™

Using Wagner’s d.c polarization techniques, the ion
transport mechanisms in the prepared systems are ana-
lyzed. The variation in the current is observed when con-
stant voltage (1Volt) is applied to SPE. The maximum
current (combination of ionic & electronic current) is
obtained at zero time. After that, suddenly current gets to
decrease and reaches a constant value for a long polari-
zation time (only electronic current) [10]. The minimum
current is obtained at last which proves the system is an
ionic conductor. The transference number is increased
for filler added systems compared to the filler-free sys-
tems. The increase in the transport number is due to the
promotion of Na* ion conducting pathways at the filler
surface. The mobility and diffusion coefficient of the
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ions are also enhanced and it’s reported in table.2.
3.3 Electrochemical studies

3.3.1 LSV & CV analysis

85
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Fig.4 Electrochemical studies of filler free solid polymer

Potential (V)

electrolyte

The electrochemical performance of the sodium
conducting SPE is analyzed in the configuration of Ag|
film |Ag cell at room temperature. The reliable potential
window of the electrolyte is studied by using LSV for
device applications. The current voltage response
(Fig.4A) and CV curve (Fig.4B) of filler free polymer
electrolyte are shown.
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Fig.5 Electrochemical studies of filler added polymer

electrolytes

LSV curves of prepared SPEs at room temperature
are carried out at 10mV/s. The CV curves of prepared
SPEs (303K) are carried out at 100mV/S. Both LSV
(Fig.5 A&C) and CV curves (Fig.5 B&D) of filler added
systems are shown here. All the systems have a decom-
position voltage range above 3V. The current is gradual-
ly increasing with increasing applied voltage. The flow
of current is small when the voltage is below 3V [12]. A
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sudden rise of current value is observed in LSV curve
which is varied for all films. The stability of the film is
enhanced due to addition of fillers. Among the fillers,
TiO, improves the stability of film more because of its
shape and surface nature which effectively disturbs the
order of packing tendency of the polymer chains [5]. The
maximum working voltage is observed for TiO, added
system compared to ZnO added system. The area of the
CV curve is increased for filler added systems compared
to filler-free system which denotes the enhancement in
the electrochemical properties of the film. Hence, all the
prepared films are suitable for electrochemical applica-
tions. The filler TiO, is more suitable than ZnO fillers.

4. Conclusion

The metal oxide filler ZnO and TiO, in nanometer
range are added to the optimized PVP:NaNO; system
and they are prepared by solution casting technique using
ethanol as solvent. The prepared systems are analyzed by
ac impedance studies, transference number analysis and
electrochemical studies. The maximum ionic conductiv-
ity value of 2.76x10™ S/cm at room temperature is ob-
tained for PVP:NaNO3:TiO, system which has a mini-
mum value of relaxation time (4.89x10°® sec) and activa-
tion energy (0.21 eV) compared to the other SPE. All the
SPEs are ionic conductors which are proved by transfer-
ence number studies. The mobility of cations in fill-
er-doped systems are enhanced from 7.77x10%cm?/Vs to
9.41x10°® cm*Vs for ZnO doped system and it is im-
proved to 1.8x107 cm?/Vs for TiO, doped system. The
effect of fillers in electrochemical properties of the pol-
ymer electrolytes are observed from LSV and CV stud-
ies. Among all the prepared systems, PVP:NaNO3:TiO,
system shows improved properties than others.
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Abstract

Cinnamoylproline was synthesized and the crystal was grown from solution technique by slow evaporation using
methanol. The crystal belongs to trigonal crystal system with non-centrosymmetric space group P3;. Lattice energy of
the compound was calculated. The lattice energy was found to be -138.4 kJ/mol. Molecular docking studies were done

for anti-tuberculosis property of the title compound.

Keywords: Cinnamic acid, proline, PIXEL, Docking, Mycobacterium Tuberculosis.

1. Introduction

The organic molecules inside the crystal have been
packed or stabilized by intermolecular interactions like
Van der Waals interactions and hydrogen bonding [1].
These interactions take on a significant function in the
physical attributes of the molecule. Also, these interac-
tions are very important in drug-receptor interactions.
Cinnamic acid derivatives showed some medicinal prop-
erties like anti-cancer [2], anti-tuberculosis [3], an-
ti-malarial [4], anti-fungal [5], anti-microbial [6], hae-
mostatic agents [7] and also possess non-linear optical
behaviour [8]. In the present work nonlinear optical ma-
terial of cinnamoylproline (CP) was synthesized and the
crystals were grown from solvent evaporation technique
and characterized by single crystal X-ray diffraction,
lattice energy was calculated using Pixel C and in-silico
method was employed to find the molecular drug activity
against Mycobacterium Tuberculosis.

2. Experimental
2.1. Synthesis

Cinnamoylproline (CP) was synthesized from the reac-
tion of cinnamoyl chloride (98% purity — Sigma Aldrich)
and L-Proline (99% purity - Himedia). 1.2 g of NaOH
was dissolved in 10 ml of water and 1.069 g of L-Proline
(1.2 M) was dissolved in the solution. To the above mix-
ture 1.666 g of Cinnamoyl chloride (1.5 M) was added in
several portions. After the completion of the reaction, the
reaction mixture was extracted with diethyl ether and
concentrated HCI was added. The formed precipitate was
washed with water and diethyl ether twice to get the final
desired product. (Yield: 72%). The synthesized CP was
dissolved in ethanol and poured into a beaker and cov-
ered with a perforated cover and kept in an undisturbed,
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dust free environment and allowed to evaporate slowly.
After a few days colorless crystals were formed.

2.2. Single crystal XRD studies

A good quality optically clear 0.2 x 0.21 x 0.19 mm?
sized crystal was selected for the intensity data collection
using Bruker kappa APEX Il diffractometer using the
MoKa radiation source. The intensity data were collected
at 20°C. Absorption correction was carried out using the
SADABS program with multi-scan method. The struc-
ture was solved using SHELXS in direct method and
refined least squares method using SHELXL embedded
in SHELXL-2014 [9,10]. Hydrogen atoms were fixed on
the basis of riding model and refined isotropically and all
other atoms were refined anisotropically.

2.3. Molecular docking studies

In-silico docking studies were performed using PyRx
[11] software. The PDB files of the macromolecules
were retrieved from RCSB protein data bank. Docked
protein and ligand molecules were visualized using Chi-
mera [12] and PyMol [13] software programs. Macro-
molecule residue and ligand interaction was visualized
using LigPlot+ [14].

50



Venkateshan et. al.

3. Results and Discussion
3.1. Single crystal XRD

Cinnamoylproline was crystallized in the trigonal crystal
system with non-centrosymmetric space group P3;. Its
unit cell values are a = 15.9976(10) A, b = 15.9976(10)
A, c=13.4251(7) A, a=90°, B =90° y=120°and V =
2975.5(4) A®. The asymmetric unit contains three mole-
cules of the same (Fig. 1). The crystal is stabilized by C
— H ...0O and O — H ...O interactions (Table 1). The
morphology of the grown crystal was indexed using
WinXMorph [15] software by inputting the CIF file. The
crystal has twelve well defined planes such as
(111),(111), (211), (211), (121), (121), (111),
(111), (211), (211), (121) and (121). (Fig. 2)
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Figure 1. ORTEP diagram of CP with 50% probability

3.2. Lattice energy calculation

PIXEL [16] is a software program used to calculate lat-
tice energy and intermolecular interaction energies, in
which the total energy was partitioned into coulombic,
polarization, repulsion and dispersion energies. The total
lattice energy, calculated using PIXEL was tabulated in
Table 2. Among the other energy dispersion energy
(-118.0 kJ/mol) contributes the maximum of 85.2 % of
the total lattice energy (-138.4 kJ/mol). The crystal is
stabilized through the interactions of O(2A) -
H(2A1)...0(1A), O(2B) - H(2B1)...0(1B) and O(2C) -
H(2C1)...0(1C) with interaction energies of -29.4
kd/mol, -29.9 kJ/mol and -30.6 kJ/mol respectively. The
values of individual energy contributions were listed in
Table 3.
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Figure 2. (a) As grown crystal, (b) Crystal morphology of CP.

Table 1: Hydrogen bonds for Cinnamoylproline [A and °]

D-H..A d(D-H) d(H..A) d(D..A) <(DHA)

O@A)-H(2AL)..O(1A#1 082 182
O(2B)-H(2B1)..O(1B}2 082 181
O(2C)-H(2C1)..0(1C}#3 082 183
C(2A)-H(2A)..0(BBM4 093 247
C(8B)-H(8B)..O(3C)#5 093 245

2.602(5) 158.0
2596(5) 161.0
2616(5) 159.0
3.333(7) 154.1
3.356(6) 165.0

Symmetry transformations used to generate equivalent atoms:
#1 -X+y,-X,2-1/3 #2 -x+y,-x+1,2-1/3 #3 -y+1,x-y,z+1/3
#4 -y+1 x-y+1,2+4/3 #5 -y, X-y,z-2/3

Table 2. Lattice energies (kcal/mol) partitioned into coulombic,

polarization dispersion and repulsion contribution using CLP ap-
proach

Molecule Name  Ecou  Epol Epip  Erep  Evat

Cinnamoylproline -44.1 -334 -1180 570 -1384

3.3. Molecular docking studies

Molecular docking studies were carried out, in order to
find out the in-silico inhibition property of CP against
tuberculosis. Mycobacterium Tuberculosis (MTB) are
one of the successful pathogen of human, and it is re-
sponsible for 2 million deaths in 2008. MTB can survive
in the human host for long years, even in hypoxic condi-
tions [17]. But MTB depends on nitrogen for its protein
synthesis. Various amino acids like alanine, glycine can
provide ammonia nitrogen for this purpose [18]. It is
well known that under anaerobic conditions L-Alanine
dehydrogenase (Rv 2780) enzyme level was increased in
the MTB growth medium [19]. This enzyme catalyzes
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the oxidative deamination of L-alanine to pyruvate along
with the release of ammonia [17]. In order to control the
growth of MTB in hypoxic conditions, it is necessary to
control the L-Alanine dehydrogenase enzyme.

Table 3: PIXEL interaction energies (kcal/mol) between molecular
pairs related by a symmetry operation and the associated intermo-
lecular interactions in the crystal

Symme
ECoul EPol EDisp ERep ETot opglyati I nt(;l;]&Ctl
on
-X+Y, O(2A) -
-200 -7.2 -302 279 -294 -X, H(2A1)..
13 .O(1A)
-X+y,- O(2B) -
2191 <71 -300 263 -29.9  x+1,  H(2Bl)..
z1/3  .O(1B)
y+1, 0(2C)-
215 -7.3 -308 290 -306 Xy, H(2Cl)..

z+1/3  .0(1C)

The PDB file of Rv 2780 (PDB file ID: 2VOE) was
downloaded from the PDB databank (www.rcsb.org/).
The target protein molecule contains six monomers.
Among these, only one monomer was selected for dock-
ing studies. Ligand molecule (CP) along with some reg-
ular drugs for the treatment of TB was docked using
PyRx software in the active site of the molecule Asp 270
and His 96 [20]. The CP showed good binding affinity to
the receptor than the regular oral drugs rifampicin and
rifabutin with the minimum binding energy of -7.2
kcal/mol. In CP the oxygen atoms of the carboxylic
group of pyrrolidine ring were hydrogen bonded to the
residues Arg 15 and Asp 270. The interactions were
shown in Fig. 3.

4. Conclusion

The optically transparent NLO material of CP was syn-
thesized and grown from slow evaporation technique.
FTIR and SXRD studies confirmed the structure of CP.
Also SXRD revealed the non-centrosymmetric nature of
CP. The twelve well defined crystal planes were indexed.
SXRD exposed the presence of O-H...O and C-H...O
intermolecular interactions. The lattice energy was
measured to be -138.4 kJ/mol. Among other energies
dispersion energy contributed a maximum for lattice en-
ergy. The six well defined crystal faces were indexed
using WinXMorph. In-Silico molecular docking stud-
ies shown that, the synthesized compound has a good
anti-tuberculosis property with a minimum of -7.2
kcal/mol binding energy.
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Figure 3: (a) Docking pose of CP in 2VOE (yellow stick represents CP), (b)
Docking interaction of CP with protein residues.
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Abstract

The (1-x)SrTiOz-x(NagsBios) TiO3 ((1-X)ST-XNBT) ceramics are promising candidates for environmental friendly mate-
rial and used in energy storage application. The (1-x)ST-xNBT ceramics were prepared by solid-state reaction method.
Structural and charge density distribution studies were investigated using PXRD. Powder profile refinement ofX-ray
data confirms that the samples crystallized with cubic structure without any additional phase. From the PXRD data the
electron density distribution studies were analyzed by maximum entropy method.

Keywords: Charge density, Lead free ceramics, Rietveld refinement, crystal structure, X-ray diffraction, MEM

1. Introduction

Multifunctional materials are becoming increasingly
important in technological devices since they enable
coupling between electrical, mechanical and optical
properties. Lead zirconate titanate Pb(Zr, Ti)Oz (PZT)
and their solid solutions are utilized in a broad variety of
devices, such sensors, actuators, motors, transducers and
nonvolatile random access memory chips [1, 2]. Howev-
er, Pb and PbO were identified as toxic for human health
and the environment. Therefore, there has been a grow-
ing research interest in developing alternative lead-free
materials, which can replace the current lead-based ma-
terials. Among various lead-free systems, the
NagsBigsTiO; (NBT) and NBT-based solid solutions are
promising compounds. In this work, the lead-free
(1-x)SrTiOs-x(Nag 5Big5) TiO3 ceramics were synthesized
using a conventional solid-state reaction technique. Their
structure and charge density distribution was analyzed.

2. Experimental

2.1 Preparation

The raw compounds are sodium carbonate (Na,COs pu-
rity 99.99%), strontium carbonate (SrCO; purity
99.99%), titanium oxide (TiO, purity 99.99%) and bis-
muth oxide (Bi,Oz purity 99.99%) were weight their
stoichiometric ratio mixed with the general formula of
(1-X)SrTiOs-X(NagsBigs)TiOs. The raw powder was
thoroughly mixed in agate mortar on homogeneously for
7 h. The mixed powders were carefully transferred to
alumina crucibles. The homogenous mixture was cal-
cined successively at 900 °C for 3 h. The calcined sam-
ple was ground again 7 h using agate mortar. Then the
sample was transferred in crucibles were kept inside a
tubular furnace at final sintering temperature of 1200 °C
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for 4 hin a programmable tubular furnace.
2.2 Powder XRD analysis

The crystal structure was analyzed by powder X-ray dif-
fraction (Bruker AXS D8 advance, SAIF, Cochin) in the
260 range from 5-120° with step size 0.02°. The radiation
source is CuKo (A=1.54056). The Rietveld refinement
[3] was done by JANA 2006 [4].

2.3 Charge density distribution

The charge density distribution was analyzed by maxi-
mum entropy method [7]. Through the refinement pa-
rameter the calculation was carried out PRIMA [5]. The
3D and 2D charge density was show in VESTA [6].

3 Results and Discussion
3.1 Powder X-ray diffraction

Structural characterizations were carried out using pow-
der X-ray data. The phase formations of the prepared
(1-x)ST-xNBT samples were analyzed and the prepared
(1-x)ST-xNBT systems were well crystallized in cubic
structure. No other additional peaks detected from the
XRD patterns which clearly indicate the single phase
formation of the prepared ceramic systems. The raw XRD
profile of the prepared sample is shown in figure 1. The
detailed structural studies of the (1-x)ST-xNBT samples
were carried out by refining the experimentally observed
powder profiles using Rietveld refinement [3] with soft-
ware JANA 2006 [4]. In the prepared series of BSZT solid
solutions with the ABOj; perovskite structure Sr, Na and
Bi ions are occupying A-site while Ti ions are occupying
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B-site. The XRD profiles of BSZT were refined by con-
sidering the cubic setting with space group Pm3m (space
group number: 221). The refined profiles (1-x)ST-xXNBT
are given in figures 2 (a) - (b). The fitted profiles reveal
the good matching between the observed and calculated
profiles for the two compositions. The refined structural
parameters, Rp, Rops and GOF (goodness of fit) values are
presented in Table 1.
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Figure 1. Raw XRD profile for (1-x)ST-xNBT, (a) x=0.00,
(b)x=0.05
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Figure 2. Fitted XRD profile for (1-x)ST-xNBT), (a) x=0.00,
(b)x=0.05

Table 1. Refinement parameters for (1-x)ST-xNBT, x=0.00
and x=0.05
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3.1 Charge density analysis

Parameters x=0.00 x=0.05
Space group Pm3m Pm3m
a=b=c (A) 3.9041 (4) 3.9096 (3)
a=B=y (°) 90 90
Unit cell Volume (A%  59.75(1)  59.76 (2)
Density (gm/cc) 5.09 (5) 5.13 (5)
Re (%) 4.96 4.65
Robs (%) 1.63 1.83
GOF 1.14 1.12
F(ooo) 84 84

The electronic structure, charge density distribution and
the bonding interactions of the (1-x)ST-XNBT systems
were analyzed by maximum entropy method [7] (MEM)
using the structure factors obtained from Rietveld re-
finement [3]. The MEM calculations were carried out
successfully by implementing the software PRIMA [5],
considering 64x64x64 pixels per cubic unit cell. The
resultant 3D charge density distribution and 2D contour
maps were plotted with similar iso-surface level of
1e/A3, using the visualization software VESTA [6]. The
positions of strontium, titanium and oxygen atoms and
the electron density distributions in their valence levels
are explicitly and clearly seen from the figures 3 and 4
(a). The qualitative analysis of chemical bonding be-
tween Sr-O and Ti-O was done by plotting 2D charge
density contour maps in the contour range of 0 e/A® to 1
e/A® and with the contour interval of 0.08 e/A® corre-
sponding to two different crystallographic planes (100)
shown in figures 3 (b) and (c). The (200) plane is shown
in figure 4 (b) and (c). The bond lengths are Sr-O bonds
are 2.7644 A and 2.7646 A. The bonds lengths are Ti-O
bonds are 1.9547 A and 1.9558 A. The mid band electron
density at bond critical point for Sr-O bonds are 0.3394
and 0.3103 e/A% The mid band electron density at bond
critical point for Ti-O bonds are 0.6397 and 0.6102 e/A®.

Figure 3. (a) 3D unit cell with (100) plane shaded. 2D elec-
tron density distribution on (100) plane (b) x=0.00, (c)
x=0.05
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Figure 4. (a) 3D unit cell with (200) plane shaded. 2D elec-
tron density distribution on (200) plane (a) x=0.00, (b)
x=0.05

4  Conclusion

The solid solution of lead free ceramics
(1-x)SrTiOs-X(NagsBig5) TiO3 were prepared by conven-
tional solid state reaction method. The structure and
charge density distribution were investigated with addi-
tion of dopant ions. Powder X-ray diffraction confirms
the formation of cubic single phase structure without any
additional peak. Through Rietveld refinement, the charge
density distribution was carried out by maximum entropy
method.
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Abstract

In this work, (1-X)NaysKosNbOs-xSrTiO; (abbreviated as NKN-ST) lead free piezoelectric ceramics have been synthe-
sized using conventional solid state reaction method. The structural investigation of the synthesized samples have been
carried out using Powder X-ray Diffraction (PXRD) technique and analyzed using Rietveld refinement method by
matching the observed and calculated profiles of NKN-ST and then the results obtained from the refinement process
were used in mapping the electron density distribution using maximum entropy method (MEM) for the charge density
analysis of the samples. Based on the studies reported in literature, we expect the modified (1-x)Nag sKqsNbO3-XSrTiO;
system to become the leading lead-free candidate for piezoelectric components.

Keywords: Lead free ceramics, charge density, crystal structure, X-ray diffraction, MEM

1. Introduction

At present, lead-based piezoelectric materials, repre-
sented as Pb(Zr,4Tiy)Os; (PZT), along with PZT-based
materials are the most popular one and widely used in
transducers, sensors, actuators as well as microelectronic
devices owing to their superior electrical properties.
However, the use of lead-based materials has caused
serious environmental problems owing to the high tox-
icity of lead oxide. Recent investigations of lead-free
piezoelectric materials [1] have been carried out to re-
place lead-containing materials. Among the various
lead-free piezoelectric materials, Sodium potassium nio-
bate NaysKosNbO; (abbreviated as NKN) is considered
as a promising candidate because hot-pressed NKN ce-
ramics have a high Curie temperature, a high remnant
polarization, a large piezoelectric longitudinal response
and a high planar coupling coefficient. NKN-based ce-
ramics (e.g.,, solid solution of NKN-BaTiOs,
NKN-SrTiO;, and NKN-CaTiO;z [2, 3]) have received
considerable attention mainly for two reasons: piezoelec-
tric properties exist over a wide range of temperature and
several possibilities for substitution and additions. In this
work, the effect of SrTiO; on the electrical properties of
NKN ceramics has been widely studied.

2. Experimental
2.1. Preparation

Copyright © 2019 KARE- Physics

The raw materials Na,CO3;, K,CO3, Nb,Os, SrCO3, and
TiO, powders (99 % purity) were used to synthesize
(1-x)Nag sKosNbO3-xSrTiO3 (x=0.00, 0.01) samples via
the conventional solid-state reaction method. The high
purity materials were mixed in stoichiometric ratios and
grained into fine powders to prepare the end member
NKN-ST using solid state reaction method. The pre-
heated starting materials were mixed together in agate
mortar pestle for 12 hours. The mixed powders were
carefully transferred to thick walled alumina crucibles
and calcined at 950°C for 3 hours. Later, the mixture was
again grained for 12 hours and then pressed into a pellet
with further heating at 1200°C for 3 hours to increase the
crystallinity and to remove the binder. The synthesized
powders were finally grained and kept for further analy-
sis.

2.1 Powder X-ray diffraction studies

The powder XRD datasets of the synthesized samples
were collected using Bruker AXS D8 advance X-ray
diffractometer at room temperature with CuKo mono-
chromatic incident beam (A=1.54056 A) in the 20 range
of 20°-120° with an interval of 0.02°. The Rietveld re-
finement [4] was performed for the XRD pattern was
done by JANA 2006 [5] software.
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2.3 Charge density distribution studies

The charge density distribution of
(1-x)Nag 5K sNbO3-xSrTiO3 (x=0.00, 0.01) was analyzed
using maximum entropy method (MEM) using the
structure factors obtained from X-ray measurements. In
the present work, the computation of the charge density
is done using the software PRIMA [6] that employs
maximum entropy method MEM [7]. The resultant den-
sity is plotted with the help of visualization software
VESTA [8]. The refined structure factors have been uti-
lized for the electron density mapping using MEM [7].

3. Results and Discussion

3.1 Powder X-ray diffraction analysis

Structural investigation of the synthesized samples was
carried out using powder XRD data. The NKN-ST ce-
ramics are composed of orthorhombic NKN and cubic
ST. The results reveal that the orthorhombic structure is
preserved. In the present work, the raw intensity datasets
of sintered samples were refined using Rietveld refine-
ment method [4]. The cell parameters and other structur-
al parameters were refined by JANA 2006 [5]. The fitted
profiles for various doping concentrations of the samples
using JANA 2006 [5] has been shown in the figures 1 (a)
and (b). The least square refinement minimizes the dif-
ferences between the observed and calculated profiles,
rather than individual reflections. The refined structural
parameters are given in the Table 1.

3.2 Charge density analysis

Maximum entropy method (MEM) is an accurate tech-
nigue to deal with the electron density distribution in the
unit cell because of its probabilistic approach. Also, it
only needs a minimum amount of information from the
observed XRD spectra and it yields the least biased in-
formation. This method is packaged by the software
PRIMA (PRactice Iterative MEM Analyses) [6].
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Figure 1. Fitted XRD profile for
(1-X)Nao'5K0.5Nb03-XSrTiO3 (a) X=0.00, (b) 0.01

Table 1. Structural parameters of
(1'X)Naol5K0A5N b03'XSrTi03 (X:0.00, 001)

Parameters x=0.00 x=0.01
Space group Amm2 Amm2
a(A) 3.9538(4) 3.9736(3)
b (A) 5.6504(1) 5.6663(2)
c(A) 5.6841(4) 5.6994(3)
a=B=y (°) 90 90

Unit cell 126.98(2) 128.33(1)
Volume (A%

Density 4.49(4) 4.45(3)
(gm/cc)

Rp (%) 5.75 5.59

Robs (%) 1.69 2.62
GOF 1.67 1.27

F (000) 160 160

The structure factors extracted from the Rietveld refine-
ment technique were used for this study. The electron
density distribution in the unit cell was constructed
through the PRIMA software.

The MEM [7] calculations for (1-x)NagsKosNbO3z- XSr-
TiOs (x=0.00, 0.01) ceramics were carried out using
64x64x64 pixels along the a, b and ¢ axes of the ortho-
rhombic and distorted cubic lattice. The results are visu-
alized using the visualization software VESTA (Visuali-
zation for Electronic and Structural Analysis) [8]. Previ-
ously, a similar technique was applied using the MEM
method in other works for charge density analysis.
Three-dimensional charge density distributions in the
unit cell of (1-x)NaysKqsNbO3-xSrTiO; (x=0.00, 0.01)
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are constructed with similar iso-surface levels of 1

elAd,

The positions of sodium, niobium and oxygen atoms and
the electron density distributions in their valence levels
are explicitly and clearly seen from the figure 2 (a). The
qualitative analysis of chemical bonding between sodium
and oxygen and between Niobium and oxygen was done
by plotting 2D charge density contour maps in the con-
tour range of 0 e/A% to 1 e/A° and with the contour inter-
val of 0.08 e/A®corresponding to two different crystallo-
graphic planes (100) in figures 2 (b) and (c). The (200)
plane is shown in figures 3 (b) and (c). The bond lengths
for Na-O bonds are 2.8252 A and 2.8330 A. The bonds
lengths for Nb-O bonds are 2.9141 A and 2.9321 A. The
mid band electron density at bond critical point for Na-O
bonds are 0.2183 and 0.2111 e/A%. The mid band elec-
tron density at bond critical point for Nb-O bonds are
1.0333 and 0.9297 e/A°,

(a) q 100 planes
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Figure 2. (a) 3D unit cell with (100) plane shaded. 2D elec-
tron density distribution on (100) plane (b) x=0.00 (c)
x=0.01

(a)

Figure 3. (a) 3D unit cell with (200) plane shaded. 2D elec-
tron density distribution on (200) plane (b) x=0.00 (c)
x=0.01

3 Conclusion

(1-x)Nag sKosNbO3-xSrTiO; (abbreviated as NKN-ST)
lead free piezoelectric ceramics have been successfully

Copyright © 2019- KARE- Physics

synthesized using conventional solid state reaction
method. The structural investigation of the synthesized
samples have been carried out using powder X-ray dif-
fraction technique and analyzed using Rietveld refine-
ment method by matching the observed and calculated
profiles of NKN-ST. PXRD analysis reveals that the
synthesized samples were in orthorhombic structure and
then the results obtained from the refinement process
were used in mapping the electron density distribution
using maximum entropy method for the charge density
analysis of the samples.
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Abstract

Niobium doped hydroxyapatite nanocrystals were synthesized by sol gel method for three different concentrations of
niobium (2%, 4% & 6%). Structural parameters were analyzed using XRD and the elemental composition was identified by
EDS. The average crystallite size synthesized samples were determined as 27 nm from XRD. From XRD data, the space
group was determined as P63/m for pure HaP and R3c for niobium doped HaP. Antimicrobial activity taken against
Pseudomonas Aeruginosa showed that the activity increases with increase in niobium concentration.

Keywords: HaP, XRD, Crystallite size, Interplanar spacing

1. Introduction

Hydroxyapatite  (Cas(PO,)sOH) is a  bioactive
biomaterial. It is also known as bone mineral which
crystallizes in hexagonal crystal system. It is used as a
filler to replace amputated bone. Modern implant such as
hip replacements, dental implants and bone conduction
implants are coated with HaP [1,2]. Porous HaP is used
for local drug delivery in bone. To repair early lesions in
tooth enamel [3,4]. Host reaction against HaP is
minimum. Poor mechanical properties, e.g. low strength
and toughness, restrict HaP to develop load-bearing parts
[5]. One of the ways to increase the fracture toughness is
by doping. When niobium is mixed with steel it increases
the strength of the steel [6,7]. It is corrosion resistant and
used in medical implants [8-10]. It aids osseointegration
[11]. It is 34™ abundant metal in earth crust and it costs
low. It has high melting point [12]. Hence, niobium is
chosen as dopant. A number of methods have been used
for HaP synthesis [13]. The easiest and cheapest method
is solgel. Under controlled pH and temperature  the
homogeneity of nanocrystal increases [14].

2. Experimental Procedure

Niobium doped hydroxyapatite  nanocrystals
Cayo-xNby(PO4)s_<(HPO,)x(OH),_, where (x=0, 0.02, 0.04
& 0.06) were synthesized by sol gel method for three
different concentrations of Niobium (2%, 4% & 6%).
Diammonium hydrogen phosphate was dissolved in
deionized water and stirred in magnetic stirrer at 90°C.
Calcium nitrate tetra hydrate and Niobium chloride were
dissolved separately in deionized water and added. The
above two solutions were added drop wise. pH is
maintained at 10 by adding ammonium hydroxide [16]. It
was maintained at 90°C for 6 hours. Precipitates were

Copyright © 2019 KARE - Physics

filtered and washed then dried at 110°C for 22 hours and
then calcined at 900°C for 4 hours.

3. Results And Discussion

3.1 Structural Analysis Using XRD

The X-ray powder diffraction measurements were
performed at Sophisticated Analytical Instrument Facility
(SAIF), Cochin, using CuK,; with 20 ranges from 10° to
120° and step size of 0.02°. The XRD patterns of
Cayo-xNby(PO4)s—<(HPO,)«(OH),, (x= 0.0, 0.02, 0.04,
0.06) were compared with JCPDS data which confirmed
the hexagonal crystal system. The XRD profiles of the
pure and niobium doped HaP is shown in figure 15.

Pure HaP

0 10 20 30 40 50 60 70 80 90 100 110 120

2thetain degree

Figurel XRD profile of pure HaP
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Figure 2 XRD profile of 2%Nb doped HaP
Figure 5 XRD patterns of pure and niobium doped HaP
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The shift in main peak is shown in the fig.7
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Intensity  increases  with increase in  niobium
concentration. This shows that the calcium ions are
replaced by niobium ions. The De-bye Scherrer equation
is used in the determinant size of particles of crystals in
the form of powder.
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Figure 4 XRD profile of 6% Nb doped HaP AL Sample D in nm
1 Pure HaP 26.2886
2 2%NDb doped HaP 26.9329
3 4%Nb doped HaP 27.2035
4 6%Nb doped HaP 28.0429
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Figure 7 Crystallite size from XRD

Crystallite size, crystallinity degree, lattice parameters
and unit cell volume were affected by niobium. The
crystallite size increases with increase in niobium
concentration. This proves that Nb*" ijons replace Ca**
ions in the HaP. Since the ionic radius of niobium (198
pm) is larger than calcium (194 pm).

Table 2 Main peak intensity versus 20

S.No Sample 20 in dinA
degree
1 Pure HaP 31.158  2.86901
2 2%Nb doped HaP 31.133  2.87031
3 4%Nb doped HaP 31.117  2.87107
4 6%Nb doped HaP 31.084  2.87513
2.876
2.874 - 6% Nb doped HaP
“2:,872 . 4% Nb doped HaP
° 2% Nb doped HaP
2.87 A
Pure HaP
2.868 T T T T
31.08 31.1 31.12 31.14 31.16 31.18
20 in degree

Figure 8 Main peak intensity versus 20

By Bragg’s law as 0 increases the interplanar distance
decreases which decrease the lattice parameter. This also
proves that the crystallite size increases as 20 increases
with increase in Nb concentration. Space group was
determined as P63/m for pure HaP and R3c (161) for
Niobium doped HaP [15]. The unit cell volume, density
and lattice parameters affected by incorporation of

Copyright © 2019 KARE - Physics

niobium ions in calcium site. The unit cell volume
decreases and density increases with increase in niobium
concentration.

3.3 EDX

The chemical characterizations of the samples were done
at International Research Centre, Kalasalingam
University, Srivilliputhur. Energy Dispersive X-ray
spectroscopy (EDS) is an analytical technique used for
the elemental analysis of the sample. Figure 13- 16
shows the EDX spectrum of niobium doped HaP.
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Figure 13 EDX spectrum of pure HaP
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Figure 14 EDX spectrum of 2% Nb doped HaP
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Figure 15 EDX spectrum of 4% Nb doped HaP
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Figure 16 EDX spectrum of 6 % Nb doped HaP
4. CONCLUSION
Niobium doped hydroxyapatite nanocrystals were

synthesized by sol gel method. Niobum was doped in
three different concentrations (2%, 4% & 6%). The
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structural characterization was done by XRD. From XRD
data the lattice parameters and space group were
determined by comparing with JCPDS. By using De-bye
Scherrer equation crystallite size was calculated from the
FWHM values and 26 values of peaks in XRD data. The
elemental composition was determined by EDX.
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Abstract

In this work, an analysis has been done to describe the structural, electronic and reactivity properties of the
potent oral diuretic and antihypertensive drug hydrochlorothiazide. In order to shed light into the intermolecular
interactions, the Hirshfeld surface analysis has been done. The information retrieved from the global reactivity de-
scriptors calculation is helpful to understand the molecule’s nature of reactivity and site selectivity. The atomic
charges which have been obtained from AIM, Mulliken and NBO analysis give better understanding towards the

distribution of charges in the molecule.

