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PREFACE

The development of the science in the field of solid state and material scienceneeds a
good quality single crystal. There is an ever increasing demand of crystals dueto its potential
application in many fields. As per the demand, a large variety of crystalsare grown from
various techniques. In general, semi-organic crystals have great focus due tothe design
flexibility in molecular compounds, possessing nonlinear optical behavior ofthe materials.
L-Lysine with organic compounds have nonlinear optical applications,and are widely used in
the area of laser technology, optical communications, harmonicgenerators and data storage
technology. The thesis aims at growing organic, semiorganic and L-Lysine crystals for

optical applications.The dissertation contains Six chapters.



Chapter — |
Principles of Crystal Growth - Introduction

Introduces the crystal growth methods in different types of crystal growth methods
with a brief discussion on slow evaprotation solution technique. This chapter ends with aim
and scope of the research work.

The deals with nonlinear optical phenomenon, organic, inorganic and semiorganic
crystals. This chapter also includes the L-Lysine based crystals and applications of NLO

crystals are given in this chapter.

Chapter - 11
A new class single crystal L-lysine hydrogen chloride (LLHC) for

optoelectronic applications

Growth and characterization of L-Lysine hydrogen chloride (LLHC) crystal have
been studied. The Molecular geometry shows good agreement with Experimental and
Theoretical (HF and DFT) bond lengths and bond angles. From X-ray diffraction studies it is
observed that TGA and DTA have been approved out in nitrogen atmosphere at a heating rate
of 20°C/min from 0°C to 1000°C. Vibrational assignments of TDA crystal is discussed by

FT-IR and FT-Raman spectroscopic studies.

Chapter — 111
Growth and investigation on novel single crystal of b-cyclodextrin

2, 4-dinitrophenylhydrazine for optical sensors applications

Nonlinear optical (NLO) 2, 4-Dinitrophenylhydrazine (DNPH) single crystal
has been grown by Slow Evaporation Solution Technique. The experiments are carried out to

study the structural, optical, thermal and nonlinear optical properties of the grown crystals.



The XRD grades are in good covenant with the described values. The good quality grown of
LYTAPB single crystals have been exposed to various characterization study in direction to
assess the mechanical, structural and optical, thermal, dielectric properties of the material.
FTIR, Optical properties, UV-Vis NIR, from EDAX analysis, micro hardness structure,

SEM, SHG and involved by an optical microscope.

Chapters — IV
Growing, Characteristics on L-Lysine hydrogen chloride (LLHC) single

crystal for optoelectronic applications

Growing, Characteristics on L-Lysine hydrogen chloride grown on single crystal for
optoelectronic materials: An Experimental for slow evaporation techniques. FT-IR,
FT-Raman, NMR spectra,UV—-Vis absorption spectra, TG-DTA and X-ray diffraction is
reported. The chemical formula for L-LMHCICA is C13H2sN2010. The results showed no

significant geometrical differences like distances Thermal, Dielectric, Micro hardness, SEM.

Chapter -V
Growth and characterization of L-Lysine Doping with effect of
hydrochloride Citric Acid - Glycine Barium Chloride (LHCAGBC) on the

grown single crystals for optical sensor applications

Single crystals of L-Lysine Doping with effect of hydrochloride Citric Acid - Glycine
Barium Chloride (LHCAGBC) have been grown by slow evaporation solution growth
method. Harsh environments to control through the L-Lysine single crystal has arranged of
the crystalline advantages of good performance of the structure, compact, convenient to

investigation of results following in crystal XRD, FTIR, UV-vis-NIR, TGA and DTA.



Chapter — VI
Synthesis and Characterization of L-Lysine - Lithium sulfate - Citric Acid
(LLCA) grown on single crystal for NLO materials: An Experimental for

slow evaporation techniques

L-Lysine -Lithium sulfate - Citric Acid (LLCA)single crystal has been developed by
the novel organic nonlinear optical (NLO) materials. The L-Lysine with CA has been grown
of the crystal by the controlled for the solution to slow evaporation techniques. It is used in
XRD, FTIR spectrum to conform with the crystal structure. The morphology studies are

doped solutions to varying rates of reflected in form of XRD values
Chapter - VII
To summarizes the results obtained from various characterizationstudies carried out

on the grown crystals. It also includes the comparison of theseresults and discusses the

suggestion for future work.



CHAPTER -1

PRINCIPLES OF CRYSTAL GROWTH

1.1 Introduction

Crystal growth is one of the frontier areas of today’s science and technology. In recent
years the research in crystal growth has proved the commercial importance of crystals and
their significance. Today’s modern technology is largely based on semiconductors, ferrites,
magnetic garnets, solid state laser materials, ultraviolet and infrared sensitive crystals and
crystalline films. In health sciences crystals play an important role since some of the diseases
are mainly due to crystal depositions in kidney, urinary bladder and gallbladder as shown in

Fig.1.1

L shell electrons > 7
(8 electrons) -

neutron

K shell
(2 electrons)

Fig. 1.1 Show the crystals play an important role.
The single crystals take part in the development of electronic industry, solid state technology,
laser and electro optical engineering, communication systems and computer industries. They
are also much useful in our daily life such as electronic devices in telecommunication
network, frequency controlling devices for electromagnetic waves, solar cells, radiation
detectors and devices in semiconductor applications. So, the understanding of crystallization

process in essential both in modern technology and in medicine. A crystal is the regular



polyhedral form, bounded by smooth surfaces, which is assumed by a chemical compound,
under the action of its inter atomic forces, when passing from the state of a liquid or gas to
that of a solid under suitable conditions or a crystal is a homogeneous, anisotropic body
having natural shape of polyhedron.
1.2 General classification of crystal Growth Methods

Depends upon the nature of the starting material the growing methods are generally
classified into different methods. The techniques involved in different methods are explained
as follows:
1.2.1 Melt growth

Melt growth can be applied to solids which can be melted and crystallized by the
change in phase from liquid to solid. Growth from the melt is the fastest of growth methods
as its rate does not depend on the mass transport processes. In this method, apart from
possible contamination from crucible materials and the surrounding atmosphere, no
impurities and introduced in the growing crystal.
1.2.2 Bridgman technique

The easiest and inexpensive melt growth technique is normal freezing a molten in got
is gradually frozen from one end to the other. When this is achieved by the use of a two Zone
furnace, it is called Bridgman - stock Barger technique. The usual configuration is vertical
with the melt is an ampoule being lowered slowly from the hot zone to the cooler zone which
is below the melting point. Large metal single crystals as well as Optical quality alkali halide
crystals fro prisms and lenses were grown by the technique. For fast growth, the materials to
be grown should melt congruently, i.e. the melt and crystal should have the same
composition. A crystal which adheres strongly to the crucible is undesirable. To keep the

technology simple, materials with high vapour pressures should be avoided by systems



capable of withstanding internal pressure of 200 atmospheres at 180° ¢ have been used.
Neither the liquid not its vapour must attack the crucible significantly.
1.2.3 Czochralski Technique

Among the many crystal growth methods are in sue today, one method which can
produce crystal weighing from several grams to many kilograms is the crystal pulling
technique. All crystal pulling processes are based upon a technique developed by Czochralski
in 1918. This technique and its various modifications have become in the dominant processes
used in the industry today for the production of semiconductor and oxide single crystals. The
standard materials? which are Si, Al,O3, GaP, GaAs, InP, Ge and LiNbOs.
1.2.4 Kyropoulos Technique

In this technique, the crystal can be grown to a larger diameter. So this method is

more suitable for the growth of crystals with longer diameter used in the fabrication of
windows, prisms, lenses and other optical components. Same as that in Czochralski growth
here also the seed is brought into contact with the melt, and is not raised much during the
growth period, i.e. the part of the seed is allowed to melt and a short narrow neck is grown.
After this, the vertical motion of the seed is stopped and growth continues by decreasing the
lower input to the melt. This technique is mainly useful for the growth of alkali halides used
in many optical devices, mostly for long wavelength application.
1.2.5 Zone melting Technique

In the zone melting techniques, a liquid zone is created by melting small amount of
materials in a relatively large or long solid charge. Then it is made to traverse through a part
of the whole of the charge. This is the more advantageous method than other methods due to
the removal or addition of impurities from or to the crystal as the crystal is growing. In this
method, the rate of zone movement depends of the orientation of the two solids binding the

liquid zone as well as the thickness and temperature of the zone.



1.2.6 Verneuil Technique

Verneuil announced this technique in 1902 and gave a full description. In the
technique, an Oxy hydrogen flame is produced and it is used to heat the seed crystal. The
powder to be crystallized is allowed to fall on to this flame through sleeve, using the vibrator
at a low amplitude. The powder melts in the flame, and if the condition have been set
correctly, a film of melt forms on the surface of the sleeve. During growth the sleeve is
lowered. The volume of the growth rate depends on the rate of lowering. By appropriate
adjustments, the crystal diameter can be changed. A large number of materials with his
melting points and for example ZrO, (2700°C) etc., have been grown as single crystals by
this method.
1.2.7 Vapour Growth

Single crystals of high perfection can be grown from the vapour growth method by
sublimation and chemical vapour deposition techniques. The crystals like Cds. Al.O2 and
Hgl> can be grown by this technique. This vapour growth is subdivided into two methods.

* Physical Vapour Transport (PVT)
* Chemical Vapour Transport (CVT)

(i) Physical Vapour Transport
This is the simplest and only pure vapour growth method. It has been used recently for the
production of high-quality bulk crystals of materials like Cds and Hgl..

(ii) Chemical Vapor Transport
Chemical Vapour Transport methods are widely used in the growth of new semi conducting,
insulation and magnetic crystals. For example, small crystals of adamantine were grown in
sealed quartz ampoules when about 5 mg/cc if I, are added to a powered charge of the

compound in Vacuum. Crystals grow at the cold end of the tube.



1.2.8 Growth by slow cooling

A saturated solution prepared by keeping the crucible containing flux and the crystal
constituents are maintained just above the saturation temperature as far as to ensure the total
dissolution of the solute. After that the crucible is cooled by the rate of 0.5 C/hour to 5 C/hour
through a long temperature range, where the desired crystal is known to precipitate, the
crucible is cooled to room temperature. The crystals like BaTiOs, KTP and KTN are being
grown by this technique.
1.2.9 Top Seeded Solution Growth

In this method, the crystal is grown at the surface of the melt when the temperature at
the surface is lower than the temperature at the bottom. The temperature gradient should be
maintained as small and the growth temperature has to be continuously lowered by slow
cooling of the melt.
1.2.10 Hydrothermal Growth

Hydrothermal growth is the growth of crystal from aqueous solution at high
temperature and pressure. A number of metals, metal oxides and the compounds which are
practically insoluble in water up to its boiling point, show an appreciable solubility when the
temperature and pressure are increased well above 100°C and one atmosphere respectively.
Growth is usually carried out in steel autoclaves with Gold or Silver linings the liquids
from which the process starts are typically in the range 400°C to 600°C and the pressure in
involved in the range of hundreds or thousands of the atmosphere. The requirements of high
pressure present practical difficulties and there are only few crystals of good quality and large
size can be grown by the technique. Quartz is the crystal being grown industrially by this

technique.



1.2.11 Low Temperature Solution Growth
At least 90% of all crystals produced by low temperature solution methods are soluble in
water. In its commercial from, low temperature solution growth* involves run time measured
in weeks or months. Low temperature solution growth can be subdivided into three
following categories.

* Slow Cooling Method

* Slow Evaporation Method

* Temperature Gradient Method
1.2.12 Slow Cooling Method

The use of slow cooling is the earliest method for the growth of crystals from
solution. Its main disadvantage is the need to use a range of temperature. The possible range
is usually small so that much of the solute remains in the solution at the end of a growth run.
To compensate this effect, large volumes of solution are required. The use of a range of
temperature may also not be desirable, because the properties of the grown material may vary
with temperature and the amount of solute incorporated will almost certainly vary. Though
this method has the technical difficulty of requiring a programmed temperature control, it is
widely used with great success.
1.2.13 Slow Evaporated Method
This method is similar to the slow cooling method in view of the apparatus

requirements as shown in Fig.1.2. The temperatures are fixed constant and provision is made
for evaporation with nontoxic solvents like water, it is permissible to allow evaporation into
the atmosphere. Typical growth condition involves temperature stabilization to about plus or
minus 0.001°C and rate of evaporation of a few mm?/hr. The evaporation techniques of
crystal growth have the advantage that the crystals grow at a fixed temperature, but

inadequacies of the temperature control system still have a major effect on the growth rate.



This method is the only one which can be used with material having very small temperature

coefficient of solubility. (5)
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Fig. 1.2 show slow evaporation growth on single crystal method.
1.2.14 Temperature gradient Method:

In this method the process which involves is transport of the materials from a hot
region containing the source material to be grown to a cooler region where the solution is
supersaturated and the crystal grows. The main advantageous of this method are economy of
solvent and solute,Crystal grows at fixed temperature. This method is insensitive to change in
temperature provided both the source and the growing crystal undergo the same change.On
the other hand, changes in the small temperature difference between the source and the
crystal zones have a large effect on the growth rate of crystal.In general, there are two
methods of crystal growth coming under this category.

1.2.15 Growth from Solution:

It is the simple and oldest method and it has many advantages over the melt growth,

through the rate of crystallization is very slow. Crystals will be grown from solution, if the

solution is supersaturated. i.e. if the solvent contains more of the solute than it can be in



equilibrium that are used to produce the required supersaturation. By using this method of
growth, organic inorganic, sugar and excellent quality crystals of Ferro - electric and piezo-
electric materials such as Potassium Dihydrogen Phosphate (KDP) Ammonium Dihydrogen
Phosphate (ADP) and Semi organic crystals like potassium Acid Phathalate (KAP),
Triglycine Sulphate (TGS) and important organic nonlinear crystals such as NMBA, MNA,
etc., are commercially grown. This method of crystal growth will be discussed elaborately n
chapter I11.

1.2.16 Gel Growth:

Crystal growth is gels are an intermediate process between growth from solid and
growth from solutions. This method relied on reaction and precipitation of species diffusing
in gels. Gel growth technique is a simple and elegant method of growth of single crystals
under controlled growth at room temperature. Growth in this method is limited by diffusion
process. By using this method of growth, crystals, or organic inorganic Ferro electric and
Piezo electric materials can be grown.

1.3 IMPORTANCE OF NON-LINEAR OPTICAL CRYSTALS

Lysine is one of nine essential amino acids in humans required for growth and tissue
repair, Lysine is supplied by many foods, especially red meats, fish, and dairy products.
Lysine seems to be active against herpes simplex viruses and present in many forms of diet
supplements. Over the past three decades, Nonlinear optics (NLO) has emerged as one of the
most attractive fields of current research in view of its vital applications in areas like optical
modulation, optical switching, optical logic, frequency shifting and optical data storage for
developing technologies in telecommunications and signal processing. Organic materials
have been demonstrated in recent years to possess superior second and third order NLO
properties compared to the more traditional inorganic materials. Organic materials have

attracted much attention because the NLO responses in this broad class of materials is



microscopic in origin, offering an opportunity to use theoretical modeling coupled with
extremely synthetic flexibility to design and breed new materials. The properties of organic
compounds can be refined using molecular engineering and chemical synthesis. The complex
sympathetic of the structural, electronic reply to the properties of NLO materials are
developed in expansively to equally from theoretically and experimentally improving the
quantum chemical density functional theory (DFT) method through the vibrational
spectroscopy.

