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CHAPTER 1

INTRODUCTION

1.1 Rationale of the study

Crystal growth is an important field of materials science, which involves
controlled phase transformation. The solid state materials can be classified into
single crystals, polycrystalline and amorphous materials depending on the arrange-
ment of the constituent atoms, ions or molecules. An ideal crystal is an infinite
lattice of atoms arranged in patterns which repeat in all three dimensions with
repeat distance but real crystals are finite and contain defects. A single crystal
consists of atomic arrays that are periodic in three dimensions with equal repeated
distances (lattice spacing) in a given direction. Many types of crystals find appli-
cations in lasers, optical components for communication, thermal imaging, light
emitting diodes, pyroelectric detectors etc. Semiconductor, ferroelectric, piezo-
electric, laser and infrared sensitive crystals are part of solid state devices in use
today. New materials are always investigated and the list of applications for crys-
tals is on the rise. Hence growth of single crystals has become inevitable for any
further developments in material research.

Nonlinear optical (NLO) frequency conversion materials have a significant
impact on laser technology, optical communication and optical storage technol-
ogy. The ferroelectrics KDP and ADP used in electro-optical and acousto-optical
devices were the first crystals applied for nonlinear frequency conversion. How-
ever some special nonlinear optical problems called for crystals with improved

properties like high transparency in the UV region, higher nonlinearity, low hygro-



scopicity etc. The search for new NLO materials over the past decade has led to
the discovery of many organic NLO materials with high nonliner susceptibilities.
However, their practical applications are limited by poor optical quality, lack of ro-
bustness, low laser damage threshold properties (Hou et al., 1993) and difficulties
still remain in crystal growth with sufficient quality and hardness for applications,
such as optical and electro-optical sampling devices.

The approach of combining the high nonlinear optical coefficients of the or-
ganic molecules with the excellent physical properties of inorganics has been found
to be overwhelmingly successful in the recent past. Thiourea, which is otherwise
centrosymmetric, yields excellent noncentrosymmetric materials and typifies this
approach (Venkataramanan et al., 1997). Metal complex of thiourea, commonly
called semi-organics, include the advantages of both organic and inorganic part of
the complex. A variety of crystals of this class have been grown by several groups
(Bhat and Dharmaprakah, 1998; Selvaraju et al., 2007). The growth of single crys-
tals of potassium thiourea bromide (PTB) was accomplished by the slow evapora-
tion solution growth method. It is seen from the optical spectrum that PTB has
good optical transmission in the entire visible region, which is an essential require-
ment for a nonlinear crystal (Roshan et al., 2001). The growth of single crystals of
zinc thiourea chloride (ZTC) was accomplished by the slow evaporation solution
growth method. Transmission spectra of ZTC revealed that the crystal has an ex-
tended transparency down to UV. The hardness values of ZTC were comparable to
other semi-organic crystals. The promising crystal growth characteristics and the
properties of ZTC crystal prove it to be an attractive material for harmonic gen-
eration of Nd:YAG lasers (Rajasekaran et al., 2001). Potassium dihydrogen phos-
phate KHoPO, (KDP) and ammonium dihydrogen phosphate NH,H,PO, (ADP),

continue to be interesting materials both academically and industrially. KDP and



ADP are representatives of hydrogen bonded crystals which possess very good
electro-optic and nonlinear optical properties. ADP is antiferroelectric and KDP
is ferroelectric due to the difference in the number of hydrogen bonds. With the
aim of improving the Second Harmonic Generation efficiency of KDP and ADP,
researchers have attempted to modify KDP and ADP crystals by doping different
type of impurities such as amino acids.

There are different techniques to grow bulk crystals in which melt and solu-
tion growth techniques are mostly used. The main advantages of solution growth
method are convenience, simplicity and the possible avoidance of complex growth
apparatus. The use of high-purity solvent and solute and low viscosity of solution
can give controlled supersaturation in growth. Crystallization from the solution, in
particular slow solvent evaporation technique, has been widely used to grow nonlin-
ear optical and several other types of crystals. Oriented crystals along prerequisite
direction are very important in terms of reducing loss of material and cost during
nonlinear optical device fabrication. Sankaranarayanan and Ramasamy discovered
the unidirectional crystal growth from solution and have successfully grown the
benzaphenone single crystal with different orientations (Sankaranarayanan and
Ramasamy, 2005).

This thesis is concerned with the growth of pure and doped single crys-
tals of zinc thiourea chloride, potassium dihydrogen phosphate and ammonium
dihydrogen phosphate by both conventional and Sankaranarayanan -Ramasamy

methods and the characterization of grown crystals.

1.2 Research objective

The objectives of this thesis are as follow:

1.2.1 Growth of pure and doped ZTC crystals which have large size by using



both conventional solution growth method and uniaxially solution crystallization
method of Sankaranarayanan-Ramasamy:.

1.2.2 Growth of pure, L-arginine and glycine doped ADP crystals by using
both conventional solution growth method and uniaxially solution crystallization
method of Sankaranarayanan-Ramasamy:.

1.2.3 Growth of L-arginine and glycine doped KDP crystals by using
both conventional solution growth method and uniaxially solution crystallization
method of Sankaranarayanan-Ramasamy:.

1.2.4 Characterization of the grown crystals.

1.3 Scope and limitation of the study

1.3.1 Synthesis and growth of both pure and doped ZTC, amino acid doped
ADP and KDP seed crystals were carried out using the conventional slow evapo-
ration method.

1.3.2 Growth of larger size crystals was carried out using the uniaxially
solution-crystallization method of Sankaranarayanan-Ramasamy:.

1.3.3 Characterization of the grown crystals were made by XRD, FTIR
and TGA /DSC techniques, together with micro hardness and dielectric properties

studies.
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CHAPTER 11

REVIEW OF THE LITERATURE

2.1 Nonlinear optical materials

Nonlinear optics is the branch of optics that describes the behavior of light
in nonlinear media, that is, media in which the polarization P responds nonlinearly
to the electric field E of the light. This nonlinearity is typically only observed
at very high light intensities such as those provided by pulsed lasers. In fact,
the beginning of the field of nonlinear optics is often taken to be the discovery
of second harmonic generation (SHG) by Franken et al. in 1961, shortly after
the demonstration of the first working laser by Maiman in 1960 (Boyd, 2003).
Nonlinear optics is a very useful technology because it extends the usefulness of
lasers by increasing the number of wavelengths available. Wavelengths both longer
and shorter than the original can be produced by nonlinear optical material. A
number of nonlinear optical phenomena can be described as frequency-mixing
processes. If the induced dipole moments of the material respond instantaneously
to an applied electric field, the magnitude of the induced polarization (dipole
moment per unit volume) P(t¢) at time ¢ in a medium depends on the applied field

E(t) . The expansion of P(t) in a series of powers of F(t) is given by :

P(t) = xWE®) + xPE(t) + x\®OE3(t) + ... (2.1)

P(t) = PO () + P (t) + PO (t) + ... (2.2)



Here, the coefficients x(™ are the n-th order susceptibilities of the medium. For
any three-wave mixing process, the second-order term is crucial; it is only nonzero
in media that have no inversion symmetry. If a laser beam whose electric field

strength is represented as :

E(t) = Bye ™'  Eye ™2 4 c.c (2.3)

is incident upon a crystal for which the second-order susceptibility x(? is nonzero
(c.c. denotes the complex conjugate) , the nonlinear polarization that is created

in such a crystal is given as

P(2) (t) — X(Q) [E%G_%wlt + E226—2iw2t 4 2E1E26—i(w1+w2)t

+2E, Bie )t 4 e +2x? [ByEf + EyE3) (2.4)

The complex amplitudes of the various frequency components of the non-
linear polarization correspond to the second harmonic generation (SHG) of Ej,
the second harmonic generation of Es,, the sum frequency generation (SFG), the
difference frequency generation (DFG), and the optically rectified (OR) signals of
E; and E5. Three wave-mixing gives rise to phenomena like the second harmonic
generation, optical rectification, optical parametric oscillation, sum and difference
frequency generation.

Under proper experimental conditions, the process of second-harmonic gen-
eration can be so efficient that nearly all of the power in the incident radiation at
frequency w is converted to radiation at the second-harmonic frequency 2w. One
common use of second-harmonic generation is to convert the output of a fixed-
frequency laser to a different spectral region. For example, the Nd:YAG laser

operates in the near infrared at a wavelength of 1.06 ym. Second-harmonic gen-



eration is routinely used to convert the wavelength of the radiation to 0.53 pum,
in the middle of the visible spectrum. Second-harmonic can be visualized by con-
sidering the interaction in terms of the exchange of photons between the various
frequency components of the field.

According to this picture, which is illustrated in Figure 2.1, two photons of
frequency are destroyed and a photon of frequency 2w is simultaneously created
in single quantum-mechanical process. The solid line in the figure represents the
atomic ground state, and the dashed lines represent what are known as virtual
levels. These levels are not energy eigen levels of the free atom, but rather represent
the combined energy of one of the energy eigenstates of the atom and of one or

more photons of the radiation field.

2

Figure 2.1 Energy-level diagram describing second-harmonic generation.

Suitable nonlinear crystals are required to have laser sources at new optical
wavelengths. The main requirements of nonliear crystals are large y®), phase
matchability, wide transmission bandwidth and high laser damage threshold.