The electrostatic potential assists to pinpoint the sites of electrophilic and

nucleophilic attack likely to happen due to the interaction of hydrochlorothiazide with the hypertension drug target.
This work throws light into the structural, electrostatic, reactivity properties and drug receptor interaction which
further more aids in the outline of novel antihypertensive drugs with improved potential and lower side effects.

Keywords: Charge, reactivity, electrophilicity index, electrophilic region, electrostatic potential

1. Introduction

Hydrochlorothiazide  (HCTZ) chemically — named
(6-chloro-3,4-dihydro-2H-1,2,4-benzothiadiazine-7-sulfo
namide 1,1-dioxide) which is useful in the treatment of
several disorders including edema, hypertension and hy-
poparathyroidism [1]. It is a thiazide diuretic. The in-
vestigation on the structural, electronic, nature and reac-
tivity of the HCTZ molecule paves way for not only ob-
taining better knowledge about the existing drugs but
also leads us to design new efficacy drugs with reduced
side effects. In that sense this study deals with the
structure related things, charges, HOMO(Highest occu-
pied molecular orbital)-LUMO(Lowest unoccupied mo-
lecular orbital) analysis, Hirshfeld surface analysis and
electrostatic potential in order to obtain better interpreta-
tion on the nature and reactivity properties of the HCTZ

molecule.
2. Theoretical methodology

2.1. Energy minimization

The optimization and energy minimization for the
structure of HCTZ has been done at B3LYP level [2]
and (6311G++ (d, p) basis set which also includes dif-
fusion and polarization using DFT theory [3] using
GAUSSIANO09 [4] software. The convergence had
been reached once the self-consistent field was ob-
tained.

Copyright © 2019 KARE - Physics

3. Results and discussion

3.1. Structural aspects

The  optimization for the molecule HCTZ
(C;HgCIN30,S,) was converged with the electronic spa-
tial extent value of 5551.40 a.u. The HCTZ molecule
has 69 degrees of freedom.  The theoretically calcu-
lated structural parameters such as bond lengths, bond
angles and torsion angles agree well with the previously
reported experimental parameters from single crystal
XRD. The optimized figurel shows that delocalization
occurred between the carbon bonds of the phenyl ring.

Figure 1: The optimized structure of the HCTZ molecule
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3.2. Hirshfeld surface analysis

The Hirshfeld surface analysis shows the strong interac-
tions of the O1, O2 and CI1 atoms with the neighboring
molecules and the red color indicates the strength of the
interactions.

Figure 2: Hirshfeld surface analysis of the HCTZ molecule

3.3. Electronic properties
3.3.1. Charges

In order to know how the charges are distributed in the
molecule, an analysis on charges has been done through
AIM [5], Mulliken(MPA), and Natural Bond order
(NBO) analysis. All the three analysis predict that the
charges of S1 and S2 atoms are above 2e (for S1 2.12¢
(AIM), 2.03e(MPA) 2.08¢(NBO); for S2 2.13e (AIM),
2.05e(MPA) 2.09¢(NBO). Similarly, all the Nitrogen
atoms, exhibit the highest negative charges in the three
schemes.

3.3.2. Reactivity properties

The charge transfer mechanism in a molecule can be
explained by HOMO-LUMO analysis and the energy gap
between them throws light on the Kinetic stability and
chemical reactivity of the molecule. Some global reac-
tivity descriptors such as electron affinity [6], ionization
potential, hardness[7-9], softness, electronegativity[10]
and electrophilicity index[11,12] help us to characterize
the nature and reactivity of the molecule. The very low
electron affinity (0.083eV) and low ionization potential
(0.269eV) shows that the molecule is highly chemically
reactive. The very low global hardness (0.093eV) and
very high softness (10.75eV) indicates that the molecule
is very soft and it actively shares electrons with the
neighboring molecule.

The very low electronegativity (0.166eV) shows that the
molecule hardly attracts the electrons. Besides the low
electrophilicity index (0.086eV) clearly predicts that the
molecule has nucleophilic nature and donates electrons
while it interacts with the target bio-molecule.

Copyright © 2019 KARE - Physics

Table 1: Reactivity descriptors of the HCTZ molecule.

Molecular descriptor Energy(eV)
Electron affinity
A:['ELUMO] 0.083
lonization potential
I=[-Eromol 0.269
Global hardness
n=(I-A)/2 0.093
softness
S=1/m 10.75
Electronegativity
=(I+A)/2 0.166
Electrophilicity index
o=p%/2n 0.086
HOMO energy -0.269
LUMO energy -0.083

3.3.3. Electrostatic potential

The electrostatic potential helps us to identify the elec-
trophilic and nucleophilic site and chemical reactivity of
the molecules [13]. In this, the nucleophilic regions are
found at the vicinity of the O atoms which are prone to
electrophilic attack and the electrophilic regions are
found near H and S atoms which are prone to nucleo-
philic attack. The calculated dipole moment value is
low and is found to be 11.5Debye which suggests that
the molecule is highly polar and is more soluble in water.

Figure 3: The electrostatic potential map of the molecule
HCTZ

4. Conclusion

The analysis on structural, electronic, nature and
reactivity of the molecule has been interpreted in detail
which supplies better understanding towards the nature
and reactivity of the molecule. This study helps us to
obtain the chemical characteristic features of the mole-
cule that HCTZ has high chemical reactivity, very soft
and it has less attraction towards electrons.  Finally
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HCTZ qualifies itself as a fast interacting and powerful
anti-hypertensive drug which interacts actively with the
protein and the nucleophilic region of HCTZ interacts
with the electrophilic region of target and the electro-
philicity of the new molecule gets modified through the
process of electronic charge transfer.
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Abstract

The preparation and characterization of highly crystalline orthorhombic bismuth molybdate (Bi,MoOg) nanoparticles
synthesized by single pot microwave-assisted combustion method. The characterization, XRD pattern confirmed the
presence of polycrystalline orthorhombic Bi,M0Os. The surface morphologies of Bi,MoOg with nanosheets and rods
are obtained by SEM images. The elemental compositions of the prepared sample have been examined by SEM
equipped with EDX analysis system. The formation mechanisms of nanosheet and microrod structures were then dis-
cussed. FTIR is used to identify the structural coordination and functional groups of the prepared NPs.

Keywords: Bi,MoOg microwave-assisted combustion, orthorhombic, nanosheet, microrod.

1. Introduction

Currently, a family of bismuth-based semiconductors
has attracted extensive attention due to their photo re-
sponse in the visible region such as BiOX (X= Cl, Br, I)
[1-3], BiVO,[4], Bi,03[5], BiTiO3[6] and BiFeOs
[7] have been investigated by the scientific community.
Among these Bi-containing compounds, Bi,MoQg is a
preferable photocatalyst with a smaller band gap (about
2.5-2.8 eV) for employing visible light [8]. It is report-
ed that Bi,MoOg could be utilized in decomposition of
organic compounds under visible-light irradiation [9].
As a typical Aurivillius oxide, Bi,MOg (M = W, Mo)
with the layered bismuth oxide family are of unique
enthusiasm because of their dielectric, ion-conductive,
luminescent, catalytic and synergist properties [10&11].
Developing epic nanostructures by base up systems
might be soundly planned.

Solution Combustion synthesis (SCS) is an adapta-
ble, simple and quick procedure, which permits viable
production of an assortment of nanosize materials. This
procedure includes a self-sustained reaction in the homo-
geneous arrangement of various oxidizers (e.g., metal
nitrates) and fills (e.g., urea, glycine, hydrazides). The
microwave-assisted combustion method, a pristine type of
SCS synthetic method, conspicuously reduces the time of
reaction from days and hours to minutes or even seconds.
This method differ from most of conventional methods

Copyright © 2019 KARE - Physics

with many striking advantages such as enhanced reaction
Kinetics, selective materials coupling, rapid volumetric
heating, high reaction rate, increased product yield, most
purity product, low cost, etc. Furthermore, this method can
suppress the by-products during synthesis [12]. These
advantages could be endorsed to prompt homogeneous
nucleation and easy dissolution of the gel. However, only
few papers have been published in metal molybdate NPs
by microwave assisted combustion method using urea as
fuel [13-15].

In this work, Bi,MoOg nanocrystals were synthesized
via facile time consuming, eco-friendly, single pot micro-
wave-assisted combustion method. Bi,MoOg NPs ex-
pected to have much higher photo and electrochemical
activity.

2. Materials and methods
2.1. Materials

Bismuth nitrate pentahydrate (Bi(NO3)s.5H,0), Sodium
molybdate dehydrate (Na,M00,.2H,0O) and Urea
(CO(NH,),) were purchased from Merck, India. All
chemicals were analytical grade, and were used without
further purification. Double distilled (DD) water was
used throughout this study. Ethanol was purchased
from Sigma Aldrich, Mumbai, India.
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2.2. Synthesis of Bi,Mo0Og

Bi,MoOs NPs was prepared by a simple micro-
wave-assisted combustion method as described earlier
by our group [12&13]. Bi(NO3)3.5H,0 (1 mmol),
Na,M00,.2H,0 (1mmol) and CO(NH,), (4 mmol) were
each dissolved together in 50 mL of DD water under
magnetically stirring at room temperature. Later, trans-
ferred into domestic microwave oven (IFB-20PG3S)
with microwave vitality in a 2.45 GHz multimode cavi-
ty at 1000 W for 10minutes. After the reaction, the
precipitate was isolated and washed with DD water and
ethanol for several times, and dried at oven a night.

2.3. Characterization methods

The crystallinity and phase purity of the samples were
characterized by a Bruker D8 advance ECO XRD sys-
tems with SSD160 1D Detector X-ray diffractometer.
The morphologies and microstructures of the samples
were examined with scanning electron microscope
(ZEISS EVO 18 Research). Fourier transform infrared
spectra (FT-IR) of the prepared powders were engaged
in the range of 4000-400 cm™ by Shimadzu (IR Trac-
er-100) spectrophotometer by means of KBr pellet tech-
nique.

3. Results and Discussion
3.1. X-ray analysis

Fig. 1 depicts the XRD patterns of the Bi,MoOg samples
and observed the diffraction peaks between 26 = 10-
80°. As shown in Fig. 1, the diffraction peaks in could
be indexed to the y-Bi,M0Og phase, corresponding to
JCPDS Card no.:77-1246. The sharp and intense peaks
indicated that the sample have a high degree of crystal-
linity. It is revealed that all the peaks could be readily
indexed to the of primitive lattice y-bismuth molyb-
denum oxide, with lattice constants of a=5.482 A,
b=16.19 A, and ¢=5.509 A (JCPDS card no.77-1246).
From the structural point of view, NiMoO4 has a ortho-
rhombic crystal structure and PCa2;(29) space group.
From the XRD study, no other impurity peak was de-
tected. The prepared nanomaterial is extremely crystal-
line in nature. The average crystallite size of Bi,Mo0Og
NPs was calculated by Debye Scherrer formula as given
below,

DA
PcosO

nm

Where, ‘D’ is the crystallite size with value 0.9,
‘A’ indicate the X-ray wavelength, ‘0’ indicate the
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Bragg diffraction angle ‘B’ is the full width at half
maximum (FWHM). The average crystallite size was
calculated and was found to be around 28.9 nm.

10 20 30 40 50 60 70
20 (degree)

Fig.1. Powder XRD pattern of Bi,MoOs nanostructures.

3.2. SEM
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EMT=2200kV  Signal A= SE1
WD=105mm  Mag= 50.00KX

Fig.2. SEM images of as-prepared bismuth molybdate
showing nanosheets and microrod like structure morphol-
ogies

Generally, the shape determination of the nanocrystals
depends on the crystallographic phase of the initial seed
during the nucleation processes. The SEM images were
used to study the surface morphology of Bi,M0Og NPs.
Figure 2 shows the SEM images of Bi,MoOg NPs con
firmed that the synthesized NPs having the uniform size
nanoplate structure with some microrods. This may be a
result of the combination of the NPs with rod-shaped
and the growth of unequal crystalline grains for the pe-
riod of synthesis.

These results clearly illustates that the formation of mi-
crorod like structure, due to the aggregation followed by
the agglomeration of NPs. The transformation of the
Bi,M0Og morphology from a 2D sheet-like structure to
a 1D rod-like has been realized through a facile, time
consuming microwave assisted combustion method is
visualized through SEM image. Thus Bi,MoQOg sample
exhibited a photocatalytic activity 12 times higher than
that prepared at basic condition for the photodegrada-
tion of MB under visible-light irradiation [FTIR].

3.3. EDS and Mapping

Energy-dispersive X-ray spectroscopy (EDS) analyses
were carried out for all samples. A fine homogeneity
was noticed for the sample y-Bi,MoOg, in accordance
with XRD patterns, indicating the presence of
v-BioM0Os only. As expected, the Mo stoichiometry
was close to the theoretical value of B;;M0Osg. It is
worth noting that the presence of Bi, Mo, C and O. The
presence of Cu is due to the conductive copper tape
used in EDS measurement. The Bi, Mo and O element
maps for the samples Bi,MoOg generated from EDS
data collected during SEM imaging of the particles are
shown in figures 3(b). The element maps provide addi-
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tional insights into the elemental composition and dis-
tribution within the BiMoO NPs. Bi, Mo and O in
Bi,MoOg are well dispersed throughout the particles,
indicating that they can be described as Bi-Mo-O alloys.

‘cpS/EV

bismuth molybdate NPs

3.3. FTIR Spectroscopy

Fig. 4 shows the FTIR spectra of the prepared Bi,MoQg.
A small peak is attributed at 2320 cm™ may be due to
CO, or nitrile group. The main absorption bands at 400—
900 cm™ are mainly related to Bi-O, Mo-O stretching
and Mo-O-Mo bridging stretching modes, which can
reflects the variation of structure in crystal [ 16&17].
The bands at around 845 and 797 cm™ can be assigned
as the asymmetric and symmetric stretching mode of
MoOg involving vibrations of the apical oxygen atoms,
respectively. The band at 711 cm™ is attributed to the
asymmetric stretching mode of MoOyg involving vibra-
tions of the equatorial oxygen atoms and the bands at
567 cm™ correspond to the bending vibration of MoQOs.
Furthermore, a small change of the band occurred at 456
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cm, which is attributed to the stretching and bending
vibrations of BiOg octahedra, confirming the crystal
structure. In orthorhombic Bi,MoQg, the molybdenum
cation is located in a distorted MoOg> octahedron with
different distinct bond lengths, and the bismuth cation is
coordinated with the MoOg” octahedrons. Consequent-
ly, the lone-pair distortion existed in the orthorhombic
structure due to the difference in the Bi-O bond lengths
around the bismuth cation [16].

—— Bi;MoOg

T (a.u.)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'l)

Fig.4. FTIR spectrum of synthsized bismuth molybdate NPs.
4. Conclusion

The bismuth molybdate nanomaterials were successfully
synthesized by facile, time-consuming single pot-
microwave-assisted combustion method. XRD pattern
revealed the presence of orthorhombic primitive
Bi,M0oOg system structure with average crystallite size
of 28.9 nm. The SEM images were clearly depicts
nanosheet and microrods morphology and the presence
of relevant elements was exhibited in EDS. The trans-
formation of the Bi,MoOg morphology from a 2D
sheet-like structure to a 1D rod-like has been realized
through microwave synthetic method expected to have
better photocatalytic activity. FTIR spectra were used
for the identification of the structural coordination and
functional groups. The XRD, FTIR and EDS analyses
confirmed the impurity free orthorhombic Bi,MoOg
NPs. The microwave-assisted combustion technique
presented here seems an economical and easy way for
the size and morphology control of such material.

Copyright © 2019 KARE - Physics
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Abstract

Sodium ion conducting polymer blend electrolytes composed of poly(vinyl alcohol) (PVA), poly(vinyl pyrrolidine)
(PVP) as polymer hosts, sodium nitrate (NaNO3) as an electrolyte with different concentrations of L-methionine have
been prepared by traditional solvent casting technique. Double distilled water was used as a solvent. The as-prepared
samples were subjected to AC impedance spectroscopy in the frequency range of 42 Hz to 1 MHz. Maximum ionic
conductivity of 3.12*-06 Scm™ has been obtained for the addition of 2.5 wt. % of L-methionine. Temperature dependent
conductivity, Loss tangent spectra analysis, conduction spectra has also been carried out. Increase in ionic conductivity
with the increase in temperature has been observed for all the samples and it seems to obey the Arrhenius behaviour.

Keywords: Solution casting technique, L-Methionine, lonic Conductivity, Dielectric constant, Loss tangent.

1. Introduction

Polymer blending has received a great deal of attention
in recent years since it possesses numerous advantages
from other techniques like easy preparation and control
of their physical properties within the miscibility compo-
sitional regime. Based on it, in the present work we have
prepared polymer blend electrolytes consisting of poly
(vinyl alcohol) (PVA), poly (vinyl pyrrolidone) (PVP) as
polymer hosts, sodium nitrate (NaNOs) as salt and an
amino acid, L-methionine as dopant.

2. Experimental
2.1. Materials and Methods

Poly (vinyl alcohol) (PVA) with molecular weight of
~1,25,000 g and poly (vinyl pyrrolidone) (PVP) with
molecular weight of ~90,000 g, were purchased from S.
D. Fine 5 Chemicals Ltd., and both the polymers were
used without further purification. The L-methionine salt
(Merck) and sodium Nitrate (NaNO3) (Merck) are used
as raw materials to synthesis the blend polymer electro-

lyte.

Copyright © 2019 KARE - Physics

2.2. Preparation of polymer electrolyte

The polymer electrolyte based on the composition of
PVA/PVP/L-methionine and NaNO; were blended by
solution casting technique using double-distilled water
(D.D water) as solvent. Stoichiometric quantities of
precursor materials, 50Wt%PVA/50wWt%PVP and 2wt%
NaNO; dissolved in D.D water separately and the above
all solutions were continuously stirred for 1 h at 40 °C to
make the transparent solutions. The above PVP/PVA/
NaNo; transparent solutions were mixed together with
stirring until forming homogeneous blend solution.
Then, the amino acid, L-methionine with various con-
centrations was dissolved in double-distilled water with
vigorous stirring at room temperature for 24 hours. The
obtained homogeneous solution, PVA/PVP/
L-methionine/ NaNOj; blend was poured then into poly-
propylene dishes and slowly dried at room temperature
for 4 days. The obtained blend polymer film is peeled off
from dishes for further studies. [1]

3.Results and Discussion

3.1.lonic Conductivity studies:

The calculated values of ionic conductivity and the
activation energy for
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PVA/PVP/NaNQOz/L-methionine systems is shown

in Figure 1.
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Figure 1 Conductivity Vs Activation energy of
L-methionine system.

It is observed from the Figure 1, when the concen-
tration of L-methionine increased from 1.5 wt.% to
2 and 1.5 wt.%, the value of ionic conductivity
seems to increase by an order of magnitude. The
increase in ionic conductivity is due to the increase
in the number of mobile charge carrier and also the
nature of the polymer blend electrolyte which re-
duces the energy carrier, there by facilitating the ion
transport. [2]

Concentrations of E,
L-methionine (eV)
wit%

05 1.04

1 1.14

1.5 1.52

2 1.20

25 1.01
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3.2.Temperature dependence of ionic conductiv-
ity

The temperature dependence of ionic conductivity
for all the prepared system over the temperature 303
K to 363 K is shown in the Figure 2.

lonic conductivity increases with the temperature
for all the samples which implies that it obeys Ar-
rhenius relation given below,

o(t) = o, exp[—E,/KT] ... (1)

where, o, is the pre-exponential factor, E, is the
activation energy for conduction, and K is the
Boltzmann constant.

Arrhenius law states that the moment of the charge
carrier from one site to its adjacent site without
having acquired much energy.
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Figure 2 Variation of log o with increase absolute
temperature for PVA/PVP/NaNQO3/ L-methionine
system.

The increasing ionic conductivity against the in-
crease of temperature in solid polymer electrolyte
enhance the segmental (i.e. polymer chain) motion,
which resulting in an increase in the free volume of
the system. Thus, the segmental motion either per
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mits the ion to hop from one site to another or pro-
vides a pathway for ions to move. In other words, the
segmental movement of the polymer facilities, the
translation ionic motion. From this, it is clear that the
ionic motion is due to translation motion/hopping
facilitated by the dynamics segmental motion of the
polymer. As the amorphous region increase, the
polymer chain acquires faster internal modes in
which the bond rotations produced segmental mo-
tion to favor inter and intra chain ion hopping, and
thus the value of ionic conductivity becomes high.
[3] The activation energy (combination of energy for
defect formation and the energy for migration of ion)
is calculated for all the samples and is given in Fig-
ure 1.1t can be seen from the figure 1, that the value
of E, of the system is found to low for the sample
which possessed maximum ionic conductivity. This
is due to the fact, as the temperature increase, it
causes the expansion of polymer blend matrix and
thus weakness the interaction within the polymer
blend matrix. This initiates the decoupling of Na*
ions from the polymer blend matrix. Besides, as the
temperature is increased, the polymeric chain ac-
quires faster internal modes and thus promotes the
bond rotation, resulting in faster segmental mobility.
Consequently, the intrachain and interchain and
interchain ion hopping mechanisms are favorable
which in turn result in higher ionic conductivity [3].

3.3. Conduction Spectra:

Conduction spectra for PVA/PVP/NaNO,/2.5 wt%
of L-methionine system. The conductance spectra
can be divided into low frequency dispersion region,
a frequency-independent plateau region in the mid
frequency range and dispersive region at high fre-
guencies is shown in Figure 3. [4]
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Figure 3 Log o Vs Log ¢ forPVA/PVP/NaNO3/
L-methionine system at various temperatures.

3.4.Loss Tangent Spectra Analysis:

The dielectric loss tangent (tand) can be defined
by the equation:

tan o= ¢&''/&’
The variation of tan & with frequency for all the
prepared PVA/PVP/NaNOj/ 2.5wWt% of
L-methionine at different temperatures was repre-
sented in Figure 4.1t has been observed that tan &
increases with increase in frequency and reaches a
maximum value and decreases for further increase of
frequency as per the Debye equation.[5]
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Figure 4: Loss tangent spectra of PVA/PVP
NaNO; /2.5 wt% of L-methionine at various
temperatures.
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Conclusion

Solid Polymer blend electrolytes comprising of
PVA, PVP, NaNO; with different concentrations of
L-methionine were successfully prepared using so-
lution casting technique. From the AC impedance
analysis,maximum ionic conductivity 3.12*-06
Scm™ was observed for 2.5 wt.% of L- methionine
added system. Temperature dependence of ionic
conductivity seems to Arrhenius behavior. Low ac-
tivation energy of 1.0leV was obtained for the
sample which possessed maximum ionic conductiv-

ity.
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Abstract

Proton conducting Poly ethylene oxide:Poly vinyl pyrrolidone polymer blend Electrolytes have been prepared by solu-
tion casting technique. The prepared solid electrolytes are characterized by FTIR and AC impedance analysis. The
FTIR spectrum confirms the complexation between salt and polymers. The conductivity of the samples is analyzed by
Impedance spectroscopy technique within the frequency range of 42Hz to 1MHz in the temperature range of 303K to
363K. The conductivity of Polymer electrolytes increases upto 20wt% of Ammonium thiocyanate concentration and the
higher conductivity is found to be 2.62x10™* S/cm at room temperature.

Keywords: PEO:PVP; AC impedance; Polymer blending; FTIR;

1. Introduction

In the recent years, polymer electrolytes are broadly con-
sidered because of their potential electro-chemical ap-
plications in batteries, energy units, super capacitors,
electro-chromic sensors [1]. Polymer electrolytes have
numerous points of interest such as adaptability, simplic-
ity of processing into thin films, electrochemical strength
and sealing nature [2]. There are few procedures used to
prepare polymer electrolytes, for example, blending [3],
co-polymerization, plasticization, addition of ceramic
Nano fillers[4] to enhance the ionic conductivity of
Polymer electrolytes.

Polymer blending is one of the viable ways to deal with
diminishing the crystalline behaviour and improve the
amorphous nature. Polymer blends frequently display
properties that are better than the individual component
polymers[13]

PEO is one of the semi-crystalline polymers, which has
both crystalline and amorphous nature at room tempera-
ture[5]. Poor ionic conductivity (10 — 107" S/cm) at
surrounding temperature [7] and low cation transference
number (<0.3) were the two noteworthy downsides ac-
quired for PEO based Solid polymer electrolytes [7].
Yet, in room temperature, the ionic conductivity of PEO
based polymer electrolytes are in the order of 10-7 to 107
S/cm [8, 9]. There are different ways to deal with the
enhancement of ionic conductivity in PEO based elec-
trolytes [10]. As of late, PEO has been widely contem-
plated as an electrolyte and separator materials because
of its exceptional film forming capacity and good lithium
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ion stability. The polymeric chain of PEO is equipped for
wrapping around the lithium ion, making coordination
bonds [11, 12]. It cans solvate a wide assortment of salts
even at high salt concentrations.

PVP is a unique one among the conjugated polymers as a
result of its high amorphous nature that allows faster
ionic mobility. The presence of the carbonyl group
(C=0) in PVP leads to form variety of complexes with
different inorganic salts and displays high Tg with great
environmental, thermal and mechanical stability [14].
PVP is an Organic polymer to blend with polyethylene
oxide to enhance the ionic conductivity of polymer elec-
trolytes. It is an extraordinary conjugated polymer, on
the grounds that PVP has high amorphous nature at room
temperature. The another preferred point of PVP is that
the formation of thermally cross connected polymer
chain and accordingly, it has extraordinary thermal sta-
bility and high mechanical strength of blend materials
[15-16].In the present work, various of ammonium thio-
cyanate is mixed with PEO and PVP polymers.

2. Experimental
2.1. Preparation

PEO (Molecular weight 4x10° g/mol) is purchased from
Aldrich chemicals USA, PVP (molecular weight,
Mw=9x10°> g/mol) is purchased from (S-d fine
chem-Ltd), India and Ammonium thiocyanate of molec-
ular weight Mw=76.117g is purchased from Merck, In-
dia. The solution casting technique is simple and flexible
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method to prepare polymer electrolyte. Double distilled
water is used as solvent. PEO, PVP and Ammonium thi-
ocynate are taken in the ratios of (30:70:5) (30:70:10)
(30:70:15) (30:70:20) and (30:70:25). Initially the poly-
mers PEO, PVP and Ammonium thiocyanate are dis-
solved in distilled water separately. Then it is mixed and
stirred well. The resultant homogeneous solution is
poured into petri dish and allowed for solvent evapora-
tion.

2.2. Characterization

The FTIR Transmittance spectra of the films are
recorded using "SHIMADZU IR Tracer 100"
Spectrometer with a resolution of 4 cm™. The spectra are
obtained in the wave number range of 400-4000 cm™.
The impedance measurements are done by the computer
controlled HIOKI 3532-50 LCR Hi-tester within the
frequency range of 42Hz- 1MHz in the temperature
range of 303K-363K.

3. Results and Discussion

3.1. FTIR

In the blend polymer electrolyte, there are two possible
interactions for the cation (i) electron rich ether group of
PEO, (ii) C=0 of PVP. By the addition of the salt, the
corresponding ion  will approach the suitable

coordinating site and thereby alter the environment of the
polymer chain. From the figure, it is clearly observed

4000 3500 3000 2500 2000 1500 1000

Transmittance (a.u)

Wavenumber (cm")
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that the C=0 shows minor shift and increase in intensity.
Figure 1 shows the FTIR graph of different wt%
NH4SCN doped PEO/PVP.

A sharp band observed at 2893 cm™ for pure PEO/PVP
is due to the asymmetric CH stretching of CH,. The
sharp band is decreased in intensity by increasing the
concentration of PEO/PVP. The band observed at
1461cm™ is due to the CH, Scissoring mode of PEO. The
C-O stretching vibration located at 953 cm™ is associated
with PEO with some CH, rocking asymmetric vibration.
The vibration bands observed at 1282 cm™, 1348 cm™,
1461 cm™ are assigned to CH, asymmetric twisting, CH,
bending of PEO and CH, wagging, respectively. . The
band located at 834 cm™ is owing to the CH2 rocking
mode of PVP with little bit contribution from C-O
stretching mode of host polymer PEO. The absorption
band located near 1461 cm™ belongs to the CH, wagging
of PVP. Furthermore, PVP presence is verified by the
location of two strong absorption bands at 1349 cm™ and
1687 cm™ which corresponds to the C-N stretching and
C=0 stretching, respectively. FTIR wavenumbers and
Corresponding assignments are tabulated in table 1.

Table 1: FTIR Assignments and corresponding
wavenumbers
wavenumber Assighments
956 CH, rock_mg asymmetric
vibration
1283 CH, asymmetric twisting
1349 CH, bending of PEO
CH, Scissoring mode of
1461 PEO
1639 C=0 stretching
asymmetric CH stretching
2893 of CH,

In the present system two interactions are possible for the
cation, when salt is added to the polymer blend then it
will approach the suitable coordinating site and will alter
the environment of the polymer chain. From the Figure 5
it is clearly visible that the C=0 shows minor shift and
decrease of intensity in peak position. The C-O-C
stretching vibration band of PEO shows peak splitting in
addition to salt in symmetric an asymmetric C-O-C
stretching. Also, the shift in the wavenumber is
noticeable which provides us strong evidence that the
cation is going to coordinate with the electron-rich ether
group of PEO.
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3.2. Ac Impedance analysis
3.2.1. Cole-Cole plot:
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Figure 2.Cole cole plot for Different wt% of NH,SCN
with PEO/PVP polymer matrix.

The impedance plots for PEO/PVP/Xwt% Ammonium
thiocyanate (NH;SCN) polymer electrolytes at room
temperature are shown in Figure.4. There is a
semicircular portion in all the polymer systems. In the
complex impedance representation, by increasing the salt
concentration the bulk resistance of the films are
decreased and the maximum bulk resistance reduction at
20wt% NH,SCN added to the films. The semicircle in
high frequency region corresponds to the bulk response
of the films due to the parallel combination of resistance
and a capacitance. The migration of ions and the
polarization of immobile polymer chains produce the
impedance effect from resistance and capacitance which
represent the depressed semicircle [24]. The ionic
conductivity is calculated by using the formula,

5 =l/RyA

where |-thickness of the film, A- area of the film and
Rp-bulk resistance of the material.

3.2.2. Conductance Spectra

Figure 3, demonstrates the conductance spectra of
30%PEO/70%PVP mixed with different wt% of
ammonium  thiocyanate. The spectra give the
frequencydependence ofconductivity ofthe polymer
blend.
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Figure 3. Conductance spectra for various wt% of
NH4SCN doped PEO/PVP polymer matrix.

The Characteristic conductance spectra consist of two
distinct regions: the high frequency spike and frequency
independent plateau region. The appearance of the spike
is due to the bulk relaxation phenomena. The dc
conductivity can be connected with the pleatau region.
The conductivity can be obtained by extrapolating the
plateau region on the log ¢ axis. For 20 wt% ammonium
thiocyanate mixed with polymer electrolyte shows
maximum higher conductivity of 2.62x10* S/cm at
room temperature. For 25wt% Ammonium thiocyanate
mixed with polymer electrolyte, it may have more voids
with lower concentration and hence the conductivity is
obtained minimum.

4. Conclusion

PEO/PVP/ammonium thiocyanate polymer electrolytes
have beenprepared by solution casting in different
compositions. FTIR spectroscopic analysis shows the
presence of certain characteristic bands and there is an
occurrence of shifting of bands with the increase in the
salt concentration and confirm the complexation between
polymers and salt. The impedance analysis shows the
increase in conductivity with increase in both
temperature and the lithium acetate doping level. The
polymer electrolyte PEO/PVP/20 Wit% Ammonium
thiocyanate has showed the higher conductivity of
2.62x10™ S/cm. From the Conductance spectra, it is
confirmed that the maximum conductivity is obtained for
20wt% NH,SCN doped PEO/PVP.
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Abstract

Sodium (Na) based rechargeable batteries (SIBs) have now captured much attention due to its environmentallyfriendly
nature, non-toxic and moreover low cost and abundant materials. PVA and PVP blended polymer doped with different
concentrations of sodium sulphate (Na,SO,) have been prepared by the solution casting method. Cole-cole plot showed
the depressed semicircles. Electrical impedance and conductivity studies are also analyzed to sodium sulphate mixed
blend polymer matrices. The highest conductivity is observed as 2.4x10”'Scm™ for 8% Na,SO, doped PVA-PVP poly-

mer sample.

Keywords: polymer blend, solution casting method, PVA/PVP, ac impedance, sodium sulphate.

1. Introduction

Access to energy is a key pillar for human
wellbeing, economic development and poverty allevia-
tion[1]. However, our present energy systems have im-
portant environmental impacts. If we are to meet our
global climate targets and avoid dangerous climate
change, the world needs a significant transition to an
environmental friendly energy sources. Among various
environment friendly energy sources, solid state batteries
(SSBs) have become one of the strong candidates for
energy source.