The art research goal, L-Lysine crystals have been grown to observer the optical
nature and depending on the optical property the grown L-Lysine crystal can be subjected for
its application-oriented means. The grown L-Lysine crystal in subjected to linear and
nonlinear optical studies to find its absorbance or transmittance property. The same is
checked by the nonlinear study, which confirms whether the L-Lysine crystal possesses the
nonlinear nature. This property L-Lysine crystals can be used for long distance
communication and transfer of energy without any loss.

1.4 Definition of the Problem

The technological development to a larger extent is dependent on the development of
crystal growth. Crystal growth, which had been a relatively small area in the field of material
science, now enjoys a unique status owing to recent development of novel materials with user
defined properties. Crystal growth, demands collaboration of physicists, chemists, chemical
and process engineers, electrical and mechanical engineers, instrumentation engineers,
material scientists, crystallographers, etc. The growth of single crystals has become inevitable
for any further developments in materials science research. Non-linear materials such as
Urea, KTP, BBO, KDP, ADP and LAP are investigated widely for their potential application
and devices. Among the various methods of crystal growth, low temperature solution growth

is practiced next to melt growth. The solution growth can be considered as a superior method



because good optical transparency of crystals and uniform mixing of dopant in the lattice are
achievable easily. However, the disadvantages are due to the slow growth rate and container
problem. In order to grow good quality large single crystals by solution growth method, the
materials should have high solubility and variation in solubility with temperature.

In the present investigation, some organic nonlinear optical crystals have been grown
by slow evaporation solution growth technique at room temperature. Single crystal X- ray
diffraction analysis has been done to determine the structure properties like cell parameters,
Molecular geometry, Intra & Intermolecular properties. Hirshfeld surfaces analysis has been
performed to reveal the nature of intermolecular interactions. The positions and the strengths
of intermolecular interactions were visualized. UV-Vis-NIR spectra have been recorded for
the grown crystals in the range from 190 nm to 1100 nm to know the transparency and UV
cut-off wavelength of the crystals. Fourier transform infrared spectrum (FT-IR) and Fourier
transform Raman spectrum (FT-Raman) has been recorded to analyze the vibrations of
functional groups present in the grown organic crystalline material. The thermogravimetric
analysis (TGA), differential thermal gravimetric (DTG) and differential scanning calorimetric
(DSC) studies show the thermal stability and decomposition behavior of the crystals. The
third-order nonlinear optical properties of the grown crystal were studied by Z-scan
technique. The nonlinear refractive index (n2), nonlinear absorption coefficient () and
nonlinear susceptibility (%) were evaluated. The Quantum chemical calculations are done to
compute the molecular geometry like bond length and bond angle values, HOMO-LUMO
calculations are carried out to find the energy gap value of all organic crystal studied in the
present investigation and TD-DFT calculations are done to get the Theoretical UV-Vis

spectrum with Gaussian-09W program using the TD-DFT/6-31++G(d,p) basis set.
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1.1 Table BASED ON RECENT REVIEW ARTICLES OF L-LYSINE MATERIALS

S. Name of the Year Materials Inferences

No. Authors

1 Mahadevanetal. | 2014 | L-Lysine  4- | wavelength - 481 nm and SHG

[1] nitrophenolate | efficiency is 4.45 and 1.4 time
monohydrate shigher than of KDP

2 Aneeba et al. [2] 2020 | Pure and K+ Highest dielectric constant an
ion doped L- antibacterial activity against certain
Lysine bacteria
monohydrochl
oride (L-

LMHCL)

3 Gnanarajetal. [3] | 2018 | L-Lysine Optical Constants, phase
doped Oxalic | matchable and exhibit self-
acid defocusing behavior.

4 Khan et al. [4] 2018 | L-lysine (LL) | Improved optical quality,
influenced transmittance, dielectric properties,
cadmium SHG efficiency of LL-CTA is
thiourea acetate | 2.18x(KDP) and 1.78x(CTA).
(CTA)

5 Ramyaetal., [5] | 2017 | L-Lysine The material possesses a wide
adipate - | transparent range, FTIR, FT
Liquid Raman spectra, optical property,
diffusion and thermal property up to 205°C.
method

6 Febenaetal., [6] | 2019 | Glycine A single crystal with dimension is
Lithium 10 x 11 x 12 mmi.A strong
Sulphate (GLS) | intermolecular hydrogen bonding

in the molecule is confirmed.
Nonlinear optical absorption is 633
nm and Z-scan technique.

7 Alexandar and 2018 | Nicotinium Optical microscope, dielectric

Rameshkumar [7] tartrate (NT) | constant, polarizability values are
and L-tartaric | higher. The third order NLO
acid parameters such as nonlinear
nicotinamide refractive index (nz), nonlinear
(LTN) absorption coefficient (), and third

order  susceptibility  (x*)closed
aperture Z-scan techniques using
He-Ne laser for the first time.
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8 Jayaprakash et al., | 2018 | 4- The SHG was 1.5 times greater
[8] chloroaniliniu | than that of KDP, phase-
m-I-tartrate matchable. which is used of 65%
monohydrate transparency with visible region
(4CALTM) and soft material.

9 Sunetal., [9] 2008 | L-Lysine structure analysis space group P21,
acetate with cell parameters: a=5.420(2)
A, b=7.542(4) A, c=12.653(1) A,
B=91.73(1)°, Z=2 and V=516.8 A3
and thermal properties also is good
acts.

10 | Wangetal., [10] | 2016 | L-Lysine (Lly) | Slow cool technique, Good
and p-toluene | transparency, melting point of
sulfonic  acid | fairly high, at around 259 °C.

(pTS) (LLTS)

11 | Helen and 2014 | pure and metal | EDAX, ICP-OES, XRD studies are
Kanchana [11] ions (K+, Na+ | good results.FTIR and FT-
and Li+) doped | RAMAN analyses, TGA,DSC,
I-serine thermal  stability, = mechanical
properties of lithium doped I-serine
crystal are enhanced. The
percentage of transmission is
increased in lithium doped I-serine

crystals.
12 | Neelam Rani 2013 | L-lysine The monoclinic system is space
etal., [12] acetate group of P2i. It is high of HRXRD.

The 13C NMR, 1H NMR and
FTIR, Optical  studies are
wavelength of 236 nm and band
gap was 5.29 eV. The electrical
properties, an optical band gap is
5.29 eV. The thermal properties
were studied in photopyroelectric
technique. Vickers micro hardness
studies were wused in Vickers
hardness.

1.6 Scope of the Research Work

Product concentration, drying and grown by slow evaporation techniques. The
L-Lysine doped from the ion-exchange columns is mixed with different acid from the
product-filtration step and concentrated by slow evaporation. The concentrated L-Lysine
solution is doped Tartaric Acid-Potassium Bromide, Citric Acid, hydrochloride Citric Acid,

Malic acid - Oxalic acid - Lithium sulfate, Glycine Barium Chloride and free L-Lysine is
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grown to L-lysine single crystals. The doped L-Lysine solution is then sent to the crystallizer
and low temperature grown on L-Lysine single crystal.
Opinion of the possible to concentration in nonlinear optical crystals, the contemporary study
has been designed at the
1.6.1 Synthesis and growth of single crystals of
(a) L-Lysine Monohydrochloride Dihydrate (LMHCI)
(b) L-Lysine - Tartaric Acid-Potassium Bromide (LTAPB),
(c)L-Lysine monohydrochloride - Citric Acid (LMCA),
(d)L-lysine - Malic acid (CsHeOs) /Oxalic acid (C2H204)/ lithium sulphate (Li2SO4)
(LM),
(e) L-Lysine with and without Co-Doped Glycine Barium Chloride (GBC)/CsH14N20>
(Amino acid) (LGBA),
1.6.2 Characterization of the grown crystals to investigation their structural, optical,

thermal, DFT, spectral and nonlinear optical properties.

1.7 Methodology
Crystal growth process and size of the grown crystal differ widely and are determined

by the characteristics of the material (Buckley 1951; Mullin 1976). The principal methods of
crystal growth can be classified as follows

1. Growth from melt

2. Growth from vapour

3. Growth from solution
There are number of growth methods in each category. Fig. 1.3 as the method of slow
evaporation solution growth technique at room temperature occupies a prominent place

owing to its versatility and simplicity.
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Slow Evaporation Solution Growth Technique

Crystallization Vessel

Fig. 1.3 show slow evaporation experimental process.
This solution growth procedure is based on the use of solvent due to its relatively high
solubility of reactants. Analytical grade chemicals were used for initial synthesis process,
then it is dissolved in solvents ethanol and stirred continuously for few hours to get the
saturated solution depends on solubility range of the synthesized material. The saturated
solution may contain impurities such as solid and dust particles and therefore it was filtered
using Whatmann filter paper. Then the filtered solution was covered by polythene paper in
which very few holes were made for controlled evaporation of ethanol. This solution was
transferred to glass beaker and crystallization was allowed to take place by slow evaporation
at room temperature. As a result of slow evaporation of solvent, the excess of solute which
got deposited in the beaker resulted in the formation of crystals. After some period, colorless
and transparent single crystals have been harvested. The grown crystals were characterized
using various techniques such as Single crystal X-ray diffraction, Molecular geometry,
UV-Vis-NIR spectrum, FT-IR, FT-Raman, thermal analysis, Theoretical DFT studies and
NLO studies. A brief outline on various important techniques of crystal growth has been

presented below
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CHAPTER -2

A NEW CLASS SINGLE CRYSTAL L-LYSINE HYDROGEN CHLORIDE (LLHC)
FOR OPTOELECTRONIC APPLICATIONS

2.1 Introduction

These days, the applications in optoelectronics and photonics depend on nonlinear
optical materials highly fundamental to substantially more than different materials [1]. The
natural materials are deftly planned of sub-atomic dynamic that NLO crystals and stood out
in light of the minimal expense required for applications utilizing reasonable contributor
(donor) and acceptor. The gigantic optical nonlinearity is grown almost too unique properties
of organic crystals, which is being used in low profile off frequencies in the UV locale. Along
these lines, organic NLO crystals are needed for use in the use of optical gadgets. The feeble
van der Waals are frequently planned as organic material. Hydrogen bonds subsequently have
a severe level of delocalization. However, these organic crystals have specific limitations,
such as poor mechanical and thermal stability. To overcome these problems, researching a
combination of organic and inorganic hybrid compounds leads to finding a new class of
materials for electronic industries, called semi-organic materials. The organic ligand is
ionically bonded with an inorganic host; thus, the new semi-organic crystals have higher
mechanical strength and chemical stability [2]. The amino acids are assuming a crucial part
of nonlinear optical crystal development for a few specialists. The characteristic amino acids
are separately showing nonlinear optical properties. They are a donor NH>, acceptor COOH;
likewise, intermolecular charge move is conceivable [3]. Particularly regular amino acids are
aspartic, glutamic, just as arginine, lysine, l-alanine [4]. The y-glycine [5] was clearly
showing NLO movement. It has resulted in the light of first in COOH group and NH2 group
an extra is developing of that materials. The dopant with amino acids materials [6-8] is

improved by the material properties of nonlinear optical, ferroelectric properties also
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applications. The semi-organic mixtures are organized with L-histidine tetrafluoroborate,
L-arginine diphosphate single crystals. They are described for [9-10] with decently high
mechanical and chemical solidness.

The capacity to utilize potential semi-organic materials has been developed the single
crystals and the nonlinear optical properties of L-Lysine hydrogen chloride
(LLHC - CeH15CIN202) with atomic weight of 182.65 and Parent Compound CID 5962 with
creating strategy for slow evaporation solution growth method at environmental conditions.
The crystallizes of LLHC in a monoclinic crystal structure in the space group of P212:2;. The
new crystals are affirmed that investigations of XRD and FT-IR analyzer are investigated in
optical, thermal, and mechanical properties. The LLHC single-crystal outcomes are discussed
and introduced in a component in the ensuing parts.

2.2 Experimental Techniques

2.2.1 Solubility test

The slow evaporation technique performs a fundamental function is observed relatively
soluble with choice of a solvent, i.e., water, ethanol, methanol, and combined solvent. The
deionized water with magnitude relation 1:1 is mixed solvents of ethanol usage of deionized
water when obtaining that of solubility test and LLHC to be used for solubility find out
about with growth to repeated recrystallization processes. The temperatures 30°C, 35°C,
45°C, and 55°C analysis of solubility scan is consistent temperature tub with accuracy
+0.01K as evidenced in Fig.2.1. The slow evaporation approach with the growth of the
samples is administered with the utilization of deionized water and homogenized solvents

with the assist of the solubility curve.
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Fig. 2.1 Analysis of LLHC with solubility curve.

2.3 LLHCsingle crystals Growing process

The dissolved in an exceedingly 100ml of deionized water at 35°C have been
recrystallized in LLHC. Then, the gaining to saturation from the choice’s solution determined
that micro filter paper utilizes a thickness of 10um. The options of the resolution had been
optimally closed with the employment of a perforated skinny polyethylene sheet. They
positioned the solution in an exceedingly steady temperature bath within the seed growth
method. The options solutions temperature bath has been gradually reduced considering at
35°C frequency 0.1K to 0.3K/day. Then, they have reached the room temperature at 31.6°C
to accumulated for the appropriate seed crystals. The saturation solution equipped at 32°C
has been targeted with seed crystal reserved in constant temperature, each of the solutions
optimally connected precise evaporation. The solutions colorless single crystal with the

magnitudes of 16 x 10 x 4 mm® have been gathered consequently 34 days combined to
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solvents of deionized water and ethanol of LLHC single crystals as proven in Fig. 2a and
Fig. 2b. LLHC single crystals are received from combined solvent use decrease transparency
related with the crystals growing the utilization of deionized water as a solvent for studies the
chemical form of the crystals was agreed as shown in Fig. 2.2.
NH,
H.HCI.2H,0

Fig.2. 2 shows an experimental growing process (a) deionized water solvent, (b)

Grown in LLHC Single crystal.

2.4 Result and Discussion
2.4.1 LLHC Characterization studies on X-ray powder diffraction evaluation

We are measured by using instruments of ENRAF NONIUS CAD4 X-ray
diffractometer and analyzed the LLHC Single-crystal XRD facts to the cell’s parameter
values are a = 4.7531A, b = 12.2467A, ¢ = 6.6134A, then o = 90.12°, B = 96.54°,
vy = 91.12°, and V = 614.376A3. The single crystal as LLHC powdered samples have
been exposed with powder X-ray diffraction investigate in Rich Seifert X-ray

diffractometer using CuKo radiation of wavelength 1.6329A with a scan speed of
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0.3°/sec. X-ray diffraction spectrum with top values has been analyzed by way of the usage
in the Proszki software program package [11].

The single-crystal XRD statistics are won utilizing the powder XRD evaluation per
the samples and powder X-ray diffraction sample of LLHC as shown in Fig.2.3.
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Fig.2. 3 shows in sample powder XRD pattern analysis of LLHC.