Materials that exhibit second-order susceptibility have distinct dipoles.
These dipoles are usually permanent, although a second-order effect may be devel-
oped with transient dipoles that have a lifetime longer than the period of the wave.
The dipoles can result from the formation of crystals with no center of inversion

symmetry or from the breakdown of center of inversion symmetry in isotropic ma-



terials by the introduction of anisotropic structures or defects that can be aligned
by poling (Simmons and Potter, 2000).

It is already known that there are various physical mechanisms which may
cause nonlinear polarization responses in the medium (He and Liu, 1999).

1. Distortion of electronic cloud.

2. Intramolecular motion.

3. Molecular reorientation

4. Induced acoustic motion

5. Induced population change
In different conditions of the applied optical field or for different media, the rel-
ative contributions from various mechanisms can be significantly different. The
presence of anisotropy in the propagation characteristics of the materials means
that the applied electric field and the polarization are not necessarily parallel. The
electric field displacement vector (D) remains normal to the propagation vector.
Mathematically, this means that the dielectric constant must become a tensor.
The tensor is symmetric, so it may be diagonalized into principal dielectric con-
stants along eigenvectors or principal directions, and the wave propagates at dif-
ferent velocities for polarizations along these directions. (Simmons and Potter,
2000). Crystal engineering of new nonlinear optical materials, structures and de-
vices with enhanced figures of merit has developed over the last three decades as a
major force to help drive nonlinear optics from the laboratory to real applications.
The research of large quadratic susceptibilities x(?) depending on the quasi-perfect
packing of highly polarizable molecules in the crystal network has been the main

challenge (Zyss and Nicoud, 1996; Meredith, 1983).
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2.2 Thiourea and metal-organic materials

Thiourea is an organic compound of carbon, nitrogen, sulfur and hydrogen,
with the formula CSNyH, or (NHy),CS (Figure 2.2). It is similar to urea, except
that oxygen atom is replaced by a sulfur atom. The properties of urea and thiourea
differ significantly because of the relative electronegativities of sulfur and oxygen.
Thiourea is a versatile reagent in organic synthesis. “Thioureas” refers to a broad
class of compounds with the general structure (R'R2N)(R3R*N)C=S. Thioureas

are related to thioamides, e.g. RC(S)NRy, where R is methyl, ethyl, etc.

P i

2\ ¢
HN NH m"/ \HH

H H H

I o

s 5"

| I

N fc\ c
HN NH HNK XEH
H H H H

I mr

Figure 2.2 Structure of thiourea (Stewart, 1957).

Thiourea molecule has large dipole moment (Bornsten et al., 1982) and has
ability to form extensive network of hydrogen bonds. The second-order nonlinear
optical interactions can occur only in noncentrosymmetric crystals, that is, in
crystals that do not display inversion symmetry. Since liquids, gases, amorphous
solids (such as glass), and even many crystals do display inversion symmetry, x?
vanishes identically for such media, and consequently they cannot produce second-
order nonlinear optical interactions. On the other hand, third-order nonlinear
optical interactions can occur both for centrosymmetric and noncentrosymmetric
media (Boyd, 2003). The centrosymmetric thiourea molecule, when combinded

with inorganic salts yields noncentrometric complexes, which has nonlinear optical
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properties (Roshan et al., 2001). Metal complexes of thiourea, commonly called
semi-organics, include the advantages of both organic and inorganic part of the
complex. A variety of crystals of this class has been grown by several groups

(Venkataramanan et al., 1997; Bhat and Dharmaprakah, 1998).

2.3 Metal complexes of thiourea

KDP group of materials (inorganic materials) remain the most widely used
crystals for frequency conversion because of its inherent nonlinearities. Much
recent works have demonstrated that organic crystals can have very large nonlinear
susceptibilities compared with inorganic crystals, but their use is implicated by
their low optical transparencies, poor mechanical properties and low laser damage
thresholds. Purely inorganic NLO materials typically have excellent mechanical
and thermal properties but possess relatively modest optical nonlinearities. Hence
new types of NLO materials have been built from organic-inorganic complexes in
which the high optical nonlinearity of a pure organic compound is combined with
the favorable mechanical properties of inorganic materials.

Recently the metal complexes of thiourea have been explored. Some of
the examples of these complexes are Zinc Thiourea Sulfate (ZTS), Zinc Thiourea
Chloride (ZTC), Bisthiourea Cadmium Chloride (BTCC) and Copper Thiourea
Chloride (CTC). Thease crystals have better nonlinear optical properties than
KDP (Rajsekaran et al., 2003; Ushashree et al., 2000; Mary and Dhanuskodi,
2001). Zinc Thiourea chloride is a potential semiorganic nonlinear material and
crystallizes in the noncentrosymmetric orthorhombic space group Pnma. Growth
of ZTC single crystals using slow evaporation technique at room temperature has
been reported. The SHG efficiency of ZTC is reported to be less than that of ZTS

(Rajasekaran et al., 2001). Figure 2.3 shows morphology of ZTC crystals grown
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at pH 4.5 by Rajasekaran, Ushasree, Jayavel and Ramasamy.

wln (1.1} ]

L
i

Figure 2.3 Morphology of ZTC crystals grown at pH 4.5 (Rajasekaran et al.,
2001).

ZTC single crystals have been grown from low temperature solution growth
method by slow cooling. It has been found that the solution pH influences the
growth rate of the crystal along [001] and [010] directions. FTIR spectra revealed
that the coordination in the crystal occurs through the sulfur. Transmission spec-
tra revealed that the crystal has an extended transparency down to UV. Ther-
mogravimetric analysis showed that ZTC is thermodynamically stable up to 225
°C. The hardness values of ZTC were comparable to other semi-organic crys-
tals. Figure 2.4 shows the solubility curve for ZTC at different temperatures.
The promising crystal growth characteristics and the properties of ZTC crystal
prove it to be an attractive material for harmonic generation of Nd:YAG lasers
(Rajasekaran et al., 2001). The FTIR spectrum of ZTC is shown in Figure 2.5.

Metal complexes of thiourea exhibit variety of structural phase transitions
as thiourea exhibits ferroelectric phase to an incommensurate structure (Cienninski

et al., 1990) and the properties also depend on the nature of the host in which
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Figure 2.4 Solubility curve for ZTC at different temperatures (Rajasekaran et

al., 2001).
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Figure 2.5 FTIR spectrum of ZTC (Rajasekaran et al., 2001).

thiourea molecule complexes in.

2.4 Amino acid doped KDP crystals

Nonlinear optical materials are needed to realize applications in telecom-

munication, optoelectronics and laser technology. NLO crystals continue to be

interesting materials both academically and industrially. NLO crystals with high

conversion efficiencies for second harmonic generation are desirable in various ap-
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plications. The very first material to be used and exploited for their nonlinear
optical and electro-electrical properties was potassium dihydrogen phosphate. It
has the tetramolecular unit cell, having the unit cell parameters, a = b = 7.448
A and ¢ = 6.977 A (Wyckoff, 1960). KDP is a dielectric material well known for
its electro optical (ferroelectric at low temperature: T. = 123 K) and nonlinear
optical properties. The excellent properties of KDP include transparency in a wide
region of optical spectrum, resistance to damage by laser radiation and relatively
high nonlinear efficiency. Therefore, it is commonly used in several applications
such as laser fusion and frequency conversion. In addition, KDP crystal exhibits
pyroelectric effect and is used in infrared imaging. Many studies on the growth
and properties of KDP crystals in the presence of impurities have been reported
(Wang, et al., 2006; Kannan et al., 2006; Podder et al., 2001). The KDP is a trans-
parent dielectric material best known for its nonlinear optical and electro optical
properties. The demand for high quality large KDP single crystal increases due to
its application as frequency conversion crystal in confinement fusion. These crys-
tals are required to have good optical property and high laser damage threshold.
Additives have an important role in improving the qualities of KDP crystal and
the effect on the adjustment of growth habits. Pure and impurity added KDP sin-
gle crystals have been grown from aqueous solutions and characterized by different
workers (Kannan et al., 2006; Podder et al., 2001).

Some interesting results have already been reported on several properties of
impurity added KDP single crystals. KDP doped with amino acids like L-arginine
and glycine by conventional solution method were reported by Kumar and Babu.
Transparent, colorless crystals of pure, L-arginine and glycine doped KDP single
crystals were grown by slow evaporation technique at constant temperature (35°C).

Amino acid doped crystals have shown an increase in Second Harmonic Generation
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efficiency compared to pure KDP crystals (Kumar and Babu, 2008).

2.5 Amino acid doped ADP crystals

Ammonium dihydrogen phosphate and potassium dihydrogen phosphate
are two of the oldest crystals grown in large size for many applications and con-
tinue to be interesting materials both academically and industrially (Tukubo and
Makita, 1989).