Solid state batteries (SSBs) uses solid electrolytes have
attracted great importance throughout the world for last
several years[2,3]. The conventional liquid electrolyte
based batteries have various inherent disadvantages like
limited life time, time consuming charging-discharging,
limitation of the temperatures and vibrations resulting in
potential dangerous leakages, flammable and toxic [4,5].
The SSBs not only eliminate the above limitations of
liquid electrolyte based batteries, but also having maxi-
mum energy density. SSBs can be scalable and have the
potential to be ultra-small in size with high density —
enabling them to store twice as much energy as liquid
electrolyte based battery in the same area. Solid-state
battery technology is not only used for faster recharging
for electric vehicles and consumer electronics but also
grid energy storage, medical devices and avionics.

Recent work on rechargeable, all-solid-state alka-
li-metal batteries has advanced the technology to a point
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where applications through the whole battery product
range can be envisaged. Although significant progresses
have been achieved in the field of lithium ion batteries
(LIBs) as a promising energy storage device [6,7,8],
their high cost, less abundance, environmental impact
and safety limitations impede the widespread imple-
mentation of lithium insertion materials in future battery
technologies[9-11]. Therefore, there is urgent necessity
to search for alternative energy storage system technol-
ogy capable of complementing the current Li-ion battery
technology. Amongst the accessible battery chemistries,
sodium (Na) based rechargeable batteries (SIBs) have
now captured much attention due to its environmentally
friendly nature, non-toxic and moreover low cost and
abundant materials [12,13] and thus can be used in large
or medium scale industries.

The electrolyte cum separator between two
electrodes is an essential component of the battery plays
a significant role in the transportation of ions during
charging and discharging processes, so it must be in
stable form during battery operation. Solid polymer
electrolytes (SPEs) have attracted great scientific inter-
est during the last two decades because of their numer-
ous potential applications in various advanced devices
including solid-state batteries, fuel cells, electrochemical
display devices/smart windows, photo-electrochemical
cells etc.[14-16], due to their high conductivity, high
energy density, wide electrochemical stability and easy
processibility[17]. SPEs exhibits various advantages like
easy to prepare, light weight, easy to handle, flexible in
shape and size, good mechanical strength, shows good

79



Gogoi et. al.

electrode-electrolyte contact and do not show any signs
of electrode corrosion[18-20].

Poly vinyl alcohol (PVA) is a semicrystalline
polymer studied extensively because of its many inter-
esting physical properties which arise from the hydrogen
bond formation due to the presence of —OH groups. Poly
vinyl pyrrolidone (PVP) is a biopolymer with higher
order of amorphosity, deserves a special attention among
the conjugated polymers because of its good environ-
mental stability, easy processability and moderate elec-
trical conductivity. The semicrystalline nature of PVA at
room temperature, subsequently limits its ionic conduc-
tivity. One of the alternate way to enhance the amorphous
nature of PVA based electrolyte systems is to blend with
amorphous PVP polymer21]. The interactions between
PVA and PVP is expected to occur through interhydrogen
bonding between the carbonyl(C = O) group of PVP and
the hydroxyl (-OH) group  of PVA. In the present
study, PVA and PVP blended polymer doped with dif-
ferent concentrations of sodium sulphate (Na,SO,) have
been prepared by the solution casting method. Electrical
Impedance and conductivity studies are analysed to So-
dium sulphate mixed blend polymer matrices.

2. Experimental Methods and Characterisa-
tion

Solution casting method is the easiest method to
prepare the PVA and PVP blended gel matrices. Analyti-
cal grade of Polyvinyl alcohol, polyvinyl pyrrolidone and
sodium sulphate are acting as a precursor to make the
polymer film through solution casting meth-
od.Stoichiometric amount of PVA, PVP and Sodium
sulphate were dissolved in double distilled (DD) water in
separate beakers. Initially aqueous solutions of PVA and
PVP were mixed. After half an hour strring the previous
mixed solution, sodium sulphate solution was added into
the above solution drop wise at room temperature. After
the complete addition, solution was stirred constantly for
5 hours. The solution was converted into gel. The gel was
dried at 80° C to form transparent film. Electrical im-
pedance and conductivities have studied for solid state
battery applications.

3. Results and discussion

3.1. Electrical Impedance

Impedance spectroscopy is used to analyse the micro-
structure of the blend polymer samples. The cole —cole
plot showed the semicircles as displayed in the figure.

The obtained depressed semicircles are attributed to the
parallel combination of resistance and capacitance.
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Fig. 1 cole-cole plot of Na,SO, doped PVA-PVP
polymer sample

The lower impedance is observed for 8% Na,SO, doped
PVA-PVP polymer sample. The electrical conductivity
is calculated using measured impedance data by the fol-
lowing equation

o=1/RA

Where R - measured impedance, | - thickness of the ma-
terials and A — cross sectional area of the sample. The
electrical conductivity is calculated as 2.4x107'Scm™ for
8% Na,SO, doped PVA-PVP polymer sample.
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Fig. 2. Frequency dependent conductivity of Na,SO,
doped PVA-PVP polymer sample

Fig. 2. Shows the frequency dependent conductivity of
Na,SO, doped PVA-PVP polymer sample. It showed
pleatue region at lower frequency and dispersion region
at higher frequency. The dc conductivity observed at
lower frequency is highest for 8% Na,SO, doped
PVA-PVP polymer sample.

The ionic polarization is involved in the blend
polymer sample. The sodium ions are mobilised inside
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the materials and accumulated at the interfacial region of
the materials. Hence, the dielectric costant is high at
lower frequency due to space charge polarization of the
materials. In the modulus spectra, the space charge po-
larization is suppressed and the curve is formed in the
electric modulus which is related to the ionic relaxation
of the materials.
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Fig. 3. Frequency dependent electric modulus of Na,SO,4
doped PVA-PVP polymer sample

4. Conclusion

The solid polymers at various composition of Na,SO,
doped PVA-PVP polymer sample are prepared by solu-
tion casting method. After the polymer samples are con-
firmed by several characterizations, the electrical im-
pedance and conductivities are analyzed. The highest
conductivity is observed as 2.4x107Scm™® for 8%
Na,SO, doped PVA-PVP polymer sample. This 8%
NaSO4 doped PVA-PVP polymer is applicable for fab-
rication of solid state battery.
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Abstract

Surface modification is a group of techniques to modify the surface of the cheap bulk material and to bring the desired
properties on its surface. Lot of surface modification methods is followed to change the surface properties of the bulk
material. In this study, the surface of TiO, nano crystallites was modified with Ag by direct reduction of AgNOj; using
NaBH,. Different concentration of reduced Ag nano particles was used to modify the surface of the TiO, nano crystal-
lites. The loading concentration of Ag nano particles on TiO, nano crystallites, imparts different color on TiO, nano
crystallites. This kind of surface modified TiO, nano crystallites finds many applications in solar cells and photocata-

lytic activity.

Keywords: Anatase, Nano crystallites, TiO,, Ag

1. Introduction

The anatase phase TiO, most used in solar cells due to its
high activity in UV region of solar spectrum, high stabil-
ity, low toxicity and low cost. Researches have proved
that the doping of transition metals can modify the band
gap and leads to tuning of its performance when used in
photovoltaic cells.[1-4] Among the other noble metals,
silver ions are attracted particularly as dopant in DSSC
applications due to their electron transport effects, easy
preparation and low cost [5,6]. Silver (Ag) is used to
modify the surface of anatase TiO2 and originate the
defects in the Ti lattice, such as oxygen vacancies and
surface related defects which enable an efficient charge
separation [7, 8]. This work is to synthesis of surface
modified TiO, nano crystallites with Ag nanoparticle of
different concentration which can be used for solar cell
and photocatalytic activities.

2. Experimental

2.1. Preparation of Ag coated TiO, nano crystal-
lites:

Ag coated TiO, nano crystallites were prepared by
reducing silver nitrate to silver using sodium borohydride
on TiO, nano crystallites. About 0.2 g of TiO, nano
crystallites (Aeroxide P25, 99.5% pure and 21 nm parti-
cle size) was slowly added to 50 ml of freshly prepared
sodium borohydride solution (1.58 x 10 M) taken in a
round bottom flask. The addition of TiO, nano crystal-
lites to sodium borohydride solution was carried out
while stirring and it was stirred continuously throughout

Copyright © 2019 KARE - Physics

the experiment. For the preparation of Ag coated TiO,
nano crystallites, the round bottom flask was kept in an
ice bath and silver nitrate solution (7.06 x 10% M) was
added slowly at the rate of 1 drop per 5 seconds with
continuous stirring. The color change was observed de-
pends on the amount of silver nitrate solution added to
the TiO, — sodium borohydride solution. The solution
was stirred for about 12 hours and the Ag coated TiO,
nano crystallites were separated from the solution by
centrifugation. The centrifuged Ag coated TiO, nano
crystallites were washed thrice with de-ionized water to
make it free from sodium borohydride solution. The
washed Ag coated TiO, nano crystallites was air dried
initially and finally dried at 60°C for an hour. Four dif-
ferent samples of Ag coated TiO, nano crystallites were
prepared of using this methodology. The percentage of
silver on four different samples of Ag coated TiO, nano
crystallites was 1 %, 2 %, 3 % , 4 % and 15%, respec-
tively.

2.2. Characterization techniques:

The powder X-ray diffraction was performed
(SEIFERT JSO-2002) using Cu-K,; radiation with the
diffraction angle 26 of 20°-80° and analyzed with
XRDA 3.1 software. To understand the presence of func-
tional groups in the prepared samples, Fourier transform
infrared spectra (FT-IR, PERKIN ELMER SPEC-
TRUMZ1) was recorded in the range of 450-4000 cm™.
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2.3. Structural analysis: X-ray diffraction
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Figure 1. XRD pattern of TiO, nano crystallites and
Ag:TiO; nano crystallites

2.4. Functional group analysis: FT-IR
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Figure 2. FT-IR spectra of TiO, nano crystallites and
Ag:TiO, nano crystallites
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3. Results and Discussion

To investigate the effect of Ag surface doping on
the crystal structure of TiO2were analyzed by XRD, and
the results are shown in figure 1. The diffraction peaks at
26 = 25.28°, 37.80°, 48.05°, 53.89° and 55.06° assigned
to anatase phase of TiOz2 (JCPDS: 21-1272) for both pure
and Ag-doped samples. The additional peaks appeared at
27.47°, 36.02°, 41.20° and 54.32° corresponds to rutile
phase (JCPDS: 065-1119) of TiO2 which found to be
more in Ag doped TiO,. The characteristic peak for me-
tallic silver was not found in 1%, 2% and 3% Ag surface
doped samples owing to low Ag concentration in TiO,
matrix. But, 4% and 15% Ag surface doped samples
showed diffraction peak at 38.08° peak of (111) plane.
The FTIR spectrum of pure and Ag:TiO, nanoparticles
were given in figure 2. It is well known that the broad
band centred at 500-650 cm™ confirms the presence of
metal oxide (Ti—O-Ti) bonding. The peaks of Ag:TiO, is
deviated to 1630 cm™ and the peak intensity at 3450 cm™
! becomes slightly smaller after surface doping with Ag
nanoparticles compared with pure TiO,.

4. Conclusion

Ag surface doped TiOz nanoparticles were prepared
by sodium borohydride assisted simple reduction meth-
od. The color changes from white (pure TiO,) to pale
yellow, yellow, brown, red and dark red for 1 %, 2 %, 3
% , 4 % and 15%, respectively for surface loading of Ag
on TiO,. The maximum efficient loading of Ag is upto 3
% and after that the loading is not possible due to ag-
glomeration of Ag nanoparticles and turn to grayish
black color on storage.
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Abstract

Pure carbon sphere (CS) and Mn3;O, nanoparticles (NPs) decorated on uniform carbon spheres were synthesized
by facile hydrothermal method. The prepared sample was studied with structural, functional groups, and
morphological properties by XRD, FTIR and SEM analysis respectively. The average particles size and
morphology of both bare CS and Mn3;O4 NPs coated carbon spheres were determined through XRD and SEM
analysis. This carbon based Mns;O4nanocomposites may lead to enhanced electrochemical activities due to high

porous nature.

Keywords: MnzO4, Mn;0,@CS, Hydrothermal, Carbon Spheres, nanocomposites.

1. Introduction

There is a growing interest in the field of
nanotechnology and nanomaterials in past few
decades. Among various segregations, the transition
metal oxides were of significant interest for the
researches as it contains an excellent physic-chemical
property that paves way for various applications [1, 2].
The preparation of nanomaterials in the few
nanometric sizes would enhance the additional
properties that are possessed by the material. The
various form of carbon derivatives is getting much
interest  among researchers ~ working  on
nanotechnology field [3, 4]. Carbon sphere is the
recently discovered material that contains unique
physical properties and outstanding mechanical
properties [5]. A wide range of potential for
technological applications including electron field
emitters, gas sensor, nano-electronic devices, energy
storage devices such as supercapacitor have been
demonstrated [6]. Carbon sphere can be synthesized
by various methods such as arc discharge, laser
ablation chemical vapor deposition methods, and
hydrothermal respectively [7, 8]. Comparing all other
techniques, the hydrothermal synthesis is simple user-
friendly method.

In this present work, the both pure CS and
MnzO, NPs coated on the uniform size and shaped
carbon spheres were prepared through hydrothermal
technique. The prepared material was undergone few
analytical techniques to study the basic properties.
With the help of powder XRD the structural
parameters is determined. The molecular and atomic
bond interactions such as bending, stretching
vibrations is studied using FTIR spectral analysis. The
appearance, sphere size and surface morphology of the
pure CS and MnzO, wrapped carbon sphere were
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examined through SEM analysis.

2. Experimental
2.1. Materials

Glucose, MnCl,, NaOH and ethanol were purchased
from Sisco Research Laboratories (SRL) Pvt. Ltd.,
Mumbai, India. Analytical grade chemicals with
high purity of 99% were used. Ultra-pure Millipore
deionized (DI) water was used as a solvent for
whole reaction.

2.2. Preparation

The bare carbon sphere was synthesized using 1M
of glucose. It was dissolved in 125 ml of DI water
and continuously stirred until the reaction mixture
gets saturated. Then the solution was transferred
into the 150 ml autoclave and kept undisturbed in
oven at about 180° C for 12h. The obtained bare
carbon sphere was cleaned and washed by
centrifuging with DI water and ethanol for several
times to remove extra additives. Following this, the
sample was dried overnight in hot air oven at 80° C.
The MnzO,4 coated carbon sphere was prepared by
taking prepared bare carbon sphere and MnCl, in the
equimolar ratio of 0.05M in 125 ml DI water. The
reaction mixture was kept in magnetic stirring for
about 30 min. After complete dispersion and
dissolution of bare carbon sphere and MnCl, in the
solvent, 1 M of NaOH was added. Then the same
procedure was carried out as like as the bare carbon
sphere.
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2.3. Structural characterization

Powder X-ray diffraction analysis using Bruker X-
ray diffractometer (D8 advance ECO) with
monochromatic Cu-K, radiation containing 1.5406
A wavelengths, the crystal structure was
determined. To study functional groups of the
prepared sample Fourier transform infrared
spectrometer (FTIR) were employed using a
Shimadzu (IR Tracer-100) spectrophotometer within
the range of 4000-400 cm' using KBr pellet
system. Bare CS and Mn;O, covered carbon sphere
formation was confirmed through the morphological
using Scanning Electron Microscope (SEM, ZEISS-
EVO 18 Research, Japan).

3. Results and Discussion
3.1. Powder XRD analysis

Figure 1 shows the powder XRD pattern of prepared
(a) bare carbon sphere (b) Mn3;O,4 covered carbon
sphere. The PXRD pattern of carbon sphere was
observed as a hump at 2 theta value of 20° shown in
figure 1(a). The 2 theta values were fixed between
10-80°. The crystalline peaks of MnsO,; were
perfectly matched with the standard JCPDS card
number 80-0382 depicted in figure 1(b). Tetragonal
structure with space group l41l/amd (141) was
obtained. The maximum diffraction peaks were
observed in 32.3, 36.0, 58.5, 59.9, 65.6° with
corresponding hkl indices (211), (103), (224), (400),
(112). The crystallite size of prepared bare and
Mnz;O, coated carbon sphere were calculated

(a) Carbon sphere

¥ il T

(b) © Mn,O, @Carbon sphere

Intensity (a.u)

—-400
1
2
0

40 50 60 70 80
2 theta (degree)

10 20

through Scherrer formula and was found to be ~30
nm.

Figure 1. XRD patterns of (a) bare carbon sphere
and (b) Mn3O, coated carbon sphere

3.2. FTIR analysis
The presence of functional groups metal ions
interactions with bending and stretching vibrations

between the molecules were examined using FTIR
analysis. The figure 2 reveals the FTIR spectra of

Copyright © 2019 KARE-Physics

(a) bare carbon sphere (b) Mn3;O, covered carbon
sphere. In finger print region, the metal oxide
interactions i.e., Mn-O bond vibrations were
observed in peaks 630, 524, and 418 cm™. In the
wavenumber between 2881 cm™ the C-H bond
stretch were seen. The triple bond formation of
carbon-carbon atom was observed in peaks 2351

—— Carbon sphere
_ Mn304--Carbon sphere

Transmittance %

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'1)
and 2312 cm™. C=C, C=0 bond interactions were
noted in peaks 1635 and 1394 cm™.

Figure 2. FTIR spectra of (a) bare carbon sphere
and (b) Mn;O,4 NPs coated on carbon sphere

3.3. SEM analysis

The figure 3 reveals the (a) bare carbon sphere (b)
Mnz;O, coated carbon sphere. The spherical
formation of carbon sphere was witnessed from this
image 3 (a). The MnsO, coating was clearly
observed on the surface of the carbon sphere in the
figure 3 (b). The result clearly state that the sphere
shaped particles were formed and the MnzO,
nanoparticles were wrapped as the outer cover
uniformly.

Figure 3. SEM images of (a) pure carbon sphere
and (b) Mn;O,4 NPs coated on carbon sphere

4. Conclusion

In summary, the carbon sphere both bare and Mn3O,
coated carbon sphere were prepared by facile
hydrothermal method. The crystal structure of
prepared Mnz;O,4 material was found to be tetragonal
structure that has wrapped on the surface of the
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carbon sphere were confirmed through SEM
analysis. The diameter of both bare and Mn;O,
wrapped carbon sphere were found to have slight
difference which further proved the coating of
nanomaterial on the outer surface of carbon sphere.
The functional groups with C-C and metal oxide
bond interactions were clearly observed through
FTIR analytical technique.
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Abstract

Biopolymer based Solid polymer blend electrolytes have been prepared using Poly vinyl alcohol (PVA) and Corn
Starch (CS) by solution casting technique. The prepared electrolytes are characterized by XRD, FTIR and Impedance
analysis. The structural characteristic of PVA and CS blend Polymer Electrolytes (PEs) are analysed by XRD. The in-
teraction between PVA and Corn Starch is studied by FTIR analysis. The prepared samples are analysed by using the
Impedance spectroscopy in the frequency range of 40Hz-1MHz.The combination of 60wt% PVA and 40wt% Corn
Starch is having the high conductivity (1.5 x 10°S cm™) and low activation energy. The variations in conductivity with

temperature follow the Arrhenius behaviour.

Keywords: PVA, Corn Starch, XRD, FTIR and Conductivity studies

1. Introduction

In recent times, biodegradable materials have been
growing in importance, particularly for the protection of
the environment from ever-increasing plastic waste. Bi-
odegradable polymers play an increasingly significant
role in plastic engineering by replacing commodity,
non-degradable and non-renewable petrol-based poly-
mers [1]. Since last decades, many attempts have been
focused on grafting or blending of plastic materials with
cheap and biodegradable natural biopolymers, such as
starch, cellulose, and phylum to create new materials
with desired properties. These biopolymers, especially
starch, are abundant, inexpensive and also degradable.
Research on starch plastic composites began in the 1970s
[2] and several different technologies are currently being
studied. Polyvinyl alcohol (PVA) is a water soluble, cost
effective biodegradable polymer with excellent film
forming capacity. There are some strict limitations to the
development of starch- based products, due to its poor
mechanical properties and high sensitivity to moisture.
However, pure starch is brittle and rapidly degrades
when exposed to water. In efforts to overcome this dis-
advantage, there have been many attempts to combine
starch with synthetic polymers. Raw, granular starch
comes from a variety of sources, including corn, wheat,
rice, and potatoes. Corn starch (CS) is preferred because
it has the smallest particle size and provides better dis-
persions in blends with thermoplastic polymer. CS is one
of the natural polymers which are non-toxic, biodegrada-
ble, available in abundance and soluble in water. How-
ever, most of natural polymer such as CS formed very
low thin film conductivity [3]. The CS polymer is com-
posed of a mixture of linear amylase and branched amy-
lopectin polysaccharide chain [4]. Blending of PVVA with
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Corn starch is effective in overcoming retro gradation
which is a common problem in Starch based systems.
The miscibility of Starch and PVA is promoted by the
formation of hydrogen bonds. In the present paper, Corn
starch-PVVA blend has been investigated as a new materi-
al for biodegradable solid polymer electrolytes.

2. Materials and Preparation method

Polyvinyl alcohol with linear formula of C,H,O was ob-
tained from Sd fine- chem (SDFCL). Corn starch with a
linear formula of CgH,;Os was obtained from SRL
chemicals (Sisco Research Laboratories Pvt. Ltd).

For sample preparation, different wt % of CS was dis-
solved in 50 ml of distilled water and heated at 75°C for
30 minutes. After the solutions cooled to room tempera-
ture and then various wt % of PVA were added to the
solution. Then solution was stirred for 24 hours until
they became homogenous. The formed homogenous so-
lutions were transferred to Polypropylene Petri dishes
and the solvent was permitted to evaporate gradually at
room temperature. Three days later, the prepared
PVA-CS blend electrolytes were expelled from Petri dish
for further analysis. The average thickness of dry films
was about 0.15 mm. All samples were stored airtight
under room temperature. The composition and coding of
the prepared films are as follows

Composition Ratio(PVA: CS) Sample Code
0:100 VA-00
20:80 VA-20
40:60 VA-40
60:40 VA-60
80:20 VA-80
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3. Characterization

All the samples were subjected to x-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FTIR)
and ac-impedance spectroscopy. The structural proper-
ties of the biodegradable PEs were investigated via XRD
study using Bruker make X-Ray diffractometer having
Cu-Ko radiation (A = 1.540 A) with scanning rate 5° per
minute in the range of 20 = 10°-60°.To determine the
complexation between polymer blends, FTIR transmit-
tance spectra were traced using “SHIMADZU IR Tracer
100” spectrometer in the wave number region between
400 cm ! and 4000 cm™. The prepared samples were
subjected to ac-impedance spectroscopy. The thickness
of the samples was measured by using a screw gauge.
The ionic conductivities of the prepared solid polymer
electrolytes (SPE) were determined by HIOKI 3532-50
LCR HI-TESTER over the frequency range of 42 Hz to 1
MHz.

4. Results and Discussion

4.1. XRDAnNalysis

Figure 1 exemplifies the XRD patterns for different wt%
composition of PVA and CS. The presence of small

humps at 26 = 14.8°, 16.8° 19.8°, 23.2°%nd 30.8%re due
to presence of in VA-00.
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Figure 1: X-ray diffractograms for different compositions of
PVA/CS

By increasing the concentration of PVA with CS, the
hump present at 19.8 ° increases in intensity indicating
the complete complexion of the polymer blend [5]. For
VA-60, the intensity of the hump decreases denoting the
increase in amorphous nature of the prepared polymer
blend. Beyond the concentration, the intensity of the
hump increases and thereby the crystalline nature of the
polymer blend has been improved.

4.2. FTIR Analysis
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The infrared spectra depict the occurrence, complexa-
tion, and interactions between various constitutions
which vary according to the compositions of blend PEs.
Figure 2 shows the FTIR spectra for various blend ratios
of PVA and CS PEs. When two or more polymers are
mixed, characteristic spectra peaks will change to reflect
the interactions between physical blends and chemical
reactions [6]. CS has several —OH groups, therefore
FTIR spectra for VA-00 shows the strong and broad ab-
sorption in the hydroxyl band region. The broad band
observed at 3285 is due to the OH stretching of intermo-
lecular hydroxyl groups of PVA. The band at 2927cm-1
is due to the C-H Stretching of PVA. The band observed
at 1638cm-1 is due to the C-O stretching of Corn starch.
The intensity of the band changes by increasing the con-
centration of PVA. The band appeared at
1437cm™,1339cm™,839cm™[7] is mainly due to the
starch and also used to monitor the starch content in the
polymer blend. The band at 1019cm-1 occurs mainly due
to the C-O Stretching of C-O-C group of glucose unit of
starch in the blend. The band at 980 cm-1 is due to the
C-C stretching of PVA which disappears beyond VA-60.
Some bands assignments of PEs are listed in table 1
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Figure 2: FTIR for VA-00, VA-20, VA-40, VA-60 and VA-80

Table 1: Functional groups and mode of vibration from
FTIR spectra of CS/PVA blend PEs

Assignment Observed wavelength (cm™)

CO stretching 926, 1008, 1077, 1149

CH stretching 2927
CHdeformation 1334
CHj; bending 1425
CHj; bending 2927
C-C stretching 840
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4.3 AC impedance studies
4.3.1 Cole-Cole plot/ Nyquist plot

A typical Nyquist plot of complex impedance of VA-00
to VA-80 is depicted in Figure 3a. The Semicircle ob-
tained for all polymer electrolytes is equivalent to the
parallel combination of the constant phase element and a
resistor. The effect of constant phase element and the
resistor arises due to the immobile and mobile ion in the
polymer matrix. The bulk resistance can be obtained
from interception of the semicircle on the x-axis in
Nyquist plot. The conductivity is calculated by using the
formula, 6 = 1/ R,A in S/cm where | is the thickness of
the PE in cm, Ry, is bulk resistance of PE in Q, and A is
the surface area of PE film or silver electrode in cm?.
Table 2 shows the conductivity of different wt% ratio of
PVA and CS blend PEs at ambient temperature.

Table 2: Conductivity of CS/PVA blend polymer electro-
lytes

Sample Code o (S/cm)
VA-00 23x107
VA-20 1.4 x10™
VA-40 1.8x10™
VA-60 15x10°
VA-80 6.7x10™

The higher conductivity at ambient temperature is found

to be 1.5 x 10° S cm™ for the composition of VA-60. The
amorphous nature observed for the composition in the
XRD is in agreement with the conductivity value. In the
sample VA-60, the mobile charge carriers easily move in
polymer matrix to increase the conductivity.The varia-
tion conductivity with temperature for the higher con-
ductivity polymer electrolyte is depicted in figure 4b.
The conductivity of the polymer electrolyte increases
with the rise in temperature. The conductivity of the
VA-60 PE has been increased to reach the value 4.93 x
10° S em™ at 363K. This rise in conductivity values
arises due to the increase in flexibility of the polymer
electrolyte [8] and the inter- and intra chain hopping
from chain bonding rotations and thereby increasing the
number of density and mobility of ions [9].

Figure 3(a): Cole-Cole plot for different compositions of PVA/CS

at ambient temperature(b) Cole-Cole Plot for VA-80 with different
temperature from ambient temperature to 363K
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Log o (S cm™)

4.3.2 Conductance spectra

In frequency dependence conductance spectra is helpful
for know about the ion dynamics and conductance be-
haviour in the SPEs at lower frequency to higher fre-
quency.

Figure 4(a): Frequency-dependent conductivity for VA-0, VA-2,
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VA-4, VA-6 and VA-8 at ambient temperature (b) Frequen-
cy-dependent conductivity for VA-8 with various temperatures
(303-373K)

Variation of conductivity as a function of frequency for
samples VA-00, VA-20, VA-40, VA-60 and VA-80 has
been shown in Figure 4a. The ionic conductivity im-
provement may be due to the enhancement of the ionic
mobility and the large number of carrier ions being in-
troduced into the complex. From 303K to 363K, conduc-
tjvity variations in all composition samples are observed
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particularly at low frequency as clearly shown in figure
4b. The conductance spectra consist of two regions. The
extrapolations of plateau region to meet along y-axis is
used for determine the dc value of conductivity. At high-
er frequencies the ion exchange process occurs more
effectively. But in the higher frequency there is no varia-
tions are observed in ionic conductivity from Figure 5b
because, dipoles of the molecules are oriented in the di-
rection of applied field due to the orientation or dipole
polarization.

4.3.3 Temperature dependence-ionic conductiv-
ity studies

The temperature dependent conductivities of PVA-CS
polymer electrolyte system investigated at temperature
range of 313 to 363K as shown in figure 5. When the
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temperature increases from ambient temperature to high-
er temperature, the polymer matrices have been expend-
ed to form the free volume and unoccupied spaces for
migration of ions. In this way conductivity of ions in PEs
have been improved with increasing temperatures ac-
cording to ion hopping mechanism [10]. The conductivi-
ties are linearly increased by rising temperature in all the
PE samples to obey the Arrhenius behaviour as shows in
figure 4. Using linear fitting to the curves from logo
versus 1000/T graph, then found the slope value from
this plot. This slope value used for the calculation of ac-
tivation energy E, for the PEs. Activation energy E, was
calculated using the Arrhenius rule, as given below

o(T) = o,exp (_K‘;")
where o(T) denote the temperature dependent conductiv-
ity (S cm™), o, is the pre-exponential factor, E, is the
activation energy (eV), K is the Boltzmann constant (J
K™ and T is absolute temperature (K).High conducting
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sample VA-60 has low activation energy of 0.23eV.

Figure 5: Arrhenius plot for samples VA-00, VA-20, VA-40,
VA-60 and VA-80

5. Conclusion

Different compositions of PVA and corn starch blend
polymer electrolytes have been prepared by solution
casting method using distilled water as solvent. From the
XRD results, 60 wt% PVA + 40 wt% cornstarch was
found to be the most suitable ratio to serve as the poly-
mer blend due to the increase in amorphous nature. FTIR

Copyright © 2019 KARE-Physics

reveals the complexation of PVA and CS was confirmed
by the presence of carbonyl groups, C-H deformation,
C-H wagging. The higher conductivity at ambient tem-
perature is found to be 1.5 x 10° S cm™ for the composi-
tion of VA-60. The plot of conductivity versus tempera-
ture shows that all electrolytes obeyed the Arrhenius
rule. High conducting sample VA-60 has low activation
energy of 0.23eV.
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Abstract

In the present work, a new third order nonlinear optical crystal: B-alaninium p-toluenesulfonate (BAPT) is reported.
BAPT is crystallized in orthorhombic system with the space group of Pbca. The crystal exhibits very good optical properties
includes wide optical transparency in region 210 — 1100 nm and the ultraviolet wavelength emission (A = 289 nm) and large
third order susceptibility value (5°) = 7.3721 X 10™esu indicate the suitability for favorable optoelectronics and optical

limiting applications.

Keywords: Crystal structure, Crystal growth, Optical Material, third order harmonics

1 Introduction

Organic NLO materials with high optical
nonlinearity and synthetic flexibility which favours the wide
range of possibility to fine tune their optical properties
through molecular engineering and chemical synthesis [1].
The important goal for designing the molecules with large
third order nonlinearities is to incorporate them into devices
used in the optical signals processing [2, 3]. Recent studies
on organic NLO systems show that p—conjugated organic
systems have been attracting candidate used in the synthesis
of efficient NLO materials due to its quick response with the
enhanced properties with low dielectric constant at higher
frequencies [4]. Owing to the interesting properties of amino
acids and p- toluenesulfonic acid monohydrate, a series of
amino acid .and p- toluenesulfonic acid complexes are
reported already from our group (5-8). In this series, a newly
synthesized p- toluenesulfonic acid amino acid complex, p —
alaninium p- toluenesulfonate (BAPT) is reported here.

2 Material Synthesis and crystallization

B - alaninium p-toluenesulfonate (BAPT) salt is synthesized
from B-alanine and p-toluenesulfonic acid monohydrate taken
in the equimolar ratio (1:1) from aqueous solution. The
precursor chemicals were dissolved in de-ionized water
and stirred well for an 1 hour. The reaction was allowed
to happen as in the scheme (Fig. 1a) in room temperature.
Slow evaporation solution growth method was used to grow
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the single crystals of BAPT using saturated solution prepared
from synthesized salt. The filtered solution was kept
undisturbed for crystal growth and the grown crystals were
harvested in 15 days. Bulk crystal growth is attempted by
submerged seed solution growth method by immersing the
seed crystal inside the prepared supersaturated solution. The
bulk crystal of characteristic size and shape is obtained in the
period of 20 days and shown in Fig. 1b.