2.4.2 LLHC analysis of FTIR - FT-Raman spectra

Fig.2.4 as the FTIR contemplates are perceived through the functional group's helpful
assemblies utilizing BRUKER 66V FT-IR spectrometer with a 4000-400 cm™. FT-RAMAN
examines used to be adjusted that new crystals for vibrational frequencies as demonstrated in
Fig. 2.5. They have concerned via units of Bruker FRA 106 FT RAMAN Spectrometer with
varying of 50-3500 cm™. The samples as NHs essentially dependent on the torsional mode
band are found that wavenumbers from 563cm™and 621 cm™ as Raman and FT-IR range,
individually. A substance torsion shaped in a band has been found that wave number of

563 cm? and related in torsion with C-C shape [12]. The pattern band vibrations of the
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stressing with the guide of CO, mode are probably allocated at wave numbers 872 cm™ and
865 cm™ with a Raman - IR range, individually. The wave numbers are 931 cm™ with an IR
of a band, and 919 cm™ in the Raman range is a wagging vibration of CO> - structure. The IR
spectrum range with peak value is 811 cm™, and the Raman range wave range is 751 cm?,
which is situated in the torsion of the C-O-H state of the composite. The Raman spectrum
range of the intense band is 1114 cm™, and the IR spectrum range is 1001cm™. It identifies
with stretching of C-C-N structure, which depends absolutely on the task of the equal state of
one of the amino acids of L-Lysine [13]. The composite of C-C stretching vibrations was
once perceived at groups with wave numbers of 1214 and 1248 cm™. The C-N-stretching
vibrations have been stressed with a carbon shape. The nitrogen of the amino group has
seemed that bands of wave number of 1806 cm™, which is discovered the band with wave
amount of 1879 cm™ with IR spectrum range, it is C-C-N asymmetric stretching vibration as
exhorted by Diem et al. [14]. The wave number top qualities are 1800 cm™ with an IR
spectrum range has situated for the shaking of NH3 shape, a similar wave assortment by [14].
The band of C-H group esteems discovered in LLHC with wave numbers of 1909, 2011, and
1291 cm™ in the IR range, and bend with vibrations of the CH3 team is LLHC crystal with
wave number 1417 cm-t. However, this height is absent in the IR spectrum. The disclosure
with CO2z on the LLHC gem wave number is 2214 cm™ [14]. The vibration worth of NHs
with LLHC crystal [15] is resolved in wave numbers 1446 cm™ and 1452 cm™ in the IR and
Raman spectra, separately. The Raman and IR spectra in stretching vibrations of NH3 are
excessive wave number areas of C-H structures, which is found at wave numbers of
2875 cm™ and 2939 cm™. The functional group assessment of FT-IR and FT-RAMAN with a

composite LLHC crystal has been distinguished.
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Fig. 2.5 shows in LLHC crystal analysis of FT-Raman spectrum.
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2.4.3 LLHC crystal analysis of NMR process

The single crystals have been estimated that NMR spectra, which are utilized devices
of JOEL GSX 400 NB FT NMR Spectrometer, 500 MHz, 'H NMR range esteems are
affirmed in Fig.2.6. An intense signal created 4.72ppm from the NH2 and NHs" groups, and a
4.51ppm signal demonstrated in the methylene carbon outfitted to a carboxyl group, which is
offered from a CH> signal of 4.10ppm. 3.38 ppm signal is affirmed in carbon conveying the
terminal NH2 group. The terminal carbon is at a 3.29ppm sign, and 2.24ppm is provided for
the methylene carbon. Since it is not, at this point demonstrated the carboxyl proton signal
from the range spectrum. It is stressed that the trait with signal to appears to be around
2.19 ppm. The new crystals are developed from the carbon intuitive of the NMR valuable is
demonstrated the use of *C NMR as shown in Fig. 2.7. The carboxylic carbon signal is
158.6ppm, consistent that substances and six signals are found with particular six kinds of

carbons essentially affirm, which is virtue materials.
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Fig. 2.6 shows LLHC crystal analysis of 1 H NMR spectra.
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Fig. 2.7 shows LLHC crystal analysis of *C NMR spectra.

2.4.4 LLHC crystal analysis of Thermal process

The new substances have been dissected of thermogravimetric (TG), Differential
thermal (DT), which is estimated using the tools of NETSZCH STA 409C. LLHC crystal is
estimated through thermogravimetric spectra in the middle differ of 40°C and 800°C. It is a
heating charge of 12K/min with nitrogen air. 17.3% reduction 100°C because of water loss of
a weight reduction thermogram and its differential shape (DTG) as demonstrated in Fig. 2.8.
Weight reduction ascribed the failure of sharp grid water of the samples to the decomposition
of models is a significant weight loss of about 51.13% in between 360°C and 250°C. They
are one more weight loss the deterioration the somewhere in the range of 430°C and 540°C,
and the significant weight reduction have corresponded to about 18.3%. The samples
dependent on this examination are through the significant deterioration happens at 270°C, its
misuse for application ought to be done underneath 60°C, the loses that lattice water over this
temperature. The two water particles of LLHC crystal comprise through the deficiency of

cross-section water, which is a genuine relationship with the crystal structure. Likewise, the
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completed heating rate of 12K/minute in the N2 air assessment of the differential thermogram
fluctuates is 40°C and 800°C. Fig. 2.8 is ensuing of DTA suggestion an endotherm under
60°C that compares to the deficiency of cross-section water in the DTG curve. The
arrangement of endothermic changes of LLHC crystals corresponds intimately with the
deterioration exploratory in the DTG curve. It is reasoned that describes with a crystal decays

even aside from dissolving.
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Fig. 2.8 shows LLHC crystal analysis of 3C TG-DTAspectra.

2.4.5LLHC crystal analysis of Vicker’s microhardness

The organic crystals evaluation of Vicker's microhardness is required acceptable quality for
gadget manufacture. The second harmonic generation analysis of a single crystal is constantly
contrasted with bring down the inadequate areas from the more impressive areas. The optical
exhibition of good quality crystals is required in mechanical conduct as [16-17]. The micro
hardness is studies of crystals foster using in Vicker's micro hardness utilizing an optical
microscope, i.e., an analyzer of Leitz Wetzler's hardness. The micro hardness studies are

analyzed of the samples with various loads of 5, 10, 15, and 25g. The LLHC crystal is chosen
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surface, which is cleaned utilizing a velvet cloth to get a smooth surface using the above
loads of the hardness discovered. The LLHC crystal with Vicker's micro hardness has been
estimated utilizing the H,=1.8627 P/d? (kg/mm?®) connection between solidity and load, as
demonstrated in Fig. 2.9. The pack is expanded that LLHC crystal increments' hardness
gradually diminishes with further raising of the shipment. The crystal breaks are shaped at
50g then it is relatively more complicated when contrasted with other organic crystals

[18-19].
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Fig. 2.9 shows LLHC crystal analysis of hardness vs. load.

2.4.6 LLHC crystal analysis of transmission spectra

This crystal is grown from deionized water, a blended dissolvable after recorded
utilizing the UV—Visible spectrometer in the frequency range 200-800nm as demonstrated in
Fig. 2.10 (i) and 10(ii). The LLHC crystal was once developed from deionized water and

blended dissolvable from the cut-off frequencies range of 210nm and 240nm. The high
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conveyance of 99% contrasted with blended dissolvable, it appears to be likewise developed
crystal from deionized water, and frequency range is 210 nm to 800 nm. In these

investigations, the new materials are precious for NLO applications.
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Fig. 2.10 (i) and (ii) shows transmittance spectra of LLHC crystal.
2.4.7 LLHC crystal analysis of NLO assessment:

The powder technique is estimated in an SHG analysis investigation of the LLHC
powder tests. From the X-rayed about 1064nm through the Nd: YAG laser. It is seen that the
green light frequency of 532nm. The information energy of 5.4mJ/pulse is achieved in a
second harmonic signal of about 60.6mV
2.5 Conclusion

The LLHC crystals have been effectively filled in the environment utilizing the slow
evaporation solution arrangement in the growth method. The deionized water and blended
dissolvable ethanol at that point water have resolved the solubility of LLHC. The vibrational
frequencies of LLHC are concentrated in FTIR and FT-RAMAN measures. It is located that

it be NLO material having a short cut-off wavelength inside the UV locale.
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CHAPTER -3

GROWTH AND INVESTIGATION ON NOVEL SINGLE CRYSTAL OF
B-CYCLODEXTRIN 2, 4-DINITROPHENYLHYDRAZINE FOR OPTICAL
SENSORS APPLICATIONS

3.1 Introduction

Second order non-linear optical materials find different role of applications
like optical communication, sensing, signal process- ing, data storages, optical logic
gates, laser radiation protection and THz-wave generation [1-5]. In recent years the
broad investi- gation is performed for the growth of nonlinear optical materials because it
has wide applications in photonic and optoelectronic fields. Most of the organic materials
have large nonlinear optical coefficient but poor mechanical and thermal properties. The
growth of large size single crystal is very difficult for the device fabrication. Inorganic
materials have excellent mechanical and thermal properties but less optical nonlinearity
due to the lack of p-electron delocalization [6-10]. In the view of these problems
interest has been made to grow the semi organic crystals because it has less
delinquency, high damage threshold, exceptional mechanical and nonlinear optical
property, low angular sensitivity, wide optical transparency range which make them
comfortable for device fabrications [11-19]. Therefore, it is essential to grow novel semi

organic crystals having consistent phantasy of both organic and inorganic materials.

In the present work the title compound was successfully synthesized by
combining b-Cyclodextrin and 2, 4- dinitrophenyl hydrazine in equimolar ratio. The
single crystals have been grown by solution growth slow evaporation technique using
water as the solvent. A transparent good quality crystal was obtained within 4 weeks as

shown in Fig. 3.1. The photograph was taken by using high megapixel camera. To have a
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full understand- ing about the structure and its properties for the grown crystals Powder
XRD, FTIR, Nonlinear Optical Property (Second Harmonic Generation) measurements

were also beencarried out.

Fig. 3.1. Photograph of crystal formed by inclusion complex of DNPH:b-CD.
3.2 Results andDiscussion
3.2.1 Single crystal x-raydiffraction
The good quality DNPH: b-CD grown crystal was subjected to single crystal X-ray
diffraction analysis to collect the data using BRUKERKAPPAAPEXIICCD. The grown
crystals have their triclinic non-centro symmetric space group P2. The cell parameters
were measured to be a = 14.03 A, b=13.39 A, C=14.49 A, a=103%b = 113°, ¢ = 98° and

V = 3651 A3
3.2.2 Powder X-Ray diffraction Analysis

Powder X-Ray diffraction study was used for the identification of crystallinity of
the grown crystal. The Ka radiations from a cop- per target were used. The sample was
scanned in the range between 10 and 100°C. Fig.3.2(a), (b) and (c) represents the

indexed powder diffractogram for the grown crystal of DNPH, b-CD and DNPH:b-CD.
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The sharp intensity peaks found in spectra shows good crystalline nature and purity of

the grown crystal.

3.3 Results and Discussion
3.3.1 Single crystal x-ray diffraction

The good quality DNPH: b-CD grown crystal was subjected to single crystal
X-ray diffraction analysis to collect the data using BRUKER KAPPAAP EXIICCD. The
grown crystals have their triclinic non-centro symmetric space group P2. The cell
parameters were the infrared (FTIR) spectra of wave number from 4000 to 400 cm—!
of DNPH, b-CD and the solid inclusion complex of DNPH with b-CD are registered by
FTIR spectrometer and the complete band assignments can be found in Fig. 3.3. We can
see that there are apparent differences between the FTIR spectra of b-CD (Fig. 3a),
DNPH (Fig.3b) and DNPH: b-CD (Fig.3c) solid crystal which infers the formation of
DNPH:b-CDcomplex.

The infrared (FTIR) spectra of wave number from 4000 to 400 cm—! of DNPH, b-
CD and the crystal of DNPH with b-CD are registered by FTIR spectrometer and the
complete band assignments can be found in Fig.3.3. We can see that there are apparent
differences between the FTIR spectra of b-CD (Fig.3.3a), DNPH (Fig. 3.3b) and DNPH:
b-CD (Fig.3.3c) solid crystal. The IR spectrum of DNPH (Fig. 3b) exhibits a strong peak
at 3092 cm—! for stretch- ing vibration of C—H from aromatic ring. IR peak at 1135cm™
is noted for the bending vibration of C—H from aromatic ring.1637 and 1496 were noted
for stretching vibration of C@C in benzene ring. However, in the IR spectrum of
DNPH:b-CD crystal (Fig. 3c), absorption band due to the stretching (at 2926 cm™1)

and bending (at 1411 cm—?) vibrations are shifted.
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Fig. 3.3(a) FTIR Spectrum of (a) b-CD, (b) DNPH, (c) as grown crystal of DNPH:b-CD.

The stretching vibration of C@C (at 1643 and 1411 cm—!) also shifted. In the IR
spectrum of DNPH the intensity of N—H stretching is very high (3326 cm—1) and there is
slightly increased in the IRspectrum of DNPH: b-CD complex (3302 cm—1). IR peak at
1219 cm—1is noted for the symmetric strectching vibration of N-O in DNPH and there

is increased in IR spectrum of DNPH: b -CD complex (1151cm—1).
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Scanning electron Microscope studies
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Fig. 3.3(c)(continued)

The Scanning electron microscopy (SEM) image of the grown crystal was
recorded using FEI Quanta FEG 200 - High resolution Scanning Electron Microscope to
study the surface mor-phology of DNPH: b-CD crystal. A two dimensional image was
generated over a selected area of the sample. Since DNPH: b- CD is a single crystal,

which is poor conducing in nature so the sample was subjected to gold/carbon



coating. THE SEM figures are recorded in different magnification. From the Fig. 3.4,
it is clear that the surface of the grown crystal appears very smooth though it has
pots and microcrystal on the surface. The grain boundaries are clearly seen which
shows the perfect growth of the crystal.

Energy dispersive X-ray analysis (EDAX) is a micro-analytical technique, used to
obtain information about the chemical composition of the grown crystal. In this work, the
grown crystal was subjected to EDAX analysis using the instrument FEI QUANTA 200F
energy dispersive X-ray micro analyzer. The EDAX spectrum of the crystal is shown in
Fig. 3.5. The weight percentage (wt %) of C,N and O as obtained from EDAX analysis
isin concurrent with the theoretical values.

3.4 Nonlinear optical studies

The second harmonic generation efficiency measurement was carried out to the grown
crystal using the Kurtz—Perry powder technique. The crystal was well grinded into a
homogenous powder and densely packed between two transparent glass plates. The
powder sample with average particle size100-115 Bwasilluminatedusing Q-switched
Nd: YAG laser emitting a fundamental wavelength of 1064 nm with the pulse width of
8 ns. The value of SHG for the grown crystal is found to be 42.32 mV as in comparison
with that of pure KDP crystal’s value of 26.4 mV which asserts that the grown crystal has
the efficiency of 0.62 times greater than that of KDP assuring itself to be a potential

candidate for photonic applications.
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Fig. 4. SEM images of grown crystal of DNPH: b-CD.
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method at ambient temperature. The characterization of Powder X — Ray diffraction
peaks was confirmed the new crystalline system. Fourier transform infrared
spectroscopic analysis(FTIR)was used to the identification of various functional groups
present in the grown crystal. The range of optical transmittance exhibited by the grown
CD-DNPH crystal was investigated by UV-Visible.

300pmM Electron Image 1

T
0 0.5 1 1.5 2 25 3 3.5 4 45 5
Full Scale 6§81 cts Cursor: 0.000 ke

Fig. 3.5. EDAX spectrum of inclusion complex crystal of DNPH:b-CD.