ADP crystal is very interesting due to its piezo-electric property and non-
linear optical property. ADP belongs to scalenohedral (twelve faced) class of
tetragonal crystal system. It has the tetramolecular unit cell, having the unit
cell parameters, a = b = 7.510 A and ¢ = 7.564 A (Wyckoff, 1960). Because of its
interesting electrical and optical properties, structural phase transitions, and ease
of crystallization, it has been the subject of a wide variety of investigations for over
50 years (Li et al., 2001; Meena and Mahadevan, 2008; Xu and Xue, 2006). With
the aim of discovering new useful materials for academic and industrial use, an at-
tempt has been made to modify ADP crystals by adding some amino acids. Since
most of the amino acids exhibit NLO property, it is expected that the addition
of some amino acids, such as L-arginine and glycine, in ADP could also improve
the various properties. L-arginine was attempted as the dopant to reduce ¢, value
of ADP crystals and decrease of ¢, value due to L-arginine addition indicates the
possibility of making ADP crystals the low ¢, value dielectrics that may be very

useful for microelectronics industry (Meena and Mahadevan, 2008).
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2.6 Conventional and Sankaranarayanan-Ramasamy solu-

tion growth methods

There are several techniques for crystallization which can be classified ac-
cording to their phase transformation as

1. Growth from solid : solid-solid phase transformation

2. Growth from liquid : liquid-solid phase transformation

3. Growth from vapour : vapour-solid phase transformation

Growth from solution, in particular the low temperature solution growth,
occupies an outstanding position due to its versatility and simplicity. Growth
from solution occurs close to equilibrium conditions and hence crystals of high
perfection can be grown. Since this thesis involves the work on growing crystals
from low temperature solutions, the processes of low temperature solution growth
methods are briefly discussed. The method of crystal growth from low temperature
aqueous solutions is extremely popular in the production of many technologically
important crystals.

Low temperature solution technique can be subdivided into the following
methods,

1. Slow cooling method

2. Solvent evaporation method

3. Temperature gradient method

In order to grow crystals, the solution must be supersaturated. Supersatu-
ration of a system is the driving force, which governs the rate of crystal growth.
A typical solubility diagram is shown in Figure 2.6. The whole concentration-
temperature field is separated by solubility curve into two regions; undersaturated

and supersaturated solutions. The solubility of most substances increases with
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temperature. Crystal can be grown only from supersaturated solution. The re-
gion of supersaturated solution can be divided into two sub-regions; metastable and
labile zones. Nucleation will occur spontaneously in the labile zone. Metastable
Zone refers to the level of supersaturation where spontaneous nucleation cannot
occur and seed crystal is essential to crystal growth. In slow cooling technique,
supersaturation is achieved by a change in temperature usually throughout the
entire crystallizer. The crystallization process is carried out in such a way that
the point on the temperature-dependence of the concentration moves into the
metastable region along the saturation curve in the direction of lower solubility.
In the solvent evaporation method, the vapour pressure of the solvent above the
solution is higher than the vapour pressure of the solute and, therefore, the solvent
evaporates more rapidly and solution becomes supersaturated (Santhanaraghavan

and Ramasamy, 2000).

Labile 7

o Hetas table/
L stable
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Figure 2.6 Solubility Diagram (Santhanaraghavan and Ramasamy, 2000).

A newly discovered novel method called “Sankaranarayanan-Ramasamy
(SR) method” gives bulk unidirectional crystals with good quality from solution
(Sankaranarayanan and Ramasamy, 2005). The growth of bulk size crystals with-

out defects is a challenging task for crystal grower. Also, for SHG applications we
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need phase matchable crystals. The SR solution growth technique is suitable to get
unidirectional crystals from solution. The main advantages of SR solution growth
technique are simple experimental set-up, unidirectional growth, high solute-solid
conversion, minimum thermal stress on the crystal during growth and prevention
of microbial growth. Also, the growth rate of different planes can be measured
(Babu et al., 2006).

A relation can be given for the growth rate for the SR method based on
the solubility of the material, evaporation rate, size of the growth vessel and the

density of the material (Balamurugan and Ramasamy, 2006).

R(T) = 0.318k.(SE) /r*d(cm/day) (2.5)

where k is the proportionality constant, S is the solubility of the material (g/mL
of solvent), E is the evaporation rate of solvent (mL/day), r is the radius of the
vessel (for cylindrical)(cm), d is the density of the material (g/cm3), and T is the

temperature (K).
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Figure 2.7 Schematic diagram of the experimental set-up (Sankaranarayanan and
Ramansamy, 2005).

The schematic diagram of experimental set-up is shown in Figure 2.7. It
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consists of a growth ampoule made out of glass with seed mounting pad. An outer
glass shield tube protects and holds the inner growth ampoule. A ring heater
positioned at the top of the growth ampoule was connected to the temperature
controller and it provides the necessary temperature for solvent evaporation. The
temperature around the growth ampoule was selected based on the solvent used
and was controlled with the aid of temperature controller (Sankaranarayanan and
Ramasamy, 2005). In the original form of the SR method set-up, depending on
the growth rate of the crystal, the ring heater was moved downwards using a
translation mechanism. It is difficult to translate the heater at the rate of crystal
growth. SR method is modified in some aspects and used for growth of triglycine
sulphate (TGS) crystal. The modification leads to the simplicity, reduction of cost
and avoided the temperature fluctuations (Balamurugan et al., 2007). The ring
heater is not translated but fixed on the top of the ampoule. The crystallizer was

kept in a water bath to avoid the temperature fluctuation of the daily variation.
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CHAPTER III
GROWTH AND CHARACTERIZATION OF
THE PURE AND K™ DOPED ZINC

THIOUREA CHLORIDE CRYSTALS

3.1 Abstract

Pure and K* doped single crystals of Zinc Thiourea Chloride were grown
by slow solvent evaporation technique and large size single crystals of pure ZTC
were grown by Sankaranarayanan-Ramasamy technique. Powder XRD studies of
both pure and doped samples were carried out and the results were compared.
FTIR studies were performed to identify the presence of various functional groups
in the grown crystals. The optical absorption analysis revealed that the pure and
0.2 mole % of K* doped ZTC crystals have very low percentage of absorption in
the entire visible region. Dielectric constants of both pure and doped samples were
measured. The good dielectric properties show that the ZTC crystal grown by SR

technique may be useful for variety of NLO applications.

3.2 Introduction

Nonlinear optical frequency conversion materials have a significant impact
on laser technology, optical communication and optical storage technology. The
search for new NLO materials over the past decade has led to the discovery of

many organic NLO materials with high nonliner susceptibilities. However, their
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practical applications are limited by poor optical quality, lack of robustness, low
laser damage threshold properties (Hou et al., 1993) and difficulties still remain in
crystal growth with sufficient quality and hardness for applications, such as optical
and electro-optical sampling devices.

The approach of combining the high nonlinear optical coefficients of the or-
ganic molecules with the excellent physical properties of inorganics has been found
to be overwhelmingly successful in the recent past. Thiourea, which is otherwise
centrosymmetric, yields excellent noncentrosymmetric materials and typifies this
approach (Venkataramanan et al., 1997).

Metal complex of thiourea, commonly called semi-organics, include the ad-
vantages of both organic and inorganic part of the complex. A variety of crystals
of this class has been grown by several groups (Bhat and Dharmaprakah, 1998;
Selvaraju et al., 2007). The growth of single crystals of potassium thiourea chloride
was accomplished by the slow evaporation solution growth method. PTC has good
optical transmission in the entire visible region, which is an essential requirement
for a nonlinear crystal (Selvaraju et al., 2007). Growth of pure zinc thiourea chlo-
ride crystals has been carried out by slow evaporation solution method (Roshan et
al., 2001). Transmission spectra of ZTC revealed that the crystal has an extended
transparency down to UV. The hardness values of the ZTC crystals were compa-
rable to other semi-organic crystals. The promising crystal growth characteristics
and the properties of the ZTC crystal prove it to be an attractive material for
harmonic generation of Nd:YAG lasers (Roshan et al., 2001; Rajasekaran et al.,
2001), The present work deals with the growth, optical absorption, XRD, FTIR

and dielectric studies of pure and K™ doped ZTC single crystals.
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3.3 Experimental

3.3.1 Material preparation

7Z'TC was synthesized by dissolving thiourea and zinc chloride in the molar

ratio 2:1 in deionized water. ZTC was synthesized according to the relation

3.3.2 Crystal growth by the conventional slow evaporation

technique

The synthesized salt was dissolved in deionized water. The solution was
in slightly undersaturation condition. The solution was constantly stirred for 6
hr using magnetic stirrer. The solution was filtered using No.1 whatman filter
paper. Then the solution was poured in a different beaker in the water-bath with
constant temperature at 35°C. Seed crystals were formed due to spontaneous
nucleation. A seed crystal grown in 1 week is shown in Figure 3.1. Good quality
seed crystals were taken for growing large size crystals by both the conventional
and SR techniques. The crystals were grown by slow solvent evaporation method.
K* doped ZTC crystals were also grown by dopting 0.2, 1.0 and 2.0 mole % of

KCL

3.3.3 Crystal growth of the pure ZTC by the SR method

Sankaranarayanan and Ramasamy found a technique to grow unidirectional
crystal from solution and have successfully grown benzophenone single crystals
with different orientation (Sankaranarayanan, 2005; Sankaranarayanan and Ra-

masamy, 2006) We have employed this technique to grow pure ZTC single crystals.
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a-axis

Figure 3.1 The pure ZTC seed crystal grown in 1 week.

It consists of two heating coils placed at the top and the bottom of the crucible
in the water bath and they are directly connected to thermostat to maintain the
heating voltage (Figure 3.2). Growth condition of this method depends on the
temperatures of heating coils. The a-axis of the seed crystal was selected for uni-
directional crystal growth. A seed crystal obtained in the previous section was
mounted at the bottom of the crucible. The temperature difference between the
top and bottom heating coils was carefully maintained. After a time span of 60
days a good quality single crystal of pure ZTC has been grown successfully with

size ~60 mm in length and ~30 mm in diameter, as shown in Figure 3.3.