@

Fig. 1 (a) Reaction scheme (b) Photograph of the crystal

3 Results and discussion

X-Ray data collection was done by ENRAF NONIUS
CAD4-F single crystal X-ray diffractometer (graphite-
monochromated, Mo K, = 0.71073(A)). BAPT (empirical
formula C3HgNO,". C;H,SOs;) is crystallized in
orthorhombic system, space group Pbca with the unit cell
parameters of a = 10.350(7) A, b = 8.361(4) A, ¢ =
28.7516(2) A, Volume V= 2488.2(3) A% and Z= 8 . The
structure was solved and refined with the SHELXL -14
programmes [9] and complete data is deposited with CCDC
(CCDC No: CCCD1476185). All the atoms except H atoms
were refined anisotropically. All the H atoms except

91



Suresh et. al.

hydrogen atoms participating in classical hydrogen bonds
were positioned geometrically and refined using riding model
with C-H=0.93 — 0.96A, and Uiy, (H)= 1.2-1.5U,(C). The H
atoms which are involved in the hydrogen bonds were
located from electron density map and refined isotropically.
The convergence of the structure is confirmed from the R-
factor [4.73% for | > 2o(l)]. The observed absolute structure
parameters (Flack parameter) of the compounds confirm the
chiral nature of the compound. The asymmetric part of the
crystal (Fig. 2a) consists of B-alaninium cation and p-
toluenesulfonate anion. The C-O bond lengths [1.305 (4) &
1.202 (4) A] of the carboxyl group in cation clearly indicates
the presence of COOH group. The protonation of the N site is
confirmed from the lengthened C-N bond distance [1.479 (4)
A]. respectively. Fig. 2a shows the ORTEP view of the
molecules [BAPT] drawn at 50% probability thermal
displacement ellipsoids with the atom numbering scheme.

The crystal structure of compound is stabilized
through a three dimensional hydrogen bonding network
formed through N-H...O and O-H...O hydrogen bonds. The
N atom of cation and O atom from the carboxyl group are
connected through N—H...O intermolecular hydrogen bond to
form chain C(6) motif running along the a-axis of the unit
cell. Another chain C,? (10) motif is formed through O—H...O
intermolecular hydrogen bond extending along the same axis.
These two chain motifs are interlinked with each other to
form ring R, (10) motif. These chain and ring motifs lead to
the hydrophilic layers at z = 0, 1/2 and 1 which is
sandwiched between the hydrophobic layers at x = 1/4 and
3/4 (Fig. 2b). Symmetry transformations used to generate
equivalent atoms are #1- x+1/2, y+1/2, z  #2 x+1/2,-y+1/2,-
z+1 #3 x-1/2,-y+1/2,-z+1 and #4 x-1,y,z. Itis noted that
the hydrogen bonds are a kind of NLO functional bonds in
the crystallographic frame as highlighted by Xue et al[10-12].
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Fig. 2 (a) ORTEP diagram (b) Packing diagram of BAPT viewed down
the b-axis of the unit cell

The UV-Vis- NIR absorption analyses were carried
out between 200 and 1100 nm covering the entire ultraviolet
and visible regions wusing the UV-1700 Shimadzu
spectrometer with the resolution of 1nm. Well polished
single crystal of 1 mm thickness was used and the result is
shown in Fig. 3a. In the spectrum, there is no significant
absorption observed in the visible and NIR region and the
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cut-off wavelength is found 294 nm, which suggested that
BAPT might be a suitable material for efficient
optoelectronic applications.

The emission spectrum of title compound was
recorded in the wavelength range from 280 to 500 nm with
280 nm as excitation wavelength using Cary eclipse
spectrophotometer. The recorded spectrum is shown in Fig.
3b. The sharp intense peak occurred around at 289 nm due to
the intraband transition (n — #*) between amino and C-O
group of the compound. The peak around 289 nm also
indicates that the grown crystal has ultraviolet emission and it
suggest the usefulness of the compound in ultraviolet region.

6inm (@ ®
2890m

3 % B R B B &

Intensity (a.u.)

Absorbance (a.u)

M MW XD W M0 M M0 AN 4N MO 40 40 0
Wavelength (am)

. .(c) , . @)

Nomallzed transmittence

Distance (mm) Distance (mm)

Fig. 3 (&) UV- Vis- NIR absorbance spectrum, (b) Emission
spectrum, (c) Normalized transmittance Vs Distance-Open
aperture mode and (d) Normalized transmittance Vs Distance-
Closed aperture mode

The NLO behavior of BAPT was analyzed by Z -
scan method. The parameters such as the nonlinear
absorption coefficient, third order susceptibility and
nonlinear refractive index of grown crystals were
investigated by employing the He - Ne laser source of
wavelength 632.8nm with the beam radius of 12 um. The
Gaussian input laser bean generated by focusing via Gaussian
filter was projected through a convex lens placed at a focal
length of 30mm transverse mode operation. Beam radius of
the aperture (W,) and aperture radius (r.) used are 3.3mm and
2mm respectively. The Sample thickness (I) used is 0.6mm.
BAPT crystal was moved across +Z to —Z axial direction and
the plot between normalized transmittances and position for
open and closed aperture were plotted (Fig. 3¢ & 3d). The
open aperture curve demonstrates a nonlinear absorption and
the characteristic pattern of the curve indicates the reverse
saturation absorption as the nonlinear absorption by BAPT.
For closed aperture scan, the observed peak and valley is due
to the nonlinear phase shift of the compound and the positive
phase shift, positive nonlinear index (n,) confirms the self
focusing effect of BAPT.
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From the values of non linear absorption coefficient
(B= 2.3295 X10™ m/w) and non linear refractive index (n, =
6.9822 X 10" % m?/w) and the real and imaginary part of the
third order susceptibility (y°) of compounds were calculated
using the equations in the literature [13]. The real and
imaginary part of the third order nonlinear susceptibility was
determined to be 7.27010 x10™esu and 1.2220 x 10 esu,
respectively. The measured values of n, and third order
nonlinear susceptibility (x°) of BAPT is found higher than the
KDP (n, = 2.34 x 10 esu and y® 7.3721 X 10™ esu) [13].
The calculated positive value of nonlinear absorption
coefficient (B) confirms the two — photon absorption process
occurred in compound. The high value of real part reveals
that the third order nonlinear property of BAPT at 632.8 nm
is highly influenced by the nonlinear refraction rather than
nonlinear absorption. The coupling factor (p) is calculated
from the ratio of imaginary part to real part of third-order
nonlinear susceptibility and found equal to 0.16. The
observed value of p is less than 1/3, indicates that the
nonlinearity is electronic in origin. The two — photon
absorption nature and self focusing effect concluded that the
crystal could be a potential candidate for optical limiting
applications and optical modulation.

4. Conclusion

In the present work, an organic third order nonlinear optical
material BAPT was crystallized in orthorhombic space group
of Pbca. The crystal structure of BAPT shows excessive
hydrogen bonds which may enhances the NLO activity of the
material. The linear optical studies demonstrated wide optical
transparency in the region 210 - 1100 nm and the lower cut-
off wavelength of 294 nm. The emission peak at 289 nm is
the evident for the material's fluorescence property in the
ultraviolet wavelength region. Z-scan study revealed good
third order nonlinear optical susceptibility, nonlinear
refractive index and non-linear absorption coefficient. The
wide optical transparency and high third order nonlinear
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optical response suggest that BAPT crystal as a potential
candidate for optical limiting, optoelectronic and optical
switching applications.
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Abstract

In this paper, surface plasmon resonance (SPR) sensor on 2D materials such as MoS, and graphene on Au and
magnetic material Ni in Kretschmann configuration is analyzed using transfer matrix method. Here we noted that by
sandwiching the MoS, layer between the Au and Ni film and adding graphene over Ni film improved the sensitivity
as high as 229°/ RIU. We also noted that the sensitivity of the proposed sensor changes with the addition of no. of
layers of graphene and MoS,. We expect that such a high sensitivity SPR sensor could find optional application in

chemical examination, medical diagnostic and biological detections.

Keywords Surface plasmon resonance - Sensitivity - Biosensor - Grapheme - MoS,

1. Introduction

The results show that the addition of materials Last
two decays SPR sensors have drawn great attention
in sensing technology due to their distinctive benefits
such as their enormous sensing properties, label free
detection and bio-compatibility [1].They took
important part in many investigations such as
bimolecular detection, bimolecular interaction
sensing technology[2] , food safety, environmental
changes detection[3] and so on. It is possible to use
SPR sensor in earlier disaster or disability diagnostic
analysis, when increasing its sensitivity as high as
possible and hence to develop a good sensor with a
superior sensitivity is of great interest. In common,
there are two quite different detection techniques
have been used so far for SPR sensors, namely angle
interrogation and wavelength interrogation. The
angle interrogation method working under the
kretschmann  configuration it  requires only
monochromatic light to produce surface plasmons
(SPs), however the wavelength inter-rogation needs a
polychromatic light beams to yield SPs. Here we
have chosen the angle interrogation technique namely
the kretschmann configuration for our theoretical
analysis since the kretschmann configuration is found
to have the advantages of attaining a higher signal to
noise ratio and other parameters with a single light
source. Here the metal layer is coated directly on the
top of the prism where as in Otto’s configuration an
air gap is maintained between the prism and the metal
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film. In the conventional SPR biosensor
configuration, metals such as Au (Gold), Ag (Silver) ,
Cu (Copper), and Al (Aluminum) [4,5,6] are
commonly used and each of this metal layers have its
own merits and demerits. Au is preferably chosen as
a metal layer apart from all these metals because it
possesses  excellent resistant capability from
oxidation and corrosion in all kind of environments
[7,8,9,10], Moreover gold shows larger shift in the
resonance angle corresponding to the changes in
refractive index of the sensing medium, which
provides a high sensitivity In this paper we have
designed a new sensing configuration consisting of
2D materials, Au and Magnetic material Ni. Here the
2D material such as graphene and -MoS, are
employed to improve the light absorption capacity of
the sensor [11,12,13], which is much beneficial to get
higher sensitivity. The reflectance curve, resonance
angle, sensitivity are analyzed theoretically using
Fresnel equation and transfer matrix method. such as
MoS; and graphene on magnetic material Ni shows a
higher sensitivity than the traditional sensor.
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2. Theory

The proposed SPR sensor has six different layers
based on the kretschmann configuration as shown in
Fig. 1. Here we assumed the excitation of SPs with
633 nm wavelength laser source [14]. The first layer
is BK7 prism and its refractive index is n; = 1.5151.
The second and fourth layers are Au and Ni metal
films with MoS, layer in between them with
thickness d, = M x 0.65 nm where M is the no of
MoS; layer. The complex refractive index of MoS; at
633 nm wavelength is 5.0805 + 1.1723i. Here we
fixed the thickness of Au film d, as 30 nm and the Ni
film d, as 10 nm. The complex refractive indexes of
the Au and Ni films are calculated according to the
Drude formula[15,16]

z

N
Sensing Medium ds
Graphene ds
Ni da
MoSz2 ds
au | d2
v x
(<]
BK7 Prisix

Reflected beam

Incident beam

Fig. 1Schematic diagram of proposed SPR biosensor

Sensitivity of the proposed SPR biosensor is
measured as the ratio of little difference in the
refractive index of cover region An, to the change in
resonance condition A0, in the reflectance curve,
consequently the sensitivity is given as [17]

Af

res

An

C

3. Results and discussion

Figure 2a shows the refectance spectra obtained for
the configuration without Graphene (L = 0) and
MoS-, (M = 0) layers. We observed that for the
above mentioned configuration, the change in
resonance angle 80, is found to be 0.92° and the
corresponding  sensitivity of the biosensor is
calculated as 183°/RIU according to the equation no
(7). Figure 2b shows the same plot with the
consideration of L = 0 and M = 1. In this case the
shift in resonance angle is found to be 1.0318 and the
corresponding sensitivity is calculated as 206°/RIU.
It is clearly observed that the sensitivity and shift in
resonance angle are found to be higher than the
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previous case when adding the single layer of MoS-,.
Figure 2c shows the situation of refectance spectra
versus angle of incidence when the proposed sensor
is considered with L = 1 and absent of MoS-, M = 0,
in this case, 80,5 is 0.98° and the sensitivity is
calculated as 194°/RIU. The sensitivity obtained is
found to be less than the previous case of L = 0 and
M = 1. Hence it is noted that MoS, is better material
than the graphene to increase the sensitivity of the
biosensor. Figure 2d shows the reflectance spectra
obtained for the proposed sensor considered with the
presence of both MoS, M = 1 and Graphene L = 1
layer. Here the shift in resonance angle is found to be
much increased as 1.0891° and the sensitivity
improved as 217°/RIU. Since sensitivity depends up
on the absorption of the different layers of the sensor,
we noted that the configuration with single layer of
graphene and MoS, shows better absorption and
hence the better sensitivity. Fig. 3a. It is noted that
the increasing of 80, varies for different types of
layers used. It is observed that the resonance angle
shifts from 76.81° to 80.99° for the configuration
without graphene and MoS, (M = 0 and L = Q)
whereas, it increased to 77.38° to 81.85° for the
configuration with single layer of graphene (M = 0
and L = 1) due to the good absorption property of
graphene. It is also noted that further increase in 80
around 78.24° to 82.94° is obtained for the
configuration with single layer of MoS-, (M =1 and
L = 0) which shows that better absorption property of
MoS, than graphene. It is further noted that the shift
in resonance angle is found to very much improved to
78.93° to 83.86° for the configuration with both
graphene and MoS, (M = 1 and L = 1). Figure 3b
shows the plot of sensitivity versus refractive index
for the proposed configuration with and without
graphene and MoS, layers obtained by keeping the
other parameters constant. We noted that for the
configuration without MoS, and graphene layers, the
sensitivity increased from 183°/RIU to 240°/RIU (M
= 0 and L = 0). However adding a single graphene
layer of graphene (M = 0 and L = 1), the sensitivity is
found to improved from 183°/RIU to 252°/RIU
whereas it is found to further improved from
194°/RIU to 275°/RIUM = 1 and L = 0) for the
configuration with single layer of MoS,. Figure 4a
shows the refec-tance curve obtained for single layer
of graphene with increasing no. of MoS, layers by
keeping the other parameters same as before. It is
observed from the figure, that increasing the
numberof MoS, layer, shifts the refectance dip to
larger incident angle which implies that the
sensitivity of the biosensor can be enhanced by
manipulating the number of -MoS, layer. We also
noted that similar trend is observed with the increase
of graphene layer in the presence of single layer of
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-MoS, and areshown in Fig. 4b. However, we noted
that though the shift in resonance angle is larger for
the addition of -MoS, layer when compared to the
addition of graphene layer, the reflectance curve
becomes wider and the minimum reflectance goes to
higher values for the addition of MoS, layer, when
compared to the addition of graphene layer. This
implies that addition of more MoS, and graphene
layers.
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Fig 2a. Reflectance curve of M=0 L=0 b. M=1 L=0c.
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Fig. 4a,b Refectivity versusangle of incidence varying
a number of MoS, layers with single layer of grapheneb
number of graphene layers with single layers of MoS,

Fig.5a.Number of -MoS,layer for single layer of
graphene,b. number of graphene layers for the
optimizedtwo layers of MoS-,

Hence in order to optimize the number of -MoS, and
graphene  layer, we calculated  sensitivity
corresponding to different layers of MoS-, and
graphene. Figure 5a depicts the variation of
sensitivity with respect to number of -MoS, layer
with a single layer of graphene keeping the other
parameters same as before. We can find that the
sensitivity of SPR bio-sensor initially increase as the
number of -MoS, layer increases from 1 to 2 and later
it starts decreasing sharply as the number of MoS-,
layer is further increases from 3 to 5. This is because
of decreasing of light utilization rate with the
increasing the -MoS; layer. The maximum sensitivity
of 229°/RIU is obtained for M = 2 and hence, the two
layer of -MoS, is optimized for best performance of
the SPR biosensor. Figure 5b shows that the variation
of sensitivity with respect to number of graphene
layer with optimized two layer of -MoS, (M = 2). It is
noted from Fig. 5b, while on increasing the number
of graphene layers, the sensitivity of biosensor is
decreasing and it is clearly shows that the maximum
sensitivity of 229°/RIU is obtained for single layer of
graphene. Hence a single layer of graphene is
optimized for the excellent performance of the SPR
biosensor. On a whole, it is optimized that the
proposed biosensor with structure of 30 nm thick Au,
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2 layer of MoS,, 10 nm thick Ni and 1 layer of
graphene can produce large shift of resonance angle
(86 = 1.14°) of the SPR curve within a small change
of the refractive index of sensing medium (éns =
0.005), which result in the highest sensitivity of
229°/RIU. The sensitivity obtained for the pro-posed
sensor is found to be much higher than all the
recently reported SPR sensor schemes and are
compared in Table 1. We believe that the proposed
scheme with high sensitivity could find more
significance in chemical examination, medical
diagnosis and biological applications.

4. Conclusion

In this work, sensitivity enhanced SPR sensor
configuration employing 2D material such as MoS,
sandwiched between Au and Ni layer of fixed
thickness and graphene layer over Ni is analyzed
theoretically using Fresnel equation and transfer
matrix method. We observed that the proposed sensor
exhibits enhanced sensitivity compared to the
conventional gold film based SPR sensor. It is
observed that for the optimized no. of -MoS, and
graphene layers, the sensitivity as high as 229°/RIU
in angular interrogation method is obtained.
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Abstract

Quantum chemical studies of Guanidinium p- toluenesulfonate have been investigated by Density
Functional Theory with 6-311++G(d,p) basis set. Mulliken charge analysis demonstrates the accumulation of
positive and negative charge on atoms and their participation in hydrogen bonding interactions. Furthermore, the
molecular orbital calculations such as HOMO-LUMO energy gap and Mapped molecular electrostatic potential
(MEP) surfaces were also performed with the same level of DFT. The frontier orbital has lower band gap value,
which indicates the possible optical activity of the molecule. Frontier molecular Orbital analysis clearly depicts the
occurrence of intermolecular N-H---O hydrogen bond influencing the charge transfer in the system. Molecular
Electrostatic Potential study predicts the possible sites for hydrogen bonding nucleophilic and electrophilic
interactions. The calculated polarizability and first order hyperpolarizability values show that the compound is good

candidate for NLO applications.

Keywords Density Functional Theory, HOMO-LUMO, Mulliken charge, MEP, Nonlinear optical (NLO)

1. Introduction

Guanidinium complexes are biologically important
due to their presence as a functional group in amino
acids [1-3]. Its physical properties are of considerable
interest with regard to the variety of applications in
the field of nonlinear optics, ferroelectricity,
biotechnology, medicine, etc. Guanidine
[CNH(NH,),] readily reacts with all types of organic
acids to give salts with good crystallinity, largely
because of the presence of five potential donor sites
for hydrogen bonding interactions.. Due to the strong
base character of guanidine, it can be considered as a
super-base that readily undergoes protonation to
generate a resonance-stabilized guanidinium cation.

The conjugation m-electron moiety provides a
pathway for the entire length of conjugation under
the perturbation of an external electric field. Organic
molecules containing conjugate systems have some
advantages over inorganic materials owing to the
possibility of highly enhanced electronic nonlinear
optical polarization responses [4]. Fictionalization of
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both ends of the @ bond systems with appropriate
electron donor and acceptor group can increase the
asymmetric electronic distribution in either the
ground state or excited state or both thus leading to
an increased optical nonlinearity [5]. In the present
work, guanidinium p-toluenesulfonate has been
characterized to study its structural, population
analysis and nonlinear response by quantum chemical
calculations.

2. Computational details

The computational calculation of the compound
GPTS is performed from the crystallographic data
with Density Functional Theory methods at 6-
311++G(d,p) basis set, using GAUSSIAN 09W
software package [6]. Frontier molecular orbital
(FMO) analysis based on DFT calculation was
another approach to investigate the charge transfer at
a molecular level. The charge transfer reactions
consisted of a charge movement between the relevant
orbitals, in which the interactions between the
occupied and unoccupied orbitals played a vital role.
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Finally, the results viewed through the GAUSSVIEW
program [7]. Also, the hyperpolarizability and
Molecular electrostatic potential (MEP) calculations
were carried out with same basis sets.

3. Results and Discussion

3.1 Mulliken charge Distribution analysis

r

Figure 1 Optimized structure of GPTS

Fig. 1 shows that the optimized molecular geometry
and atomic numbering scheme of GPTS. The
Mulliken atomic charge distribution was analyzed by
DFT/B3LYP level with 6-311++G(d,p) basis set. The
atomic charges are plotted in Fig. 2. The carbon atom
(C8) in p-tolunesulfonate was more electropositive
(0.647e), this carbon atom was enclosed by three
electronegative carbon atoms (C7, C9 and C11). The
carbon atoms have a both positive and negative
charge which shows that they are highly influenced
by their substituent. Also, Nitrogen (N19) atom has
more electro negativity (-0.528e). The presence of
negative charge on nitrogen and oxygen atoms and
net positive charge on hydrogen atoms may suggest
the formation of intra-molecular interaction in solid
forms.

06 < I Charge

HQ4) HE25)

N(19) N@0)

-0.6 4

Figure 2 Mulliken charge distribution of GPTS
3.2 Frontier Molecular orbital calculations
Organic molecules that contain conjugated =-
electrons characterized as hyper-polarizabilities
analyzed by means of vibrational spectroscopy,
electronic spectroscopy and quantum mechanical
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calculation [8]. The highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular
orbital (LUMO) are called as frontier molecular
orbitals. Energy level diagram of molecular orbits of
GPTS is shown in Fig.3. Energy difference between
HOMO and LUMO analysis is called as band-gap
which is an important parameter to indicate the
stability of the structure. The HOMO-LUMO
analysis has also been used to elucidate the charge
transfer phenomena within the molecule. The
calculated energy values of HOMO and LUMO for
the compound are 6.017 eV and 1.417. The frontier
molecular orbital energy gap value is 4.6 eV. These
results show that the molecule has small frontier
energy gap. This lowest energy gap is connected with
the high chemical reactivity and occurrence of charge
transfer within the molecule [9].

LUMO

Figure 3 Energy level diagram of molecular orbits

3.3 Molecular electrostatic potential Surface

The Molecular Electrostatic Potential (MEP) is the
most useful electrostatic property to study the relation
between structure and activity. The MEP maps of the
title molecule of conformers are shown in Fig.3,
whereas electrophilic attack is presented by negative
(red) regions, nucleophilic reactivity is shown by the
positive (blue) regions of MEP map of GPTS. As
seen from the Fig.3, the red region is mainly
localized on the oxygen atoms of Solfonate, whereas
the nucleophilic reactivity of the molecule is mainly
localized on the surface of H atoms bound to amine
group and also H atoms in guanidinium cation.
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Figure 4 MEP maps GPTS

3.4 Nonlinear optical analysis

Based on the finite-field approach, NLO parameters
such as electronic dipole moment, molecular
polarizability, anisotropy of polarizability and
molecular first hyperpolarizability of present
compound were investigated given in Table 1. The
large value of first-order hyperpolarizability, which is
the measure of the nonlinear optical activity of the
molecular  system, is associated with the
intermolecular charge transfer, resulting from the
electron cloud movement through the m- conjugated
framework from the electron donor to electron
acceptor groups. The first order hyperpolarizability
was calculated for the GPTS structure is 8.699x10%
esu, which is nearly 6 times greater than standard
urea [10]. The above results show that the present
molecule is a promising material for the third order
NLO applications.

4. Conclusion

The optimized molecular structure, Frontier
molecular Orbital, Mulliken charge distribution and
NLO analysis of guanidinium p-toluenesulfonate
were investigated by quantum chemical calculations
with DFT / B3LYP methods invoking 6-311++G (d,
p) basis sets. The Mulliken charge analysis confirms
the charge distribution occurs between the molecules.
The HOMO and LUMO energies study give the
information of electron affinity, ionization potential,
chemical hardness and chemical potential of the
molecule. The first order hyperpolarizability value is

Copyright © 2019 KARE Physics

nearly 6 times greater than that of urea and which
shows that the GPTS is a promising material for

optoelectronic applications.

Table 1 Non linear optical parameters of GPTS

5 L x
T 3 a T 3 2
o © () o © (]
W, | -25.861 Brex 920j533 -8136.59
W, | -2.002 By 101j001 -892.746
W, | -0.596 Byy | -69.372 | -613.183
Ho| 25945 By | -9.412 | -83.191
oy | 12.781 | 1.894 | B, | 24.168 | 213.622
Oy | -1.904 | -0.282 | By, | -20.227 | -178.786
a,, | -120.076 | -17.795 | By, | -41.731 | -368.859
o, | 5.083 | 0.753 | By | 14.812 | 130.923
o, | 3.262 | 0483 | B, | 5586 | 49.371
0, | -132.073 | -19.573 | B,, | -0.037 | -0.3270
o | -79.789 | -11.825 | B, | 980.869 | 8699.33
Aa | 267.843 | 39.694
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Abstract

Single crystals of 2-aminopyridinium phthalate (2APP) were grown by the slow evaporation method. The unit cell
dimensions were determined from single crystal X-ray diffraction analysis. The X-ray diffraction measurements
showed that the crystal belongs to non-centrosymmetric space group P2; of monoclinic system. Dielectric constant
and dielectric loss of 2APP crystal were evaluated for the frequency range 1 kHz—1 MHz in the temperature region
303K-363K. The mechanical properties of the grown crystals have been analyzed by Vickers microhardness
method. UV-vis—NIR studies reveal that 2-aminopyridinium phthalate has UV cutoff wavelength at 340 nm. Its

SHG efficiency has been tested by Kurtz powder method.

Keywords Optical materials, Organic crystal, X-ray diffraction, Mayer index, Non-linear optics

1. Introduction

In modern society the organic nonlinear optical
materials are playing vital role due to their potential
application in optical switches, modulators, optical
limiters, and optical data storage [1,2] and also they
have greater optical susceptibilities, and higher
optical thresholds for laser power compared to
inorganic materials, as well as inherent ultrafast
response times. Organic molecules containing
conjugate systems have some advantages over
inorganic materials because of the possibility of
highly enhanced electronic nonlinear optical
polarization responses. Organic crystal exhibiting
nonlinear optical effects have been explored with a
view to developing optical devices, for example
optical modulators and frequency-doubling devices
[3-5]. In continuation to this, the present work
investigates the second order NLO response of 2-
aminopyridinium phthalate single crystal to explore
its possible applications in nonlinear optics. The
crystals grown by slow solvent evaporation have
been characterized by single crystal XRD, Dielectric,
Vicker’s microhardness, UV-Visible and Kurtz perry
technique.

Copyright © 2019 KARE-Physics

2. Experimental

2.1 Crystal growth and characterization

2-aminopyridinium phthalate crystals were grown by
dissolving equimolar ratio of both 2-aminopyridine
and phthalic acid in methanol as a polar solvent. The
whole solution was prepared by stirring for 3 h using
a magnetic stirrer to obtain a homogeneous mixture.
The completely dissolved solution was filtered using
filter paper to remove the suspended impurities and
allowed to crystallize by slow evaporation of solvent.
After 10 days, transparent single crystals of 2APP
were obtained. The Photograph of the grown crystal
is given in Figure 1.
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Figure 1 Photograph of 2APP crystal
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The unit cell dimensions of the grown single crystal
were determined from single crystal XRD by ENRAF
NONIUS  CAD4-F  single  crystal  X-ray
diffractometer (graphite- monochromated,
MoK,=0.71073A). Microhardness measurements on
GPTS crystal were carried out using a Leitz Wetzlar
Vicker’s microhardness tester attached with an
optical microscope. Measurements of dielectric loss
and dielectric constant were carried out for the
crystals using HIOKI LCR HITESTER 3532-50. The
UV-Vis—NIR transmittance spectrum is recorded in
the wavelength range of 200-1100 nm. UV-Vis NIR
transmittance analysis was carried out between 200
and 1100 nm covering the entire ultraviolet and
visible regions using the UV-1700 Shimadzu
spectrometer.

3. Results and Discussion
3.1 Structural and Mechanical analysis

The XRD analysis showed that the crystal belonged
to the monoclinic crystal system with space group
P2,. The cell parameters are a = 5.159(3) A°, b =
8.612 (4) A°, ¢ = 13.574(5) A°, a =90° B =
97(3)°and y = 90°. The strength of the materials for
device fabrication is explicitly dependent on an
important parameter called hardness. Hardness is one
of the most significant mechanical properties which
direct the strength of the material and is mostly
related with the crystal structure and molecular
bonding. Mechanical strength of the grown crystal is
examined by using a Vickers microhardness tester.
Loads of different magnitudes (25 g, 50 g, and 100 g)
are applied on the crystal for the fixed interval of
indentation time of 10 s. To find the Vickers
hardness, several indentations are made on the (1 0 0)
face of the crystal. The vickers microhardness
number H, of the crystal is calculated using,

H, = 1.8544P/d?

Where P is the applied load in gram and d is diagonal
length in micrometer. Fig. 2 (a) shows the variation
of microhardness number with applied load and it is
noted that hardness value increases with the increase
of load. Hardness is found to be increasing with load
such that when the load attains the maximum value of
100 g, the harness is found to be 86.42 kg/mm?. Fig.
2(b) shows the plot variation of log P with log d. The
slope of the graph gives Mayer’s index (n) and it is
calculated to be 3.2. Mayer’s index value comes out
to be 1 to 1.6 for hard materials and greater than 1.6
for soft materials [6]. For that reason, 2APP crystal is
identified to be soft material category.
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3.2 Dielectric analysis

The study of the dielectric constant of a material
gives an outline about the nature of atoms, ions and
their bonding in the material. The space charge
polarization will depend on the purity and perfection
of the material. [7]. Fig 3 and Fig. 4 shows that the
dielectric constant and the dielectric loss variation
with different temperatures.
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Figure 3 Variation of dielectric constant with frequency

—=—303 K|

1.5x10" 4 =313 K

—— 323 K]

—y— 333 K|

343 K|

. —»—353 K

1.0x10" 4 —e—363K

=w
5.0x10°
0.0
0 2 a

Figure 4 Variation of dielectric loss with frequency

Dielectric study is observed in the high frequency
region, in which &' and &” decreases slightly with
increasing frequency. By increasing the frequency,
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the space charge polarization cannot be sustained at a
point and comply with the external field. This action
gives only the diminishing values of dielectric
constant. It is observed that the dielectric constant is
increasing with temperature due to the orientation of
dipoles which facilitate the increase in permittivity at
higher temperature [8]. The characteristic of low
dielectric loss at high frequencies for a given sample
suggested that the sample possesses an enhanced
optical quality with lesser defects and this parameter
play a vital role in the fabrication of optical devices

[9].
3.3 Optical and Nonlinear response

The optical absorbance spectral analysis is an
important study for any nonlinear optical material
because a nonlinear optical material can be of
practical use only if it has wide transparency window
without any strong absorptions in the ultraviolet,
visible and infrared regions. The obtained optical
transmission spectrum of 2APP is shown in Fig.5.
The results specify that the grown crystal presents an
excellent transparency from 340 nm to 1100 nm and
its UV transparency cutoff occurs at 340 nm. The
optical transmittance of the material is in the
wavelength range from 300 nm to 1100 nm. Such a
broad transparency window is a basic requirement for
nonlinear optical applications [10].
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Figure 5 optical transmission spectrum of 2APP
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The band gap of the grown crystal was estimated by
plotting(ahy)?versus hy (eV) as shown in Fig. 5 and
extrapolating the linear portion near the onset of
absorption edge to the energy axis. The band gap
value of the grown crystal was found to be 4.8 eV.

Kurtz and Perry powder technique was used to study
the NLO behavior of the 2APP crystal. The grown
2APP crystals have shown a non-centrosymmetric
space group P2;, which is the prerequisite for the
NLO activity. The Nd:YAG laser beam of
wavelength 1064 nm and energy 2.7 mJ/pulse was
incident on the crystalline powder of crystal with
uniform particle size of 63 mm. KDP crystalline
powder of identical size of 63 mm was used as
reference for the conversion efficiency of the SHG
measurement. The output SHG power intensity of
2APP is 1.5 times greater than of the KDP.

Conclusion

Hydrogen  bonded NLO  crystal of 2-
Aminopyridinium phthalate has been grown by slow
solvent evaporation technique at room temperature.
The molecular structure of the grown crystal was
determined by single crystal diffraction technique.
The absence of significant absorption in the entire
visible region and lower cut-off wavelength and wide
band gap indicates the suitability of 2APP for optical
applications. The band gap of the grown crystal is
found to be 4.8 eV. The SHG efficiency of 2APP was
demonstrated for the first time and it is found to be
1.5 times greater than that of well-known KDP
material. All the above findings revealed that the title
compound is a potential candidate for the NLO
application.
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Abstract

A novel Dy**:Eu®* co-doped borate glasses have been prepared and their spectroscopic behaviors were
characterized through absorption, luminescence and decay spectral measurements. The effect of Eu®" ions on the
Dy*" luminescence, yellow to blue (Y/B) intensity ratio and the chromaticity color coordinates were measured to
obtain the white emission. The lifetimes of the “Fq, excited level were found to decrease with the increase in
Eu®* ion concentration due to the occurrence of resonant energy transfer between Dy**~Eu®" ions. The non-
exponential behavior of the decay curves were fitted with Inokuti—Hirayama (IH) model thus suggests that the
interaction between donor and acceptor ions in the energy transfer process is of dipole—dipole nature.