3.5 Conclusion

Nonlinear optical (NLO) 2, 4-Dinitrophenylhydrazine (DNPH) single crystal was
grown by slow evaporation solution growth. NIR spectral analysis. The lower cut off
wavelength of the grown crystal is observed at 270 nm. The SEM figures are recorded in

dif-ferent magnification. It is clear that the surface of the grown crystal appears very



smooth although it has pots and microcrystal on the surface. The grain boundaries are
clearly seen which shows the perfect growth of the crystal. The weight percentage (wt %)
of C, N and O as obtained from EDAX analysis is in concurrent with the theoretical
values. The SHG efficiency of the grown crystal was determined. The grown crystal has
the SHG efficiency was 0.62 times greater than that of KDP assuring itself to be a
potential candidate for photonic applications.
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CHAPTERS - IV
GROWING, CHARACTERISTICS ON L-LYSINE HYDROGEN CHLORIDE
(LLHC) SINGLE CRYSTAL FOR OPTOELECTRONIC APPLICATIONS

4.1 Introduction

These days, the applications in optoelectronics and photonics depend on nonlinear
optical materials highly fundamental to substantially more than different materials [1]. The
natural materials are deftly planned of sub-atomic dynamic that NLO crystals and stood out
in light of the minimal expense required for applications utilizing reasonable contributor
(donor) and acceptor. The gigantic optical nonlinearity is grown almost too unique properties
of organic crystals, which is being used in low profile off frequencies in the UV locale. Along
these lines, organic NLO crystals are needed for use in the use of optical gadgets. The feeble
van der Waals are frequently planned as organic material. Hydrogen bonds subsequently have
a severe level of delocalization. However, these organic crystals have specific limitations,
such as poor mechanical and thermal stability. To overcome these problems, researching a
combination of organic and inorganic hybrid compounds leads to finding a new class of
materials for electronic industries, called semi-organic materials. The organic ligand is
ionically bonded with an inorganic host; thus, the new semi-organic crystals have higher
mechanical strength and chemical stability [2]. The amino acids are assuming a crucial part
of nonlinear optical crystal development for a few specialists. The characteristic amino acids
are separately showing nonlinear optical properties. They are a donor NH», acceptor COOH;
likewise, intermolecular charge move is conceivable [3]. Particularly regular amino acids are
aspartic, glutamic, just as arginine, lysine, l-alanine [4]. The y-glycine [5] was clearly
showing NLO movement. It has resulted in the light of first in COOH group and NH2 group
an extra is developing of that materials. The dopant with amino acids materials [6-8] is
improved by the material properties of nonlinear optical, ferroelectric properties also
applications. The semi-organic mixtures are organized with L-histidine tetrafluoroborate,
L-arginine diphosphate single crystals. They are described for [9-10] with decently high
mechanical and chemical solidness.

The capacity to utilize potential semi-organic materials has been developed the single
crystals and the nonlinear optical properties of L-Lysine hydrogen chloride (LLHC -
CeH15CIN202) with atomic weight of 182.65 and Parent Compound CID 5962 with creating
strategy for slow evaporation solution growth method at environmental conditions. The

crystallizes of LLHC in a monoclinic crystal structure in the space group of P21212:. The new
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crystals are affirmed that investigations of XRD and FT-IR analyzer are investigated in
optical, thermal, and mechanical properties. The LLHC single-crystal outcomes are discussed

and introduced in a component in the ensuing parts.

4. 2. Experimental Techniques
4.2.1 Solubility test

The slow evaporation technique performs a fundamental function is observed
relatively soluble with choice of a solvent, i.e., water, ethanol, methanol, and combined
solvent. The deionized water with magnitude relation 1:1 is mixed solvents of ethanol usage
of deionized water when obtaining that of solubility test and LLHC to be used for
solubility find out about with growth to repeated recrystallization processes. The
temperatures 30°C, 35°C, 45°C, and 55°C analysis of solubility scan is consistent
temperature tub with accuracy +0.01K as evidenced in Fig.4.1. The slow evaporation
approach with the growth of the samples is administered with the utilization of deionized

water and homogenized solvents with the assist of the solubility curve.
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Fig.4. 1 analysis of LLHC with solubility curve.
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4.2.2 LLHCsingle crystals Growing process

The dissolved in an exceedingly 100ml of deionized water at 35°C have been
recrystallized in LLHC. Then, the gaining to saturation from the choice’s solution determined
that micro filter paper utilizes a thickness of 10um. The options of the resolution had been
optimally closed with the employment of a perforated skinny polyethylene sheet. They
positioned the solution in an exceedingly steady temperature bath within the seed growth
method. The options solutions temperature bath has been gradually reduced considering at
35°C frequency 0.1K to 0.3K/day. Then, they have reached the room temperature at 31.6°C
to accumulated for the appropriate seed crystals. The saturation solution equipped at 32°C
has been targeted with seed crystal reserved in constant temperature, each of the solutions
optimally connected precise evaporation. The solutions colorless single crystal with the
magnitudes of 16 x 10 x 4 mm® have been gathered consequently 34 days combined to
solvents of deionized water and ethanol of LLHC single crystals as proven in Fig. 2a and
Fig. 2b. LLHC single crystals are received from combined solvent use decrease transparency
related with the crystals growing the utilization of deionized water as a solvent for studies the
chemical form of the crystals was agreed as shown in Fig. 4.2.

NH,
H.HCI.2H,0

H,

.

Fig.4. 2 shows an experimental growing process (a) deionized water solvent, (b)
Grown in LLHC Single crystal.
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4.3. Result and Discussion
4. 3.1 LLHC Characterization studies on X-ray powder diffraction evaluation
We are measured by using instruments of ENRAF NONIUS CAD4 X-ray
diffractometer and analyzed the LLHC Single-crystal XRD facts to the cell’s parameter
values are a = 4.7531A, b = 12.2467A, ¢ = 6.6134A, then a = 90.12°, B = 96.54°,
y = 91.12°, and V = 614.376A3. The single crystal as LLHC powdered samples have
been exposed with powder X-ray diffraction investigate in Rich Seifert X-ray
diffractometer using CuKo. radiation of wavelength 1.6329A with a scan speed of
0.3°/sec. X-ray diffraction spectrum with top values has been analyzed by way of the usage
in the Proszki software program package [11]. The single-crystal
XRD statistics are won utilizing the powder XRD evaluation per the samples and powder
X-ray diffraction sample of LLHC as shown in Fig. 4.3.
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Fig.4.3 shows in sample powder XRD pattern analysis of LLHC.

4.3.2 LLHC analysis of FTIR - FT-Raman spectra

Fig. 4.4 as the FTIR contemplates are perceived through the functional group's helpful
assemblies utilizing BRUKER 66V FT-IR spectrometer with a 4000-400 cm™. FT-RAMAN
examines used to be adjusted that new crystals for vibrational frequencies as demonstrated in
Fig. 4.5. They have concerned via units of Bruker FRA 106 FT RAMAN Spectrometer with
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varying of 50-3500 cm™. The samples as NHs essentially dependent on the torsional mode
band are found that wave numbers from 563cmand 621 cm™ as Raman and FT-IR range,
individually. A substance torsion shaped in a band has been found that wave number of 563
cm? and related in torsion with C-C shape [12]. The pattern band vibrations of the stressing
with the guide of CO2 mode are probably allocated at wave numbers 872 cm™ and 865 cm®
with a Raman - IR range, individually. The wave numbers are 931 cm™ with an IR of a band,
and 919 cm? in the Raman range is a wagging vibration of CO; - structure. The IR spectrum
range with peak value is 811 cm™, and the Raman range wave range is 751 cm™, which is
situated in the torsion of the C-O-H state of the composite. The Raman spectrum range of the
intense band is 1114 cm, and the IR spectrum range is 1001cm™. It identifies with stretching
of C-C-N structure, which depends absolutely on the task of the equal state of one of the
amino acids of L-Lysine [13]. The composite of C-C stretching vibrations was once
perceived at groups with wave numbers of 1214 and 1248 cm™. The C-N-stretching
vibrations have been stressed with a carbon shape. The nitrogen of the amino group has
seemed that bands of wave number of 1806 cm™, which is discovered the band with wave
amount of 1879 cm™ with IR spectrum range, it is C-C-N asymmetric stretching vibration as
exhorted by Diem et al. [14]. The wave number top qualities are 1800 cm™ with an IR
spectrum range has situated for the shaking of NH3 shape, a similar wave assortment by [14].
The band of C-H group esteems discovered in LLHC with wave numbers of 1909, 2011, and
1291 cm™ in the IR range, and bend with vibrations of the CHs team is LLHC crystal with
wave number 1417 cm-t. However, this height is absent in the IR spectrum. The disclosure
with CO2z on the LLHC gem wave number is 2214 cm™ [14]. The vibration worth of NHs
with LLHC crystal [15] is resolved in wave numbers 1446 cm™ and 1452 cm™ in the IR and
Raman spectra, separately. The Raman and IR spectra in stretching vibrations of NH3 are
excessive wave number areas of C-H structures, which is found at wave numbers of
2875 cm™ and 2939 cm. The functional group assessment of FT-IR and FT-RAMAN with

a composite LLHC crystal has been distinguished.
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Fig.4. 5 shows in LLHC crystal analysis of FT-Raman spectrum.
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4.3.3 LLHC crystal analysis of NMR process

The single crystals have been estimated that NMR spectra, which are utilized devices
of JOEL GSX 400 NB FT NMR Spectrometer, 500 MHz, 'H NMR range esteems are
affirmed in Fig. 6. An intense signal created 4.72ppm from the NH2 and NHs" groups, and a
4.51ppm signal demonstrated in the methylene carbon outfitted to a carboxyl group, which is
offered from a CH: signal of 4.10ppm. 3.38 ppm signal is affirmed in carbon conveying the
terminal NH2 group. The terminal carbon is at a 3.29 ppm sign, and 2.24 ppm is provided for
the methylene carbon. Since it is not, at this point demonstrated the carboxyl proton signal
from the range spectrum. It is stressed that the trait with signal to appears to be around
2.19 ppm. The new crystals are developed from the carbon intuitive of the NMR valuable is
demonstrated the use of *C NMR as shown in Fig. 4.7. The carboxylic carbon signal is
158.6ppm, consistent that substances and six signals are found with particular six kinds of

carbons essentially affirm, which is virtue materials.

4.72
451 3.38
3.29
410 2.19
I 2.42| |
5.00 4.00 3.00 2.00
(6) ppm

Fig.4.6 shows LLHC crystal analysis of * H NMR spectra.
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Fig.4. 7 shows LLHC crystal analysis of 3C NMR spectra.
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4.3.4 LLHC crystal analysis of Thermal process:

The new substances have been dissected of thermogravimetric (TG), Differential
thermal (DT), which is estimated using the tools of NETSZCH STA 409C. LLHC crystal is
estimated through thermogravimetric spectra in the middle differ of 40°C and 800°C. It is a
heating charge of 12K/min with nitrogen air. 17.3% reduction 100°C because of water loss of
a weight reduction thermogram and its differential shape (DTG) as demonstrated in Fig. 8.
Weight reduction ascribed the failure of sharp grid water of the samples to the decomposition
of models is a significant weight loss of about 51.13% in between 360°C and 250°C. They
are one more weight loss the deterioration the somewhere in the range of 430°C and 540°C,
and the significant weight reduction have corresponded to about 18.3%. The samples
dependent on this examination are through the significant deterioration happens at 270°C, its
misuse for application ought to be done underneath 60°C, the loses that lattice water over this
temperature. The two water particles of LLHC crystal comprise through the deficiency of
cross-section water, which is a genuine relationship with the crystal structure. Likewise, the
completed heating rate of 12K/minute in the N air assessment of the differential thermogram
fluctuates is 40°C and 800°C. Fig.4.8 is ensuing of DTA suggestion an endotherm under
60°C that compares to the deficiency of cross-section water in the DTG curve. The

arrangement of endothermic changes of LLHC crystals corresponds intimately with the
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deterioration exploratory in the DTG curve. It is reasoned that describes with a crystal decays

even aside from dissolving.

0.5k 10 {100
o\ A j
L) DTG
12 {30
05F
g
i DSC E
=I] 1 —~
£ 4 -~ 60 °
= X S
E, 151 < 5
@]
c | Lo~ {40 &
o (=}
25 F
/ ] 20
- TG
B35 E 4 L | L L ] )
100 200 300 400 500 600 700 800

Temperature (°C)

Fig. 4.8 shows LLHC crystal analysis of 3C TG-DTAspectra.

4.3.5 LLHC crystal analysis of Vicker’s micro hardness

The organic crystals evaluation of Vicker's micro hardness is required acceptable
quality for gadget manufacture. The second harmonic generation analysis of a single crystal
is constantly contrasted with bring down the inadequate areas from the more impressive
areas. The optical exhibition of good quality crystals is required in mechanical conduct as
[16-17]. The micro hardness is studies of crystals foster using in Vicker's micro hardness
utilizing an optical microscope, i.e., an analyzer of Leitz Wetzler's hardness. The micro
hardness studies are analyzed of the samples with various loads of 5, 10, 15, and 25g. The
LLHC crystal is chosen surface, which is cleaned utilizing a velvet cloth to get a smooth
surface using the above loads of the hardness discovered. The LLHC crystal with Vicker's
micro hardness has been estimated utilizing the H,=1.8627 P/d?> (kg/mm?®) connection
between solidity and load, as demonstrated in Fig. 4.9. The pack is expanded that LLHC
crystal increments' hardness gradually diminishes with further raising of the shipment. The
crystal breaks are shaped at 50g then it is relatively more complicated when contrasted with

other organic crystals [18-19].
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Fig. 4.9 shows LLHC crystal analysis of hardness vs. load.

4.3.6 LLHC crystal analysis of transmission spectra

This crystal is grown from deionized water, a blended dissolvable after recorded
utilizing the UV—Visible spectrometer in the frequency range 200-800nm as demonstrated in
Fig. 10 (i) and 10(ii). The LLHC crystal was once developed from deionized water and
blended dissolvable from the cut-off frequencies range of 210nm and 240nm. The high
conveyance of 99% contrasted with blended dissolvable, it appears to be likewise developed
crystal from deionized water, and frequency range is 210 nm to 800 nm. In these

investigations, the new materials are precious for NLO applications.
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Fig.4. 10 (i) and (ii) shows transmittance spectra of LLHC crystal.

4.3.7 LLHC crystal analysis of NLO assessment
The powder technique is estimated in an SHG analysis investigation of the LLHC
powder tests. From the X-rayed about 1064nm through the Nd: YAG laser. It is seen that the

green light frequency of 532nm. The information energy of 5.4mJ/pulse is achieved in a

second harmonic signal of about 60.6mV

4.4 Conclusion

The LLHC crystals have been effectively filled in the environment utilizing the slow
evaporation solution arrangement in the growth method. The deionized water and blended
dissolvable ethanol at that point water have resolved the solubility of LLHC. The vibrational
frequencies of LLHC are concentrated in FTIR and FT-RAMAN measures. It is located that

it be NLO material having a short cut-off wavelength inside the UV locale.
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CHAPTER -5

GROWTH AND CHARACTERIZATION OF L-LYSINE DOPING WITH EFFECT
OF HYDROCHLORIDE CITRIC ACID - GLYCINE BARIUM CHLORIDE
(LHCAGBC) ON THE GROWN SINGLE CRYSTALS FOR OPTICAL SENSOR
APPLICATIONS

5.1 Introduction

Nowadays, modern life has improved the society and commercial, industrial day by day
developing for scientific researchers have done in consume approximately 60% of the
world’s optical sensors device. It is almost impossible to offer a universal characterization of
crystalline resources for energy transfer because the feeling of a single crystal is affected by
changing favourites and specific characters of the civilization of humans living in different
fabrications of NLO zones. An insufficient study was showing on NLO satisfaction of energy
transfer before to date; The main goal of the current study is to attract a contrast between the
NLO parameters for evaluation of energy transfer of fabrication occupant of the effect
materials.