3.4 Characterization

3.4.1 X-ray diffraction analysis

Powder X-ray diffraction analysis has been carried out using D5005 X-
ray diffractometer (Bruker AXS) with CuK, (A = 1.5418 A). The sample was
scanned over 10-70°C at the rate of 1°C/min. Figure 3.4 shows the X-ray powder
diffractogram of the ZTC crystal. Powder X-ray diffraction studies of the pure ZTC

crystals grown by both conventional and SR methods confirmed the orthorhombic
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Figure 3.2 SR method experimental set-up.

Figure 3.3 The pure ZTC crystal grown by the SR method.

structure of the grown crystals. In addition, powder x-ray diffraction studies of
the ZTC crystals doped with 0.2, 1.0 and 2.0 mole % of K grown by conventional

method also confirmed the orthorhombic structure of the grown crystals.
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3.4.2 FTIR studies

Fourier transform spectroscopy is a simple mathematical technique to re-
solve a complex wave into its frequency components. The spectrum was observed
from SPECTRUM GX (Perkin Elmer) FTIR spectrophotometer in the regions
1000-4000 cm™! using a KBr pellet. The FTIR spectrum of the ZTC crystal
grown by the conventional method is shown in Figure 3.5. The functional groups

of the grown crystals were confirmed.
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Figure 3.4 X-ray powder diffractogram of the pure ZTC crystals grown by both
conventional (a) and SR (b) methods.

3.4.3 Optical property studies

The optical absorption analysis revealed that the pure ZTC and ZTC doped
with 0.2 mole % of K™ crystals have very low percentage of absorption in the entire
visible region, which is a very essential property for NLO crystals. But the ZTC

crystals doped with 1.0 and 2.0 mole % of K* have high percentage of absorption.
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Figure 3.5 The FTIR spectrum of the pure ZTC crystals grown by the conven-

tional method.
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Figure 3.6 UV-visible spectra of the pure and K™ doped ZTC grown by the
conventional method.

3.4.4 Dielectric constant

Dielectric properties are correlated with electro-optic properties of the crys-

tals particularly when they are nonconducting materials. The pure and doped ZTC

crystals grown by both conventional and SR techniques have been characterized
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by dielectric constant studies. The plots in Figures 3.8 - 3.9 show the dielectric
constant with different frequencies for the grown crystals. The ZTC crystal doped
with 0.2 mole % of K has the dielectric constant greater than the pure ZTC
crystal, but the dielectric constant of the pure ZTC crystal is greater than the
dielectric constant of the ZTC crystal doped with 1.0 mole % of KT as shown in
Figure 3.8. The dielectric constant of the pure ZTC crystal grown by both con-
ventional and SR techniques were measured and the results are shown in Figure
3.9. The pure ZTC crystal grown by SR method has the dielectric constant greater
than the pure ZTC crystal grown by conventional method at all measured frequen-
cies. The plot in Figure 3.10 shows the dielectric loss (¢” = tand - &,.) of the pure
ZTC crystal grown by the conventional and SR methods at different frequencies.
Low dielectric loss at high frequencies indicates that the specimen crystal contains
very low density of defects. The dielectric loss of the pure ZTC crystal grown
by the SR method is lower than the dielectric loss of pure ZTC crystal grown by
the conventional method. The good dielectric properties indicate that the ZTC

crystal grown by the SR method may be useful for variety of NLO applications.

3.5 Conclusion

Large size single crystals of pure ZTC have been grown by SR method. The
crystal structure and functional groups were confirmed. Good dielectric proper-
ties were observed in the present investigations. The optical absorption analysis
revealed that the pure ZTC and ZTC doped with 0.2 mole % of K* crystals have
very low percentage of absorption in the entire visible region, which is a very
essential property for NLO crystals. Dielectric measurements indicate that the
crystal grown by the SR method has good crystalline perfection and low density

of defects.
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Figure 3.7 Dielectric constant of the pure and K™ doped ZTC crystals grown by
the conventional method.
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Figure 3.8 Dielectric constant of the pure ZTC grown by conventional method
and SR method.
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Figure 3.9 Dielectric loss (") of the pure ZTC crystals grown by conventional
and SR techniques.
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CHAPTER IV
GROWTH AND CHARACTERIZA-
TION OF PURE, L-ARGININE AND

GLYCINE DOPED ADP CRYSTALS

4.1 Abstract

Single crystals of pure, L-arginine and glycine doped ammonium dihydrogen
phosphate were grown by slow solvent evaporation technique and large size sin-
gle crystals of pure and doped ADP were grown by Sankaranarayanan-Ramasamy
technique. Powder XRD studies of the samples were carried out and FTIR stud-
ies were performed to identify the presence of various functional groups in the
grown crystals. The optical absorption analysis revealed that the pure and doped
ADP crystals had very low percentage of absorption in the entire visible region.
Dielectric properties of both pure and doped samples were measured. The good
dielectric properties indicated that the ADP crystal grown by SR technique may
be useful for variety of NLO applications. The DSC and TG curves of the grown
crystals indicated that they were stable up to 200°C and larger hardness value for

SR method grown crystal confirmed greater crystalline perfection.

4.2 Introduction

Materials with large optical nonlinearities are needed to realize applications

in optoelectronics, telecommunication industries, laser technology and optical stor-
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age devices. Ammonium dihydrogen phosphate and potassium dihydrogen phos-
phate are two of the oldest crystals grown in large size for many applications and
continue to be interesting materials both academically and industrially (Tukubo
and Makita, 1989). ADP crystal is of more interest because of its piezo-electric
property. This crystal is antiferroelectric and has got non-linear optical property.
Due to its interesting electrical and optical properties, structural phase transitions,
and ease of crystallization, it has been the subject of a wide variety of investigations
for over 50 years (Meena and Mahadevan, 2008). ADP belongs to scalenohedral
(twelve faced) class of tetragonal crystal system. It has the tetramolecular unit
cell, having the unit cell parameters, a = b = 7.510 A and ¢ = 7.564 A (Wyckoft,
1960).

NLO single crystals with high conversion efficiencies for second harmonic
generation are desirable in various applications. With the aim of discovering new
useful materials for academic and industrial use, an attempt has been made to
modify ADP crystals by adding some amino acids. Since most of the amino acids
exhibit NLO property, it is expected that the addition of some amino acids, such as
L-arginine and glycine, in ADP could also improve the various properties (Meena
and Mahadevan, 2008). Nevertheless, there have only been very few reports avail-
able on the effect of amino acid on the properties of ADP crystals. In this chapter
the growth and characterization of L-arginine and glycine doped ADP crystals
will be reported. Uniaxial solution crystallization method of Sankaranaranyanan-
Ramasamy is a novel method to grow single crystals with 100% solute-crystal con-
version efficiency (Sankaranarayanan and Ramasamy, 2005; Sankaranarayanan,

2005; Sankaranarayanan and Ramasamy, 2006).
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4.3 Crystal growth procedure

4.3.1 Metastable zone studies

Four hundred millilitres of ADP solution saturated at 35°C was prepared
in accordance with the solubility diagram. Then the solution was taken in two
beakers each containing 200 ml. In one breaker, 1 mole % of glycine was added.
The solutions were filtered using No.1 whatman filter paper. These beakers were
loaded in a constant temperature bath. The solutions were stirred continuously
for 6 h for stabilization. Then, the temperature of the bath was reduced at the
rate of 4°C/h, while stirring the solution continuously. The temperature at which
the first speck of the particle was observed corresponds to the width of metastable
zone. The experiment was repeated for solution saturated at temperature 40, 45
and 50°C. The metastable zone width for different saturation temperatures of
pure, glycine and L-arginine added solutions is shown in Figure 4.1. It is seen that
the zone width decreases as the temperature increases in the case of both pure,
glycine and L-arginine added solutions. Metastable zone width studies are helpful

to grow good quality crystals.

4.3.2 Crystal growth by the conventional slow evaporation

technique

Analytical reagent grade samples of ADP, L-arginine and glycine along with
de-ionized water were used for the growth of single crystals. The solution was in
slightly undersaturation condition. The solution was constantly stirred for 6 h
using magnetic stirrer for homogenization. The pure and doped ADP solution
was filtered using No.1 whatman filter paper. Then the solution was poured into a

different beaker in the water-bath with constant temperature at 35°C. The product
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Figure 4.1 Solubility curve (a), Metastability limit of pure ADP (b), 1 mole %
glycine doped ADP (c) and 1 mole % L-arginine doped ADP(d).

was purified by repeated recrystallization, typically thrice from de-ionized water.
ADP crystals doped with L-arginine and glycine of different mole concentrations
(1 mole %, 2 mole % and 3 mole %) have been crystallized by the low temperature
solution growth technique at 35°C in about two weeks. Seed crystals of pure and
doped ADP were formed due to spontaneous nucleation. Tiny crystals with good
transparency, well defined shape were selected as seeds to grow bulk crystals by
both conventional and SR methods. Best seed crystals of respective doping were
selected and placed in appropriate solution for growth. The vessel containing the
solution was kept in a constant temperature bath at 35°C to allow slow evaporation

of the solvent. Single crystals grown in 2 weeks are shown in Figure 4.2.