1. Introduction

In the recent years larger attention is focused on
rare earth (RE) doped glasses to fabricate the next
generation solid state devices namely white light-
emitting diodes (W-LEDSs) due to their applications
in LCD, automotive displays and solid state
lighting sources [1]. One of the most common
methods to develop the WLEDs is to combine the
blue emitting LEDs with a frequency converting
phosphors with organic resins as an affixing
material. These conventional WLEDs possess
shorter lifetime due to ageing and heating effect
that affects the organic resins [2]. To overcome
these drawbacks, RE®*" doped glasses have proven
themselves as the better choice for WLED
applications due to its advantages like longevity,
high brightness, low power consumption and no
ageing effects. Generally spectroscopic properties
of the RE-doped glasses depend on the environment
around the RE ions which are useful to modify the
spectroscopic properties by choosing different
chemical composition [2]. Addition of heavy metal
oxides into the borate glasses are found to increase
the chemical durability, thermal and mechanical
stability of the glass materials and further increases
the radiative transition rates of the rare-earth (RE**)
ions which in turn lead to have higher luminescence
yield [2]. Among the RE ions, Dy** ions are most
suitable to stimulate the white light emission due to
its “Fo,—®Hisn and “Fg,—°®Hys, intense emission
peaks corresponding to the blue and yellow region
respectively. In order to increase the red component
of the emission spectra, the Eu** ions were co-
doped with Dy** ions in different host matrices.
Usually the Dy*" ions act as a sensitizer to the Eu*
ions because the metastable state of the Dy** ion is
having higher energy than the metastable state of
the Eu®* ions [2]. In the present work, Dy*“Eu®* co-
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doped borate glasses have been prepared and their
spectroscopic and energy transfer behavior were
studied and reported.

2. Experimental

Borate glasses were prepared by following
melt quenching technique with the composition
60BzO3+10A|203+lOPbO+2OZnF2+O.5Dy203+XEU2
O3 (where x=0.05, 0.1, 0.25, 0.5, 1.0 and 2.0 in
wt%). The 15 gm batch of each chemical
composition were weighed and thoroughly mixed
in an agate mortar. The homogenous mixture was
taken into a porcelain crucible and kept in the
electrical furnace at around 1050 °C for 1.30 hours.
The molten flux was air quenched by pouring it on
to a preheated brass plate keeping at 375 °C and
annealed for 8 hours. The prepared glasses were
slowly brought to the room temperature and
polished on both sides. Excitation and emission
spectra were recorded in the spectral region
400-700 nm using the Perkin Elmer Lambda-55
spectrophotometer by exciting at 391 nm. The
lifetime measurements were made using a digital
storage  oscilloscope (Tektronix TDS1001B)
interfaced to a personal computer that records and
averages the signal.

3. Results and discussion

3.1. Excitation and Emission spectra

Figure 2 shows the excitation spectra of
the AZFBD 0.5E glass monitoring the emission
wavelengths at 575 nm and 616 nm corresponding
to the “Fop—°Hysp transition of Dy** ion and
°Dy—'F, transition of Eu®* ion respectively. The

excitation spectra exhibit seven excitation bands
from the °Hig;, ground state to the various excited
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states of the Dy*' ions similar to the reported
Dy** glasses [1].
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Figure 1: Excitation spectra of the Dy**:Eu®" co-doped

AZFBDO0.5E glasses

It is observed from figure 1 that, the additional
band of Eu®* ions originates from the 'F, ground
state of Eu®* ion to the various excited states have
also been observed along with the various excited
state of Dy** ions in the prepared glasses, thus
indicate the interaction between Dy*": Eu®" ions.
The maximum overlapping of the Dy** and Eu®'
ions excitation bands are observed at 391 nm and
this excitation wavelength has been chosen to
record the luminescence spectra of the present
Dy*":Eu** co-doped AZFBDXE glasses. The
emission spectra of the Eu®* co-doped Dy*": borate
glasses were recorded in the wavelength region
400-720 nm by monitoring an excitation at 391
nm. The prepared glasses exhibit both Dy** ion
emission transitions such as “Fop —*Hisp, *Fop
—%H,3 and “Fg, —°Hy, corresponding to the band
positions at 484, 575 and 666 nm and Eu®*" ion
emission transitions at 592, 612, 653 and 702 nm
due to thesDo—)7F2, 5D0—)7F2, 5D0—)7F2 and
SD,—'F, transitions of the Eu®" ion and thus
indicate the energy transfer process takes place in
the Dy*":Eu* co-doped glasses [5]. The Y/B ratio
is more sensitive to the host environment around
the Dy*" ion and their values are found to be around
2’ in all the prepared glasses and the Y/B values
confirm the ionic nature of the Dy*" metal-
ligand bond.
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Figure 2: Emission spectra of the AZFBDXE glasses
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Figure 3: Decay profile of the AZFBDXE glasses

Table 1: The values of 1o, (ms), (x,y) color
coordinates, CCT (K), Ry (nm), Q, Cpa(x10™ cm®/s)
of the Dy*":Eu®" co-doped of the AZFBDXE glasses

Par:tr:r AZFBD | AZFBD | AZFBD | AZFB
| 01E | 025t | 0SE | DIE

o | 0737 | 0512 | 0425 | 0.357
X 0.35 0.34 036 | 041

y 0.38 0.36 039 | 0.38
CCT | 4436 | 4573 | 3979 | 3184
Ro 84.9 76.1 574 | 495
Q | 0427 | 0965 | 1281 | 2113
Con | 153 2.84 562 | 973

The decay curves pertaining to the “Fg, excited
level of the Dy** ions were measured by fixing the
exciting at 391 nm and emission at 575 nm for all
the prepared glasses and the same is shown in
figure 3. The lifetime pertaining to the *Fgy, excited
level of the Dy*" ions were calculated by taking the
first e-fold of the decay curves and the calculated
lifetime values are presented in table 1. It is
observed from table 1 that, the lifetime values are
found to decrease with the increase in Eu®" ion
concentration in the prepared borate glasses which
confirms the dominant energy transfer between
Dy** and Eu®" ions takes place through non-
radiatively. All the decay curves are found to be
non-exponential and these behaviors further
increases with the addition of Eu®* ions in the
prepared glasses. The non-exponential behavior is
due to the resonant or nearly resonant energy
transfer from the Dy®" ion in an excited *F, state to
a nearby Eu®* ions ground state ("Fo) and the same
is shown in figure 4. The possible resonance energy
transfer among the Dy**—Eu®* ions is mainly
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attributed to the 4|15/2—)6H15/2, 4F9/2—)6H15/2 and
"Fy—°D,, "Fo—°Dy transitions. In order to indentify
the nature of the non-exponential behavior, the
decay curves are fitted within the frame of IH
model [6] together with the three possible
interaction mechanism including s=6, s=8 and s=10
namely  dipole-dipole, dipole-quaropole and
quaropole-quaropole, respectively. The interaction
parameter Cpp, critical distance Ry and the dipole-
dipole energy transfer parameter Q values were
calculated and presented in table 1. The decay
curves were well fitted with s=6 thus indicate that
the cross-relaxation energy transfer is caused by the
dominant  electric  dipole-dipole interaction
mechanism among the Dy*~Eu®" ions which is
responsible for the non-exponential behavior.
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Figure 4: Partial energy level diagram of the
Dy**:Eu®* co-doped AZFBDXE glasses
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Figure 5: The CIE chromaticity diagram for the
AZFBDXE glasses

3.4. White light stimulation

Figure 5 shows the CIE 1931 chromaticity diagram
of the title glasses and the calculated color
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coordinates (x,y) are presented in table 1 along with
the color correlated temperature values. It is
observed from figure 5 that, all the glasses posses
the capacity to produce white light. Among the
prepared glasses, AZFBDO0.25E glass exhibits (x,y)
values as (0.35, 0.36) closer to the standard white
light illumination (x=0.33, y=0.33) and also have a
CCT value closer to the day light and hence
suggested for WLED applications.
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Abstract

Fe,O3; nanoparticles were prepared by simple chemical route. The structural, optical, morphological properties of pre-
pared nanoparticles were obtained by Powder X-ray Diffraction analysis, UV-Visible spectroscopy, and Scanning Elec-
tron Microscopy analysis respectively. The average grain size of the prepared nanoparticles was calculated using the
Scherrer formula. The absorption maximum of the prepared nanoparticles was obtained at404 nm.

Keywords: Nanoparticles, Fe,03, XRD, UV-Visible, SEM.

1. Introduction

In past few decades, the role of transition metal oxides
has been enormously increasing for their excellent opti-
cal and electrical properties which made it for utilizing in
various applications such as energy storage devices, ca-
talysis, photodegradation etc, [1,2]. The nanoparticles
with magnetic properties have attracted many researchers
for their typical physical and chemical properties. By
modifying the structure of nanoparticles the properties
and applications can be varied. Among various magnetic
materials, hematite (Fe,O3) nanoparticles has been wide-
ly synthesized and used in many applications [2,3]. Also
it is an ecofriendly material that is more stable and neu-
tral in all alkaline solutions.

In general, the hematite nanoparticles can be prepared by
various techniques such as combustion method, sol-gel
technique, hydrothermal, etc,.Of all these methods, sim-
ple chemical technique is the most common among many
researchers as it is done in ordinary room temperature
with mild conditions. Iron oxides exhibits variety of
nanostructures [4]. Though various structures were
available, the quasi spheres like structure exhibits better
electrochemical behavior. The iron oxide nanoparticles
show excellent theoretical capacitance of about
382.7mF/cm? at0.5 mA/cm? [5,6]

In this study, the magnetic Fe,Osnanoparticleswere pre-
pared through a cost-effective chemical method and
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characterized by PXRD, UV-Visible and SEM analy-
sisfrom which the crystal structure, optical behavior and
surface morphology were examined. This work can be
further preceded to various electrochemical applications

[71.

2. Experimental section
2.1. Chemicals

Analytical grade Iron (IIl) chloride hexa hydrate
Fe(Cl),.6H,0, was used as the starting material, polyvi-
nylpyrolidine ((C¢HyNO),), PVP), sodium hydroxide
(NaOH) and ethanol were purchased from Sisco Re-
search Laboratories Pvt. Ltd., Mumbai, India. All chem-
icals with analytical grade were used as purchased. The
entire reaction and electrolyte solutions were freshly
prepared with deionized (DI) water. All the synthesis
procedures were carried out in room temperature.

2.2. Preparation of Fe,Osnanoparticles

Facile Fe,0O5 nanoparticles was prepared using Iron (111)
chloride hexa hydrate Fe(Cl),.6H,O as precursor materi-
al. Stoichiometric amount of Fe(Cl),.6H,0 was dissolved
in 100 ml DI water. Aqueous solution of NaOH was
added drop-wise in order to maintain the pH of reaction
mixture at 7. The reaction mechanism was given in equa-
tion (1).

109



Pandiselvi et. al.

2Fe(Cl),.6H,0+4NaOH — Fe,05+4NaCl+10H,0 (1)

In addition, 0.2 g weight % of PVP was added in the
resultant solution as surfactant and allowed to constant
stir up to 1h. The precipitate obtained was centrifuged
several times with DI water and ethanol to remove the
un-reactant materials or additives present in the sample.
Thus the acquired precipitate was further air dried at am-
bient temperature then, calcinated at 300°C for 3 h to
improve the crystallinity of sample.

2.3. Material characterizations

The prepared hematite nanoparticles were characterized
by powder X-ray diffraction analysis, Crystalline nature
of prepared Fe,Os; nanoparticles were confirmed by
powder X-ray diffraction analysis (PXRD) using Bruker
X-ray diffractometer (D8 advance ECO) with mono-
chromatic Cu-K, radiation (A = 1.5406 A). UV—Vis ab-
sorption spectrum was recorded by Shimadzu UV 1800
spectrophotometer to examine optical properties of pre-
pared  nanoparticles.  Surface  morphology  of
Fe,Osnanoparticles was analyzed using ZEISS-EVO 18
Research, Japan, and Scanning Electron Microscope
(SEM).

3. Results and Discussion
3.1. XRD

The crystalline structure of prepared PVP assisted Fe,03
nanoparticles were analyzed by powder X-ray diffraction
analysis. The PXRD pattern of prepared PVP assisted
Fe,O3; nanoparticles were shown in figure 1. The range
was fixed between 10-80°. The peaks were in good ac-
cordance with the bulk Fe,O; (JCPDS card number
#89-8104). Eight different maximum peaks were ob-
served in prepared PVP assisted Fe,Os; nanoparticles.
The 26 values and their corresponding hkl indices were
24.213° (012), 33.255° (104), 35.722° (110), 40.973°
(113), 49.602° (024), 54.232° (116), 62.615° (214),
64.178°(300) respectively. Broader peak suggests that
the prepared sample were in nano size with rhombohe-
dral crystal structure. The space group of prepared PVP
assisted Fe,Oz nanoparticles was found to be R3c(167)
with cell parameters a=5.023 A, ¢=13.708A. The average
crystallite  size  of  prepared PVP  assisted
Fe,Osnanoparticles were ~12 nm.
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Figure 1. XRD patterns of PVVP assisted
Fe,Oznanoparticles

3.2. UV-Visible

Figure 2 shows the UV-Vis absorption spectra of
prepared PVP assisted Fe,O; nanoparticles. From the
UV-Visible absorption spectroscopy analysis, band gap
of prepared Fe,O3 nanoparticles were obtained. The ab-
sorption maximum values were found to be in 404 nm.
The peak clearly suggests that the nanoparticles were in
nano regime.
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Figure 2. UV-Vis absorption spectrum of PVP assisted
Fe,Oznanoparticles

3.3. SEM

Figures 3 (a & b) shows the SEM images of PVP assist-
edFe,03; nanoparticles. The morphology of the Fe,Os
nanoparticles shows fine particles. The absence of ag-
glomerate reveals the effect of surfactant molecules in
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the preparation procedure. The particle size was found to
be 100-200 nm. SEM images also show the morpholo-
gies of agglomerated particles and surface of the nano-
crystalline structures.

Figure 3. SEM images of PVP assisted I
Fe,Oznanoparticles

4. Conclusion

Iron oxide nanoparticles were successfully prepared by
chemical route. The average crystallite size of the pre-
pared nanoparticles was found to be ~ 12 nm. The XRD
studies revealed that that the prepared nanoparticles have
the rhombohedral structure. The absorption maximum
values of prepared Fe,Osnanoparticles were of about 404
nm. This work can be further carried out with electro-
chemical studies for energy storage or conversion appli-
cations.
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Abstract

The Cu,CdSsthin film was deposited on glass substrate by successive ionic layeradsorption and reaction method.
The sample was characterized for structural, morphological and optical properties. The powder X-ray diffraction pattern
result showed that the deposited film has Cu,CdS; phase withhexagonal structure. The SEM study reveals that the
deposited film is rough and compact without any visible cracks or pores. The film has high absorbance in the visible
range and energy band gap of 1.67eV. This makes the material as a good candidate for low cost and environment

friendly thin film solar cells.

Keywords:Cu,CdS;; SILAR;PXRD;UV-Vis;

1. Introduction

In recent years, there is a great deal of interest in
research on chalcopyrite semiconductors due to their
suitable optical bandgap and high optical absorption co-
efficient for potential application in thin film solar cells
[1]. The copper based compound semiconductor materi-
als are used as absorber materials in photovoltaic tech-
nology. Also, in recent years, importance is given to
nontoxic semiconductors from both the fundamental and
technological point of view.

TheCuCdsS, thin film exhibited hexagonalstructure
with an optical band gap of 1.42 eV, it is a p-type semi-
conductorand  suitable candidate for photovoltaic
cells.They augmented the crystallinity of CuCdsS, thin-
films and explored that the nature of electrical conduc-
tivity could betuned between n-type and p-type [2].1t is
also observed, adecreasing trend in the optical band gap
of Cug,CdS, thin filmsfrom 2.45 eV to 2.2 eV with
the  increasein copperconcentration.The synthesized
zinc blend CuCdSnanocrystals prepared by single step
synthesis has the application in tunablecolorLEDs[3].
The concentration of copper strongly influences on the
optical and electrical properties of copper sulphide and-
consequently decides the application[4]

The Cu,CdS; thin film has been synthesized
by non-vacuumchemical method of successive ionic lay-
er adsorption and reaction (SILAR)[5].SILARtechnique,
compared to other chemicals methods is a simple, less
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expensive and less time consuming method for the depo-
sition of semiconducting thin films. It is also relevant in
the deposition of large area thin films. In SILAR method,
substrate is successively dipped into the precursor solu-
tion during the deposition process andhas easy control on
film thickness by varying number of deposition cycles.

In this method, deposition cycles and dipping
time are important parameters for preparation of
nano-sizeCu,CdS; thin films. Sufficient reaction time
favors the complete chemical reaction and hence pro-
duces pure phase compounds without secondary phases.
The present work reportsthe synthesis of Cu,CdS; thin
film deposited on to glass substrate by SILAR method
and its characterization forstructural, morphological and
optical properties.

2. Experimental
2.1 Materials and Methods

All chemicals purchased for the present work are of
analytical grade and used without any further purifica-
tion. Cupper Chloride pentahydrate (CuCl, 5H,0), Cad-
mium  Chloride hydtrate(CdCI,.H,O) and Thiou-
rea(CH,4N,S) were used as precursors, double distilled
water, acetone as solvent and micro slide glass as sub-
strate.

Prior to the film deposition process, the substrates
(2.5mm x7mm) were cleaned in soap oil solution, boiled
chromic acid for 60 minutes, and then sequentially
rinsedindouble distilled water. The rinsed glass sub-
strates are vertically immersed in dilute HFfor 2 minutes
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to etchthe depositing substrates and finally the substrates
were cleaned using ultrasonic water bath for 30 minutes,
in order to eliminate surfacedust particles and organic
impurities presentif any.

To deposit thenano-scale Cu,CdS; thin film by a
simple SILAR method, the following baths were pre-
pared.The cationic and anionic precursor solutions were
0.1 M CuCl,, 0.05M CdCl,and 0.15 M CH,N,Sdissolved
in 50ml of double distilled water respectively. The one
cycle of deposition of Cu,CdS; thin films by SILAR
method involves the following steps.

(i) Immersion of the cleaned substrate in cationic pre-
cursor solution for 40 seconds. wherecations were ad-
sorbed on thesurface of the substrate.

(ii) Thus the substrate was rinsed for 10 secondsindouble
distilled water placed on magnetic stirrer, maintained at
65°C to remove the loosely bound cations.

(iii) The substrate was then immersed in the anionic pre-
cursorsolution for 40 seconds. The sulfide ions reacted
with adsorbedcationic ions on the active center of the
substrate surface.

(iv) Finally,the substrate was rinsed for 10 s in double
distilled water placed onmagnetic stirrer,maintained at
65°C, to remove loosely bound unreacted ionspresenton
the substrate.

The thin films taken for the present work is pre-
pared with 40 cycles.

Further the prepared film was dried at 60° C under the
oven for 1h and annealed at 300° C for 1h in muffle fur-
nace to increase the crystallinity. In SILAR method con-
centration, temperature of precursor solutions, dipping
time and number of cycles are important parameters to
get a good film

2.2 Materials characterization

The structural properties of Cu,CdS; films were
studied using high resolution powder X-ray diffractome-
ter with CuKa radiation (1.54056 A). The surface mor-
phology and compositional study of films were carried
out using scanning electron microscopy (SEM), (JEOL,
JSM-6360, Japan) attached with an energydispersive
X-ray (EDAX) analyzer. Optical absorption studies of
the films deposited on glass substrates were carried out
in the wavelength range of 300-1100 nm using UV-vis
spectrophotometer (Shimadzu-1800, Japan).
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3. Results and Discussion

3.1 Structural analysis

Powder X-ray diffraction (XRD) is a useful tool to
analyze the crystalline phase of the deposited film. The
XRD pattern of the annealed sample is shown in Fig. 1.
The film shows improved crystallinity after annealing.
The major X-ray diffraction peaks appeared at 26 = 24.9,
26.5, 28.2, 36.6, 43.8, 47.9, 51.9, 54.98 and 59.4were
indexed as (100), (002), (101), (102), (110), (103), (112),
(004) and (202) planes respectivelyof Cu,CdS; (JCPDS
No. 80-0006).The crystallite size (D) of the sample can
be estimated according to the Scherrer’s equation as fol-
lows [6].

_ kA
D “Bcoso

Wherek is a structural constant (0.9), A the X-ray wave-
length by the source of CuKa, B - full width at half
maximum and 6 the Bragg diffraction angle. Thus, the
crystallite size of the sample calculatedusing the high
intensity peakcorresponding to the plane of (002) is
about 17nm.

Intensity (a.u)
A A A
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Figure 1 Powder XRD pattern of Cu,CdS; thin film
3.2 Morphology

The film surface morphology of the annealed layer on
glass substrate wastaken by SEM is shown in Figure 2.
According to this micrograph, it is evident that the sur-
face has got well deposited and without any visible
cracks or holes. However, the sample surface is covered
partially by spherical shape micro-crystallites with
variousdiameters ranging from 99 to 200 nm.
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3.3 Optical properties

Figure 3 shows the UV-Vis absorbance spectra of
Cu,CdS; film. It is seen that the film shows good ab-
sorbance in the entire visible spectrum ranges of 400 to
800 nmconfirm this is a good candidate for low cost
and environment friendlysolar cell absorber layer and has
suitable band gap for thin film solar cell. The band gap of
the material formed in the deposits is calculated from the
absorbance data using the Tauc’s relation [7].

A(E = Eg)"
@=—-"

From equationais the absorption coefficient, E is the
photon energy in eV, Eg is the band gap energy ineV. The
superscript n, is a constant which is assigned values 1/2,
3/2 and 3 for direct allowed, indirect forbidden and indi-
rect allowed materials respectively. Figure 4 shows the
Tauc’s plots for the annealed Cu,CdSsfilm. The optical
energy band gap of the Cu,CdS;film is calculated asl1.67
eV.
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Figure 3 UV-Vis absorbance spectrum of Cu,CdS; thin film
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Figure 4 Tauc plot of Cu,CdS; thin film
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4. Conclusion

The Cu,CdS; thin films were deposited on micro
glass slide by successive ionic layer adsorption and reac-
tionmethod. Powder XRD shows good crystallinenature
and grain size of the Cu,CdS; thin film evaluate by
Scherrer’s equation as 17 nm. The morphology of an-
nealed film shows spherical particle on the substrate with
diameter size as 99 nm and well uniformly deposited
without any crack. Optical property of the film shows-
goodabsorbance in visible wavelength it is suitable for
solar cell absorber material because the optical energy
band gap is 1.67 eVrespectively.
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Abstract

Cu,ZnSnS, thin films have been deposited on to glass substrate by successive ionic layer adsorption and reaction
method. The annealing films were characterized by structural, morphological and optical property has been studied. The
powder X-ray diffraction studies revealed the formation of polycrystalline Cu,ZnSnS, films and confirmed tetragonal
structure, grain size, and dislocation density was calculated. Scanning electron microscope images showed smooth,
compact and uniform film formation after annealing. The UV-Vis spectroscopy data show that the films have a high

optical absorption coefficient in the visible region.

Keywords: Cu,ZnSnS,, SILAR, PXRD, SEM, Optical property

1. Introduction

Solar energy one of the renewable energies, is most
abundant, clean, and readily available throughout the
year. Photovoltaic devices/solar cells are one of the most
effective ways to harvest the solar energy and convert it
into electricity for various applications. The CulnGaSe,
(CIGS) has been identified to be suitable for sustainable
high efficiency solar cells and used as a photo electro-
chemical (PEC) photocathode [1, 2]. Owing to the insuf-
ficiency and high cost of In and Ga elements in CIGS a
suitable alternative is required. The Cu,ZnSnS, (CZTS)
is the material suitable alternative for CIGS with a simi-
lar structure, has attracted intense emphasis as good visi-
ble light absorber material, both photovoltaic and PEC
applications and as a low cost, earth-abundant envi-
ronmental-friendly material.

The CZTS compound is a p-type semiconductor
which belongs to the I,-11-1V-VI, family. It can be used
as a potential absorber layer in thin film solar cells. Due
to high optical absorption coefficient and ideal direct
band gap of 1.4 to 1.5eV [3] hence used as an absorbing
material in solar cells. CZTS thin films were generally
deposited by physical or chemical deposition
(under vacuum or non-vacuum) methods. Various
non-vacuum methods have now been developed for low
cost preparation of thin films such as Elec-
tro-deposition[4], sol—gel, spin coating [5], chemical bath
deposition [7], spray pyrolysis [8], and successive ionic
layer  adsorption reaction method [6] etc.
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The successive ionic layer adsorption and reaction
(SILAR) method is particularly unique because of its
simplicity, inexpensive, homogenous deposition and less
time method for the deposition of quaternary semicon-
ducting thin films [9]. It is also applicable in the deposi-
tion of large and complicated area of substrates, low
temperature thin films. In this work, the preparation of
CZTS thin films by SILAR method and their characteri-
zation in terms of structural, optical, and morphological
properties have been carried out.

2. Experimental section and methods

In the present work, all the chemicals used are
in ALR. grade, such as copper sulphate pentahydrate
(CuS0,4.5H,0),zincsulphate heptahydrate (ZnS0O,.7H,0),
tin sulphate (SnSO4), thiourea (CH4N,S) and double
distilled water, without further purification.The  sub-
strate was of commercially available microscopic glass
slides of dimensions is 26 mm x 76 mm x 1 mm. The
quality and quantity of thin film mainly depends on well
cleaned substrate. Hence, the glass substrates were
cleaned with chromic acid rinsed with double distilled
water, acetone and finally substrate was ultrasonically
cleaned with Double distilled water bath for 30 minutes.

The deposition of CZTS film on glass slides by
SILAR method includes different parameters viz., pre-
cursor concentration, dipping time and number of cycles.
For synthesis of CZTS film, mixture of cationic precur-
sors 0.1 M CuSOQO,, 0.05 M ZnSO, and 0.05 M SnSO,
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were dissolved in 50 ml of double distilled water. The
anionic precursor solution was prepared by dissolving
0.2 M CH4N,S in 50 ml double distilled water. First, the
pre-cleaned substrates were immersed in the composite
cationic solution for 40 seconds to adsorb Cu®*, Zn?*and
Sn* ions. Then the substrate was rinsed in distilled water
for 20 seconds to remove the loosely adsorbed ions if
any. After, that the substrate was immersed in the anion
solution (S*) for 40 seconds where the chemical reaction
takes place between anions and cations to form CZTS.
The substrate is again rinsed in distilled water for 20 s to
remove the powdery precipitate if any. The above four
steps forms one SILAR cycle and it was optimized. Sim-
ilarly, 40 cycles were employed to obtain homogeneous
CZTS film. The deposited films were annealed at 400 °C
for 1h in an air atmosphere.

2.1. Characterization

The structural characteristics of CZTS film was
analyzed by using X-ray diffraction (XRD) patterns
recorded [using Bruker- D8 advance ECO XRD systems
with SSD160 1D, Detector] in the span of angle 10° to
80° with Cu-Ka radiation [wavelength of 1.5406 A]. The
surface morphology of the CZTS film was carried out by
using Scanning Electron Microscopy (SEM) Model:
ZEISS-EVO 18 Research, equipped with Energy disper-
sive X-Ray spectrometer (EDAX) (BRUKER-X Flash
6130). The optical absorption spectrum was recorded
using UV-Vis absorption spectrophotometer and rec-
orded in the range of 400-1100 nm, (Shimadzu-1800).

3. Results and Discussion
3.1. Structural analysis

Figure 1 shows the powder XRD pattern of the de-
posited film and the patterns are well matched with
wurtzite and kersterite phase of CZTS thin films. The
high crystallite peak obtained at 26 value 26.7°, and
51.6° are attributed to (002), and (103) planes respec-
tively of wurtzite and 26 at 33.94°can be attributed to
(200) planes of kesterite phase of CZTS film. The
observations are in good agreement with the previous
literature [10, 11]. The parameters such as grain size, and
dislocation density are calculated from the powder XRD
pattern.
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Figure 1 XRD pattern of CZTS thin films

The average grain size is calculated by Scherrers formula

TR

- Peosh

where B is full width at half maximum (FWHM), A is the
wavelength of the X-ray source, 0 is the Bragg angle.
The calculated grain size is 17.4 nm.

The dislocation density of the prepared films can
be calculated from the foIIowiTg relation.
g = E
where € dislocation density(line/m? and D is grain
size(hm). The calculated dislocation density value is
3.3x10" line/m?.

3.2 Morphology of the film

The morphological features of the CZTS sample was
investigated by SEM. Figure 2 shows the SEM surface
micrograph for annealed CZTS thin films, that shows a
relatively uniform, densely packed surface, without
cracks or holes and well covered on to the glass sub-
strate.

EMT=2000kV  Signal A= SE1 Dete 18 Fel 2018 {- |
WO=105mm  Mage S000KX  Time 130840 = |

Figure 2 Morphology of the CZTS thin film
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3.3 Analyses of optical properties

UV-Visible absorption studies of the deposited
thin films are used to study the visible light absorption
properties and to estimate the band gap of the material.
The absorbance spectrum of the annealed CZTS thin film
recorded in the wavelength range of 400-1100 nm is
shown in Figure 3. The mixed phase of CZTS film
exhibit a broad absorption peak in the visible. The
energy band gap is calculated by tauc’s plot (Figure 4)
drawn between hv versus (ahv)? (o = absorbance, h =
Planck’s constant and v= frequency). The calculated
energy band gap is 1.48 eV and its value is close to that
of thin film solar cell.
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Figure 3 UV-Vis absorbance spectrum
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Figure 4 Tauc plot of CZTS thin film

4. Conclusion
CZTS thin films were deposited by SILAR
method. Powder XRD pattern confirmed the crystalline

nature of the film with tetragonal structure. The mor-
phology of film shows a spherical like particles present
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at range of 200 nm and average particle diameter is
120nm. The UV-Vis spectroscopy shows that the film
have a good optical absorption coefficient in the visible
region and its estimated optical band gap is 1.48 eV con-
firm the suitability of this material for solar cell
application.
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Abstract

Energy demand is being a major concern around the globe. Electrochemical supercapacitors are one among various al-
ternative and green energy devices. The performance of supercapacitors depends mainly on the enhanced properties of
electrode materials. In the present work, ZnO/NiO nanoparticles have been successfully synthesized by a simple and
facile citrate-based gel combustion procedure. The crystal structure, phase identification and morphology of the samples
were confirmed by X-ray diffraction (XRD) pattern, Fourier-transform infrared spectroscopy (FTIR) and scanning elec-
tron microscope (SEM) respectively. It has been observed in X-ray diffraction pattern that the crystalline peaks are
broader and confirmed the presence of ZnO/NiO nanoparticles. The mean size of the particle is found to be ~25 nm.

Keywords: znO/NiO, gel combustion method, supercapacitors, XRD, FTIR, SEM.

1. Introduction

Supercapacitors have received substantial attentions as an
energy storage device in recent years. Compared with
secondary batteries, supercapacitors have the advantages
such as ultrafast charging—discharging rate, wide opera-
tion temperature range and very long cycle life [1-3].
Nevertheless, supercapacitors suffer from low specific
capacitance and thus low energy density. Such drawbacks
limit their potential applications in energy storage area. In
order to overcome these drawbacks, researchers have put
a lot of works on the development of new types of elec-
trode materials with high performances. In recent years,
transition metal oxides have been widely used as super-
capacitor electrode materials. The working principle of
transition metal oxides for supercapacitors is based on the
fast faradaic redox reactions [4-6]. Compared with carbon
materials which work on electrical double layer mecha-
nism, transition metal oxides can provide higher specific
capacitance and thus higher energy density. Apart from
single metal oxides, many binary metal oxides have been
well studied due to their richer redox reactions and syn-
ergistic effects of the different metal ions. For example,
Xiang et al. reported the fabrication of NiCo,0, micro-
structures with different morphologies and their applica-
tion as electrode materials for supercapacitors [7]. Che
and co-workers have reported flower-like MnCo,04 mi-
crostructures for supercapacitor applications [8]. Shen et
al. reported a flexible supercapacitor based on ZnCo,0,
nanorods grown on nickel wires [9]. Wang et al. reported
the growth of ZnCo,0, nanorod arrays on Ni foam and
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their utility as supercapacitor electrodes [10]. Although
binary metal oxides have drawn intense attentions in the
field of supercapacitor, up to now, only spinel structured
binary metal oxides are well studied. In this work, syn-
thesized NiO/ZnO nanocomposits were prepared though
a Gel-cumbustion method and subsequent calcination.
XRD analysis shows the coexisence of both cubic NiO
and hexagonal ZnO. FTIR spectrum conforms the pure
ZnO/NiO was formed. SEM observation shows the
sphere like morphology.

2.Experimental Methods and Characterisation

Citrate-based gel combustion method is adopted to obtain
ZnO/NiO nanocomposite. Analytical grade of zinc ni-
trate, nickel nitrate are acting as a precursor and citric
acid were used as a gelling agent in the gel combustion
method. Appropriate amount of zinc nitrate, nickel nitrate
and citric acid (2:6 molar ratio) were dissolved in double
distilled (DD) water in separate beakers. Initially zinc
nitrate and nickel nitrate precursors were dissolved in DD
water. The citric acid solution was added into above solu-
tion drop wise at 80 °C. After the complete addition, the
temperature is increased to 130 °C. Then, solution was
kept overnight to convert into gel and dried gel was
formed. The dried gel was calcined at 500 °C for 3 hrs.
The samples were well characterized by means of XRD,
FTIR, and SEM and the electrochemical studies are per-
formed for supercapacitor applications.