Optical data storage (ODA), optical switches (OS), optical frequency conversion (OFC)
and optical communication (OC) devices have extended for applications of optoelectronic by
use of novelty in NLO techniques as reviewed by [1 -6]. The organic large NLO coefficients
of optical materials were associated with inorganic material, then which have approached to
their deprived thermal, mechanical properties, the damage of threshold in low laser
performed as [7]. NLO material of novel kinds of the hybrid system to solving the problems
are were traveled since organic elements and developments inorganic by [8]. In a study for
change metal dopant Co?* have supplementary to the molar (%) for soaked LMHCI
explanation for progress NLO possessions of LMHCI crystals reported by [9]. Neelam Rani

et al., [10] were developed in L-Lysine mono hydrochloride monohydrate single crystal. The
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systematic of the studies were grown the crystal and characterized with improve the strength
of the sample to checked and its appropriateness for device manufactures. Saminathan et al.,
[11] was developed in single crystals of L-Lysine Mono hydrochloride Dihydrate (LMHCI)
by used method of slow evaporation. It was studied of the single crystal like XRD, FTIR,
optical, thermal properties, UV—Vis and optical absorption visible is found to be at 250 nm.
Martin et al., [12] studied in fixed LLOA samples. Optical Constants are estimated from UV
analysis, point competition clever, its exhibition of nature defocused behavior. We are used in
the Z-scan technique through the third-order nonlinear optical susceptibility was tested in
order of 10%esu. The visual preventive act for a crystal is 532 nm and are verified by means
of continuities wave laser rays.

This article intelligence a systematics (synthesis, growth, characterization) are an
organic sample, L-Lysine doped Malic acid (C4HsOs) /Oxalic acid (C2H204)/ lithium sulphate
(Li2SO4) (LMOL), which is developed through the conventional slow evaporation solution
growth method. The development of the crystal has been considered consuming in the crystal
of XRD, Powder XRD, FTIR investigation, UV-vis. Spectroscopy, Thermo gravimetric
Analysis (TGA), Differential Thermal Analysis (DTA) and Z-scan process. The entitle also
highpoints the nonlinear optical properties of the growth solid which can be used in a
nonlinear optical application.

5.2 Materials and Experimental Methodology

The L-lysine single crystals are developed by dissolving AR score to the quantity of
L-Lysine Mono hydrochloride Dihydrate in 100ml purified water as tracked of
134.087 g-mol™" to 3mol% of Malic acid (CsHsOs) / 126.07 g-mol™" to 2mol% of Oxalic acid
(C2H204)/ 109.94 g-mol™! 4mol% of lithium sulphate (Li2SO4) is supplementary the above
translucent solution lower magnetic stirring - pH=2. The soaking solution is sieved through

the permitted to dissolve at ambient temperature. Subsequently, seed crystals are increasing
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historical to the colors of the solution that have been transformed the solution. The moral
excellence of crystals was garnered to a duration of around 42days. The slow evaporation
method form of the crystal is determined sizes of 10x12x6mm? and advanced for the novelty

crystal is exposed in Fig. 5.1. The enhanced growing state of pure and doped L-Lysine single

crystal as follows in Table 5.1.

Fig. 5.1 shows effect of pure L-lysine (A) and doped L-Lysine (B - LMOL) grown of

single crystals.

Table 5.1. The enhanced growing state of pure and doped L-Lysine single crystal.

S.No | Order of way | Pure L-Lysine Doped L-Lysine

1 Technique Slow evaporation | Slow evaporation
solution solution

2 Solvent mixer | Pure water Pure water

3 Molar relation | L-lysine + Malic | L-lysine+ Malic acid +
acid Oxalic acid + lithium

sulphate

4 Temperature Room Temperature | Room Temperature

5 During growth | 30 days 42 days

6 Measurement | 11x15x5mm?® 10x12x6mm?®

of the crystal

7 Stability Energy transfer | Energy transfer  Strong
Week NLO | NLO properties
properties
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5.2.1 Characterization of L-Lysine single crystal

The novel single-crystal to XRD analysis of L-Lysine single crystal have been
chronicled consuming Enraf Nonius CAD4F & CAD4AMV31l involuntary X-ray
diffractometer. Developed the crystal is imperiled to FTIR analysis through the sample
organized through the palletized method for KBr. FTIR spectra the L-Lysine single crystal is
chronicled in the province of 4000-400cm™ using in Bruker IFS 66W Spectrometer. The
novel investigation crystal to an arrangement of characterizing the metal elements is exposed
to ICP (Inductively-coupled plasma) investigation to approve an occurrence of L-Lysine in
established crystal by ICP-OES—Perkin Elmer Optima 5300DV. Optical properties of the
L-Lysine crystal are evaluated by consuming UV-visible to absorption spectra consuming the

Varian Cary 5E spectrophotometer in the range of 200-2000nm.

5.3 Results and Discussion

The L-Lysine (LMOL) crystal is absorbed into the light intensity measure the
spectrometer and implemented of single crystals by using in NLO applications. An
environments control through the LMOL samples has arranged the crystalline advantages of
good performance of the structure, compact, convenient to an investigation of results
following in crystal XRD, FTIR, UV-vis-NIR, TGA, DTA, and Z-scan process.
5.3.1 The analysis of X-ray diffraction

L-Lysine pure single crystal XRD exposed which the cell parameters are a = 4.88 A, b
= 12. 28A, ¢ = 8.57A, 0=90°, B=98.79°, y=90°, Volume =570A3. The arrangement of the
crystal structure is monoclinic through the space group P21. The considered lattice parameters
for the doped LMOL was found to be Solubility, g/100 mL a=4.78 A, b = 12. 23A,
¢ = 8.61A, and Volume = 583.45A% approved with reported value [13, 14]. Therefore,

Powder XRD outcomes approve to the combination of metal ions in the crystal lattice of
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L-Lysine then do not alteration the crystal system however there is an alteration in the lattice

parameters as follow in Fig. 5.2. As formerly, described [9,13] values were associated with

the novel crystal investigations are recorded in Table 5.2.
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Fig. 5.2 shows doped and undoped LMOL samples on Powder XRD patterns.
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Table 5.2. Cell parameters of pure and doped L-lysine single crystals.

Samples a(A) [b(A) c(A) | Volume (A3
Pure L-lysine 4.88 12. 28 8.67 | 570
Doped- L-lysine | 4.78 12. 23 8.61 |[583.45

5.3.2 Solubility test of doped LMOL single crystals

The solubility studies are developed in recrystallized for the process. The solubility of

doped LMOL materials in water was determined by dissolving the solute for the water is used

in a sealed container upheld at a constant temperature with incessant stirring. Then reaching

saturation, the equilibrium absorption of the solute was investigated gravimetrically. The

solubility of the manufactured by the doped LMOL crystal as an occupation of temperature

for five changed temperatures range of 30°C to 50°C in water is strong minded and designed
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as exposed in Fig. 5.3. It is strong minded that the doped LMOL material keeps an optimistic

gradient of solubility with a moral solubility.
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Fig. 5.3 The solubility curve of doped LMOL crystal.
5.3.3 FTIR analysis of LMOL single crystals
The doped LMOL crystals form of infrared spectral analysis is chemical bonding to
information productively to use of atomic structure the exposed compound materials. The
pure and doped LMOL have been pelletized consuming in KBr. A spectrum is verified by
means of the Thermo Scientific Nicolet iS50 FTIR Spectrometer in the series 4000 - 400 cm'*
wave number province. A powder analysis of FTIR spectrum pure and doped LMOL are
exposed in Fig. 5.4. The point of peaks about 3438 cm™ have qualified near NH irregular
extending while in doped LMOL sample, its method is originated of 3442cm™. A point with
wave number of a doped LMOL sample is owing towards a contribution for Lysine
collections trendy a hydrogen attachment establishment. A point of higher (peak) gained of
3093, 3064 then 2987 cm* for doped and undoped LMOL samples, individually are allocated
towards CH extending. A higher values (peak) are IR spectra about 2584, 2589 cm™ used for

doped then undoped LMOL sample qualified vibration is experimental as a sharp peak at

1574 cm. It is strong observed of 1484 cm™by L-lysine doped crystal and deformation for
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pure L-lysine however this peak is shifted to 1478 cm™. A doped then undoped LMOL
sample, a highest about 1333 and 1338 cm™ were owing toward C-N-H symmetric winding.
A highest about 1119 cm™, 899 then 670 cm? qualified towards CH2 shocking then the
higher about 1035 then 1040 cm™ aimed at C-C-N-C symmetric widening aimed at doped
then undoped LMOL individually.
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Fig. 5.4. The FTIR spectrum of pure and doped LMOL crystals.

5.3.4 LMOL Crystals analysis of Optical Transmission
A dish of doped and undoped LMOL crystals by the thinness about 1mm is censored.
It is refined deprived of slightly covering aimed at optical magnitudes. Optical spread ranges
are verified aimed at a grownup sample with a wavelength of 200 to 1200nm. We are used in
dual ray UV vis. spectrum in doped then undoped LMOL samples are exposed in Fig. 5.5. A
spread range have considered too that doped then undoped LMOL sample is higher
transmission trendy a whole vis. NIR section of the spectra property qualifies a crystal
resources aimed at a nonlinear optical property. The UV cut off wavelength for pure and
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doped LMOL is experimental at 238nm and 261nm with respectively. It is an increased

individual for the construction of optoelectronic devices by [15].
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Fig.5. 5 Optical transmission of pure and doped LMOL Crystals.
5.3.5 Assessment of optical Energy:

The samples are studied in the absorption coefficient, transmittance value as
following relation of Tauc’s plot as shown in Fig. 5.6. L-Lysine samples are used in doped
and undoped LMOL with acts from the optical bandgap that were valued at about 5.78eV and
6.10eV. Doped L-Lysine materials have been confirmed to revelations good transmittance in
the visible section. Subsequently, the bandgap is 5.5eV by the lower cut off about 300nm and

a suitable sample should be used in optoelectronic devices.
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Fig. 5.6. Tauc’s scheme of doped and undoped LMOL samples.
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5.3.6 LMOL crystal analysis of Vicker’s microhardness

The crystal is studied in micro hardness and is used in the capacity to attack
depression. The hardness of the samples was the quantity its confrontation the local twist and
was associated by further mechanical properties [16]. Then, Good polished by the samples
are fixed to the stand of Vickers micro hardness analysis of different load by the magnitude
functionals are fixed intermission of time.
The depression time is earmarked with 15s aimed at a loads and hardness number (hy) have

been considered utilizing the relative

_ 18544 XM
=

h, kg / mm?

where M is applied load, L is the diagonal length of the indentation impression in
micrometer. Fig. 5.7 isplanned between applied different loads (M) and hardness numbers
(hv). The mutually of the L-Lysine samples are doped and undoped the linear difference of
hardness number with load is observed of the materials and developed absorption of the
impurity the combined with hardness grows saturated. The relative involving the M and L of
the indenter is assumed by Meyer’s law,

M =sL?

where a is a constant for an assumed sample and n is hardening coefficient the thought on
several resources. It is sharp obtainable n lies amid 1 then 1.6 aimed at hard resources then
was greater than 1.6 aimed at soft resources. An effort inurement quantity n Undoped LMOL

is 3.8 and doped LMOL is 4.2. Fig. 5.7 (a, b) islog M vs log d for doped and undoped LMOL

crystal.
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5.3.7 Z-scan Studies

Fig. 5.8 is an analysis of an investigational arrangement for the only one ray Z-scan
process. The Z-scan technique have developed in two modes like (i) close aperture (ii) open
aperture. A quantity trendy exposed opening method stretches our data around the nonlinear
absorption quantity then a locked opening mode benefits the estimate the Il1-order nonlinear
refractive index. It is the critical instrument established to consider the magnitude and is

studied in nature of nonlinear refraction good the nonlinear absorption by [17].
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Fig. 5.8 analysis of single beam Z-scan technique.
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Fig. 5.9 Z-scan plots of closed and open aperture by doped and undoped LMOL crystal.

The sample is closed and open space Z-scan analysis the very high repetitive
Gaussian beam of He-Ne laser and doped LMOL cover the lens and is decoded back, ray’s
irradiated path focus on Z = 0. Figs. 5.9 are exposed the exposed then locked aperture Z scan
plots of transmittance in fixed and undoped LMOL sample respectively. The LMOL
materials are stimulated crosswise the important section from -z to +z lengthways the axial
way, it is the direction of propagation of the laser beam transmitted through the crystal has
been composed by a photodetector over an aperture. The intensity is slow by a numerical
control pulse involved in an indicator. Nonlinear refractive index is followed a peak design
experimental an adverse sign and estimation a nonlinear refractive index (nz) for a sample is
considered utilizing the average relatives as.

n, = A%
27 kI,Ly

where Kk is the wavenumber (k = 27"), I,is the strength of laser ray, Lgis the thickness of the

sample at focus Z =0. Then, the nonlinear absorption coefficient (B) is considered by the

relative as

_2va2ar
DL
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where AT is a single highest rate, an exposed opening Z-scan plots. Thus, a Ill-order

nonlinear optical susceptibility is written as,

xM = \/(Re()("')z + Im(x'11)?)
The nonlinear optical all parameters are n,, p then NLO susceptibility (') was estimated
and organized in Table 5. 3.

Table 5.3. L-Lysine doped and undoped crystal of I11 order nonlinear optical parameters by

[19].
Nonlinear optical | L-Lysine Undoped sample L-Lysine doped sample
Parameters
Nonlinear refractive index -6.18 -5.11
(n2) x 108 cm?/W
Nonlinear absorption | - 7.23 -6.73
coefficient (B) x 102 cm /W
Real part of the Ill-order | 3.71 3.25
non-linear optical
susceptibility [Rex!!'] x 10®
esu
Imaginary part of the IlI-|2.41 2.13
order non-linear  optical
susceptibility [Imy!!'] x 10®
esu
I11-order nonlinear optical | 3.85 3.45
susceptibility [x''] x 10°
esu

5.3.8 Optical limiting studies
An optical limiting is studied to procedure an experimental as exposed in Fig. 5.10
(a, b). The doped and undoped LMOL relation can be used to reply time of optical limiting

achievement of the crystal.

T=—
Aiq

where r is the radius of a laser beam, which worth was specified through r = 14.98mm. A
thermal diffusivity (a,4) for a crystal is valued through enhanced to investigation for the
photo pyroelectric instruments. Fig. 5.11 is exposed to an optical limiting from doped and
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undoped LMOL crystal. The distinguished reduction has detected in transmitted influence at
incident powers around 20mW, substantiating the crystals are the perfect applicant for optical

limiting at 389nm constant wave lasers.

Power Meter

L-Lysine Doped
C,;Hs05/C,H,0,/ Li,SO,
Single crystal

Nd: AG laser532nm Polarizer

Detector

LY - -‘@_
i Aperture

Fig. 5.10b Experimental setup for optical source by KLEF-LAB.
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Fig. 5.11 exposed doped and undoped LMOL crystals optical limiting behaviour.