4.3.3 Crystal growth of the pure and doped ADP by the

SR method

Sankaranarayanan and Ramasamy found a technique to grow unidirectional

crystal from solution and have successfully grown benzophenone single crystals
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Figure 4.2 ADP crystals grown from aqueous solutions containing different con-
centrations of L-arginine : (a) 0 mole %, (b) 1 mole %, (c) 2 mole %, (d) 3 mole
%, and different concentrations of glycine: (e) 1 mole %, (f) 2 mole %, (g) 3 mole
%.

with different orientations (Sankaranarayanan and Ramasamy, 2005; Sankara-
narayanan, 2005; Sankaranarayanan and Ramasamy, 2006). We have employed
this technique to grow pure, glycine and L-Arginine doped ADP single crystals.
The system consisted of two heating coils placed at the top and the bottom of
the crucible in the water bath and directly connected to thermostat to maintain
the heating voltage. Growth condition of this method depended on the tempera-
tures of heating coils. The < 001 > direction of the seed crystal was selected for
unidirectional crystal growth. A seed crystal obtained in the previous section was
mounted at the bottom of the crucible. The temperature difference between the
top and bottom heating coils was carefully maintained. After a time span of 60
days, good quality single crystals of pure and doped ADP were grown successfully
with the size of ~50 mm in length and ~20 mm in diameter, as shown in Figure

4.2.
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Figure 4.3 The 1 mole % L-arginine doped ADP crystal grown by SR method.

4.4 Characterization

4.4.1 Thermal properties

Thermal analysis was employed to find out the weight and energy changes
in the samples with respect to the temperature. In the present study, the thermal
analysis was carried out on the crushed specimen of the SR method grown crys-
tals by employing a Differential Scanning Calorimeter (Mettler Toledo DSC822)
and Thermogravimetric Analyzer (Mettler Toledo TGA/SDTA 851) at 15°C/min
heating rate in the nitrogen atmosphere.

Figure 4.4 shows the DSC spectra for the pure and doped ADP crystals
grown by the SR method. The DSC curve shows a peak at 210.8°C for the pure
ADP, 210.1°C for the glycine doped ADP and 212.3°C for the L-arginine doped
ADP crystals. Figure 4.5 illustrates the TG curves for the pure and doped ADP
crystals grown by the SR method. The TG curves of all samples indicate that

they are stable up to 200°C.
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Figure 4.4 Differential Scanning Calorimetry (DSC) data of the pure ADP, 1
mole % glycine and 1 mole % L-arginine doped ADP crystals grown by the SR
method.

4.4.2 X-ray diffraction analysis

ADP belongs to scalenohedral class of tetragonal crystal system. Its unit
cell parameters are a = b = 7.510 A and ¢ = 7.564 A (Wyckoff, 1960). Powder
X-ray diffraction analysis has been carried out using D5005 X-ray diffractometer
(Bruker AXS) with CuK, (A = 1.5418A). The sample was scanned over 10-70
degrees at the rate of 1 degree/min.

Figure 4.6 shows the X-ray powder diffractogram of the ADP crystals. The
powder X-ray diffraction studies of the pure and doped ADP crystals grown by

both conventional and SR methods confirmed the tetragonal structure of the grown
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Figure 4.5 Thermogravimetric Analysis (TGA) data of the pure ADP, 1 mole %
glycine and 1 mole % L-arginine doped ADP crystals grown by the SR method.

crystals. Results were compared with the JCPDS database where the prominent
peaks of the reported values coincided with the investigated patterns. The pure
ADP crystal has the tetramolecular unit cell, having the unit cell parameters a
—=b = 7510 A and ¢ = 7.563 A, while the 1 mole % glycine doped ADP crystal
has the unit cell parameters a = b = 7.511 A and ¢ = 7.548 A. The 1 mole %
L-arginine doped ADP crystal has the unit cell parameters a = b = 7.539 A and ¢
= 7.538 A. The crystals were identified by comparing the interplanar spacing and
intensities of the XRD pattern with the JCPDS data of ADP crystals. The slight
shift in the 2 values observed in the doped crystals suggests that their structure

was slightly disturbed compared to that of the pure ADP crystals.
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Figure 4.6 X-ray powder diffractogram of the pure ADP (a), 1 mole % glycine
doped ADP (b) and 1 mole % L-Arginine doped ADP (c) crystals grown by the
SR method.

4.4.3 FTIR studies

The Fourier Transform Infrared investigations were carried out on the pow-
dered samples of the pure and doped ADP crystals. The spectrum was observed
from SPECTRUM GX (Perkin Elmer) FTIR spectrophotometer in the regions
1000 - 4000 cm~! using a KBr pellet. The FTIR spectrum of the ADP crystal
grown by the conventional method is shown in Figures 4.7 - 4.8 and that grown
by the SR method in Figure 4.9. The group frequency region was located between
1300 - 400 cm~!. The characteristic vibrational frequencies of the pure and doped

I contains

ADP crystals are very similar. The frequency range 1540 - 2500 cm™
triple bond frequencies which appear from 2000 to 2500 cm™! and double bond fre-
quencies from 1540 to 2000 cm~!. The -NH group hydrogen stretching frequency

at 3500 - 3000 cm™! is slightly broadened in the presence of high concentrations
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of dopant, indicating some type of interaction between the dopant and -NH group

of the ADP which modifies the transparency of the crystal in that region.
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Figure 4.7 FTIR spectra of the pure ADP (a) and ADP crystals doped with 3
mole % (b), 2 mole % (c) and 1 mole % (d) glycine grown by the conventional
method.

4.4.4 Optical property studies

Optical transmission spectra were recorded for the grown crystals by using
a HITACHI U-1800 UV-Vis spectrometer. The recorded transmittance spectra
of the pure and doped ADP crystals in the wavelength range 200 - 1200 nm are
shown in Figures 4.10 - 4.11. The crystals have sufficient transmission in the entire
visible and near infrared region. The optical transmission analysis revealed that
the pure and doped ADP crystals have very low percentage of absorption in the

entire visible region, which is a very essential property for NLO crystals.
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Figure 4.8 FTIR spectra of the ADP crystals doped with 3 mole % (a), 2 mole
% (b) and 1 mole % (c) L-arginine grown by the conventional method.
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Figure 4.9 FTIR spectra of the pure ADP (a), 1 mole % L-arginine (b) and 1
mole % glycine (c¢) doped ADP crystals grown by the SR method.
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Figure 4.10 UV-visible spectrum of the pure and glycine doped ADP crystals.
4.4.5 Dielectric properties

Dielectric properties are correlated with electro-optic properties of the crys-
tals; particularly when they are nonconducting materials. Permittivity character-
ization may yield some useful initial information. Microelectronics industry needs
new low dielectric constant materials as an interlayer dielectric (Hatton et al.,
2006). Some substances when doped to ADP may yield ADP with low dielec-
tric constant (Meena and Mahadevan, 2008). In the present work, glycine and
L-arginine were used as the dopant to reduce the dielectric constant of ADP. The
dielectric properties of the pure and doped ADP crystals grown by both conven-
tional and SR techniques were characterized.

Samples were cut to a proper thickness and polished. Each sample was

electroded on both sides with high purity silver paste so that it behaved like a
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Figure 4.11 UV-visible spectrum of the pure and L-arginine doped ADP crystals.
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Figure 4.12 Frequency dependence of the dielectric constant at 50°C of the pure,
1 mole % glycine doped ADP and 1 mole % L-arginine doped ADP crystals grown
by the SR method.



48

(a)
14 1
12 7
10 1
@ g
E -
4 4
2 —— 3R
—— conentional
1000 10000 100 0an 1,000 000
f(Hz)
(b)
14
1z ]
10 ]
E 4
W
E M
+
2 —— SR
] —a— conventional
1,000 10,000 00,000 1,000,000
f [Hz]

Figure 4.13 Frequency dependence of the dielectric constant at 50°C of the 1
mole % glycine doped ADP (a) and 1 mole % L-arginine doped ADP crystals (b).

parallel plate capacitor. Multi- frequency LCR meter (LCR-800 SERIES, Good
Will Instrument) was employed to measure the capacitance (C') and dielectric loss

tangent (tand) of the samples. The dielectric constant was calculated from C using
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the relations : &, = C'd/Agy where d is the thickness of the sample, A is the area
of the face in contact with the electrode and gy is the permittivity of free space
(8.854x107'2F /m).

The plot in Figures 4.12 - 4.13 shows the dielectric constant with different
frequencies for the grown crystals. Decrease of the dielectric constant due to the L-
arginine and glycine addition indicates the possibility of making ADP crystals with
low ¢, values. The doped ADP crystals grown by SR method have the dielectric
constant greater than the doped ADP crystals grown by the conventional method.

The plot in Figure 4.14 shows the dielectric loss tangent (tand) of the doped
ADP crystals grown by the conventional and SR methods at 10 kHz. Low dielec-
tric loss at high frequencies indicates that the specimen crystal contains very low
density of defects (Kushwaha et al., 2008). The dielectric loss of the doped ADP
crystals grown by the SR method is lower than the dielectric loss of the doped
ADP crystals grown by the conventional method. The good dielectric properties
obtained here indicate that the ADP crystals grown by the SR method may be

useful for variety of NLO applications.