118



Raveena et. al.

2. Results and discussion
3.1. XRD

XRD pattern of the ZnO/NiO nanocomposite is displayed
in Fig. 1. In the crystal structure, ZnO and NiO are
hexagonal and cubic geometry, respectively.

ZnO-NiO

| I‘ Zn0 I ICPDS- 361451
I I I .

| ‘ Nio HE JCPDS-897130

T T T T T
10 20 30 40 50 60 70 80 90 100

20(Degree)

Intensity (a.u.)

Fig. 1 XRD pattern of ZnO/NiO

Fig. 1b shows XRD pattern of the calcinated sample, all
the diffraction peaks could be indexed to hexagonal ZnO
(JCPDS No. 361451) and cubic NiO (JCPDS No.
897130)[11]. No diffraction peaks belonging to impure
ties could be found, indicating that the precursor was
completely transformed into ZnO/NiO mixed metal ox-
ides. The particle size was found using scherrer’s equa-
tion. Scherrer’s equation can be written as:

D=kA/B cosb (1)

D-Particle size, k- Boltzmann constant, A- Wavelength of
X-ray source, - Full width and half maximum, 6 - dif-
fraction angle. The average size of the particle is found to
be~25 nm.

3.2. FTIR

FTIR spectra of ZnO/NiO nanocomposites, heated for 3h
at 500 °C is shown in fig. 2.  Four new peaks were found
to be observed at 1602, 1478, 1100 and 417 cm™[12]. A
broad band around 3346 cm™ corresponds to stretching
mode of OH group which is contributed by adsorbed wa-
ter molecules. The peak around 2367 cm™ can be at-
tributed due to presence of C-O bond. Band formed at
1602 cm™ can be contributed due to OH group in the
sample. IR band at 1478 cm™ is obtained corresponds to
asymmetric stretching of C=0 bond and at 1100 cm™ are
obtained due to C-O bonding. IR peak at 417 cm™ is ob-
served due to confirm the presence of crystalline Ni-O
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bond formation [13].
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Fig. 2 FTIR-ZnO/NiO
3.3. SEM

The morphologies of the ZnO/NiO composite are ob-
served by SEM. SEM images of the ZnO/NiO composite
are presented as shown in Fig. 3. It display that the sam-
ple is composed of nano sphere like agglomerated parti-
cles. The average size of the particles is measured as ~61
nm.

Date :31 Jan 2019
Time :15:47:10

EHT =2000kV  Signal A=SE1
WD=100mm  Mag= 10000 KX

ko d

Fig. SEM-ZnO/NiO

4. Conclusion

ZnO/NiO nanocomposite has been successfully synthe-
sized by Gel-combustion process. The XRD revealed the
mixed phases of ZnO/NiO nanocomposite. The FTIR
spectrum confirmed the formation pure metal oxides
ZnO/NiO. The SEM study divulged sphere like particles.
This type of composite material is probably used for su-
percapacitor application.
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Abstract

The main aspect of this paper is to study the properties of the 2-Aminopyridinium Trichloroacetate. An organic
material of 2-Aminopyridinium trichloroacetate single crystal was grown using the slow evaporation method. The
obtained crystals were transparent and slightly yellowish in color. UV-Vis optical studies shown that, the grown crystals
have wide optical transparency in the entire visible region. The grown crystal was subjected to Single crystal XRD
analysis, confirming the monoclinic nature of the crystal and the optical behavior of the grown crystal was analyzed by
PL studies. FTIR analysis confirmed the presence of the functional groups.

Keywords: Crystal growth, trichloroacetic acid, 2-aminopyridine, UV-visible, Photoluminescence.

1.  Introduction

NLO property may be used for the application of ultra-
fast optical switching and high density storage devices.
Property also plays a major role in the field of
telecommunications. NLO materials have technological
information and industry based applications. This can be
essentially traced to the improvement of the
performances of the NLO materials. The easy
understanding of the nonlinear polarization mechanisms
and their relation to the structural characteristics of the
materials have been essentially developed. The aim is to
develop materials presenting large nonlinear properties
and satisfying at the same time, all the technological
requirements for applications  of wide transparency
range, fast response, and high damage threshold. The
earlier studies show that the trichloroacetic acid
derivativesL-proliniumtrichloroacetate [1] and L-
glyciniumtrichloroacetate have NLO property also 2-
aminopyridine derivatives 2-aminopyridine potassium
dihydrogen orthophosphate lithium chloride [2] and 2-
aminopyridinium trifluoroacetate [3] possesses NLO
responses. So that, we have been chosen trichloroacetic
acid and 2-aminopyridine to grow 2-
aminopyridiniumtrichloroacetate.

2. Experimental

2.1. Preparation

Single crystals were grown from saturated aqueous
solution containing 2-aminopyridine and trichloroacetic
acid in anequimolar ratio. The mixture was stirred at
about 50°C for bringing a homogeneous solution. After
stirring process, the saturated solution is filtered and
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poured into a beaker and covered with a perforated cover
and kept in an undisturbed, dust free environment and
allowed to evaporate slowly. After a few days slightly
yellowish crystals were formed. The grown crystal was
shown in Figure. 1.

2.2. Single crystal XRD studies

A good quality optically clear 0.2 x 0.21 x 0.19
mm? sized crystal was selected for the unit cell
measurement using Bruker kappa APEX I
diffractometer using the MoKa radiation source.
The intensity data were collected at 20°C.

2.3. FTIR analysis

The FTIR spectrum shows the functional groups present
in the synthesized crystal. The FTIR spectrum of
synthesized crystal was recorded using SHIMADZU
FTIR spectrum RXI spectrometer by KBr pellet
technique in the range 400-4000 cm®. The recorded
FTIR spectrum was shown in Figure. 2. The frequency
assignments were tabulated as Table. 1.

2.4. Optical Studies

Linear optical properties of synthesized crystals were
studied using a UV-1700 series spectrophotometer in the
region 200-800 nm.
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3. Results and Discussion

3.1. Single crystal XRD

2-aminopyridinium trichloroacetate was crystallized in
the monoclinic crystal system with the space group
P2./c. Its unit cell values are a = 8.67(10) A, b =
11.43(10) A, ¢ = 11.10(7) A, a = 90°, B = 102.49°, y =
90° and V = 1074(4) A%,

Table 1: FTIR spectral data of 2 APTC.

assignments are given in Table 1. The strong band at 824
cm' is due to antisymmetric stretching type vibrations of
CCl; group. The strong peak observed at 734 cm’ is
corresponds to the in-plane deformation modes of COO
group derived from trichloroacetic ions. The analogous
strong infrared band is present at 745 cm* in the spectrum
of melaminiumtrichloroacetate [4].

3.3. UV-Visible analysis

The recorded UV-Visible spectrum was shown in figure.

Absorption wavenumbers Bond

3. The spectra show that the title compound has a

characteristic absorption at 314 nm leading to an
electronic transition. The compound has a lower cut-off
wavelength at 354 nm after this the compound shows
transmission in the entire visible range. This is an
important property of a NLO material.

Intensity (a.u)

3343 N-H stretching
1669 Stretching mode of carboxylate
anion
1637 C-C stretching
1484 C-N stretching
1426 C-H in-plane bending
1379, 1327 C-NH;stretching
1163, 993, 624 C-H out-of-plane bending
1055 C-N stretching in the ring
931 CCC in-plane bending
824 Anti-symmetric stretching of
CCls
680, 430 COO
-
-
Figure 1: Photograph of as grown Crystal
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Figure 2: FTIR Spectrum
3.2. FTIR spectral analysis

The observed vibrational frequencies and their tentative
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Figure 3: Absorption spectrum

3.4. Photoluminescence

The materials with m conjugated systems exhibit
photoluminescence property. The title compound was
subjected to photoluminescence with the excitation
wavelength of 373 nm and an emission of 378 nm was
recorded. The PL spectrum was shown in figure. 4.

Wavelength vs Intensity
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25

0.0
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Figure 4. Photoluminescence spectrum
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4. CONCLUSIONS

The single crystals of  2-aminopyridinium
trichloroacetate were grown from slow evaporation
technique. The unit call parameters of the crystal were
measured using single crystal XRD. This confirmed that
the grown crystal belongs to monoclinic crystal system.
The functional group analysis was performed from FTIR
analysis. The frequency assignments were done. This
proves the existence of both carboxylic acid and amine
groups present in the structure. The grown crystal was
subjected to optical studies. The UV-visible spectrum
confirmed the wide band transmission in the entire
visible region. This is an important property for a
material to be a good NLO material. The PL spectrum
confirmed the emission at 378 nm.
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Abstract

Here we report the effect of Rb doped NiO in thin film form. Rubidium doped cuprous oxide thin films are prepared on
glass substrates. Thin films Rb doped NiO are deposited on the glass substrate by Nebulizer spray technique (NST) at
different doping percentage of concentration (0%, 2.5wt. % and 5wt. %). X-ray diffraction, SEM, and optical measure-
ments were performed to investigate the properties of the material. XRD study reveals oriented growth of the film along
the [111] direction. Tauc’s plot is used to determine the optical band gap of NiO and Rb doped NiO films. The values of
the direct band gap for NiO are found to be 3.48-3.10 eV, respectively

Keywords: Nebulized Spray Pyrolysis, NiO thin film, Rubidium doping, structural, optical properties.

1. Introduction

The NiO, a transition metal oxide, has attracted
considerable interest because of its special electrical,
optical and magnetic properties. NiO adopts NaCl struc-
ture and is an antiferromagnetic insulator at room tem-
perature [1]. Stoichiometric NiO is a Mott
insulator, but one can increase its p type
conductivity by introducing Ni?* vacancies or
by doping with cations [2]. Electrical and mag-
netic properties of the NiO in thin film form strongly
depend upon the deposition parameters like substrate
temperature and oxygen content during the deposition.
Therefore, selection of the proper substrate, growth con-
dition and deposition technique play crucial role in the
synthesis of NiO in thin film form. In the past, NiO
thin films have been fabricated on a variety
of substrates by various deposition techniques
like pulsed laser deposition, sputtering, chemical meth-
ods, spray pyrolysis methods etc [3-5]. It has been re-
ported that as compared to other substrates, film has
grown on insulating substrates like TiO,, SrTiO; and
Al,O3 is more likely to be epitaxial in nature and contain
less surface defects [6]. The NiO thin films find vari-
ous scientific and technological applications. It can also
be used as an exchange biased layer. One of its
most important uses could be its applicability
for spintronics application by doping with a suitable
impurity.

Experimental
1.1. Preparation

Copyright © 2019 KARE - Physics

NiO thin Films were deposited using the nebulizer
spray technique. It consists of a base plate, in which a
heater coil is embedded to facilitate heating, upon which
the substrates for film deposition are to be placed. Sub-
strate temperature (Ts) was maintained with the help of a
feedback circuit which controls the heater supply. Tem-
perature of the substrate can be varied from room tem-
perature to 400°C. During the spray, temperature of the
substrate was kept constant with an accuracy of +5°C.
Many trails were conducted for optimizing the deposition
parameters to good quality ferric nitrate thin film. Ferric
nitrate thin films were deposited using spray pyrolysis
deposition method. The deposition of the NiO films, we
took 10 ml of 0.1 mol of Nickel chloride and dissolved in
de-ionized water. The deposition was takes on glass sub-
strate and the substrate temperature maintained at 400°C
for varies pressure 1.5 Kg/cm? using nebulizer setup.
Distance between the substrate and nebulizer gun is fixed
at 5cm, the compressed air acts as a gas carrier the air
flow rate controlled by the suitable flow controller. And
the same solution we adding 2.5.wt. % of rare earth met-
al Rb to the same solution Rb doped NiO thin film de-
posited. Again we adding 5 wt. % of rare earth metal Rb
to the same solution Rb doped NiO thin film is deposit-
ed.

To study the structural properties of the grown thin
film X-ray diffraction (XRD) was performed in 6-20
geometry using Cu Ko source. Magnetic behavior of the
thin film was recorded using SQID vibration magnetom-
eter from Quantum Design.
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1.2. XRD studies

Fig 1. Shows the X-ray diffraction patterns of pure
and NiO:Rb thin films were deposited with different
doping concentration (0%, 2.5 wt.%, and 5wt.%) at
400°C using nebulizer spray pyrolysis method. The XRD
pattern gave one dominant peaks at 26 =37.267° assigned
to the (1 1 1) crystal planes and less intense peaks were
recorded at 43.286° and 62.933° assigned to (2 0 0) and
(2 2 0) crystal planes respectively. The observed lattice
spacings (d) are similar to standard Bunsenite (NiO)
peaks identified by JCPDS with file No. 78-0643. Strong
peak intensity shows a highly crystallinity of the phase.
The grain diameter (D), micro-strain (g), disloca-
tion-density (8) and a humber of crystallites (n.) calcu-
lated using Debye-Scherer’s equation are summarized in
table 1.

__Kk 1
" Becos® @
BCosO 1
€= S (2)6 = DT 3)n,
= @)

Table 1. Micro structural parameters of pure and Rubid-
ium doped NiO thin films of (111) plane

Crystalli | Dislocation Micro Number of Thic
Samples tesize D density strain crystallites | kness
(nm) (6) x10% () x10° (ng)x10Y (nm)
(lines/m?) | (lines?m*) | (lines/m?
Pure NiO 19.14 2.729 1.790 0.416 292
NiO: Rb 28.35 1.243 1.208 0.140 319
(2.5wt. %)
NiO: Rb 30.91 1.046 1.108 0.109 323
(5 Wt. %)
= JCPDS data (78-0643)
) pure
— 25wt % Rb
—S5wt%Rb
’Q s
= f?.
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Figure 1. X-ray diffraction patterns of pure and NiO:Rb
thin films.
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1.3. SEM studies

g “ R T
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X

Figure 2. SEM images of pure and 5%Rubidium doped
NiO thin films

The surface morphology of the films was stud-
ied by Scanning electron microscopy (SEM). Fig. 2(c)
5wt.% Rb shows the topography images of the deposited
of pure and Rubidium doped nickel oxide thin film with
different doping concentration of (0%, 2.5 wt.% and
5wt.%). The grain size is varied at different doping per-
centage of Rb. This is depicted in Table 1. The structural
analysis confirmed cubic polycrystalline nickel oxide.
The surface morphology revealed a porous surface with
inhomogeneous randomly shaped heaps.

1.4 .Optical studies

70

pure
| =25wt%Rb
——5 wt % Rb

Transmittance %

T T T T T T
300 600 900 1200 1500 1800 2100 2400
Wavelength (nm)

Figure 3: The total transmittance of pure and Rb doped
NiO thin films

The spectrum was recorded for the films as wavelength
range from 300 — 2400 nm. In Fig.4shows that the over-
all total optical transmittance is found to decrease when
the wavelength of incident increases. It is mainly corre-
spond to the thickness of the film in which the transmit-
tance is reduced. Finally the transmittance mainly influ-
enced by doping percentage which affects the film opti-
cal properties
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Figure 4: The energy gap of pure and Rb doped NiO thin

films

The energy gap value Egis to be calculated to understand
the absorption edge of the material, and it can be ob-
tained in Fig. 6 from the following equation.
(ah9)™ = A(h9 — Eg) (5)

The wide band gap of the material can be determined by
extrapolating the linear region of the graph to photon
energy . The optical band gap was found to decrease
from 3.48,3,22 and 3.10 eV for the pure and NiO:Rb thin
films for (0%, 2.5%, and 5% ) respectively. Calculated
optical band gap of the prepared NiO:Rb thin film was
found to be 3.10 eV, which is well agrees with the re-
ported band gap values of NiO films. It was observed the
band gap decreases with increasing Rb doping percent-

Copyright © 2019 KARE - Physics

age; this is due to the variation of thickness of the depos-
ited films.

4. Conclusion

NiO:Rb thin film was prepared by NSP method. The films
produced are strongly adherent. The XRD pattern revealed the
formation of NiO. Crystallite size has been calculated using
XRD. It also shows that the deposited film showed
well-covered entire substrate surface. The structure and mor-
phology of the film were studied using SEM. Grain size has
been calculated using SEM. Further, the Optical transmission
study revealed wide band gap nature is found to be of the order
of 3.1eV.

We concluded that the obtained NiO:Rb thin films were optical
quality in nature suitable for thin films solar cell. So this NSP
method is the simple technique to prepare the thin film materi-
als. The prepared NiO:Rb film is suitable material for photo-
voltaic application
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Abstract

In this present work Phyllanthus reticulates is used as an active ingredient renowned for its medicinal uses. Phyllanthus
reticulatus has been proved to show antidiabetic, antiviral, anticancer, antiplasmodial, hepatoprotective, antibacterial
and anti-inflammatory activities. The plant contains tannic acid, terpenoids, flavonoids, phenolic compounds and ster-
oids as main chemical constituents. This article aims to provide a simple green synthesis of silver sol for further in-
vesitigation of phytochemical and pharmacological aspects of this plant.

Keywords: Phyllanthus reticulates, Silver sol

1. Introduction

In traditional culture medicinal plants are used all over
the world and they are becoming increasingly popular in
modern society as natural alternatives to synthetic chem-
icals Phyllanthus reticulatus (Family — Euphorbiaceae)
commonly known as pancoli or karineli, (Synonym:
Kirganelia reticulata Poir.) is a large glabrous or pubes-
cent shrub with smooth or lanticellate branches growing
from 8-10 ft in height. The plant is widely present in
Tropical Africa, Srilanka, South East Asia, China, Ma-
laysia and throughout India, mostly in hedges or waste
places. Fruiting and flowering season of plant is from
July to March. Leaves of the plant contain tannic acid
and gum. Fruit of the plant becomes purplish black when

ripe[1].

2. Experimental
2.1. Materials

Silver Nitrate (AgNO3, 99% purity, Merck Products),
Phyllanthus reticulates(Neeroli) leaves collected from
Kerala.

2.2. Preparation of the extract

The leaves of Phyllanthus reticulates plant were
collected from the local garden and then washed
thoroughly with tap water to remove the dust and dirt.
The leaves were then dried under shade for about five
days and then finely powdered using mortar. About 2
grams of the powder was taken and mixed with distilled
water and stirred for 30 minutes. The obtained aqueous
leaf extract was then filtered using whatman filter paper.
The pale green colour extract was further utilized as
reducing and capping agents in silver sol synthesis.

Copyright © 2019 KARE-Physics

2.3. Preparation of Silver Nitrate Solution

0.125g of Silver nitrate was added into 100ml of distilled
water and stirred continuously for 1-2min to get Silver
Nitrate solution.

2.4. Silver Sol synthesis

The best volume of plant extract were added to the best
molarity of AgNOs solution at room temperature and
stirred continuously for ten minutes using Magnetic
Stirrer. Slow reduction took place and kept for 24 hours
to obtain the colour change. After 24 hours pale green
colour changes to red colour, which indicate the
formation of silver nano particle. The UV absorption
spectrum of the sol was taken which is shown in
Fig. 2. The peak at around 450 nm shows the
formation of silver nano particles.

Preparation
of extract
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3. Conclusion

A simple green synthesis of stable silver sol using
Phyllanthus reticulatus at room temperature was
reported in this study. The synthesis was found to be
efficient in terms of reaction time as well as stability of
synthesised sol which excluded chemical agents. The
green synthesis of silver sol method provides a simple
environmental ecofriendly and cost effective route for
the synthesis of silver nanoparticle. The formation of
nanoparticle was identified by the change of colour of
the solution. This is confirmed by the observation of
the UV absorption peak at around 450 nm. This
sol can be used for the study of SERS of some
sample.
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Abstract

Facile and simple gel combustion method has been used to synthesis copper oxide (CuO) nanostructures. The structural,
morphological and electrochemical properties of the CuO has been studied and reported. X-ray diffraction pattern con-
firms the formation of monoclinic CuO at 500 °C. Electrochemical investigation indicates that the CuO nanostructures
prepared at 500°C reveals a maximum specific capacitance of 435 Fg™* at 0.5mA/cm?. Electrochemical study shows that
the obtained CuO supercapacitor properties in 2.0 M KOH solution. This work demonstrates that the construction of
binary oxide nanocomposites is a strategy to develop high performance supercapacitor electrode materials.

Keywords: CuO, gel combustion method, supercapacitors, XRD and SEM.

1. Introduction

Global warming, as well as the increasing price and de-
creasing availability of fossil fuels, all highlight need to
move towards a sustainable development, where it is
critical to preserve the environment and to build highly
efficient renewable energy storage/conversion systems.
Supercapacitors, as a new class of energy storage device,
are specialized form of capacitors with an exceedingly
high level of capacitance. They have received significant
attention in recent years because they can achieve higher
energy density than conventional capacitors and offer
better power performance than batteries [1, 2]. Based on
the charge storage mechanism, supercapacitors are clas-
sified as electric double layer capacitors (EDLC) and
pseudo-capacitors or ultracapacitors. EDLCs, which
store charges electrostatically, through reversible ion
adsorption at the electrode/electrolyte interface, com-
monly use carbon-based electrode materials with high
surface area, high conductivity, electrochemical stability
and open porosity. In contrast, pseudocapacitors are fab-
ricated based on transition metal oxides (TMO) where
charge storage occurs through electrochemical redox
reactions [3]. Among the TMOs, RuO, has been widely
investigated because of its high conductivity, remarkable
specific capacitance and distinct oxidation states. Alt-
hough RuO, can offer excellent charge storage perfor-
mance, the high cost and toxicity of RuO, hinders its use
in practical applications. More cost-effective transition
metal oxides such as MnO,, Fe3;0,, V.05, NiO etc., ow-
ing to their hallmark properties such as tuneable mor-
phology, lesser toxicity and multiple valences are widely
exploited towards supercapacitor electrode applications
but the poor electronic conductivity of these oxides de-
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ters their use in high power applications. Nevertheless,
nanostructures of these metal oxides possess better elec-
tronic conductivity, higher specific capacitance and en-
hanced cycling stability [4, 5]. Recently, CuO
nanostructures have attracted considerable interest with
regard to battery and bio-sensing applications due to
their low cost and environmental friendly nature [6].
Synthesizing unique nanostructures of Cu based oxides
could mitigates with poor cyclic stability and lower con-
ductivity because nanostructures may endow additional
pathways for electrolyte penetration and maintain the
sustainability of the crystal structure during cycling.
Simple fabrication procedure and cost effectiveness of
nanostructured materials are much favoured for mass
production and commercialization. In this study, we re-
port, a simple and inexpensive procedure based on gel
combustion technique to synthesized CuO nanostructures
and studied their potential towards supercapacitor elec-
trode applications.

2. Experimental Section

Analytical grade copper nitrate (Cu (NO3),.3H,0), citric
acid (CgHgO;) were purchased from Sigma Alrich, India.
All reagents were utilized as such without further purifi-
cation process.

2.1. Synthesis of CuO nanostructures

Citric acid assisted gel combustion method is adopted to
obtain CuO nanoparticles. Analytical grade of copper
nitrate as a precursor and citric acid a gelling agent were
used in the gel combustion method. Appropriate amount
of copper nitrate and citric acid (1:3 molar ratio) were
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dissolved in double distilled water in separate beakers.
The citric acid solution was added into copper nitrate
solution drop wise at 80 °C. After the complete addition,
the temperature is increased to 130 °C. Then, solution
was kept in oven for 12 hours to convert into gel and
dried gel was formed. The dried gel was calcined at 500
°C for 3 hrs. The samples were well characterized by
means of XRD, FTIR, and SEM. The electrochemical
studies are performed for supercapacitor applications.

2.2. Fabrication of electrodes for supercapacitor
applications

Electrochemical studies of CuO samples were performed
using a three-electrode cell set up, consists of CuO
nanostructures as working electrode, platinum wire as
counter electrode, and Ag/AgCI as the reference elec-
trode. The electrode material (1 mg) was prepared using
80 wt% sample, 15wt% activated carbon and 5 wt%
Polyvinylidene fluoride (Pvdf). This mixture was coated
on a nickel foam surface which was dried at 80 °C for 10
hr. The electrochemical tests were performed in 2.0 M
KOH aqueous electrolyte solution at room temperature.

3. Results and discussion
3.1. Structural and Morphological studies

The X-ray diffraction patterns of CuO annealed at 500 °C
for 3 hr is shown in Fig.1. The diffraction peaks matches
well with the JCPDS (card no. 89-5896) data for CuO.
Moreover, CuO nanostructures exhibit monoclinic sym-
metry (C,/C space group) and lattice parameters such as
a=4.683 nm, b= 3.424 nm and c= 5.129 nm: p= 99.44°,
All the diffraction peaks were perfectly matched with
JCPDS data. Further, the absence of any collateral peaks
in the XRD pattern indicates the high purity of the pre-
pared CuO samples [7].
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Fig. 1: X-ray diffraction pattern of CuO NPs
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From fig.2 shows the scanning electron microscopy
(SEM) image of CuO NPs sample. The image
demonstrated the formation of particles with spher-
ical shape having uniform size. The homogeneous
distribution of the obtained particles emphasizes the
advantage of method adopted. The size of the parti-
cle is measured from the image and it is roughly
about 65 nm.

EHT = 20,00 kv Signal A = SE1
WD =105 mm Meg= 50.00 KX

=
Fig. 2 Scanning electron microscope image of CuO
NPs

3.2. Electrochemical Studies
3.2.1. Cyclic Voltammetry analysis

To study the cyclic Voltammetry performance, the
prepared CuO NPs was employed as the working
electrode and tested using 2 M KOH electrolyte
solution. Fig. 3 shows the CV curves of CuO
nanostructures at different scan rates. The CV
curves of the sample CuO confirms the presence of
redox peaks in their cathodic and respective anodic
scan indicates the significant share of pseudocapac-
itance in the electrochemical process. The specific
capacitance of CuO nanostructures were calculated
using the following equation (1),

Cy=[ idv/s*m*AV Fg™* (1)
Where, C, (Fg™) is the specific capacitance, [ idv-
area of the under CV curve, m (mg) is the mass of

the active material, s is the scan rate (mV) and AV
(V) is the potential window.
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Fig. 3 Cyclic Voltammetry curves of CuO NPs

The specific capacitance values are calculated from
CV curve, the equation (1) is used to found the val-
ues at various scan rates such as 5, 10, 25, 50, 75
and 100 mV/s, respectively. The values are shown
in table.1. The increase of scan rate weakens the
specific capacitance significantly due to the inabil-
ity of electrolyte ions to access the interior parts of
the electrode active materials at higher scan rates

[8].

Table.1
S.No Scan rates  Specific capacitance
mV/s of different
Scan rates Fg™
1 5 305
2 10 279
3 25 234
4 50 218
5 75 180
6 100 120

3.3. Galvanostatic charge discharge analysis

To explore the electrochemical richness of CuO
nanostructures and to determine the discharge spe-
cific capacitance, the galvanostatic charge and dis-
charge (GCD) measurements were carried out using
2.0 M KOH. Fig. 4 presents the GCD profiles of
CuO at various current densities such as 0.5, 1, 2, 3,
4 and 5 mA/cm?, respectively. The specific capaci-
tance values are determined from GCD curves
based on the following relation (2),
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Cy= I *At/m*AV Fg* 2)

Where, I (mA), At (s), AV (V) and m (mg) are the
discharging current, discharge time, potential win-
dow and mass loading of the active material in the
electrode. The calculated discharge specific capaci-
tance of CuO is 435 Fg™tat 0.5 mA/cm?. In the pre-
sent work CuO nanospheres exhibit higher specific
capacitance, when compared with aforesaid work.
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Fig. 4 Charge discharge profile of CuO NPs
4. Conclusion

Simple and cost effective method has been used to
synthesis CuO nanospheres. The XRD analysis
showed the poly crystalline nature with monoclinic
symmetry structure. The sphere like morphology of
CuO NPs was confirmed through SEM analysis. A
CuO nanostructure revealed higher specific capaci-
tance (435 Fg-1) at 0.5 mA/cm® These electro-
chemical studies suggested that the CuO nano-
sphere electrode is considered to be one of the
promising electrode candidates for supercapacitor
applications.
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Abstract

Pure MnO: nanorods were successfully synthesized by one step hydrothermal method and characterized
with different techniques to analyze their crystalline nature, surface morphology, functional groups, and
optical properties. Electro-chemical performance of the prepared MnO: nanorods was studied by the
addition of 0.1M Ka[Fe(CN)s] redox additives into 1M KOH electrolyte. The maximum specific
capacitance of the prepared nanorods using 1M KOH electrolyte is 89 Fg'1 and it is greatly enhanced by

the addition of redox additives (634 Fg'l).

Keywords: MnO: nanorods, Supercapacitor, Redox-active electrolyte, SEM, CV.

1. Introduction

Supercapacitors, a kind of energy storage devices
with high power density, fast charge and discharge
rate, long service life and wide operating
temperature, fill the gap between conventional
dielectric capacitors and batteries [1]. Furthermore, it
has broad application prospects in na-tional defense,
aerospace, automotive, consumer electron-ics,
telecommunications, electric vehicles, railways, etc.,
[2]. The electrode material is known to be vital for
their charge storage performances. Carbon
derivatives, metal oxides and conducting polymers
are usually used as elec-trode materials. Metal oxides
with  unique electrochemical pseudocapacitive
behavior can carry out fully reversible redox
reactions and adsorption/desorption processes re-
peatedly. It is a research hotspot at present.

Common metal oxides used for supercapacitor are
RuO2 [3], MnO2 [4], Co304 [5], NiO [6], TiO2 [7],
etc. Manga-nese dioxide (MnQO2), with its high
specific capacitance, low-cost and environmental
compatibility, has attracted more attention as a
pseudocapacitor electrode material [8]. Normally, 1-
D nanorods are possessing a high surface area than
other types of nanomaterials and it is key com-ponent
to achieve high specific capacitance. Recently, re-dox
active electrolytes are used to improve the perfor-
mance of supercapacitor electrode materials by
enhancing faradaic redox reactions inside the
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electrolyte. From pre-vious reports, the addition of
0.1M K4[Fe(CN)6] to the usual KOH electrolyte will
enhance the specific capaci-tance tremendously [9].
In this work, we have synthesized 1-D MnO2
nanorods with high surface area through one-step
hydrothermal ~ method and  achieved  high
supercapacitor performance by adding 0.1M
K4[Fe(CN)6] redox additive to the 1M KOH
electrolyte solution.

2. Experimental

2.1. Preparation

All the precursors were purchased in analytical grade
and used without further purification. In which
Manganese sulfate monohydrate (MnSO4.H20) and
(KMnO4) potas-sium permanganate were used as
starting materials for the synthesis of MnO2 nanorods
and procured from SRL chemicals, India. Potassium
hydroxide (KOH) and potas-sium ferrocyanide
(K4[Fe(CN)6]) was purchased from Reachem
chemicals, India. They are used for electrolyte
preparation.

2.2. Synthesis of MnO2 Nanorods

In a typical synthesis, 0.05 M of MnSO04.H20
solution was prepared in 120 ml of Millipore water.
One gram of KMnO4 was added with the above
solution under constant stirring. The resultant
solution was transferred into 150 ml Teflon lined
autoclave and reacted for 24 h at 160°C. The
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resultant solution was filtered and extensively
washed us-ing distilled water followed by ethanol
and dried at 80°c for overnight. Then the impurities
were removed by calci-nation at 300°C for 3 h.

2.3. Electrode Preparation and Evaluation
The calcinated sample was well ground and mixed
with  activated carbon (for enhancing the
conductivity) in 85:15 weight ratio. Then, an
appropriate amount of Nafion solu-tion (binder) was
added dropwise to the above mixture to make a
slurry. And the obtained slurry was pasted on to the
Ni-foil (1 cm?) and dried in the air oven at 80° C for
overnight. The total active mass pasted on to the
substrate is about 1 mg/cm?® The electrochemical
performances of the as-prepared modified working
electrode were evalu-ated by the three-electrode
system. Here, the platinum wire and Ag/AgCl is used
as a counter and reference elec-trodes respectively.
And 1M KOH with 0.1M K4(Fe[CN]6) is used as a
redox additive based electrolyte solution for
enhanced supercapacitor performance. The potential
window is optimized and set into 0 to 0.6 V and
Cyclic Voltammetry (CV) measurements are carried
out at different scanning rate of 5, 10, 15, 25, 50, 75
and 100 mVs™'. Galvanostatic Charge Discharge
(GCD) measure-ments were performed at different
current densities to check the charge storage capacity
of the electrode. Elec-trochemical Impedance
Spectroscopy (EIS) techniques were performed to
study the ionic movement between the electrodes
through the electrolyte. The EIS measurements were
carried out in the frequency range between 1Hz to
100 KHz.

2.4. Characterization Techniques

The prepared samples were characterized by X-
Ray dif-fractometer (BRUKER-D8 Advance
Eco XRCD) systems with SSD 160 1D Detector,
Scanning Electron Micro-scope (EVO18 CARL
ZEISS), Fourier Transform Infra-red
Spectrophotometer (IR Tracer 100) recorded
from 400 to 4000 cm'l, UV-VIS-NIR double
beam spectrophotom-eter (Varian Cary 5000
scan-Diffuse  reflection), CH in-strument
CHI16008e, USA.