5.3.9 LMOL Crystals analysis of Nonlinear optical

Kurtz and Perry [18] have done for use in the technique of measurements with SHG
conversion efficacy. The Nd: YAG laser ray for a wavelength of 1066nm by an effort ray
source about 1.4 mJ/pulse then its beat size 15ns through the recurrence frequency about
10Hz is followed by the materials. The developed of the novel samples for doped then
undoped LMOL sample have been ground by even size of particles. It was strongly crammed
in a microcapillary of even bore and is visible to the laser radiation. The light source
(A = 533nm) emission is detected which shows a simple hormonic generator performance
with developed materials. Simple hormonic generator is qualified for the efficiency of the
pure LMOL around 11.76 mJ and doped LMOL of 16.81mJ have approximately 1.41 and
1.66 times that of KDP around 8.64mJ with respectively.
5.3.10 LMOL Crystals analysis of TG - DTA

The LMOL crystals have been studied of thermal properties for TGA and DTA
measure equipment’s of STA 490C at with in between range of temperature of 50 to 1000°C.
It is used the atmosphere range of the heating rate of 20°C. Fig. 5.12 and Fig. 5.13 explain a
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TG and DTA arc with doped and undoped LMOL samples individually. Nonappearance for a
water molecule in doped then undoped LMOL sample is detected through nonappearance for
heaviness damage around 100°C. The pure LMOL crystal for endothermic peak of DTA arc
is exposed in peak of 168.7°C and doped LMOL materials are reached in melting point of the
crystals around of 175.6°C. The LMOL crystal is used in thermal stability of pure and doped
LMOL are 168.7 °C and 175.6 °C and is augmented around of 5 °C. The L-Lysine single
crystal with performance of TG arc is taken by the temperature around 168.7°C and is
originate to be 43%. Since the overhead investigation to a melt opinion ford undoped then
doped LMOL is 168.7°C and 175.6°C. It is used in the crystal compare to higher than the
other semi organic materials such as tetra glycine barium chloride (160°C), a-glycine sulpho-

nitrate (143°C), bisglycine hydrogen chloride (146.8 °C) by [19-20].
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Fig. 5.12 Shows in pure LMOL crystal in TG and DTA arc.

75



2500

-30 00

3500

000

- 500

100.0 2000 3000 4000 5000 6000 700 8000

Fig. 5.13 Shows in doped LMOL crystal TG and DTA arc.

5.4 Conclusion

L-Lysine doped and undoped (pure) LMOL single crystals are grown through the
conservative slow evaporation resolution growing technique. Parameters used the unit cell
could be valued through the sample XRD, FTIR spectral, UV-Vis.-NIR spectra properties
also investigation through the optical energy is valued since Tauc’s scheme. Mechanical
stability to the LMOL samples was investigated through the Vicker’s micro hardness
valuation. It is observed of the work hardening coefficient of greater than 1.6. Compare to
analysis of doped and undoped LMOL crystals are grouped by soft material. The SHG
performance of pure and doped LMOL crystals are achieved around 1.41 and 1.66 times that
of KDP and SHG efficiency is an increase. The thermo optic source showed through the
doped LMOL about 389nm. The optical limiting nature source is verified by low power laser
and calculated through the Z-scan method and it showed that a good NLO refractive index.

TGA and DTA of the LMOL crystals are studied in the melting point from the values of
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168.7°C and 175.6°C. The presence of the LMOL crystals could be used in crystalline
resources for energy transfer fabrication its good response of NLO devices and tools can be
developed for industrial applications. The optical activities with transmission spectrum and
SHG were explored in good stability NLO properties. These materials will be developed

NLO application for the benefit of society.
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CHAPTER -6

SYNTHESIS AND CHARACTERIZATION OF L-LYSINE - LITHIUM SULFATE -
CITRIC ACID (LLCA) GROWN ON SINGLE CRYSTAL FOR NLO MATERIALS:

AN EXPERIMENTAL FOR SLOW EVAPORATION TECHNIQUES

6.1 Introduction

The currently great performance of the NLO materials was developed in capable in SHM
form of organic, inorganic and semi-organic received due to their commercial positions of the
research area like as frequency conversion, high-speed information processing, optical
communications, and optical data storage [1, 2 & 3]. The crystals have implementations of
NLO techniques of amino acids performance an energetic part. It is display natural chiral
properties and non-centrosymmetric space groups of crystallization. The accumulation of the
crystal to include of amino acids have specific structures of nature molecules like as weak
Van der Waals and wide transparency hydrogen bonds of visible area. Conventionally,
crystals of organic materials were grown from the dissolve [4,5], solution [6,7] and vapour
[8 & 9]. The slow evaporation solution of the techniques has the use of very high purity
solvent, solute and low viscosity to control in suitable growth system. The p-electron
structure is a symmetrized through the electron donor of the organic molecules and highly
polarizable is objected of acceptor groups for NLO methods. Azhar et al., [10] was studied in
TTPBS synthesized and formation of spectroscopic analysis and is used in slow solvent
evaporation method. TTPBS crystal was seemed within 200-900 nm to observe the optical
transparency. The magnitude of TONLO refractive index (nz), absorption coefficient () and
susceptibility (y33) of title crystal was showed using the Z-scan data. The Nd: YAG laser
shortened surface damage threshold of TTPBS crystal is determined and it is found to be in

MW/cm? range. Sivasankaril and P. Selvarajan [11] have developed in Single crystals of
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pure and ammonium chloride-doped urea L-malic acid (ULMA) have grown by slow
evaporation technique. It is different studied as follows in morphology, optical, and hardness
properties are studied. The functional groups are appraised by FTIR analysis. The lattice
parameters of XRD, Powder X-ray diffraction studies are established the diffraction planes of
the grown crystals. The UV-visible spectrum displays the cut off wavelength at 220 nm. The
NLO property of the grownup crystals was established by SHG studies. Saminathan et al.,
[12] was developed in single crystals of L-Lysine Monohydrochloride Dihydrate (LMHCI)
by used method of slow evaporation. It was studied of the single crystal like XRD, FTIR,
optical, thermal properties, UV-Vis and optical absorption visible is found to be at 250 nm.
At present form of values, the synthesis and description of Crystalline perfection unique
as organic pure L-Lysine and Co-Doped Glycine Barium Chloride / CeH14N2O2: Novel
Crystal for NLO materials, which have developed through the conservative slow evaporation
method. A method of crystals has been characterized through the powder X-ray diffraction,
HRXRD studies, FTIR spectral analysis, SHG test, refractive index and birefringence
measurements, micro hardness and dielectric studies, likewise highpoints the nonlinear and

linear optical studies, it can be using in nonlinear optical applications.

6.2. Materials and Experimental Methodology
6.2.1 Synthesized of the L-Lysine doped crystal growth

Pure L-Lysine (undoped) Lithium sulfate - Citric Acid (LLCA)single crystals have
been grown through the mol (%) of one (Grade- AR) melting Glycine Barium Chloride (98%
-Merck) in distilled water. The element is motivated consuming in magnetic stirrer by
ambient temperature for M.R. College, at Department of Physics LAB. The attained salt of
GBC has been recrystallized different periods with direction toward acquire crystal by moral

photograph. Developed of the materials are collected in 42 days. The equivalent organization
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have been implemented for increasing L-Lysine Co-doped Lithium sulfate - Citric Acid
(LLCA)crystals. A new crystal was developed through melting one mol (%) (Grade- AR)
GBC/CsH14N202 (Amino-acid) (98% - Merck) and mol% 0.5 / 0.3 mol% (Grade - AR)
L-Lysine (97%) with distilled water. They are nervous energetically consuming magnetic
stirrer on ambient temperature at 5hours. L-Lysine Co-doping GBC/CsH14N202 have been
gotten which is recrystallized different periods with direction toward get samples by moral
photograph. New samples are collected at 75days, grown L-Lysine Co-doped

GBC/Ce¢H14N202crystal is exposed in Fig.6. 1.

Fig. 6.1 illustration as grown single crystals of pure (A) and (B) co-doped L-LGBCAC.
6.2.2 Characterization analysis of pure L-Lysine and Co-Doped with effect of single

crystals

The new developed of the crystals have been imperiled to numerous description study
with direction toward estimate the properties of structural, optical and mechanical. A crystal
sizes of the unit cell is studied through the ENRAF NONIOUS CAD4 X-Ray diffractometer
prepared by MoKa radioactivity. An efficient collection has been recognized use PERKIN
ELMER FTIR inside the wave number series from 400 — 4000cm®. A crystals
implementation proof of the optical properties has been inspected use LAMBDA 35 UV-Vis
NIR spectrophotometer. Productivity of NLO material is established Kurtz and Perry
investigational method consuming Nd: YAG laser by way of the foundation. The grown of

the crystal conform to mechanical properties have been considered consuming Leitz Wetzler
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Vickers micro hardness sample formfitting by the shape indenter through flexible load from
40g - 100g.

6.3 Results and Discussion

6.3.1 Pure L-Lysine and Co-Doped Single Crystal Powder XRD analysis

Fig. 6.2  illustrations the powder XRD  pattern of  L-lysine
Co-Doping GBC/CgH14N20, materials. It is detected that the sample grows with monoclinic
equilibrium by the interplanetary collection of Poi/n. It is 20 morals from countless
diffraction planes and the equivalent strengths have been composed of the crystal. The
valued cell parameters for undoped GBC/CeH14N20, was a = 4.894 A; b = 21.554A,
¢ =19.596A, with V= 2121.27A%,

Circumstance of L-Lysine Co-doping GBC/CsH14N20-, small modifications are saved
to the cell limitations with combination through the materials. Novel single crystal is
calculated to the lattice cell parameters morals, a =4-885A, b =21.548 A, ¢ =19-590A and V
= 2241-57A3. It is also possessing of the no centrosymmetric P2:/n through the monoclinic
symmetry. We are reliable through the consequences described by means of the single crystal
to the X-ray diffraction with the reported literature [13].The compare to the lattice parameters
has been considered too with good described morals in diffraction of the crystalline quality.
Fig. 6.3 illustrations the High-Resolution X — rays Diffraction Curve (HRXRD) verified for a
characteristic solution grown L-Lysine Co-doped new crystal consuming (012) diffracting
planes in equal Bragg geometry through using the multicrystal XRD by MoKaz radiation.
The DC covers a single peak and designates that the sample is allowed from structural grain
limits. All at half width of the curve is 39 arcs as reviewed by [14]. It is closed to that

probable for an initial perfect actual L-Lysine Co-doped crystal.

83



(101)

Co-Doped LLGBC/CA

~
o
v—
v—
-’

~
-
=
o
-’

(004)
(202)

Undoped LLGBC/CA

Intensity (a.u.)

20 30 40 50 60 70 80 90
2 - Theta (degree)

Fig. 6.2. Exposed XRD pattern of pure and Co-doping L-LGBCAC.
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Fig. 6.3 exposed HRXRD of L-LGBCAC.

6.3.2. Pure L-Lysine and doped samples analysis of FTIR studies

The Fig.6.4 as follow in FT-IR spectra of mutually in undoped and L-Lysine
Co-doped GBC/CsH14N20> verified at Thathanur (M.R. College) Department of Physics
LAB room temperature in between to 400 and 4000cm™! have been exposed in Fig. 4.4. The

extending method rates of L-Lysine undoped GBC/CeH14N2O> spectrum expressions two
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absorption bands about 441.2 and 564.5cm™!. The extending method rates of L-Lysine doped
samples in band everywhere 867.5 cm™! is outstanding to the establishment of tetrahedral
corresponding in CeH14N20.. The samples all connected to the group of symmetric and
asymmetric extending vibrations in band of 1577.2 and 1412.5cm™!. The peaks of 3428.1 and
2364.3cm' have been credited to GBC stretching of Lysine by [15, 16].Moreover,
indications detected from the GBC of 0.5 mol% / 0.3 mol% of CsH14N20- doped Lysine
spectrum about 714, 1050, 1080 and 3609 cm™! have been allocated to vibration group
methods [17] respectively. The extensive absorption band about 451.1cm™ in doped
L-Lysine mighty be assigned to GBC/CsH14N202 extending method settling that are presented

in the L-Lysine samples.

L-lysine Co-Doped Glycine Barium Chloride/ C;H,4,N,0,
< :
S 60 - - g
E
Z 40 -
=
—

[—. -
20 -
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Fig.6. 4. Exposed FTIR spectrum of pure and Co-doping L-LGBCAC.

6.3.3. Pure L-Lysine and doped samples analysis of Optical Transmission studies
Absorption coefficient (o) and transmittance value (T) of the L-LGBCAC single crystals

have been considered from the succeeding relative [18]:

23026 log 7)

1
T
a =

t
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where T & t is transmittance & thickness of the L-LGBCAC crystal and the optical band gap
energy (Eg) should be considered from the relative

hav = S(hv — E,)"*

where S, Eg, h, v were the constant, optical band gap, Planck’s constant, frequency of
incident photons. The optical band gap is valued through intrigue (hav)? vs hv(eV) as
exposed in Tauc’s plot, Fig. 6.5. Since the graph, the optical band gap of undoped
L-LGBCAC and doped L-LGBCAC is valued to be 3.74eV and 3.94eV. The L-LGBCAC
crystal is approved that shows respectable transmittance in the visible area. Then the band
gap energy is above 3.5eV with the lower cut off about 229nm and 247nm, undoped and
co-doped L-LGBCAC crystals verify to be a qualified applicant in optoelectronic

applications fabrications like communication, data storage.

(hav)? (eV)?

hv(eV)
Fig. 6.5 exposed Tauc’s scheme of undoped and Co-doped LLGBC/CA crystal.
The Pure L-Lysine and Co-doped GBC/CeH1sN20, of the L-Lysine crystal plates are

thickness of 2mm. The crystal plate is refined in without any coating for measure of optical
transmission spectra was formed to the form of crystals range of wavelength around 200 to

1000nm. The samples have been used in double beam for UV visible spectra with Pure
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L-Lysine and Co-doping GBC/ CeH14N20: crystals were exposed in Fig.6.6. The sample
absorption through the transmission spectra is observed in that pure L-lysine and Co-doping
GBC/ CsH14N20: is confirmed with higher transmission with the whole NIR visible section
to a spectrum. At these novel materials have properties of good qualifies for the NLO
application.

The pure L-Lysine and Co-doping GBC/CsH14N202 crystals to cut off wavelength by
UV is formed around 229nm and 247nm respectively. The novel crystals are an enhanced to

individual to the production by Optoelectronic systems [19].

100 S L-Lysine Undoped Glycine Barium Chloride / CsHisN:0:
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Fig. 6.6. Illustrations Optical transmission of pure and Co-doping L-LGBCAC.

6.3.4 Pure L-Lysine and doped samples analysis of Nonlinear optical studies

The measurements of the samples through the SHG conversion efficiency is used in
Kurtz and Perry technique [20]. The wavelength of the beam (Q-switched Nd: YAG) is
1064nm through effort of ray source around 1.5mJ/pulses. Which is the pulses size 15ns in
the recurrence proportion of 20Hz is used. The pure L-Lysine and Co-doped

GBC/CsH14N20- of the L-Lysine Crystal have been developed of the sample with even of the
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particle size, the strongly crowded with the micro-capillary for even windbag, showing with
laser rays.

A beam of source emission of A = 532nm is distinguished, it shows SHG behaviour
full developed materials. A qualified of SHG productivity to the pure L-Lysine (11.58 mJ)
and Co-doping GBC/CsH14N202 (14.57mJ) is virtually 1.27 to 1.79 periods which its KDP
(8.71mJ) individually.