4.4.6 Microhardness testing

The hardness of a material is a measure of its resistance to plastic deforma-
tion. Microhardness studies were carried out using MHT-10 Microhardness Tester
(Anton-Paar) on the (001) plane of both the conventional and SR method grown
crystals. Load of different magnitudes was applied. The indentation time was fixed
as 10 s for each trial. The Vickers microhardness number (H,) was calculated using
the relation H, = 1.8544P/d*(kg/mm?), where P is the indenter load (kg) and d is
the diagonal length of the impression (mm). The plots of Vickers hardness versus

load for the conventional and SR methods grown doped ADP crystals are shown in
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Figures 4.15 - 4.16. From the figures, it is seen that the hardness value for the SR
grown crystals is higher than the hardness of the conventional method grown crys-
tals. Larger hardness value for the SR method grown crystals indicates a greater
stress required to form dislocation; thus confirming greater crystalline perfection.
Similar results were reported in several crystals (Rajesh and Ramasamy, 2009;

Balamurugan and Ramasamy, 2008; Senthil et al., 2008).
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Figure 4.16 Vickers microhardness of the 1 mole % glycine doped ADP crystals.

4.5 Conclusion

Single crystals of pure, L-arginine and glycine doped ADP have been grown
by SR method. The crystal structure and functional groups were confirmed. Good
dielectric properties were observed in the grown crystals. The DSC and TG in-

vestigations show that the grown crystals are stable up to 200°C. The optical
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absorption analysis revealed that the pure and doped ADP crystals have very low
percentage of absorption in the entire visible region, which is very essential for
NLO crystals. Dielectric and microhardness measurements also indicate that the
crystals grown by the SR method have good crystalline perfection and low density

of defects.
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CHAPTER V

GROWTH AND CHARACTERIZATION OF

GLYCINE DOPED KDP SINGLE CRYSTALS

5.1 Abstract

Single crystals of glycine doped Potassium dihydrogen phosphate were
grown by Sankaranarayanan-Ramasamy technique. Powder XRD, FTIR,
DSC/TGA and microhardness studies of the samples were carried out. The op-
tical transmission analysis indicates that the pure and doped KDP crystals have
high percentage of transmission in the entire visible region. Vickers microhard-
ness study shows higher mechanical stability in the doped KDP crystals grown by
the SR method. Dielectric constants and dielectric loss of the samples grown by
the conventional and SR method were measured. Their good dielectric properties
show that the glycine doped KDP crystal grown by the SR method may be useful

for various applications.

5.2 Introduction

Nonlinear optical materials are needed to realize applications in telecom-
munication, optoelectronics and laser technology. NLO crystals continue to be
interesting materials both academically and industrially. NLO crystals with high
conversion efficiencies for second harmonic generation are desirable in various ap-
plications. KDP is a dielectric material well known for its electro optical (fer-

roelectric at low temperature : T, = 123 K) and nonlinear optical properties
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(DeYorea et al., 1996; Zaitseva et al., 1995). The excellent properties of KDP
include transparency in a wide region of optical spectrum, resistance to damage
by laser radiation and relatively high nonlinear efficiency. Therefore, it is com-
monly used in several applications such as laser fusion, electro-optical modulation
and frequency conversion. In addition, KDP crystals exhibit pyroelectric effect.
Many studies on the growth and properties of KDP crystals in the presence of
impurities have been reported (Wang et al., 2006; Kannan et al., 2006; Podder
et al., 2001; Claude et al., 2006). Since most of the amino acids exhibit NLO
property, it is of interest to dope them in KDP (Parikh et al., 2007). With the
aim of discovering new useful materials for academic and industrial use an at-
tempt has been made to modify KDP crystals by adding some amino acids. KDP
doped with amino acids like a-alanine, $-alanine, a-leucine, a-histidine, a-cystine
and a-valine were reported (Gunasekaran et al., 2004). Microelectronics indus-
try needs new low dielectric constant materials as an interlayer dielectric (Meena
and Mahadevan, 2008). Some substances when doped to KDP may yiled KDP
with low dielectric constant (Goma et al., 2006). In the present work, glycine was
attempted as the dopant to reduce dielectric constant and modify KDP crystals.
Kumar and Babu have shown that the second harmonic generation efficiency is
found to be appreciably increased by addition of amino acid glycine as impuri-
ties in KDP crystals grown by conventional method (Kumar and Babu, 2008). A
novel method called “ankaranarayanan-Ramasamy method” gives bulk unidirec-
tional crystals with good quality from solution (Sankaranarayanan and Ramasamy,
2005). The SR solution growth technique is suitable to get unidirectional crystals
from solution. The main advantages of SR solution growth technique are simple
experimental set-up, unidirectional growth, high solute-solid conversion, minimum

thermal stress on the crystal during growth and prevention of microbial growth
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(Babu et al., 2006). In this chapter the growth by SR method and characterization

of pure and glycine doped KDP crystals will be reported.

5.3 Experimental

5.3.1 Crystal growth

Analytical reagent grade samples of KDP and glycine along with de-ionized
water were used for the growth of single crystals. The solution was in slightly
undersaturation condition. The mixture was thoroughly stirred for 6 h for ho-
mogenization. The glycine doped KDP solution was filtered using No.1 whatman
filter paper. Then the solution was poured in different beakers in the water-bath
with constant temperature at 35°C. The product was purified by repeated re-
crystallization, typically thrice from de-ionized water. Seed crystals of pure and
doped KDP were formed due to spontaneous nucleation. KDP crystals doped with
glycine of different mole concentrations (1 mole %, 2 mole % and 3 mole %) have
been crystallized by slow evaporation method. Seed crystals grown in 1 week are
shown in Figure 5.1. Good quality seed crystals were taken for growing large size
crystals by the SR method. The SR experimental set-up was shown in Figure 2.7
and two ring heaters are positioned in the top and bottom of ampoule and con-
nected to temperature controller. The (001) plane of the seed crystal was selected
for unidirectional crystal growth. A seed crystal was mounted at the bottom of
the crucible. The temperature difference between the top and bottom heating
coils was carefully maintained. After a time span of 30 days, good quality single
crystals of doped ADP have been grown successfully with the size of ~30 mm in

length and ~10 mm in diameter, as shown in Figure 5.2.
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Figure 5.1 KDP crystals grown from aqueous solutions containing different con-
centrations of glycine : (a) 1 mole %, (b) 2 mole % and (c) 3 mole %.

Figure 5.2 Crystals grown by the SR method of 1 mole % (a), 2 mole % (b) and
3 mole % (c) glycine doped KDP.

5.3.2 Characterization

Powder X-ray diffraction analysis has been carried out using D5005 X-ray
diffractometer (Bruker AXS) with CuK, (A = 1.5418A ). The sample was scanned
over 10 - 70 degrees at rate of 1 degree/min. The FTIR spectrum was observed
from SPECTRUM GX (Perkin Elmer) FTIR spectrophotometer in the regions
1000 - 4000 cm ™! using a KBr pellet. Optical transmission spectra were recorded
for the grown crystals by using HITACHI U-1800 UV-Vis spectrometer. Doped
KDP samples were cut to a proper thickness and polished. Each sample was

electroded on both sides with high purity silver paste so that it behaved like a
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parallel plate capacitor. Multi- frequency LCR meter (LCR-800 SERIES, Good
Will Instrument) was employed to measure the capacitance and dielectric loss
tangent of the sample. The hardness of a material is a measure of its resistance
to plastic deformation. Microhardness studies are carried out using (001) plane
of both the conventional and SR method grown crystals (Anton-Paar, MHT-10
Microhardness Tester). Load of different magnitudes was applied. The indentation
time was fixed as 10 s for each trial. Thermal analysis was used to find out the
weight and energy change in the sample with respect to the temperature. In the
present study, thermal analysis was carried out on the crushed specimen of the SR
method grown crystals by employing a Differential Scanning Calorimeter (Mettler
Toledo DSC822) and Thermogravimetric Analyzer (Mettler Toledo TGA/SDTA

851) at 15°C/min heating rate in the nitrogen atmosphere.

5.4 Results and discussions

5.4.1 X-ray diffraction analysis

Figure 5.3 shows the X-ray powder diffractogram of the pure and doped
KDP crystals. Powder XRD studies of the doped KDP crystals grown by both
the conventional and SR method confirmed the tetragonal structure of the grown
crystals. Results were compared with the JCPDS database where the prominent
peaks of the reported values coincided with the investigated patterns. The pure
KDP crystal has the tetramolecular unit cell, having the unit cell parameters, a
= b = 7.453 A and ¢ = 6.975 A but those of the glycine doped KDP crystals
were slightly larger in which a = b = 7.604 A and ¢ = 6.985 A The crystals were
identified by comparing the interplanar spacing and intensities of the XRD pattern

with the JCPDS data of the KDP crystals. The slight shift in the 260 values of
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the doped crystals suggests that their structure was slightly disturbed compared

to the pure KDP crystals.
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Figure 5.3 X-ray powder diffractogram of pure KDP (a), 1 mole % (b), 2 mole
% (c) and 3 mole % (d) glycine doped KDP crystals grown by the SR method.

5.4.2 FTIR studies

The Fourier Transform Infrared investigations were carried out on the pow-
dered samples of the doped KDP crystals. The FTIR spectrum of the glycine
doped KDP crystals grown by the SR method is shown in Figure 5.4. The broad
envelopes observed between 2300 and 3600 cm™! are mainly due to P-OH stretch-
ing of HoPOy, O-H stretching of COOH, N-H stretching and C-H stretching. The
-NH group hydrogen stretching frequency at 3500 - 3000 cm ™! is slightly broadened
in the presence of high concentrations of dopant, indicating some type of interac-

tion between the dopant and -NH group of KDP and modifies the transparency
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of the crystal in that region. The C=NH, stretching and the C=0 stretching are

revealed by minor absorption peak at the frequency 1750 cm™?.
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Figure 5.4 FTIR spectra of SR method grown KDP crystals doped with 1 mole
% (a), 2 mole % (b) and 3 mole % (c) of glycine.