3. Results and Discussion
3.1. XRD Analysis

The X-ray diffraction (XRD) pattern of
calcinated MnO: nanorods was as shown in
figure 1. The diffraction peaks were observed at
(20) 12.78, 18.10, 28.84, 37.52, 39.01, 41.96,
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49.86, 56.37, 60.27, 65.10, 69.71, 72.71° corre-
sponding to the crystalline planes 110, 200, 310,
211, 330, 301, 411, 600, 521, 002, 541, 312
respectively. They (peaks) can be indexed to
tetragonal a-MnO: in bulk form (JCPDS No. 44-
0141) with lattice constantsa=b =9.785 A, ¢ =
2.863 A. A sharp diffraction peak at 37.3°
demon-strated that MnO: sample was well
crystallized in the lat-tice plane. There are no
impurity peaks were observed, which indicates
that the sample prepared MnO: nanorods was of
high purity.
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T L
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(110)
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‘ ’ ! ‘\1‘ oA

T ¥ T % T b/ T i T T o
10 20 30 40 50 60 70 80

Figure 1. XRD'PAEEHH 6f WARES2 nanorods

3.2. SEM analysis

The surface morphology of the MnO: Nanorods
were ex-amined by SEM analysis. The figure 2
(a, b) shows the SEM images of MnO: at
different magnifications. The re-sult showed that
the obtained products have a rod like
morphology. The EDAX spectrum as shown in
figure 2(c) shows the peak for only Mn, O
elements, which confirms there is no impurities
were present in the sample. The mapping of Mn
and O elements were shown in figure 2(e, f).
The overall mapping shown in figure 2(d)
reveals, more than 40% oxygen was present in
the surface of the MnO: nanorods.
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Figure 2. (a, b) SEM images at different magnifications,
(c) EDAX spectrum, (d) overall mapping and (e, f)
mapping of O, Mn

3.3. FTIR analysis

The FTIR was performed to study the presence of
func-tional groups and metal-oxygen vibrations of
the prepared nanorods. The FTIR spectrum was
shown in figure 3. The peaks wavenumber and
corresponding vibrations are listed in table 1.

=
<
=
<
=
Z
=
=
’L..
-
(666) "
(574) 4

(523)

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

Wave number (cm_l)
Figure 3. FTIR spectrum of MnOz2 nanorods

Table 1. Functional group

Functional groups Transmittance (cm™)

(Mn-O) mode of 523,574
stretching

C-OH Stretching 666
vibration

3.4. UV-Vis Analysis

The optical properties of prepared samples were
studied by UV-Vis spectrometer. Figure 4(a)
show the absorption spectra of MnO: nanorods.
UV-Vis spectra were recorded in absorption
mode and it can be clearly seen that there is no
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visible absorption. The spectrum illustrates that
a sharp peak occurs at ~ 305 nm, which is the
effect of quantum confinement and broad
absorption peak observed at ~ 450 nm
corresponding to the MnO: nanorods. The
bandgap energy was calculated by tauc plot
using equation 1 as shown figure 4(b). The
average band gap energy calcu-lated is about
2.36 eV.

E =hc/k (eV)

where, h is Planck’s constant (6.626x10-34Js) ¢
is veloc-ity of light (3x108 m s'l) A is the
wavelength  correspond-ing to the sharp
absorbance

3.5. Cyclic voltammetry

The cyclic voltammogram were performed using two
dif-ferent electrolytes (1M KOH and 1M KOH with

0.1M Ks(Fe[CN]e)) are shown in figure 5 (a, b).
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I~ '\\
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Wy i i e

Figure 4. (a) UV-Vis absorption spectrum of MnO2
nanorods (b) Tauc plot for band gap determination

The integral area of current over the CV curve
for redox electrolyte shows, there is
improvement in specific capacitances as shown
in figure 5(c, d). It reveals that there is a small
po-tential drop was observed for 1M KOH and it
was expand-ing after addition of redox additive
to the electrolyte. The specific capacitance
achieved for each electrolyte at vari-ous scan
rates was displayed in figure 6. The maximum
specific capacitance achieved for redox active
electrolyte was about 634 Fg'l. The EIS
spectrum for both electro-lytes was displayed in
figure 7. For 1M KOH, it pos-sessing a straight
line which is related to the pure capaci-tive
behavior. The EIS spectrum observed for 1M
KOH electrolyte was exhibiting a broad semi-
circle like curve from high frequency region to
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low frequency region, which shows the parallel
combination of capacitor and re-sistor behavior.
In the case of redox active electrolyte, there is
no semicircle were noted, this is becauase od
resistivity

reduced electrolyte
capacitive behaviour.

and pure

Figure 5. (a, b) Cyclic Voltammogram and (c, d)
Galvanos-tatic charge discharge
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Figure 6. Specific capacitance at different scan rates
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Figure 7. Electrochemical Impedance Spectrum
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4. Conclusion

Pure  MnO: nanorods was successfully
synthesized wusing one step hydrothermal
method. Tetragonal structure of the prepared
MnO: nanorods was con-firmed by the XRD
analysis and the presence of na-norods was
confirmed by the SEM analysis. The spe-cific
capacitance values are increased by adding
0.1M Ka(Fe[CN]e) into the 1M KOH electrolyte.
By en-hancing redox reactions in electrode and
electrolytes, the supercapacitor performance was
comparatively increased. The resistivity of the
electrolyte also reduced after the ad-dition of
redox additive.
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Abstract

2-Aminopyridinium Dihydrogen Phospate (2APDP) were optimized using HF/DFT(B3LYP) 6-311++G(d,p)
basis set. The values of polarizability and hyperpolarizabilities were calculated and discussed. The HOMO-LUMO plot
reveals the charge transfer possibilities in the molecules. The chemical hardness, electronegativity, chemical potential
and electrophilicity index of 2APDP were found along with the HOMO-LUMO values. The lower band gap value ob-
tained from the Frontier Molecular Orbital (FMO) analysis reiterates the NLO activity of the compound. Using MEP

plot the electrophilic nucleophilic regions are identified.
Keywords: DFT;HOMO-LUMO; Non-linear optics; MEP.

1. Introduction

In recent years, the search of new nonlinear optical ma-
terials (NLO) includes organic compounds due to their
advantages over inorganic compounds. Organic mole-
cules exhibit the large second order nonlinearity, and
hence they are widely used in many applications like
optical communication, information storage, optical
switching, etc., Density functional theory (DFT) has
been extensively used in theoretical modeling. The de-
velopment of better exchange correlation functionals has
made it possible to calculate many molecular properties
with comparable accuracies to traditionally correlated
ab-initio methods, with more favorable computational
costs [4]. Literature survey has revealed that the DFT has
a great accuracy in reproducing the experimental values
in geometry, dipole moment, etc. [5-9].

Many investigations are being carried out to synthesize
new organic materials with large second-order optical
nonlinearities in order to satisfy day to day technological
requirements [6,7]. Organic nonlinear materials have
larger optical susceptibilities, inherent ultrafast response
times and high optical thresholds for laser power com-
pared to inorganic materials [8]. It is well known for or-
ganic materials that large delocalization of electrons in-
duces electrooptic effects and produces large nonlinear
optical responses [9].

2. Computational details

The entire calculations was performed at HF and DFT
(B3LYP) levels with the standard basis set
6-311++g(d,p) on personal computer using GAUSSIAN
09W [10] program package, invoking gradient geometry
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optimization. The global minimum energy conformer is
used in the vibrational wavenumber calculation at the HF
and DFT(B3LYP) with using 6-311++g(d,p) level. Gauss
View 05 [11] was utilized to envision the optimized
structure

3 Results and discussion

3.1 Optimized molecular geometry

The molecular structure along with the numbering of
atoms of title compound is obtained from Gaussian 09
programs. The geometry optimized by HF/DFT(B3LYP)
with 6-311++g(d,p) basis set along with numbering
scheme has been figured out in Fig. 1 (a) and (b). The
comparative important geometrical parameters such as
bond lengths and bond angles are presented in Table 1.
The optimized C—N bond lengths are 1.337, 1.3192 and
1.3493 A for HF/6-311++G(d,p) method and 1.3601,
1.3340 and 1.3519 A for DFT(B3LYP)/ 6-311++G(d,p)
method. N-H--O interactions 1.56072 A in HF and
1.71001 A in DFT methods.

3.2 Mulliken atomic charges

The atomic charge in molecules is fundamental to chem-
istry. Mulliken charge [12] atomic charge calculation has
an important role for the application of quantum chemi-
cal
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Figure 1. Optimized molecular geometry and atomic
numbering scheme of the 2APDP by (a)
HF/6-311++G(d,p) and (b) DFT/6-311++G(d,p) levels.

Table 1 Bond length and Mulliken atomic charges.

Eﬁg?h A HF DFT oy | Charge

C(1)-C(2) 142 142 HF  DFT
C()-N(1) 134 136 C(l) -010 -0.42
C(1)-N(2) 132 133 C(2) 051 067
CQ)-C(3) 136 1.37 C(3) -051 -055
CQ)-H(2) 107 1.08 C4) -033 -0.06
C(3)-C(d) 142 141 C(5) -0.09 -0.24
C(3)-H(3) 108 1.08 N(1) -0.46 -0.29
C(4)-C(5) 135 137 N(2) -0.60 -0.42
C(4)-H4) 107 1.08 H(2) 023 0.19
C(5)-N(1) 135 135 H(3) 023 0.8
C(5)-H(5) 107 1.08 H@4) 023 0.19
N()-H(1)  1.05 111 H(G) 024 0.19
NQ)-H(2A) 1.02 1.05 H(l) 072 063

NQ2)-H(2B) 0.99 1.01
P(1)-O(1) 150 153

H(2A) 054 0.45
H@2B) 031 0.27

P(1)-0(2) 160 1.63 P(1) 097 056
P()-03) 159 1.62 o) -0.84 -0.66
P(1)-0(4) 147 150 0(2) -0.49 -0.39
0(2)-H(6) 094 096 0(3) -0.44 -0.34
0(3)-H(7) 094 096 0@) -0.69 -0.52
O(1)~H(1) 156 145 H6) 030 028
0(4)~H(2A) 171 164 H7) 029 028

calculations of the molecular system. For instance,
atomic charge has been used to describe the processes of
electronegativity equalization and charge transfer in
chemical reactions [13,14] and to model the electrostatic
potential outside molecular surfaces [15-17]. And atomic
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charge affects dipole moment, polarizability, electronic
structure and other molecular properties as the system.
The calculated Mulliken charge (e) value of 2APDP are
listed in table 1. It is worthy to mention that C(1), C(3),
C(4) and C(5) atoms of 2APDP exhibit negative charge,
while C(2) atom exhibit positive charge and C(3) has

maximum negative charge value about
-0.512036(HF)/-0.552028(DFT).
1.0 P(1) - HF
I DFT
0.5
‘: 1(6)H(7)
0.0

o)

Figure 2 Mulliken charges of the optimized molecular
structure for 2APDP

3.3 Nonlinear optical (NLO) effects

The simplest polarizability, characterizes the ability of an
electric field to distort the electronic distribution of a
molecule. Higher order polarizability (hyperpolarizabili-
ties B, vy, etc.) which describe the non-linear response of
atoms and molecules are related to a wide range of phe-
nomena from non-linear optics to intermolecular forces,
such as the stability of chemical bonds, as well as, the
conformation of molecules and molecular aggregates
[18, 19]. The large value of first hyperpolarizability,
which is the measure of the NLO activity of the molecu-
lar system, is associated with the resulting from the elec-
tron cloud movement through 7 conjugated frame work
from electron donor to electron acceptor groups. These
studies led to the fact that ab-initio calculations of polar-
izabilities and hyperpolarizabilities have become availa-
ble through the strong theoretical basis for analyzing
molecular interactions.

In the present study, the electronic dipole moment, mo-
lecular polarizability, anisotropy of polarizability and
molecular first hyperpolarizability of present compound
were investigated. The polarizability and hyperpolariza-
bility tensors (O, Oy, Ozz, Oy, Oxz, Oyzs Pxxxs Byyys Bzzzs
Bxyys Bxxys Pxxz> Bxaz> Byzzs Byyzs Bxyz) Can be obtained by a
frequency job output file of Gaussian. However, a and 3
values of Gaussian output are in atomic units (a.u.) so
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they have been converted into electronic units (esu). The
mean polarizability (ao), anisotropy of polarizability (o)
and the average value of the first hyperpolarizability (Bi,.-
w1) €an be calculated using the equations

The total static dipole moment is

B= g+ g
The isotropic polarizability is
Ay T Ay + Oy
ao -

3
The anisotropy polarizability is
1

Aa = (axx - ayy)z + (ayy - azz)z + (azz - axx)z]E

2
The mean first-order hyperpolarizability is

Bo = /(ﬁ% + B+ B2)

Table 2 Molecular properties and NLO parameters

. Energy
Molecular Properties

HF DFT
HOMO -0.35058  -0.33059
LUMO 0.02193  -0.19786
A(Enomo-ELumo)(@.u) 0.37251  0.13273
A(Enomo-ELumo) eV 10.14754  3.61570
lonization Potential (1) 0.35058  0.33059
Electron Affinity (A) -0.02193  0.19786
Global Hardness () 0.18626  0.06637
Global Softness (v) 5.36898 15.06818
Electro negativity(y) 0.16433  0.26423
Chemical potential (1) -0.16433 -0.26423
Global Electrophilicity (w)  0.07249  0.52599

values
Parameters
HF DFT
n 9.72 8.2

a -71.87 -52.35

Ao 8.35 64.85

Brot (a.U.) 71.28 59.85

Bt X107 (e.s.U) 0.62 0.52

In table 2 part-11, the calculated parameters described
above and electronic dipole moment {y; (i = X, y, z) and
total dipole moment p} for title compound are listed. It is
well known that the higher values of dipole moment,
molecular polarizability, and hyperpolarizability are im-
portant for more active NLO properties. The calculated
dipole moment is equal to 9.7174(HF)/ 8.2013(DFT)
Debye (D). The highest value of dipole moment is ob-
served for component L. In this direction, this value is
equal to 9.5831(HF)/ 8.0628(DFT). The calculated po-
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larizability a; have non-zero values and was dominated
by the diagonal components. Total anisotropy of polar-
izability (o) are calculated as -71.87(HF)/ -52.35(DFT) D
A. The first hyperpolarizability value By Of the title
compound is equal to 71.28(HF)/ 59.85(DFT) a.u. The
hyperpolarizability B dominated by the longitudinal
components of By Domination of particular component
indicated on substantial delocalization of charges in this
direction. Total dipole moment of title molecule is equal
to 0.62 x10%%.s.u (HF)/0.52 x10*e.s.u (DFT). That is to
say, the title compound can be used as a good candidate
of NLO materials.

3.4 Molecular electrostatic potential

For investigating chemical reactivity of the molecule,
molecular electrostatic potential (MEP) surface is plotted
over the optimized electronic structure of 2APDP using
density functional HF and DFT (B3LYP) method with
6-311++G(d,p) basis set. The MEP generated in space
around a molecule by the charge distribution is very
helpful in understanding the reactive sites for nucleo-
philic and electrophilic attack in hydrogen bonding in-
teractions [20]. In hydrogen bonded systems, the study of
interacting behavior of various constituents of the mole-
cule has great importance. Because the computationally
observed MEP surface is directly provide information
about the electrophilic (electronegative charge region)
and nucleophilic (most positive charge region) regions.
Fig. 3 shows the computationally observed MEP contour
map.

The various values of the electrostatic potential at the
surface are represented by various colors. The color
scheme for the MEP surface is red electron rich, partially
negative  charge (electrophilic  reactive center);
blue-electron deficient, partially positive charge; light
blueslightly electron deficient region (nucleophilic reac-
tive center); yellow-slightly electron rich region;
green-neutral, respectively. The potential increases in the
order red < orange < yellow < green < cyan < blue. It can
be seen that the negative regions are mainly over the
0(1), O(2), O(3) and O(4) atoms. Negative (red color)
and positive (blue) regions of electrostatic potential are
associated with electrophilic and nucleophilic reactivity.
The majority of light green region MEP surface resemble
a potential halfway between two extremes red and dark
blue color. The negative molecular electrostatic potential
resembles an attraction of the proton by the evaluate
electron density in the molecule (shades of red), the posi-
tive electrostatic potential corresponds to the repulsion of
the protons by the atomic nuclei (shades of blue). Ac-
cording to these calculated results, the MEP map illus-
trates that the negative potential sites are on oxygen and
nitrogen atoms and the positive potential sites as well are
around the hydrogen atoms. These active sites found to
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be clear evidence of biological activity in the title com-
pound.

Figure 3.Molecular electrostatic potential (MEP) surface
map of 2APDP a) HF and b) DFT(B3LYP)

3.5 Frontier molecular orbital’s (FMOs)

The most important orbital’s in molecule is the frontier
molecular orbital’s, called highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular or-
bital (LUMO). These orbitals determine the way of mol-
ecule interacts with other species. The frontier molecular
energy gap helps to characterize the chemical reactivity
and kinetic stability of the molecule. Generally, the en-
ergy gap between the HOMO and LUMO decreases, it is
easier for the electrons of the HOMO to be excited. The
higher energy of HOMO, the easier it is for HOMO to
donate electrons whereas it is easier for LUMO to accept
electrons when the energy of LUMO is low. Commonly,
the atom occupied by more densities of HOMO should
have stronger ability to detach an electron whereas; the
atom with more occupation of LUMO should have abil-
ity to gain an electron. For 2APDP molecule, the HOMO
orbital of 7 type is lying at -0.35058 (HF)/-0.33059
(DFT) au. while the LUMO orbitals are n* in type is
lying at 0.02193 (HF)/-0.19786 (DFT) a.u. As a result, a
very small energy gap is observed between HOMO and
LUMO molecular orbitals of 2APDP and the energy gap
calculated at HF/DFT(B3LYP) and 6-311++G(d,p) basis
set is 10.14 (HF)/ 3.61(DFT) eV. Hence the probability
of m—m* proton transition is highly possible in between
HOMO and LUMO orbitals for the 2APDP. The chemi-
cal hardness and softness of a molecule is a good indica-
tor of the chemical stability of a molecule. From the
HOMO- LUMO energy gap, one can find whether the
molecule is hard or soft. The molecules having large

Copyright © 2019 KARE-Physics

energy gap are known as hard and molecules having a
small energy gap are known as soft molecules. The soft
molecules are more polarizable than the hard ones be-

cause they need small energy to excitation.
t’

LUMOI

¢ o

6.58 eV

AEl=

Figure 4 HOMO-LUMO plot

Conclusion

The geometrical parameters were optimized by HF and
DFT(B3LYP) with 6-311++G(d,p) basis set. Total dipole
moment of title molecule is equal to 0.62 x10%e.s.u
(HF)/0.52 x10*%.s.u (DFT), this values 1.65 times
greater than that of urea(urea p=1.3732 debye,
B=0.37289x10"*esu). That is to say, the title compound
can be used as a good candidate of NLO materials. The
MEP map illustrates that the negative potential sites are
on oxygen and nitrogen atoms and the positive potential
sites as well are around the hydrogen atoms. These active
sites found to be clear evidence of biological activity in
the title compound. Mulliken atomic charges also calcu-
lated.
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Abstract

Storage of water in copper vessels is traditionally followed in past and many reports have been published about the an-
tibacterial growth in copper vessel. It is essential to determine the water purity for drinking purposes in daily life
through low cost approach. In the present work an attempt has been made to investigate the effect of storage of different
drinking water in copper vessel for one week. The corresponding values of pH and TDS meter for different waters were
recorded and analyzed. The optical properties such as UV-Vis and Raman studies along with physio parameters like pH
and TDS were analyzed for a week against different water sources kept in copper vessel. The Raman and SERS spectra
provide information for trace. Similarly the UV-Vis spectroscopy provide the peak variation for different waters, how-
ever the effect of days and copper concentration analysis are in investigation. The overall Results obtained in this study
reveals that water stored in copper vessel reduces the TDS level of bore water and maintains pH for all kinds of water
in-between 7.0 to 8.0 for one week.

Keywords: Copper vessel, TDS, pH and Different water types

1. Introduction

The continued rapid growth in human population de- Experlmental

mands for water resources in large quantity. Worldwide,
more than one million deaths occur due to water-borne ~ COPPer glasses were purchased through local shop and

diarrheal diseases [1-2]. Diseases related to contamina- ~ PH and TDS meter were purchased online. For the study,
tion of drinking water constitute a major burden on hu- 3 drinking sample were collected among which 2 were
man health. It is estimated that approximately 780 mil- bore water from different districts of Tamil nadu and
lion people lack access to an improved water source. In remaining one was regular drinking water present in our
India, there are additional problems due to the disruption university.

of piped water supplies in rural and urban areas, resulting

in a need to store water for drinking, food preparation 1.1. Observation Table

and bathing purposes [3-5]. Drinking water may be con-

taminated at the source or during storage. Even though, 1.2. Table 1. TDS and pH readings

storage of water has been recommended as method of

water purification, contamination of treated or disinfect- CE??fg TDS and pH reading

ed water can also occur during storage due to improper Bore well 1 Bore well 2 Drinking
handling. Traditionally, vessels made up of copper and water (univ)
its alloys and earthenware pots have been used in India Day pH TDS pH TDS pH TDS

for storing drinking water. Previous reports on surfaces
containing at least 55%-70% copper reduces many path-
ogenic seeded microorganisms, Escherichia coli, fungi 2 82 142 82 900 8 31
such as Candida albicans, viruses such as influenza vi-
ruses or the human immunodeficiency virus (HIV) and
bacteria such as Staphylococcus aureu, [6-9]. The pre- 4" 8 115 8 79 7 35
sent study proposed to resolve the effect of different wa-
ter storage in copper vessel for a week. The correspond-
ing values of pH and TDS meter for different waters 6" 81 104 8 172 7 40
were recorded and analyzed. As this work is in initial
stage the UV-Vis and Raman studies will be extended for
further investigation.

1% 8.4 116 7.7 894 75 30

31 84 122 8.1 820 7.4 40

50 79 104 8 740 7 36
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Different Water pH vs No of days in

copper vessel
84
= 79 -
-3 == Bore water 1
45—
=#=Bore water 2
69 8 2 &= Drinking water
0 2 4 6 ]
No of Days

Figure 1: Different water pH levels against the no of days in
copper vessel
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Figure2: Total dissolved salts in copper vessel for different
waters

2. Results and Discussion
2.1. pH analysis

Water with pH value more than 9 or less than 4.5 be-
come unsuitable for most life forms and also for other
uses. The desirable pH range for drinking water is
6.5-8.0 pH. In our experiments stored water ranges in
between 7.0 to 8.4 as shown in figure 1. High pH is ob-
served for bore well water 2, while the pH for drinking
water in our university shows low pH value of 7.0.
copper has greater efficiency towards the pH water level

Copyright © 2019 KARE - Physics

and sometimes it make water more alkaline when its pH
is low. But in our experiment the drinking water availa-
ble in university doesn’t showed any variation in pH but
the pH of bore water 1 drastically decreases from 8.5 to
8.0, similarly for bore water 1 also its shows decrease in
pH. This can be due to ability of absorption of minerals
through copper vessels [6-8]

2.2. TDS analysis

TDS is an important indicator of overall water quality.
TDS helps in understanding the level of turbidity and
hardness of water It is a measure of inorganic and organ-
ic materials dissolved in water. High TDS concentration
may cause a bad odour or taste to drinking water, as well
as cause scaling of pipes and corrosion. Waters can be
classified based on the concentrations of TDS [4] as
given below.

Up to 450mg/L-Desirable for drinking

Up t0980mg/L-Permissible for drinking

Up t02000mg/L- Useful for irrigation

Up to3000mg/L-Not useful for drinking and irrigation.

In the present work the initial TDS of bore water 1 was
894 ppm and keeping iin copper for one week its drasti-
cally changes to 712 ppm, while Bore well water 2 is
found to be 115ppm and remains constant even after one
week. Similarly in case of university drinking water the
TDS shows constant reading value of 36ppm

3. Conclusion

The obtained TDS and pH are suitable for drinking pur-
poses well matches with WHO reports. Drinking water
kept in copper vessel for one week shows a good change
for bore well water 2, as the TDS and pH decreases con-
tinuously. In the case of bore well water 1, TDS remains
constant and shows the value of 104ppm even after
week. The university drinking water from the beginning
of analysis maintained pH value of 7.4 and TDS of
35ppm and doesn’t show any variation throughout the
week. Overall results concluded that copper can be used
effectively for drinking storage purpose up to one week
and maintains pH and TDS without any bacterial growth.
Uv-Vis and Raman studies are in investigation. Copper
vessels can be used for drinking purposes as convention-
al resources especially in rural areas when the facilities
for purifier not available.
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Abstract:

The current work emphasis on the preparation, characterization and the photo catalytic activity of Zn doped
TiO, nanoparticle. The structural, morphological and optical properties of Zn doped TiO, nanoparticle were
studied by XRD, UV, PL, FTIR, FESEM, EDAX and TEM analysis. The XRD analysis showed that the TiO,
and Zn doped TiO, nanoparticle with various molar concentration (0.5mM, 1mM, 1.5mM and 2mM)
nanoparticle contains tetragonal anatase phase. The average crystallite size was found to be 13-11 nm. The band
gap energy of TiO, nanoparticle and Zn doped TiO, nanoparticles were found in the range 3.56-3.52 eV. The
intensity of prepared samples decreases and new green emission peaks were formed in the photoluminescence
spectra. FTIR studies confirmed the presence of vibrational modes of chemical substance present in the sample.
The grain size and surface morphology of the samples were analysed by FESEM and TEM-SAED analysis. The
elemental compositions of the prepared samples were detected by energy dispersive X-ray analysis (EDAX).
The effect of Zn concentrations on TiO, nanoparticle was studied for Methylene Blue and Congo red dye under
UV irradiation.

Keywords: TiO, nanoparticle, Zn doped TiO, nanoparticle, Structural properties, Optical properties, Photo
catalytic activity.

1. INTRODUCTION

TiO, is one of the most studied semiconducting
materials in the last couple of decades because of
its excellent physical and chemical properties, high
stability, non-toxic, low cost and photosensitivity
etc. TiO, is an important semiconductor with
mainly three allotropies, namely anatase (3.2eV),
brookite (1.9eV) and rutile (3eV). Each phase plays
an important role in antibacterial, photocatalyst, @)
solar cell and gas sensing applications [6,7]. The
phase transformation of titania nanoparticle is
particularly important in high temperature 20 30 40 50 60 70 80
application and processes such as porous separation 20 (degree)

membrane and gas sensors [8]. It has widespread

(b)

Intensity (a.u)

Fig 1 (a) XRD Analysis of pure TiO, nanoparticle (b)

applications such as toxic gas removal, organic
compound degradation, dye sensitized solar cell,
biomedical application and photo dynamic therapy
[9].

2. RESULTS AND DISCUSSION

2.1. XRD Analysis of Pure Tio, and Zn
doped Tio, Nanoparticles

XRD study was performed by explore the crystal
structure and preferred orientation of the
crystallites. XRD Pattern of the Pure TiO, and Zn
doped TiO, nanoparticles were shown in fig 1.

Copyright © 2019 KARE - Physics

doped TiO, 0.2 wt% and (c) Zn doped TiO,
nanoparticle (0.8 wt.%0)

All samples were composed of mainly anatase
phase. The peaks at angles 20 = 25.35°, 32.32°,
37.60°, 48.35%, 54.09°, 55.12°, 62.26°, 68.44° and
75.25° corresponds to the reflections from (1 1 0),
(203),(311),(020),(511),(006),(420),(20
7) and (6 0 5) crystal planes of the tetragonal
structure of TiO,nanoparticles. All the diffraction
peaks agreed with the reported JCPDS Card no. 82-
1127. The average particle size was found to be in
the range 11.4 nm to 15.2 nm.
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2.2 UV - visible analysis of pure TiO, and
Zn doped TiO, nanoparticles

UV VISIBLE SPECTRUM

J46nm

41nm (c)

Absorbance(a.u)

J40nm (b)

200 300 400 500 600 700 200

Wavelength(nm)

Fig 2 UV -Visible spectrum of(a) Pure TiO, (b)
Zn/TiO, (0.2 wt%)and (c) Zn/TiO,
Nanoparticles (0.8wt%o)

Optical absorption spectra of pure TiO, and Zn
doped TiO, nanoparticles in the wavelength range
of 200nm-800nm are shown in the fig.5.2. It can be
seen that the optical absorption of all samples starts
up to 340nm indicates the semiconducting feature
with direct bandgap of the samples. The absorption
spectra showed a narrow absorption band at 340nm
for pure TiO, nanoparticles. The absorption peak
red shifted from 340nm for pure TiO, nanoparticles
to 341nm, 346nm for various weightage of Zn

doped TiO, nanoparticles.

2.3 FT-IR Analysis of Pure TiO; and Zn
doped TiO, Nanoparticles

FTIR analysis was used to detect the various
characteristic functional group associated with the
nanoparticles. The fig.5.3 (@) shows the FTIR
spectrum of pure TiO, and Zn doped TiO,
nanoparticles was in the range of 500-4000cm™.
The peaks indicates the characteristic functional
group present in the synthesized nanoparticles.

The strong absorption bands observed at
699cm™ confirms the titanium nanoparticles. The
absorption bands shifted from 699cm™ to 735cm™
and 742cm™ for Zn doped TiO, nanoparticles. By
using FTIR analysis the removal of unwanted ions,
phase formation, organic impurities that can be
removed at the time of preparation was confirmed.
The typical vibration absorption peaks at 1629cm”
'may be related to hydroxyl (bending) groups of
molecular water. The absorption range around
3364cm™ indicates the presence of hydroxyl
stretching which is probably due to that spectra
were recorded in sites and some re adsorption of
water from the ambient atmosphere has occurred.

Copyright © 2019 KARE - Physics
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Fig 3 FTIR spectrum of pure TiO, and Zn doped TiO,
Nanoparticles
(a) Pure TiO, (b) 0.2 wt% of Zn/TiO, (c) 0.8 wt% of
Zn/TiO,
3. CONCLUSION
Pure TiO, and Zn doped TiO, nanoparticles were
synthesized by simple Solgel method. The prepared
samples were characterized by UV, FTIR, XRD,
FESEM. In UV analysis, wavelength increases and
bandgap decreases. In FTIR analysis, functional
group confirms the presence of TiO, nanoparticle.
In XRD analysis, crystallite size increases when
increasing the concentration of Zn. In FESEM
analysis, particles are spherical in shape. In future
work, pure and Zn doped TiO2 nanoparticles were
investigated for antibacterial and photocatalytic
activity
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Abstract

The powder X-ray diffraction data set of rutile structure with single phased TiO, was simulated and characterized using
Rietveld refinement technique. The resultant structure factors from the refinement method were used to evaluate the
electron density distribution analysis of TiO, unit cell. The electronic bonding of TiO, has been analyzed using maxi-
mum entropy method. The three, two and one dimensional electron density distribution maps and the bonding features

between the atoms were analyzed.

Keywords: Photocatalytic, PXRD, Rietveld refinement, MEM, simulation

1. Introduction

In the field of environmental remediation, titanium diox-
ide (TiO,) is the most popular photocatalytic materials.
Despite the fact that its efficiency is limited due to the
large band gap value, TiO, is still playing a predominant
role in many applications for organic pollutant degrada-
tion. Generally TiO, has 3 major crystalline form namely
anatase, rutile and brookite. Brookite is not practically
advantageous for it is only stable at low temperatures.
Rutile is the primary source of TiO, and the most stable
form of it. Rutile TiO, and anatase TiO, have different
characteristics and uses and is usually the two forms of
TiO, compared. Titanium dioxide has Ti*"-ion at the
center and 607 ions around it in an octahedron. But ana-
tase TiO, and rutile TiO, have different densities and
average Ti*" distance which affects their thermodynamic
stability. Rutile has shorter average Ti** and this means
that rutile is more thermodynamically stable. By this
aspect authors motivated to study the bonding behavior
of rutile phase TiO, due to this more thermal stability [1,
2].

The electron plays an important role for fundamental
properties of semiconducting materials. The electron
density distribution a study is used to analyze the bond-
ing features of the materials. In the search of the elec-
tronic properties and bonding natures of the materials,
the maximum entropy method is used. In this work
briefly discussed about the bonding nature of single
phase TiO, structure.

Copyright © 2019 KARE-Physics

2. XRD analysis

The rutile phase X-ray powder diffraction profile of TiO,
was simulated by using the software “Findit”. The te-
tragonal structure can be considered with a space group
of P42/mnm and the cell constants a=b=4.59 A, ¢=2.9 A,
The atomic coordinates of TiO, is given in Table 1.

Table 1: Atomic coordinates of TiO,

Atomic X y z
positions
Ti 0 0 0
O] 0.3053  0.3053 0

3. Results and discussion

The Rietveld technique [3] was used for refining struc-
tural parameters using software JANA 2006 [4] which
refines lattice parameters, Gaussian parameters, La-
grange’s parameters and preferred orientation parameters
from the observed X-ray profile. The structure factors
extracted from the refinement and used to calculate the
electron density distributions of TiO, using maximum
entropy method which is employed by software package
DYSNOMIA [5].