6.3.5 Pure L-Lysine and doped samples analysis of TG - DTA studies

The sample analysis of thermal properties has been premeditated by TGA
(Thermogravimetric) events the variations to the weight by temperature which can be due to
variations in the sample arrangement by a thermal stability. L-LGBCAC compounds have
gone on heating the samples from the thermal values the maximum temperature (45°C to
800°C) by which a sample have been applied [21]. Similarly, which is no phase transition
experimental in the corresponding area. LLGBC/CA single crystal values for 45% bulk loss
experimental in TG curvature. Theoretical and experimental weight loss of the LLGBC/CA
is much closed in the samples. The samples of remaining portion are very slowly
decomposed form of 780°C and high weight loss designates that the incidence of lysine in
LLGBC/CA. which the L-Lysine is stable up to 160°C then it decomposes into two
molecules of GBCCA and a molecule of carbon monoxide. L-Lysine is slowly vaporising at
300°C and GBCCA begins to riven to hydrogen sulphide, nitrogen and carbon remainder.
The samples accounts for 3.91% weight loss experimental in the TG curve. The TG studies
thus approves the establishment of the LLGBC/CA in the stoichiometric ratio and the
decomposition design of LLGBC/CA. These protections the appropriateness of the sample
for likely request in lasers where the single crystals have been required to withstand higher
temperature. DTA (Differential Thermal Analysis) with STA 409C device amid the

temperature range of 45°C to 800°C at a heating proportion of 30°C per min in the nitrogen
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atmosphere. Fig. 6.7 is the pure L-Lysine in GBC/CsH14N20, Crystal analysis of TG-DTA

curve.
50 . , . . . . . . . 10
8.0%
40
30
S
g 20 —
10 4 L-Lysine pure in Glycine
Barium Chloride / C;H, ,N,0, Crystal 2
17L.6°C 177.2°C 4
= 8.00% 4.10%
y T Y T ¥ T y 0
0 200 400 600 800

Temperature (CC)
Fig. 6.7. TG and DTA curve of pure and Co-doping L-LGBCAC.
Fig. 6.8 explain the L-Lysine Co-doped GBC/CgH14N2O> crystals analysis of TG-

DTA curve respectively. The water skiving of the molecule in pure L-Lysine and Co-doping
GBC/CsH14N202 have been observed through skiving of weight injury at 100°C. The pure
L-Lysine in GBC/CsH14N20> is shows of DTA curve a strident endothermic highest at
171.6°C for pure and 177.2°C for the L-Lysine Co-doped GBC/CsH14N20: crystal, which
agrees in melting opinion to composite. Henceforth thermal stability with pure L-Lysine and
Co-doping GBC/CgH14N20; crystal are 171.6°C to 177.2°C. Accumulation in pure L-Lysine
and Co-doping GBC/CsH14N20> crystal the thermal stability is augmented by approximately
6°C. The mass loss of the cure by TG is taken the place up to reached the temperature of
171.6°C. The mass lost from 171°C to 332°C is found to be 4.10%. Overhead 332°C of the
sample is experiences permanent endothermic transition about at 545°C. There are additional
to form in damage of 8.00% happening with temperature boundary around 332-545°C, it

authorizes with L-Lysine Co-doped GBC/CsH14N202 crystal as follows by [22-24].
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Fig.6. 8. TG and DTA curve of pure and Co-doping L-LGBCAC.

6.4 Conclusion

The slow evaporation technique is used in L-Lysine materials with pure and Co-doped
Lithium sulfate - Citric Acid (LLCA) crystal grown on good transparent of the novel crystal.
The samples are occupied the unit cell parameters to measure the XRD and Powder XRD
illustrations moral crystalline of the grown-on the pure L-Lysine and L-Lysine doped novel
crystal. The novel crystal is used in pure L-Lysine and doped with form of in numerous the
functional groups are analyzed of FTIR. Pure L-Lysine and doped novel crystal is studied of
UV cut off wavelength range of 229nm and 247nm respectively. There are conformed to the
potential effect of NLO applications and SHG productivity of pure L-Lysine and co-doped
novel crystal are 1.27 to 1.79 periods at that KDP individually. The novel crystal has been
studied in thermal properties by TGA and DTA at the melting point of the L-Lysine and co-

doped novel crystal is 171.6°C and 177.2°C.
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CHAPTER -7

To summarizes the results obtained from various characterization studies carried out
on the grown crystals. It also includes the comparison of these results and discusses the
suggestion for future work.

7.1 Overall Conclusions of the thesis - Summarizes

The present work designates the growth and characterization of L-Lysine crystals of
MHCI, TAPB, Citric Acid (CA), Malic acid (C4HsOs) /Oxalic acid (C2H20.)/ lithium
sulphate (Li.SO4) (LM), L-Lysine with and without Co-Doped Glycine Barium Chloride
(GBC)/CsH14N202 (Amino acid) (LGBA). Companies operating in the global L-Lysine
market are focusing on merger and acquisitions and new product launches to gain
competitive advantage. Growth strategies adopted by these companies are studied in detail in
the report. The report also includes several valuable information on the L-Lysine market,
derived from various industrial sources.

7.2 Comparison of these results and discusses the suggestion for future work.

Order of the L-Lysine simple to complex (building to conclusion); or may state
conclusion first.Conclusion should be consistent with study research question.Emphasize
what is new, different, or important about your results.Consider alternative explanations for
the results.

Limit speculation.

The increasing demand on animal products expected for the next decades
requiresanimal production systems to become more efficient in resource use. Most
commercial operations feed all pigs the same feed at a determined time depending on the
average BW of the batch, but withoutconsidering the variability of the population. However,

low body weight (BW) pigs have been relatedto extra costs as reduced barn utilization, losses
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due to the poor carcass grading and inefficiency ofphase feeding strategies. Some studies
have previously hypothesized the need to do different phasefeeding strategies to pigs sorted
by initial BW. This work aimed to compare the effect of increasing thestandardized ileal
digestible L-Lsine to net energy ratio (SID Lys:NE) over the performance of growingpigs
sorted by initial BW in 3 categories (small, medium, and large). The results showed that
smallpigs could use more efficiently high SID Lys:NE diets compared to the large pigs
during the growingphase (28-63 kg). The conclusions imply positive effects of feeding
higher dietary L-Lysine to small pigsto compensate for their reduced feed intake capacity.
This strategy might improve growth rate andfeed efficiency, without increasing feed costs per

kg gain.
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Lysine is a building block for protein. It's an essential amino acid because your body
cannot make it, so you need to obtain it from food. It's important for normal growth and
muscle turnover and used to form carnitine, a substance found in most cells of your body.
The present work designates the growth and characterization of L-Lysine crystals of MHCI,
TAPB, Citric Acid (CA), Malic acid (CsHsOs) /Oxalic acid (C2H20a4)/ lithium sulphate
(Li2SOs) (LM), L-Lysine with and without Co-Doped Glycine Barium Chloride

(GBC)/CeH14N202 (Amino acid) (LGBA).
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ABSTRACT

This manuscript is discussing the growth of a new class semi-organic nonlinear
crystal L-Lysine hydrogen chloride (LLHC) was grown by slow evaporation
method using a mixed solvent of deionized water + ethanol and pure deionized
water. The crystal crystallizes in orthorhombic space group of P2,2,2;. Lattice
parameters were revealed by single crystal X-ray diffraction analysis. The FT-IR
spectral analysis was performed on the grown crystal LLHC to identify its
functional groups. The position of protons and carbons was determined by the
NMR technique. The grown crystal was characterized by optical transparency
through UV-Vis range with a short cutoff wavelength of 212nm. Thermal and
physiochemical stability of the title crystal was found out through the TG-DTA
analysis, which proves the crystal stability up to 251.4 °C. Brewster’s point
method was used to find out the refractive index of the grown compound
LLHC. Vickers’s microhardness test was performed on LLHC to find out its
mechanical stability. The second harmonic generation (SHG) of the grown
crystal LLHC was confirmed by the Kurtz-perry powder method and the SHG
efficiency was compared with the known Potassium Dihydrogen phosphate
(KDP) standard. By using a minimal bactericidal concentration (MBC) bench-
mark, their antibacterial activity was evaluated. The grown crystal shows long-
term and outstanding antibacterial activity against E.coli and S.aureus.
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1 Introduction

The nonlinear optics (NLO) is the phenomena that
the characteristics of highly coherent light are modi-
fied by the interaction with nonlinear crystals. Mod-
ern technical fields like optoelectronics and photonics
depend on the NLO crystals as they are the key
functional materials in many fields [1]. The large
optical nonlinearity is one of the unique and impor-
tant properties of the grown crystals, because of this
property it is being used as the low profile cut off
frequency. This unique property of the NLO crystals
is used in the photosensitive gadgets. Organic crys-
tals are bonded by feeble van der Waals forces and
hydrogen bonds subsequently have a severe level of
delocalization. Organic materials are deprived of
mechanical and thermal solubility. To overcome
these complications, a research is made to combine
inorganic and organic materials that leads to a new
class of materials called as semi organic materials.
Semi organic materials have advanced mechanical
and chemical stability [2]. Amino acids are the crucial
part of nonlinear optical crystal development. The
characteristic feature of amino acids is the presence of
NLO property. They have NH, (donor), COOH (ac-
ceptor) and nearly all the amino acids exist as zwit-
terions [3]. Some regular amino acids are aspartic,
glutamic, arginine, lysine, and L-alanine [4]. The y-
glycine [5] is clearly exhibiting NLO efficiency.
Unlike other amino acids, there is no asymmetric
carbon, and it is optically inactive. The dopants
added to amino acids [6-8] enhance their optical,
mechanical, thermal, ferroelectricc and nonlinear
optical properties and it opens the way to more
applications. Semi organic single crystals of L-his-
tidine tetrafluoroborate and L-arginine diphosphate
are well known [9, 10] for their high mechanical and
chemical solidness.

Semi organic single crystals of L-Lysine monohy-
drochloride doped with rubidium chloride were
studied and analyzed earlier [11, 12]. They were
characterized by good optical, mechanical and anti-
fungal properties. When compared with the pure
crystal, the doped one has good optical transparency
and bandgap increased from 5.30 to 5.94 eV. The
pure L-lysine and Co-doped GBC/CgH14N,O, are
identified as good NLO single crystals [13, 14] with
remarkable optical properties and the observed UV
cutoff wavelength are 229 nm and 247 nm, respec-
tively. The SHG signals of these novel crystals are

@ Springer
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found to be 1.27, 1.79 times that of KDP and they are
stable up to 171.6 and 177.2 °C, respectively, which
prove their thermal stability.

This paper delineates the synthesis, crystal growth
and characterization studies of LLHC single crystal.
The title compound is subjected to X-ray diffraction,
NLO studies, thermal analysis, Micro hardness, NMR
spectroscopy, and Antimicrobial activity and the
results are discussed briefly.

2 Experimental procedure
2.1 Solubility test

The slow evaporation technique based on the solu-
bility of the substance and it depends on the choice of
the solvent, i.e., water, ethanol, methanol and com-
bined solvents. To synthesize the LLHC crystal, the
solvents used are deionized water or deionized
water + ethanol at the ratio of 1:1. The solubility
curves of LLHC with different concentrations at
temperatures 30, 35, 45 and 55 °C for the two differ-
ent solvents are shown in Fig. 1. As evidenced from
Fig. 1, the temperature analysis of solubility results is
consistent with an accuracy of + 0.01 K. The slow
evaporation growth of the LLHC crystals was
achieved with the utilization of deionized water,
homogenized solvents and with the account of the
solubility curves.

80 T T T T T T

Deionized water

N
=
1

N
<
1

Deionized water + Ethanol

Concentration (g/100ml)

[ 3
>
1

T T T T T T T T T T T T T
25 30 35 40 45 50 55 60

Temperature (°C)

Fig. 1 Solubility curve of LLHC
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2.2 Crystal growth

Single crystal of LLHC was grown by slow evapo-
ration growth technique. The saturated solution of
LLHC was prepared using 100 ml of deionized water
at 35 °C. The prepared solution was filtered using a
micro filter paper of 10 pm thickness. The beaker
containing the solution was closed with a perforated
skinny polyethylene sheet and kept at a constant
temperature bath of 35 °C. The temperature is slowly
reduced at a rate of 0.1 to 0.3 K/day. After attaining
the super saturation condition, tiny crystals were
formed. Appropriate seed crystals were accumulated
at the room temperature. Good quality colorless sin-
gle crystals were obtained after 34 days with the
dimensions of 19 x 13 x 4mm?. The photographs of
the grown LLHC crystal are shown in Fig. 2.

3 Results and discussion

3.1 Single crystal and powder X-ray
diffraction analysis

To know the cell parameters, the grown LLHC crystal
was subjected to single crystal X-Ray diffraction
study using an ENRAF NONIUS CAD4 XRD device.
The obtained cell parameters are a =4.7531 A,
b=122467 A, ¢ =66134 A, «=90.12°, B =9654°,

Fig. 2 Growth process of
LLHC a deionized water as
solvent, b deionized

water + ethanol as solvent,
¢ Grown single crystal of
LLHC

26353

7 =91.12°, and V = 614.376 A3, which are in good
agreement with the literature survey. Cell parameters
should be supplied by possible error ranges. Please
add the citations for related papers from “the litera-
ture survey”. The powder X-ray diffraction (PXRD)
patterns were collected using a Rich Seifert X-ray
diffractometer with CuKo radiation (4 =1.6329 A)
and with the scan rate of 0.3°/sec. To determine the
unit cell parameters, the analysis was carried out
from 20° to 80° 20 with the use of Proszki software
[15]. If the structure of LLHC crystal is known, it is
topical, for comparison, to show the theoretical XRD
pattern in Fig. 3. The sample is pure crystalline in
nature which is established from the sharp peaks
obtained at the diffraction 20 angles.

3.2 FT-IR and Raman spectral analysis

Fourier Transform Infrared Spectroscopy is used to
study the molecular structure and identification of
expected functional groups. The grown crystal was
subjected to FT-IR analysis using a BRUKER 66 V FT-
IR spectrometer in the range of 400-4000/cm. The FT-
IR spectrum is shown in Fig. 4. FT-RAMAN spec-
troscopy is a chemical analysis technique used to give
the detailed chemical structure and vibrational fre-
quencies. The FT-RAMAN spectrum of the grown
crystal was obtained using a Bruker FRA 106 FT
RAMAN Spectrometer in the range of 50-3500/

@ Springer
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Fig. 3 Powder XRD pattern analysis of LLHC

cm and the obtained data are shown in Fig. 5. The
torsional NH; vibrations are found in both Raman
and FT-IR spectrum at the wavenumber 621/cm [16].
The vibrations at 811/cm in the Raman spectrum are
attributed to the CO2 stretching mode. C-O-H state
of the composite is shown at 811/cm in the IR spec-
trum and it is at 872/cm in the Raman spectrum. The
intense band in Raman spectrum at 931/cm shows
the C—C-N stretching and the same is at 1001/cm in
the IR spectrum. It identifies that these functional
groups belong to the amino acid L-Lysine [17]. The C-
C stretching vibrations are observed at 1114 and
1248/cm. The nitrogen of the amino group has been
identified from the bands appeared at the wave

Fig. 4 FT-IR spectral analysis

J] Mater Sci: Mater Electron (2021) 32:26351-26358
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Fig. 5 FT-RAMAN spectrum of LLHC

number 1806/cm, Diem et al., [18] identified that the
band appeared at 1872/cm within the IR-spectra
range is due to the C-C-N asymmetric stretching
vibration. The bands of C-H group were identified at
1909, 2114 and 2164/cm in the IR range and the band
of vibrations of the CHj; group is at 1417/cm. The
vibration band of NHj3 group in LLHC crystal are at
1488 and 1452/cm in the IR and Raman spectra,
respectively. The functional group assessment of
LLHC crystal through FT-IR and FT-RAMAN has
been distinguished and compared. These studies
confirmed the presence of LLHC functional groups.
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3.3 NMR spectroscopy studies

The grown single crystal of LLHC was subjected to
NMR spectroscopy analysis using a JOEL GSX 400
NB FT NMR spectrometer in the range of 500 MHz,
"H NMR and the NMR spectrum is shown in Fig. 6.
According to the 1 H NMR spectra obtained from the
reaction mixture of LLHC, after a few minutes three
singulets of the mono-, di-, and tri- N-CH,OH pro-
tons can be observed at 4.1, 4.2 and 4.35 ppm. The
signal at 3.38 ppm affirms the carbon conveying the
terminal NH; group. The signals at 3.29 and 2.24 ppm
show that it is for the methylene carbon. The new
crystals developed from the carbon intuitive of the
NMR valuable demonstrate the use of '>°C NMR and
it is shown in Fig. 7. The carboxylic group carbon
signal at 158.6 ppm, proves that the substance con-
sists of six kinds of carbons and this affirms that the
material is a kind of virtue materials [19].