5.4.3 Optical property studies

The recorded transmittance spectra of the pure and doped KDP crystals
in the wavelength range 200 - 1200 nm are shown in Figure 5.5. The crystals
have sufficient transmission in the entire visible and near Infrared region. The
optical transmission analysis revealed that the doped KDP crystals have very high
percentage of transmission in the entire visible region, which is a very essential

property for NLO crystals.
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Figure 5.5 UV-visible spectrum of the pure and glycine doped KDP crystals
grown by the SR method.

5.4.4 Dielectric constant

Dielectric properties are correlated with electro-optic properties of the crys-
tals particularly when they are nonconducting materials. Permittivity characteri-
zation may yield some useful initial information. The doped KDP crystals grown
by both the conventional and SR methods were characterized by dielectric con-
stant studies. The dielectric constant was calculated from C' using the relation :
e, = Cd/Aeq where d is the thickness of the sample, A is the area of the face in con-

tact with the electrode and g is the permittivity of free space (8.854x107'*F /m).

The plot in Figure 5.6 shows the dielectric constant with different frequen-

cies for the grown crystals. Dielectric constant is found to increase with tem-
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Figure 5.6 Frequency dependence of dielectric constant at different temperatures
of the 1 mole % (a) and 3 mole % (b) glycine doped KDP crystals grown by the
SR method.
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perature at low frequencies (1 - 10 kHz) but decrease with temperature at high
frequencies (more than 10 kHz) and ¢, values of the glycine doped KDP crystals
grown by the SR method were less than those of the pure KDP crystals. In the
present study, amino acid glycine was attempted as the dopant to reduce dielectric
values of KDP. Decrease of the ¢, values due to the glycine addition indicates the

possibility of making KDP crystals the low ¢, value dielectrics.
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Figure 5.7 Temperature dependence of dielectric loss at 10 kHz of the 1 mole %
glycine doped KDP crystals.

The plot in Figure 5.7 shows the loss factor for the 1 mole % glycine doped
KDP crystals grown by the conventional and SR methods at different frequencies.
Low dielectric loss at high frequencies indicates that the specimen crystal contains
very low density of defects. The loss factor of the doped KDP crystals grown by
the SR method is lower than the loss factor of the doped KDP crystals grown by
the conventional method. The good dielectric properties indicate that the KDP

crystal grown by the SR method may be useful for variety of NLO applications.
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5.4.5 Microhardness testing

The Vickers microhardness number was calculated using relation : H, =
1.8544P/d* (kg/mm?) where P is the indenter load (kg) and d is the diagonal
length of the impression (mm). The plot of Vickers hardness versus load for
the conventional and SR methods grown doped KDP crystals is shown in Figure
5.8. From the graph, it is seen that the hardness value for the SR grown crystal
is higher than the hardness of the conventional method grown crystal. Larger
hardness value for the SR method gown crystal indicates greater stress required

to form dislocation thus confirming greater crystalline perfection.
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Figure 5.8 microhardness of the 1 mole % glycine doped KDP crystals.

5.4.6 Thermal studies

Figure 5.9 shows the DSC spectra for the glycine doped KDP crystals grown
by the SR method. It is found that there are endothermic peaks at 236°C, 248°C
and 266°C. Figure 5.10 illustrates the TG curves for the doped KDP crystals

grown by the SR method. The TG curves of the samples indicate that they are

stable up to 200°C.
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Figure 5.9 Differential Scanning Calorimetry data of the glycine doped KDP
crystals grown by the SR method.

5.5 Conclusion

Single crystals of glycine doped KDP have been grown by SR method.
The crystal structure and functional groups were confirmed. The DSC and TG
investigations show that the grown crystals are stable up to 200°C. The optical

transmission analysis revealed that glycine doped KDP crystals have very high
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Figure 5.10 Thermogravimetric Analysis data of the glycine doped KDP crystals
grown by the SR method.

percentage of transmission in the entire visible region, coupled with good dielectric
properties, which is very essential for NLO crystals. Dielectric and microhardness
measurements also indicate that the crystals grown by the SR method have good

crystalline perfection and low density of defects.
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CHAPTER VI

GROWTH AND CHARACTERIZATION OF

L-ARGININE DOPED KDP SINGLE

CRYSTALS

6.1 Abstract

L-arginine doped Potassium dihydrogen orthophosphate single crystals were
grown by Sankaranarayanan-Ramasamy technique. Powder XRD, FTIR, micro-
hardness, thermal and dielectric properties studies of the samples were carried
out. The optical transmission analysis indicates that the pure and doped KDP
crystals have high percentage of transmission in the entire visible region. Their
good dielectric and good mechanical properties show that L-arginine doped KDP

crystals grown by SR technique may be useful for various applications.

6.2 Introduction

Potassium dihydrogen phosphate is very popular due to its applications in
frequency converters and electro-optic switching. Optical quality KDP crystals can
be grown by solution growth. This material offers high transmission throughout
the visible spectrum and high laser damage threshold. KDP continues to be an in-
teresting material both industrially and academically. Many studies on the growth
and properties of KDP crystals in the presence of impurities have been reported

(Wang et al., 2006; Kannan et al., 2006; Podder et al., 2001; Claude et al., 2006).
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With the aim of discovering new useful materials for academic and industrial use,
an attempt has been made to modify KDP crystals by adding some amino acids.
KDP doped with amino acids like a-alanine, [-alanine, a-leucine, a-histidine,
a-cystine and a-valine were reported (Gunasekaran et al., 2004). Microelectron-
ics industry needs replacement of dielectric materials in multilevel interconnect
structures with new low dielectric constant materials. L-arginine was attempted
as the dopant to reduce ¢, value of KDP crystals. Decrease of ¢, value due to
L-arginine addition indicates the possibility of making KDP crystals the low &,
value dielectric (Meena and Mahadevan, 2008). In addition, the second harmonic
generation efficiency of L-arginine doped KDP crystals grown by conventional so-
lution method were found to be increasing with doping concentration of L-arginine
(Parikh et al., 2007). A new method called “ankaranarayanan-Ramasamy method”
or SR method gives bulk unidirectional crystals with good quality from solution
(Sankaranarayanan and Ramasamy, 2005; Babu et al., 2006).

In this chapter the growth by SR method and characterization of L-arginine

doped KDP crystals will be reported.

6.3 Experimental

6.3.1 Crystal growth by the conventional slow evaporation

technique

Analytical reagent grade samples of KDP and L-arginine along with de-
ionized water were used for the growth of single crystals. The solution was in
slightly undersaturation condition. The solution was constantly stirred for 6 h
using magnetic stirrer. L-arginine doped KDP solution was filtered using No.1

whatman filter paper. Then the solution was poured in a different beaker in
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the water-bath with constant temperature at 35°C. The product was purified by
repeated recrystallization, typically thrice from de-ionized water. KDP crystals
doped with L-arginine of different mole concentrations (1 mole %, 2 mole % and 3
mole %) have been crystallized by the low temperature solution growth technique.
Seed crystals of the pure and doped KDP were formed due to spontaneous nucle-
ation. Seed crystals grown in 1 week are shown in Figure 6.1. Good quality seed

crystals were taken for growing large size crystals by the SR method.

Figure 6.1 KDP crystals grown from aqueous solutions containing different con-
centrations of L-arginine : (a) 1 mole % , (b) 2 mole % and (c) 3 mole %.

6.3.2 Crystal growth of the doped KDP by the SR method

We have employed the SR method to grow L-arginine doped KDP single
crystals. The main advantages of the SR solution growth method are simple
experimental set-up, unidirectional growth, high solute-solid conversion, minimum
thermal stress on the crystal during growth and prevention of microbial growth.
Growth condition of this method depends on the temperatures of heating coils.

The c-axis of the seed crystal was selected for unidirectional crystal growth. A



72

seed crystal obtained in the previous section was mounted at the bottom of the
ampoule. The temperature difference between the top and bottom heating coils
was carefully maintained. After a time span of 30 days, good quality single crystals
of the doped KDP have been grown successfully with size ~50 mm length and ~20

mm dia., as shown in Figure 6.2.

Figure 6.2 The crystals grown by the SR method of 1 mol % (a), 2 mole % (b)
and 3 mole % (c) L-arginine doped KDP.