Maximum entropy method is a standard tool to estimate
the accurate charge density of the unit cell. Statistically
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approached MEM method gives real and positive elec-
tron density everywhere. The charge density gives accu-
rate pictures of distributions of charges.

The generated XRD profiles of TiO, were refined
through profile fitting technique by using software JANA
2006. The Rietveld refinement profile of TiO,is shown
in figure 1. Refined structural parameters of TiO, are
shown in Table 2.

350 § # Obesrved profile
3004 - = Calculated profile
= = | Bragg positions
=250 —
=} ~ <
< 200 s
2 s
2150 = - -
10 —_ e s [l -
2 s=¢ S
= = m Ol [
50 ala So B ao2=a
[ s R
A il J o M Fes S
0.0
! i Pt I et [ L [
0.0 : ) Difference (I,-I.)
20 30 40 50 60 70 80
26 (degree)

Fig 1. Refined profile of TiO,

Table 2. Refined parameters of TiO,

Parameters TiO,

a=b (A) 4.5942(6)
C (A) 2.9590(4)
Volume (A) 62.45(1)
Density (g/cm®)  4.24
F000) 76
Ros(%) 1.53
R,(%) 4.43
GOF 0.21

Rops- Observed profile reliability factor
Rp - profile reliability factor

Fo0)- Number of electrons per unit cell
GOF — Goodness of Fit

Refined structure factors are used to evaluate the electron
density distributions of TiO, using MEM. The resultant
of maximum entropy method was visualized using the
visualization software VESTA (Visualization for Elec-
tronic and Structural Analysis) [6].

3-D unit cell is drawn for TiO, as shown in Figure 2. It’s
shown that there is a spherical in core of Ti and O atoms,
the shaded yellow region represented by electron clouds.
And also when a single unit cell of TiO, contain two

Copyright © 2019 KARE-Physics

bonds ones positioning at (y+1/2, x+1/2, z+1/2) and oth-
er one is positioning at (X, y, z). Two dimensional elec-
tron density distributions maps are drawn on (100) and
(110) miller plane in contour level 0-2 e/A%with interval
of 0.25 e/A%as shown in figure 3(a) and figure 3(b). In
left the corresponding miller plane is shaded.

Fig 3(b). 2D unit cell of (110) plane

The one dimensional profiles of TiO,are shown in Fig-
ures 4(a) & (b). The mid-bond electron density values
are tabulated in Table 3. From the 1-D analysis, both
bonds have found to be covalent nature.
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Table 3. Electron density distributions of TiO,

Bond Mid-bond [6] Momma, K. & Ilzumi, F. (2011). VEST for
Positions length (A) electron density three-dimensional visualization of crystal, volumetric and
(el A3) morphology data. J.  Appl. Crystallogr, 44, 1272-12.
Ti-O 1.9489 0.6639
(y+1/2, x+1/2, z+1/2)
Ti-O (X, Y, 2) 1.9795 0.4742
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Abstract

The structural analysis and bonding behavior of BaZrO; has been analyzed using powder X-ray diffraction data. The
detailed structural analysis has done by Rietveld refinement technique. The structure factors extracted from the Rietveld
technique have been utilized for the construction of electron density distribution in the unit cell. The electron density
distribution analysis has been studied through Maximum Entropy Method (MEM). The bonding features of the BaZrO;
materials have been analyzed.

Keywords: Photocatalytic, PXRD, Rietveld refinement, MEM

1. Introduction

In recent decades, great attention has been drawn to per- Table 1: Atomic coordinates of BaZrO;
ovskite type oxides (ABOj) because of their chemical Atomic po- X y Z
stability and tunable electronic structures. Specifically, sitions

for ABO; oxides, the huge advantage in tunable elec- Ba 05 05 05

tronic structures results from its substitution of A, B and
O sites. Cubic barium zirconate (BaZrO;) as a typical Zr 0 0 0
perovskite oxide has attracted attention in the field of 0] 0.5 0 0
pure water splitting and the 180° Zr-O-Zr bond angle
could make photo induced carriers easy to be delocalized
and transferred to redox reaction [1,2].

3. Results and discussion

In this work, the bonding behavior of BaZrO; has been 2000] 3103 COUNTSO)
analyzed elaborately using maximum entropy method. 2098 COUNTS(c)
The nature of bonding between the atoms plays the major . | Brags positions
role for the photocatalytic performance of the material.

In this context, authors taking an attempt of deals about
bonding nature of BaZrO3; using MEM.
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The powder X-ray diffraction data sets were simulated l‘:“ ;. | ‘ T
by soft_ware “Fmd_ It”. The cubic structured BaZr03_ have gy ereace (=)
been simulated with the space group Fm3m and unit cell 26 (degree)

constant is a=4.2 A. The atomic coordinates of BaZrOj is

given in Table 1. Fig. 1 Refined profile of BaZrO,

Rietveld refinement technique [3] was used for refining
the structural parameters of BaZrO; using JANA 2006
[4]. The structural parameters: cell parameter,

152
Copyright © 2019 KARE-Physics




Sivaganesh et. al.

Pseduo-Viogt profile parameter, Gaussian parameter,
Lagrange’s parameter, preferred orientation parameter
hasbeen used to refine the X-ray data sets. The structure
factors were extracted from the refinement technique.
The refined structural parameters have been reported in
Table 2. The refined X-ray diffraction profile is shown in
Figure 1.

Table 2: Refined parameters of BaZrO;

Parameters BaZrO;
a=b=c (A) 4.1971(1)
Volume (A) 73.3956(26)
Density (g/cm®)  6.2901(22)
Foo0) 144

Robs(%) 1.89

Ry (%) 3.43

GOF 0.39

Rops- Observed profile reliability factor; Rp - profile
reliability factor; Fpo- Number of electrons per
unit cell; GOF — Goodness of Fit

The statistically approached Maximum Entropy
Method (MEM) is a versatile tool to elucidate the accu-
rate electron density distribution in the unit cell, which is
proposed by Collins [5]. The resultant structure factors
were used for the construction of electron density distri-
bution studies in the unit cell. It gives accurate picture of
distribution of electrons. By using refined structural fac-
tors extracted from Rietveld refinement technique, the
electron density distributions of BaZrO; can be deter-
mined through MEM method. The Maximum Entropy
Method was done by using software DYSNOMIA and
the result is visualized by the visualization software
VESTA (Visualization for Electronic and Structural
Analysis) [6].

3-D unit cell of BaZrO; is shown in Figure 2(a). Two
dimensional electron density distribution maps are drawn
on (100) and (110) miller plane in contour level 0-2 e/A?
with interval of 0.25 e/A? and are shown in Figure 2(b)
and Figure 2(c). In left corresponding 3-D image and the
planes are shaded.

Copyright © 2019 KARE-Physics

Fig. 2(a) 3-D unit cell of ZnO using
iso-surface level 0.5 e/A3

Fig. 2(c) 2D unit cell of (110) plane

The one dimensional profiles of BaZrOsis shown in
Figure 3(a) & (b). The bonds Ba-O and Zr-O have
been analyzed. The mid-bond electron density val-
ues are tabulated in Table 3. From the 1-D analysis,
both bonds have found to be covalent nature.
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Fig. 3(a) One dimensional electron density profile of Ba-O bond
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Fia. 3(b) One dimensional electron density profile of Zr-O bond

Table 3. Electron density distributions of BaZrO,

Bond Bond Mid-bond
length Critical electron
(A) Point density
(A) (el A°)
Ba-O 2.9678 1.8642 0.1064
Zr-0 2.0985 1.0123 0.2931

Copyright © 2019 KARE-Physics

4. Conclusion

The simulated PXRD profiles of BaZrO; have been ana-
lyzed through Rietveld refinement technique for the de-
tailed structural analysis. The resultant structural param-
eters have been utilized for determining the electron den-
sity distributions using MEM technique. From the analy-
sis of 3D, 2D and one dimensional profile, the bonding
behaviors have been analyzed and the bonds are found to
be covalent nature
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Abstract

Research on diluted magnetic semiconductors (DMS) has generated great interest due to their potential application in
spintronics devices. In this context, we have focused our attention on the comparative study of the growth and structural
characterization of Ge and GeggsMng 5. The local structural information and bond length distribution has been obtained
by analyzing the atomic pair distribution function (PDF) and the bonding between the atoms has been studied by max-
imum entropy method (MEM) using X — ray powder data sets. Research on diluted magnetic semiconductors (DMS)
has generated great interest due to their potential application in spintronics devices. In this context, we have focused our
attention on the comparative study of the growth and structural characterization of Ge and GeggsMng 5. The local struc-
tural information and bond length distribution has been obtained by analyzing the atomic pair distribution function
(PDF) and the bonding between the atoms has been studied by maximum entropy method (MEM) using X — ray powder

data sets.
Keywords: Insert keywords at least five

1. Introduction

There is a wide class of semiconducting materials called
DMS (Diluted Magnetic Semiconductor), which is char-
acterized by the random substitution of a fraction of the
original atoms by magnetic atoms. The most common
diluted magnetic semiconductors are 11-VI compounds
(like CdTe, ZnSe, CdSe, CdS, etc.), with transition metal
ions (e.g., Mn, Fe or Co) substituting their original cati-
ons. There are also DMS materials based on IV-VI (e.g.,
PbTe, SnTe) and recently IV-1V (e.g., Ge) crystals. On the
other hand, rare earth elements (e.g. Eu, Gd, Er) are also
used as magnetic atoms in diluted magnetic semicon-
ductors. These mixed crystals (semiconductor alloys) may
be considered as containing two interacting subsystems.
The first of these is the system of delocalized conduction
and valence band electrons. The second is the random,
diluted system of localized magnetic moments associated
with the magnetic atoms. The fact that both the structure
and the electronic properties of the host crystals are well
known means that they are perfect for studying the basic
mechanisms of the magnetic interactions coupling the
spins of the band carriers and the localized spins of
magnetic ions. The coupling between the localized mo-
ments results in the existence of different magnetic phases
(such as paramagnets, spin glasses and anti ferromagnets)
[1].

The wide variety of host crystals and magnetic atoms
provides materials which range from wide gap to zero gap
semiconductors and which reveal many different types of
magnetic interaction. Several of the properties of these
materials may be tuned by changing the concentration of
the magnetic ions. Almost twenty years of research into

Copyright © 2019 KARE-Physics

manganese-based DMS (i.e. with Mn as the magnetic
cations) has provided a good understanding of the be-
havior of these materials.

Though there is much experimental work on the growth
and physical characterization of DMS materials [2-7],
only limited information about the local structure, elec-
tron density distribution and bonding is available, partic-
ularly for Ge,,Mn,. Hence, the present work is aimed at
the structural analysis in terms of the local and average
structural properties, the electron density distribution
between atoms and hence the bonding of the Ge;.,Mn,,
since this material is reported as good DMS materials with
reasonable figure of merit. Precisely collected powder
X-ray intensity data sets of Ge and Geg gsMng o5 have been
used for the present comparative analysis.

2. Experimental
2.1. Preparation

The growth of GeggsMnggs was accomplished with a
procedure similar to Cho et al. [8]. For the preparation of
bulk GeggsMnggs, powders of high purity (99.999%)
starting materials, germanium and manganese were used.
The powders were weighed, loaded in thick walled
quartz ampoules, evacuated to 10 Torr, sealed, kept in a
horizontal furnace and heated slowly from room temper-
ature according to a pre-defined temperature control
strategy. The heating cycle was 50°C/h to 900°C and
from 900°C to 1200°C the cycle was 20°C/h to 1200°C
followed by 30 hours soak. For single crystal growth, the
temperature was slowly cooled at a rate of 25°C/h to
800°C, to a point below the melting temperature (937°C
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for Ge) and thereafter at 50°C/h. Finally, the samples
were collected and powder XRD measurements were
carried out. Figures 1 show the actual grown single crys-
tals of GegosMnggs. Another successful attempt was
made previously for the growth of GeggsMngg; and
Geg.97Mng g3 to study the physical properties of these two
samples. Later, it was realized that an intermediate com-
position should be grown and hence the present sample
was grown. The results of the study on Gegg3Mng g7 and
Gegg7Mnggs Will be reported elsewhere. In this work,
only a comparison of the structural properties of pure Ge
and Geg gsMng g5 has been presented.

GegosMnoost

$E3arsansatata: saratTans saciniitdhs

Figure 1. The actual grown sample of GeggsMng g5

2.2. Data collection and Structural refinements

In order to characterize the electronic structure of Ge and
GeggsMng g5, X-ray powder data sets were collected using
monochromatic incident beam of Cu-ka X - radiation on
X-PERT-PRO (Philips, Netherlands) X-ray diffractome-
ter. The raw intensity sets were refined using Rietveld
analysis [9] by JANA2000 [10] software program.

The PDF (Pair Distribution Function) approach is long
known in the field of studying short range order in liquid
and glasses but has recently been applied to crystalline
materials [11-13]. The PDF is obtained from the powder
diffraction data via a sine Fourier transform of the nor-
malized total scattering intensity. Many studies are
available reporting the implementation of this fruitful
method [14 - 16]. The PDF method shows that when there
are no short range deviations from the average structure,
the PDF agrees well with the inter-atomic distances
computed from a crystallographic model [17,18]. How-
ever, many materials are quite disordered and even more
important, the key to the deeper understanding of their
properties is the study of deviations from the average
structure or the study of the local atomic arrangements
[19]. In the present work, the powder X-ray data of Ge and
GeggsMnggs has been utilized for the analysis of Pair
Distribution Function. The observed PDF’S have been
obtained using the software package PDFGetX [20]. Then
the comparison of observed and calculated PDF’S has
been made for Ge and GeggsMng o5 using PDFgui [21].
Figure 2(a) and 2(b) show the observed and calculated

Copyright © 2019 KARE-Physics

Pair Distribution function for Ge and GeygsMnggs re-
spectively. The results of the PDF refinements are pre-
sented in table 1.

In order to analyze the electron density distribution, we
have used the super resolution techniqgue MEM [22]. For
the numerical MEM computations, the software package
PRIMA [23] was used. For the 2D and 3D representation
of the electron densities, the program VESTA [24]
package was used.

The experimental electron density of the materials re-
quires highly accurate information and the best mathe-
matical tools. The MEM produces accurate information
with high reliability even when the observed information
is very little. Some of our recent studies using MEM in
understanding different types of bonding and the interior
electronic details of many materials are available in liter-
ature [25 - 31]. The three dimensional electron density
iso-surfaces in the unit cell are shown in figures 3(a) and
3(b) for Ge and Gegg5sMng g5 respectively. The 2-D elec-
tron density maps on (110) (figures 4(a), 4(b)) and (100)
(figures 5(a), 5(b)) planes have also been computed for Ge
and GeggsMnggs respectively. The 1-D electron density
profiles along the [100], [110] and [111] are shown in
figures 6(a) and 6(b) for Ge and Geg gsMng o5 respectively.
Figure 7 shows the one dimensional low electron density
along [111] for Ge and GeggsMng o5 Which visualizes the
mid bond electron densities. The results of MEM analysis
have been represented in table 2. The results support the
addition of Mn atoms in the host lattice and the covalent
nature of the system even after doping.

3. Results and Discussion

Mn doped Ge has been studied by Cho et al. [8] in terms
of electrical and magnetic properties. In our work, we
have attempted to analyze the powder X-ray data of Ge
and Geg9sMng o5 for the local structure and electron den-
sity and bonding.

The local structure of the two systems as represented in
figures 2(a) and 2(b). Usually, synchrotron data of very
high Q values are more suitable for PDF analysis than
the conventional X-ray powder data, which is not always
accessible, through laboratory experiments. But in this
work, we have attempted to compare the results of Ge
and GeggsMng s with the PDF analysis using powder
data sets collected with identical experimental condi-
tions. The PDF values of GeggsMng s are appreciably
smaller than those of Ge as evident from figures 2(a) and
2(b). As far as the nearest neighbors are concerned, there
are undulations in the nearest neighbor distances with
Mn concentration.
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Figure 2(a) The observed and calculated PDF (Pair Distribution
Functions) of Ge and (b) Geg gsMng g5

The three dimensional electron density represented in the
form of iso-surfaces with similar parameters for both the
systems as given in figures 3(a) and 3(b) clearly reveal,
the enhancement of the atomic radius with Mn concen-
tration. These two figures also show the differences in
the covalent bonding distribution. Enhanced spatial dis-
tribution in GeggsMnggs is Vvisible compared to that in
Ge. No residual electron densities are visible except in
regions allowed by symmetry and bonding. In general,
the electron clouds in GeggsMng g5 are having more spa-
tial distribution and the mid-bond electron density in this
case is slightly smaller (0.27 (e/A%)) than that of Ge (0.38
(e/A%)) as revealed by the one dimensional electron den-
sity profile along [111] direction (figure 7).

Figure 3(a) 3-Dimensional charge density of Ge in the unit cell
and (b) Geg.gsMng o5

Figure 4(a) MEM electron density distribution of (a) Ge and (b)
Geg.g5Mng g5 on the (110) plane, (c) MEM electron density dis-
tribution of Ge and (d) Geg gsMnggs 0n the (100) plane
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Figure 5 (a) One-dimensional variation of electron density pro-
files for (a) Ge and (b) GeggsMng s along [100], [110] and
[111] directions of Ge unit cell

Electron density (¢/A%)

08 10 12 14 16 18
Distance along [111] direction (4)

Figure 6 One-dimensional low electron density distribution
profiles for (a) Ge and (b) Gegg5Mny o5 along [111] direction.

The two dimensional electron densities (figures 4(a),
4(b)) on (110) plane, also show an increase in the atomic
size and more sharper mid-bond sharing in GeggsMng gs
compared to Ge. The electron clouds are more diffuse in
Gep9sMng o5 as seen from the gap between the atoms in
the bonding direction. Similar trends are visible in the
electron densities on the (100) plane also (figures 4(c)
and 4(d)). The mid — bond position are 1.1874 (A) and
1.1426 (A) for Geg.esMng¢s and Ge respectively.

The comparison of peak electron densities along the
[111] direction is shown in Figure 6 that there is no
NNM (non-nuclear maximum) for both the systems. The
mid bond electron density of GeggsMnggs is lower than
that of Ge. This supports the substitutional addition of
Mn impurity in the host lattice. In general, the mid-bond
density in both the systems is not too low or high, thus
revealing the covalent nature of the bonding. It is ex-
pected that for ionic bonding the mid bond density
should be very low because the bonding is due to transfer
of charge and not due to sharing of charge. For highly
covalent materials the mid bond density would be much
larger than the values obtained from the present work.

4. Conclusion

The effect of substitutional impurity (Mn) in the host
lattice (Ge) has been studied in terms of atomic size dif-
ference, local structure and electron density in the im-
portant DMS material Ge;..Mn,. Efforts are underway to
correlate the impurity dependent magnetic and conduct-
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ing properties of this particular DMS material with the
electron density and the local structure. Studies like the
present one are highly essential to understand the physi-
cal and magnetic properties of DMS materials.
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Abstract

In the present investigation, the primary interaction of 2-amino-4,6-dimethylpyrimidinium cations with gallate anions
generate robust R,%(8) bimolecular hetero synthons. The 2-amino-4,6-dimethylpyrimidinium cations interact via
N-H...N hydrogen bond to form discrete unit. The gallate anions are self assembled via a pair of O-H...O hydrogen
bonds to form R,?(10) bimolecular homo synthons. The water molecule (O6w) form three centered bifurcated
Ow-Hw...O hydrogen bonds to generate R;%(5) ring motif. Among the three hydroxy groups of gallate anions on the
aromatic ring, two are oriented in the same direction and third one is oriented in opposite direction and thus render a
minimum number of intramolecular O-H...O hydrogen bond with S(5) graph set. The crystal structure is stabilized by
several O-H...O and Ow-Hw...O hydrogen bonds and the presence of lattice water molecules play a vital role in the
generation of three dimensional hydrogen bonded network which mainly composed of supramolecular hydrogen bonded
ladder. The supramolecular hydrogen bonded network is further strengthened by weak intermolecular C-H...O hydro-
gen bonds and several aromatic z-x stacking interaction in a head to tail and tail to head manner.

Keywords: Multi-component system; Nucleic acid-Gallic acid crystal structure; Non-covalent interactions; water clusters;
supramolecular ladder

1. Introduction biological activity.

Hydrogen bonding patterns including base pairing

formed by the aminopyrimidine are important in nucleic Water, the Elixir of life, is nature’s solvent which plays a

vital role in many biological, chemical and physical

acid structures and their functions. Proper base pairing
among the nucleobases is responsible for genetic
information transfer[1]. The non-covalent interactions
involving aminopyrimidine-carboxylate interactions play
a vital role in protein-nucleic acid recognition and
protein-drug binding [2]. Gallic acid is a dietary poly-
phenol found in Choerospondiatis fructus, a Mongolian
medicinal herb used to treat disorders such as angina
pectoris [3]. It contains two of the most ubiquitous
functional groups (carboxylic acids and phenols) present
in Active Pharmaceutical Ingredients. Gallic acid (GA)
exists as a single molecule or as a structural unit of
hydrolysable tannins which are inhibitors of HIV
replication. GA has various biological activities such as
antioxidant, anti-fungal, anti-viral, antimutagenic,
anticarcinogenic, antihyperglycemic and cardioprotective
effects [4] and act as source material for inks and
paints.GA block DNA synthesis in leukemia cells [5] and
hydroxyl substituent plays an important role in its
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processes [6]. In order to understand the structural in-
formations and  behaviour of bulk water in many bio-
logical systems, it is necessary to investigate the  su-
pramolecular interactions of small water clusters. A wide
variety of water clusters including tetramers, hex-
amers, octamers and decamers and their various config-
urations have been reported in the literatures.[7] As
hydrogen bonds and other non-covalent interactions are
the main driving forces behind this self-assembly pro-
cess, supramolecular chemistry is now in a phase of
characterizing and understanding various hydro-
gen-bonded water clusters which can play an important
role in the stabilization of supramolecular systems both
in solution and in the solid state. Thus, the investigations
of supramolecular interactions of drug molecules along
with water molecules are important for a better
understanding of how such water aggregations are influ-
enced its biological functions by the overall structure of
their surroundings.
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2. Experimental
2.1. Preparation

For the preparation of the investigated compound, 20 ml
of hot (ethanol/water, v/vl:1)solutions of
2-amino-4,6-dimethylpyrimidine (0.03079 g,
Sigma-Aldrich, Inc) and gallic acid (0.04253 g, Loba
chemie Pvt. Ltd) in a equimolar ratio were taken,
mixed and warmed over a water bath for 20 minutes. The
resulting hot mixture was allowed to cool at room
temperature. After a week, colourless prismatic crystals
of the compound were isolated from the mother solution
and dried in air.

2.2. Single crystal XRD studies

All hydrogen atoms were positioned geometrical-
ly and were refined using a riding model. The N-H and
C-H bond lengths are 0.86 and 0.93-0.96 A, respectively
[Uiso(H)=1.2-1.5Ueq (parent atom)]. The water
hydrogen’s were located in difference Fourier map and
refined freely.

Figures and Tables

Figure 1. ORTEP view of the compound with dis-

placement ellipsoids drawn at 30% probability level.

Figure. 2 View of supramolecular multiple hydrogen

bonded pattern extending along a axis.
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Figure. 3. Supramolecular hydrogen bonded ladder in-
volving (H,0)s water clusters.
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Figure. 4 Supramolecular tape formed by tetrameric and

pentameric water clusters.
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Table 1. Experimental details

Chemical formula (CgH1oN3)-(C;H505)-3(H,0)

M; 347.33

Crystal system, space Monoclinic, P2,/c

group

Temperature (K) 296

a, b, c(A) 17.420 (5), 6.764 (5), 27.959
()

B () 106.265 (5)

Vv (A% 3163 (3)

z 8

Radiation type Mo Ka

p(mm™) 0.12

Crystal size (mm) 0.05 x 0.05 x 0.04

Diffractometer Bruker SMART APEXII
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CCD area-detector diffrac-

tometer
Absorption correction Multi-scan

(SADABS; Bruker, 2008)
Trine Tmax 0.994, 0.995

No. of measured, inde-
pendent and
observed [l > 2o(1)] re-

70572, 10759, 7000

flections

Rint 0.053

(sin 0/A)max (A1 0.748

R[F%> 26(F3)], wR(F?),S | 0.057,0.186, 1.02
No. of reflections 10759

No. of parameters 479

No. of restraints 18

H-atom treatment H atoms treated by a mixture
of independent and con-
strained refinement

0.58, —0.33

APmaxs APmin (€ Aﬁs)

3. Results and Discussion

The asymmetric unit is composed of two
crystallographically independent AMPY cations (A
and B), GA anions (A and B), and six water
molecules. ORTEP view of the compound is shown
in Figure 1.

The AMPY and gallic acid molecules are  essen-
tially planar. The mean deviation of the benzene
ring of A and B molecules of GA are 0.006 and
0.004 A respectively, which are similar to that in
gallic acid monohydrate (0.0028 A). The mean de-
viation of the benzene ring of A and B molecules of
AMPY are 0.015 and 0.017 A respectively. The
dihedral angle of AMPY A and B with the plane of
the substituted amino group are found to be 1.5(3)
and 2.2(3) ° and the dihedral angle of gallate A and
B with the plane of its carboxyl group are found to
be 3.6 (2) and 0.65(17) ° respectively. These values
are in close agreement with that in gallic acid mon-
ohydrate[8] (2.9°). The gallic acid and AMPY
molecules (A & A and B & B) make a dihedral an-
gle of 10.46(7) and 7.48(8) ° respectively.

Copyright © 2019 KARE - Physics

In the gallate anion, among the three hy-
droxyl groups on the aromatic ring, two are oriented
in the same direction and contribute in the intra
molecular O-H...O hydrogen bonding having the
graph set of S(5) and the third one is oriented in the
opposite direction for which the acceptor group is
far way to form intra molecular hydrogen bonding.
This situation is similar to the first and third poly-
morphic form of gallic acid monohydrate[9] where
as in the first form of gallic acid monohydrate, me-
thyl gallate, anhydrous gallic acid,
2, 3, 4-Trihydroxybenzoic acid 0.25 hydrate,
2,3,4-Trihydroxybenzophenone monohydrate, Gal-
lic acid pyridine monosolvate which are reported
in the literature[10], the three hydroxyl groups on
the aromatic ring are on the same direction and fa-
cilitated the other possible intra molecular hydro-
gen bonding.

In this multi component salt, the AMPY
cations, gallate anions and water molecules present
in the lattice offer very good hydrogen bonding
donor and acceptor sites for the construction of
entire supramolecular architecture. A variety
of interactions lead to the generation of a network
of hydrogen bonded patterns. The network is com-
posed of the following hydrogen bonded patterns.

The primary acid base interaction generates two
different primary motifs which are assembled
via two pairs of N-H...O hydrogen bonds to render
robust R,%(8) hetero dimeric synthons. This motifs
are generated by the interaction of protonated
N1 and 2-amino group of pyrimidinium moiety of
AMPY A and B cations with carboxylate O1 and
02 of  gallate anion of A and B anions.

The hydroxy O4 and O5 atoms of the
symmetry related gallate anions are partic-
ipating in the generation of self assembled,
centrosymmetric dimers (A and A) and (B and B)
via two pairs of O-H...O hydrogen bonds to
form two different R,%(10) ring motifs. Two
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AMPY cation interact themselves via N-H...N hy-
drogen bond to form a discrete unit. The dimers of
gallate anions are interact themselves by two wa-
ter molecules (O4w and O6w) and the symmetry
related hydroxyl group (O3B and O3A') which
are oriented in the opposite direction with respect to
the other two hydroxyl group of gallate anions via
several O-H...O hydrogen bonds and developed
two ring motifs R,*(11) and R,%(8). Thus the dimers
of A and dimers of B are arranged alternatively in
space. The ring motif with graph set of R,%(5) is
generated via three centered bifurcated Ow-Hw...O
hydrogen bonds formed between water molecule
O6w (which behave as bifurcated hydrogen bond
donor) and hydroxyl group (O3 and O4) of gallate
B which are oriented in opposite direction with re-
spect to each other. There is a generation of
multiple hydrogen bonded  pattern (extending
along a axis) made up of sequence of fused ring
motifs R,%(10), R,*(11), R~(8), R:4(5) and R,(10)
which are developed by the combination of dimers
of galate anion A, dimers of gallate anion B and
two water molecules as shown in Figure 2.
These  multiple hydrogen bonded pattern in ad-
jacent planes are interacted by aromatic n-n stack-
ing interactions exhibited between © —cloud of the
aromatic ring of AMPY(B) cation and GA(B)
anion. Head to tail and tail to head aromatic stack-
ing interactions are observed between the py-
rimidine ring of AMPY(B) and phenyl ring of
GA(B) having the interplanar distance of 3.3741&,
3.377A, centroid to centroid distance of
3.453(3)1&, 3.567(3)A and the slip angle of
12.43°,19.05°.

AMPY (A and B) linked via N-H...N
hydrogen bond to form a discrete unit. This discrete
unit in the alternative sides of the multiple hydro-
gen bonded pattern links the fused ring motifs and
the acid- base dimeric units (A and B) to form
Rs(24) ring motif resulting a supramolecular net-
work.

Copyright © 2019 KARE - Physics

As the crystal lattice is rich in water mole-
cules, there exist several water-water interactions
like in biological macromolecules. Four water mol-
ecules (O1W, O2W, O3W and O5W) which are in a
same plane, form a cyclic water tetramer (H,0),4Vvia
two couples of Ow-Hw...Ow hydrogen bonds to
generate R,*(8) ring motif. All the four water mol-
ecules in the cyclic tetramer behave as both donor
and as acceptor. This cyclic tetramer is further
hydrogen-bonded by water molecule (O4W) which
lie in a nearly perpendicular plane (the angle be-
tween the two planes are found to be 87.02°), via
Ow-Hw...Ow hydrogen bond which leads to an
(H,O)s cluster. This (H,O)s water cluster extend
infinitely in space as one dimensional supramolec-
ular chain along b axis. Two such supramolecular
chains of water clusters are linked via N-H...Ow,
Ow-Hw...O and O-H...Ow hydrogen bonds in-
volving amino (N2) group of AMPY(A), hydroxyl
03 and carboxylate O2A (which are spaced
perpendicular to the direction of one di-
mensional chain of water clusters) and two water
molecules (O1lw and O2w). These interactions
leads to the generation of supramolecular
hydrogen bonded ladder  propagating along b
axis (Figure 3). The stringers of the supramolecular
ladder is built by the supramolecular chain
of water clusters(H,0)s and the rungs are made by
R,%(8) ring motif formed by one of the two primary
acid-base interactions involving AMPY (A) cation
and GA(A) anion. The supramolecular hydrogen
bonded ladder is stabilized by another set of aro-
matic m-n stacking interactions. The n cloud of
pyrimidine ring of AMPY(A) and phenyl ring of
GA(A) are interact with each other in two different
manner, head to tail and tail to head with interplanar
distance of 3.3421&, 3.3841&, centroid to centroid
distance of 3.440(3)A, 3.558(3)A and the slip an-
gle of 10.95°,19.11° respectively.

The water clusters (H,O)s also involved in
the generation supramolecular tape. The lattice
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water molecules and the carboxylate O2A and O2B
atoms of anion are assembled via several O-H...O
hydrogen bonds and generates R,*(8)and
Re'(12) fused ring motifs. These fused motifs in
space are linked by the cyclic water tetramer having
the Etter’s notation of R,*(8). The prolonged
occurrence of these three motifs generates a supra-
molecular tape. These molecular tapes interlink the
supramoleculear hydrogen bonded network in the
adjacent plane (Figure. 4). The entire crystal
structure is further stabilized by weak C-H...O in-
teractions. Almost all the hydrogen bond donor and
acceptors sites in are effectively utilized in
the construction of  various supramolecular ar-
chitecture like chain, tape, multiple hydrogen
bonded pattern, ladder and network.

4. Conclusion

The derivative of protonated aminopyrimidine,
gallate ion and the lattice water molecules offer a
very good hydrogen bond donor and acceptor sites
for the construction of entire supramolecular
architectures. The presence of intermolecular
hydrogen bonds involving six water molecules
enhances the stability of the multi-component
system. The existence of cyclic water tetramer and
the pentameric water cluster play a vital role in the
molecular self assemblies and in the generation of
supramolecular architecture. The supramolecular
interactions such as strong and weak hydrogen
bonds and aromatic stacking interactions of such
simple system having pyrimidine based nucleobase
and aromatic acid having carboxylate and hydroxyl
group along with water molecules could be used as
a bio-model for the bio-macromolecules such as
DNA, RNA, and protein having various side chains
in its skeleton. Investigation of non-covalent
interactions, recurring self assemblies in terms of
motifs and supramolecular architecture could be
extended and implemented in the structure and
function of bio-macromolecules. Design of such
multi-component system will help in the tuning of
chemical and  biological properties  of

Copyright © 2019 KARE - Physics

bio-macromolecules such as Nucleic acids,
proteins, enzyme and will help in the designing of
new drug molecules with enhanced biological
activity.
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