3.4 Thermal analysis

The thermal behavior of the LLHC was studied by
Thermo gravimetric analysis (TG) and differential
thermal analysis (DTA). NETSZCH STA 409 C is the
apparatus used for this analysis. A thermal analyzer
was employed at a heating rate of 12 K/min in
nitrogen atmosphere. The DTA and TG thermal
analysis were made in the temperature range of
40-800 °C. There is a 17.3% heat reduction at 100 °C
and it is due to water loss. The recorded thermo
grams are shown in Fig. 8. There is a significant
weight loss of about 51.13% in between 250 and

4.72

(8) ppm

Fig. 6 LLHC crystal analysis of '"H NMR spectra

26355

360 °C. There is one more weight loss in the range of
430-540 °C and weight reduction of about 18.3%
which corresponds to the significant deterioration.
This effect was attributed to the loss of two water
molecules from LLHC crystal structure. Endothermic
changes of LLHC crystal were analyzed from the
DTA curve and it describes that the crystal decays
after the melting point. It is concluded that the crystal
has a high melting point and exhibits high thermal
stability.

3.5 Microhardness properties

Microhardness study was performed on the grown
crystal using a Vicker’s microhardness tester to
evaluate the mechanical stability of the crystal [20].
By using an optical microscope Vicker’s microhard-
ness was carried out. This test was performed on the
sample at various loads from 5 to 25 g. The chosen
surface of the crystal was cleaned by a velvet cloth to
get a smooth surface and then the loads were applied.
The Vicker’s microhardness value is calculated from
the relation, H,=1.8627 P/d> (kg/ mm?®), where H, is
the Vickers hardness number (VHN), P is the
indentation load in kg and d is the diagonal length of
the impression in mm. 1.8544 is a constant of a geo-
metrical fraction for the diamond pyramid [21]. The
dependence of hardness on load is presented in
Fig. 9. This curve shows that the hardness increases
gradually with the applied load increase and
decreases after a particular point. The hardness
number was found to increase with the load up to
50 g and after a load of 50 g, H, suddenly decreases
as cracks developed in the material. This may be due
to the release of internal stresses generated locally by
indentation.

3.6 UV-Vis spectrum analysis

The grown crystal is analyzed for its optical trans-
parency using the UV-Vis spectrometer in the fre-
quency range of 200-800nm and the spectrum is
shown in Fig. 10 (i), (ii). The grown crystals were
analyzed for its optical transparency with the use of a
UV-Vis spectrometer in the wave number range of
200-800nm and the spectra are shown in Fig. 10. It is
proven that the crystal grown from deionized water
as the solvent is highly transparent and has good

@ Springer
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Fig. 7 '*C NMR spectrum of
LLHC

Fig. 8 Thermal analysis of
LLHC -
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optical properties [22]. This new material is precious
for NLO applications.

3.7 Nonlinear optical study

The SHG efficiency of LLHC powdered sample was
determined using the Kurtz and perry technique.
A Q-switched Nd: YAG laser operating at 1064 nm
and energy 5.4 m]/pulse was used for this study. The
SHG signal generated from the tested sample was
confirmed by the emission of green light at 532nm.
The SHG signal of 60.6mV was obtained from the

@ Springer

Temperature (°C)

sample and it is compared with the standard KDP
crystal.

3.8 Antibacterial study

For biological assays, the grown sample was pre-
pared in Dimethyl sulfoxide and final Dimethyl sul-
foxide concentration did not exceed 0.1%. The
antibacterial properties were tested towards standard
pathogens specifically against Gram positive, Gram
negative bacteria and against representative strains:
S.Aureus, E.coli. The species are fastidious microor-
ganism, which is absolutely safe for experiment

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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Fig. 9 Vicker’s microhardness analysis - hardness vs. load

purpose. The in vitro antibacterial activity was found
using minimum inhibitory concentration tests (MIC).
The petriplates utilized for antibacterial activities
were incubated at 37 °C for one day. After incuba-
tion, the resulting zones of inhibition around the
disks were measured. Each assay was repeated twice
and the most accurate readings were noted. When
there is no growth of microorganisms was observed
in the medium contains the lowest concentration of
the tested sample, the tested material the MIC was
concluded at this point of dilution [23]. In general,
when tested with both Gram positive and Gram
negative bacteria, all compound exhibited higher
activity than the standard one.

Fig. 10 (i) and (ii) shows

26357
Table 1 Antibacterial activity of LLHC
LLHC (ul) S.Aureus (mm) E. coli (mm)
25 7 7
50 7.5 8
100 12 13

4 Conclusions

Semi-organic LLHC crystals were grown using the
slow evaporation solution technique. Deionized
water and (deionized water 4+ ethanol) were used as
solvents. The cell parameters and crystal system were
identified from the Single crystal X-ray diffraction
and the Powder X-ray diffraction confirms the crys-
talline nature of LLHC. Good transparency window
was observed through UV-Vis analysis and FT-IR,
FT-RAMAN, NMR spectroscopy were used to iden-
tify the functional groups and chemical structure of
LLHC. The thermal and mechanical stabilities of
LLHC were found through the TG/DTA and Vickers
microhardness tests, respectively. Finally, nonlinear
optical property of the grown crystal was confirmed
using the Kurtz and Perry powder technique and the
emission of green light was clearly observed (see
Table 1).
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Nonlinear optical (NLO) 2, 4-Dinitrophenylhydrazine (DNPH) single crystal was grown by slow evapora-
tion solution growth method at ambient temperature. The characterization of Powder X - Ray diffraction
peaks was confirmed the new crystalline system. Fourier transform infrared spectroscopic analysis (FTIR)
was used to the identification of various functional groups present in the grown crystal. The range of opti-
cal transmittance exhibited by the grown BCD-DNPH crystal was investigated by UV Visible — NIR spec-
tral analysis. The lower cut off wavelength of the grown crystal is observed at 270 nm. The SEM figures
are recorded in different magnification. It is clear that the surface of the grown crystal appears very
smooth although it has pots and microcrystal on the surface. The grain boundaries are clearly seen which
shows the perfect growth of the crystal. The weight percentage (wt %) of C, N and O as obtained from
EDAX analysis is in concurrent with the theoretical values. The SHG efficiency of the grown crystal

Keywords:

Crystal growth
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Optical properties

was determined.

© 2020 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of the scientific committee of the International Confer-
ence on Advancement in Nanoelectronics and Communication Technologies

1. Introduction

Second order non-linear optical materials find different role of
applications like optical communication, sensing, signal process-
ing, data storages, optical logic gates, laser radiation protection
and THz-wave generation [1-5]. In recent years the broad investi-
gation is performed for the growth of nonlinear optical materials
because it has wide applications in photonic and optoelectronic
fields. Most of the organic materials have large nonlinear optical
coefficient but poor mechanical and thermal properties. The
growth of large size single crystal is very difficult for the device
fabrication. Inorganic materials have excellent mechanical and
thermal properties but less optical nonlinearity due to the lack of
m-electron delocalization [6-10]. In the view of these problems,
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E-mail addresses: varadanphy@gmail.com, vagish2009@gmail.com (S. Varadar-
ajan), msenthilprof@gmail.com (M. Senthil Kumar), s.shanmugam1982@gmail.com
(S. Shanmugan), chithambaramv@gmail.com (V. Chithambaram).

https://doi.org/10.1016/j.matpr.2020.04.113
2214-7853/© 2020 Elsevier Ltd. All rights reserved.

interest has been made to grow the semi organic crystals because
it has less delinquency, high damage threshold, exceptional
mechanical and nonlinear optical property, low angular sensitivity,
wide optical transparency range which make them comfortable for
device fabrications [11-19]. Therefore, it is essential to grow novel
semi organic crystals having consistent phantasy of both organic
and inorganic materials.

In the present work the title compound was successfully syn-
thesized by combining B-Cyclodextrin and 2, 4-
dinitrophenylhydrazine in equimolar ratio. The single crystals have
been grown by solution growth slow evaporation technique using
water as the solvent. A transparent good quality crystal was
obtained within 4 weeks as shown in Fig. 1. The photograph was
taken by using high megapixel camera. To have a full understand-
ing about the structure and its properties for the grown crystals
Powder XRD, FTIR, Nonlinear Optical Property (Second Harmonic
Generation) measurements were also been carried out.
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Fig. 1. Photograph of crystal formed by inclusion complex of DNPH:B-CD.

2. Results and Discussion:
2.1. Single crystal x-ray diffraction

The good quality DNPH: B-CD grown crystal was subjected to
single crystal X-ray diffraction analysis to collect the data using
BRUKER KAPPA APEX II CCD. The grown crystals have their triclinic
non-centrosymmetric space group P2. The cell parameters were

Lin (Counts)
d=7.02213 412596 *

g

g

4=3.26804 A=27.259 *

d=3.102624028752 *

measured to be a=14.03A, b=13.39A, C=14.49A, o=103°.
B=113°% y=98% and V=3651 A3,

2.2. Powder X-Ray diffraction analysis

Powder X-Ray diffraction study was used for the identification
of crystallinity of the grown crystal. The Ko radiations from a cop-
per target were used. The sample was scanned in the range
between 10 and 100°C. Fig. 2(a), (b) and (c) represents the indexed
powder diffractogram for the grown crystal of DNPH, B-CD and
DNPH:B-CD. The sharp intensity peaks found in spectra shows
good crystalline nature and purity of the grown crystal.

2.3. FTIR analysis

The infrared (FTIR) spectra of wave number from 4000 to
400 cm™! of DNPH, B-CD and the solid inclusion complex of DNPH
with B-CD are registered by FTIR spectrometer and the complete
band assignments can be found in Fig. 3. We can see that there
are apparent differences between the FTIR spectra of B-CD
(Fig. 3a), DNPH (Fig. 3b) and DNPH: B-CD (Fig. 3c) solid crystal
which infers the formation of DNPH:B-CD complex.

The infrared (FTIR) spectra of wave number from 4000 to
400 cm™! of DNPH, B-CD and the crystal of DNPH with 3-CD are
registered by FTIR spectrometer and the complete band assign-
ments can be found in Fig. 3. We can see that there are apparent
differences between the FTIR spectra of B-CD (Fig. 3a), DNPH
(Fig. 3b) and DNPH: B-CD (Fig. 3c) solid crystal. The IR spectrum
of DNPH (Fig. 3b) exhibits a strong peak at 3092 cm™! for stretch-
ing vibration of C-H from aromatic ring. IR peak at 1135 cm'is
noted for the bending vibration of C-H from aromatic ring.
1637 and 1496 were noted for stretching vibration of C=C in ben-
zene ring. However, in the IR spectrum of DNPH:B-CD crystal
(Fig. 3c), absorption band due to the stretching (at 2926 cm™)
and bending (at 1411 cm™!) vibrations are shifted. The stretching
vibration of C=C (at 1643 and 1411 cm™!) also shifted. In the IR
spectrum of DNPH the intensity of N-H stretching is very high
(3326 cm™!) and there is slightly increased in the IR spectrum

I R T TR 6
w0 30 80

20 (degree)

Fig. 2. The Powder XRD pattern of B-CD, DNPH and grown crystal by DNPH:B-CD.
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Fig. 3. FTIR Spectrum of (a) B-CD, (b) DNPH, (c) as grown crystal of DNPH:B-CD.

of DNPH: B-CD complex (3302 cm™'). IR peak at 1219 cm™' is 2.4. Scanning electron Microscope studies

noted for the symmetric strectching vibration of N-O in DNPH

and there is increased in IR spectrum of DNPH: -CD complex The Scanning electron microscopy (SEM) image of the grown
(1151 cm™1). crystal was recorded using FEI Quanta FEG 200 - High resolu-
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Fig. 3 (continued)

tion Scanning Electron Microscope to study the surface mor-
phology of DNPH: B-CD crystal. A two dimensional image was
generated over a selected area of the sample. Since DNPH: B-
CD is a single crystal, which is poor conducing in nature so
the sample was subjected to gold/carbon coating. THE SEM fig-
ures are recorded in different magnification. From the Fig. 4, it
is clear that the surface of the grown crystal appears very
smooth though it has pots and microcrystal on the surface.
The grain boundaries are clearly seen which shows the perfect
growth of the crystal.

Energy dispersive X-ray analysis (EDAX) is a micro-analytical
technique, used to obtain information about the chemical compo-
sition of the grown crystal. In this work, the grown crystal was sub-
jected to EDAX analysis using the instrument FEI QUANTA 200F
energy dispersive X-ray micro analyzer. The EDAX spectrum of
the crystal is shown in Fig. 5. The weight percentage (wt %) of C,
N and O as obtained from EDAX analysis is in concurrent with
the theoretical values.

2.5. Nonlinear optical studies

‘ The second harmonic generation efficiency measurement was
carried out to the grown crystal using the Kurtz-Perry powder tech-
nique. The crystal was well grinded into a homogenous powder and
densely packed between two transparent glass plates. The powder
sample with average particle size 100-115p was illuminated using
Q-switched Nd: YAG laser emitting a fundamental wavelength of
1064 nm with the pulse width of 8 ns. The value of SHG for the
grown crystal is found to be 42.32 mV as in comparison with that
of pure KDP crystal’s value of 26.4 mV which asserts that the grown
crystal has the efficiency of 0.62 times greater than that of KDP
assuring itself to be a potential candidate for photonic applications.

3. Conclusion

Nonlinear optical (NLO) 2, 4-Dinitrophenylhydrazine (DNPH)
single crystal was grown by slow evaporation solution growth
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Fig. 4. SEM images of grown crystal of DNPH: B-CD.

method at ambient temperature. The characterization of Pow- was used to the identification of various functional groups present
der X - Ray diffraction peaks was confirmed the new crystalline in the grown crystal. The range of optical transmittance exhibited
system. Fourier transform infrared spectroscopic analysis (FTIR) by the grown BCD-DNPH crystal was investigated by UV Visible -
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Fig. 5. EDAX spectrum of inclusion complex crystal of DNPH:B-CD.

NIR spectral analysis. The lower cut off wavelength of the grown
crystal is observed at 270 nm. The SEM figures are recorded in dif-
ferent magnification. It is clear that the surface of the grown crystal
appears very smooth although it has pots and microcrystal on the
surface. The grain boundaries are clearly seen which shows the
perfect growth of the crystal. The weight percentage (wt %) of C,
N and O as obtained from EDAX analysis is in concurrent with
the theoretical values. The SHG efficiency of the grown crystal
was determined. The grown crystal has the SHG efficiency was
0.62 times greater than that of KDP assuring itself to be a potential
candidate for photonic applications.
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