6.4 Characterization

6.4.1 X-ray diffraction analysis

Powder X-ray diffraction analysis has been carried out using D5005 X-ray
diffractometer (Bruker AXS) with CuK, (A = 1.5418A). The sample was scanned
over 10 - 70 degrees at the rate of 1 degree/min. Virtually monochromatic radiation
is obtained by reflecting X-rays from crystal planes. The relationship between the
wavelength of X-ray beam, the angle of diffraction #, and the distance between each
set of planes of the crystal lattice, dpy, is given by Bragg condition 2dy,; sin = n
where n represents the order of diffraction. Figure 6.3 shows the X-ray powder
diffractogram of the doped KDP crystal. Powder X-ray diffraction studies of the

doped KDP crystals grown by both the conventional and SR methods confirmed
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the tetragonal structure of the grown crystals. Results were compared with the
JCPDS database where the prominent peaks of the reported values coincided with
the investigated patterns. The pure KDP crystal has the tetramolecular unit cell,
having the unit cell parameters, a = b = 7.453 A and ¢ = 6.975 A but the 1 mole %
L-arginine doped KDP crystal has the unit cell parameters, a = b = 7.423 A and
¢ = 6.956 A. The crystals were identified by comparing the interplanar spacing
and intensities of the XRD pattern with the JCPDS data of KDP crystals. The
slight shift in the 20 values of the doped crystals suggests that their structure was

slightly disturbed comparing to the pure KDP crystals.
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Figure 6.3 X-ray powder diffractogram of the pure KDP (a), 1 mole % (b), 2
mole % (c) and 3 mole % (d) L-Arginine doped KDP crystals grown by the SR
method.
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6.4.2 FTIR studies

The infrared spectroscopy is mainly concerned with the absorption of vibra-
tional energy by a molecule, ion or radical from a continuum or with the study of
emission of infrared radiation by species of excited states. It is one of the influential
tools for recognition of organic, inorganic, polymeric, crystalline and coordination
compounds. The Fourier Transform Infrared investigations were carried out on
the powdered samples of the doped KDP crystals. Fourier transform spectroscopy
is a simple mathematical technique to resolve a complex wave into its frequency
components. Fourier Transform Infrared (FTIR) has made the mid IR region more
useful. The spectrum was observed from SPECTRUM GX (Perkin Elmer) FTIR
spectrophotometer in the regions 1000-4000 cm ™! using a KBr pellet.

T (%)

513

frequency (ecm™)

Figure 6.4 FTIR spectra of SR method grown KDP crystals doped with 1 mole
% (a), 2 mole % (b) and 3 mole % (c) of L-arginine.
The FTIR spectrum of the doped KDP crystal grown by the SR method

is shown in Figure 6.4. The broad envelopes observed between 2300 and 3600

cm™ ! are mainly due to P-OH stretching of H,PO,, O-H stretching of COOH™,
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C-H stretching of CH and CHs,, N-H stretching of NH7 . In the spectra of amino
acid L-arginine doped crystals, some bands of HoPO, overlap with amino acid
vibrations. Hence few bands of HyPO, become broader and some of the frequencies
are slightly shifted. The broadness is generally considered to be due to hydrogen

bonding interaction of COOH~, NH; and H,PO, with adjacent molecule.

6.4.3 Optical property studies

A spectrophotometer is a device which detects the percentage transmit-
tance of light of certain intensity and frequency range which is passed through the
sample. Thus the instrument compares the intensity of the transmitted light with
that of incident light. Optical transmission spectra were recorded for the grown

crystals by using HITACHI U-1800 UV-Vis spectrometer.
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Figure 6.5 UV-visible spectrum of the pure and L-arginine doped KDP crystals.
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The recorded transmittance spectra of pure and doped KDP crystals in
the wavelength range 200 - 1200 nm are shown in Figure 6.5. The crystals have
sufficient transmission in the entire visible and near Infrared region. The optical
transmission analysis revealed that the L-arginine doped KDP crystals have very
low percentage of absorption in the entire visible region, which is a very essential

property for NLO crystals.

6.4.4 Dielectric constant

Dielectric properties are correlated with electro-optic properties of the crys-
tals particularly when they are nonconducting materials. Permittivity characteri-
zation may yield some useful initial information. Microelectronics industry needs
new low dielectric constant materials as an interlayer dielectric. Some substances
when doped to KDP may yield KDP with low dielectric constant. In the present
work, L-arginine was attempted as the dopant to reduce dielectric constant of
KDP. The doped KDP crystals grown by both the conventional and SR method
were characterized by dielectric constant studies. Samples were cut to a proper
thickness and polished. Each sample was electroded on both sides with high pu-
rity silver paste so that it behaved like a parallel plate capacitor. Multi- frequency
LCR meter (LCR-800 SERIES, Good Will Instrument) was employed to measure
the capacitance and dielectric loss tangent of the sample. The dielectric constant
was calculated from C using the relation : €, = C'd/Aey where d is the thickness
of the sample, A is the area of the face in contact with the electrode and ¢ is the
permittivity of free space (8.854x107'? F/m). The plot in Figure 6.6 shows the
dielectric constant with different frequencies for the grown crystals. The doped
KDP crystal grown by the SR method has the dielectric constant greater than the

L-arginine doped KDP crystal grown by the conventional method at all measured
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frequencies.

The plot in Figure 6.7 shows the loss factor of the doped KDP crystal grown
by conventional and SR methods at different frequencies. Low dielectric loss at
high frequencies indicates that the specimen crystal contains very low density of
defects. The loss factor of the doped KDP crystal grown by the SR method is
lower than the loss factor of the doped KDP crystal grown by the conventional
method. The good dielectric properties indicate that the KDP crystal grown by

the SR method may be useful for variety of NLO applications.

6.4.5 Microhardness testing

Hardness of a material is the resistance it offers to indentation by a much
harder body. It may be termed as a measure of the resistance against lattice
destruction or the resistance offered to permanent deformation or damage. The
hardness properties are basically related to the crystal structure of the material.
Microhardness study on the crystals brings out an understanding of the plasticity
of the crystal. The most common and reliable method is the Vickers hardness
test method. In this method, microindentation is made on the surface of a spec-
imen with the help of diamond indenter. Microhardness studies are carried out
using (001) plane of both the conventional and SR method grown crystals (Anton-
Paar, MHT-10 Microhardness Tester). Load of different magnitudes was applied.
The indentation time was fixed as 10 s for each trial. The Vickers microhardness
number was calculated using relation : H, = 1.8544P/d* (kg/mm?) where P is
the indenter load (kg) and d is the diagonal length of the impression (mm). The
plot of Vickers hardness versus load for the conventional and SR methods grown
L-arginine doped KDP crystals is shown in Figure 6.8. From the graph, it is seen

that the hardness value for the SR grown crystal is higher than the hardness of
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Figure 6.6 Frequency dependence of dielectric constant at different temperatures
of the 1 mole % (a) and 3 mole % (b) L-arginine doped KDP crystals grown by
the SR method.
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Figure 6.7 Temperature dependence of dielectric loss at 10 kHz of the 1 mole %
L-arginine doped KDP crystals.

the conventional method grown crystal. Larger hardness value for the SR method
gown crystal indicates greater stress required to form dislocation thus confirm-
ing greater crystalline perfection. Similar results were reported in several crystals
(Rajesh and Ramasamy, 2009; Balamurugan and Ramasamy, 2008; Senthil et al.,
2008).
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Figure 6.8 Vickers microhardness of the 1 mole % L-arginine doped KDP crystals.
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6.4.6 Thermal studies

Thermal analysis includes a group of techniques in which the physical prop-
erty of the substance is measured as a function of temperature while the substance
is subjected to a controlled temperature program. When a sample is heated at a
controlled rate, the weight of a substance in an environment is recorded and the

change of weight is measured as a function of temperature.

|KDP + L-arginine 1 mole %

1/ Weight {au.)
o

% 1KDP + L-arginine 2 mole %

|KDP + L-arginine 3 mole %

24 75 125 174 228 2748

Tenperanme { °C )

Figure 6.9 Differential Scanning Calorimetry (DSC) data of the pure and L-
arginine doped KDP crystals grown by SR method.

In the present study, thermal analysis was carried out on the crushed

specimen of the SR method grown crystals by employing a Differential Scanning
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Figure 6.10 10 Thermogravimetric Analysis data of the L-arginine doped KDP
single crystals grown by the SR method.

Calorimeter (Mettler Toledo DSC822) and Thermogravimetric Analyzer (Mettler
Toledo TGA/SDTA 851) at 15°C/min heating rate in the nitrogen atmosphere.
Figure 6.9 shows the DSC spectra for the L-arginine doped KDP crystals grown
by the SR method. It is found that there are endothermic peaks at 236°C, 248°C
and 264°C for the 1 mole % of L-arginine, 236°C, 248°C and 266°C for the 2 mole
% of L-arginine and 234°C, 246°C and 268°C for the 3 mole % of L-arginine doped
KDP crystals. Figure 6.10 illustrates the TG curves for the doped KDP crystals
grown by the SR method. The TG curves of the samples indicate that they are

stable up to 200°C at least for all samples.

6.5 Conclusion

Amino acid L-arginine doped KDP single crystals have been grown by both
the conventional and SR methods. The crystal structure and functional groups

were confirmed by powder X-ray diffraction and FTIR studies. The optical trans-
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mission analysis revealed that the L-arginine doped KDP crystals have very high
percentage of transmission in the entire visible region which is very essential for
NLO applications. Thermal studies by DSC/TG investigations show that the
grown crystals by the SR method are stable up to 200°C. Microhardness mea-
surements also indicate that the crystals grown by the SR method have good
crystalline perfection and low density of defects. The good dielectric properties
indicated that the L-arginine doped KDP crystal grown by the SR method may

be useful for variety of NLO applications.
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CHAPTER VII

CONCLUSIONS

7.1 Growth and characterization of the pure and K™ doped

zinc thiourea chloride crystals

Pure and K* doped single crystals of Zinc Thiourea Chloride were grown
by slow solvent evaporation technique and large size single crystals of pure ZTC
were grown by the SR method. Powder XRD and FTIR studies of both the pure
and doped samples were carried out and the results were compared. Powder X-ray
diffraction studies of the pure ZTC crystals grown by both the conventional and
SR methods confirmed the orthorhombic structure of the grown crystals. In addi-
tion, powder x-ray diffraction studies of the ZTC crystals doped with 0.2, 1.0 and
2.0 mole % of KT grown by conventional method also confirmed the orthorhombic
structure of the grown crystals. The crystal structure and functional groups were
confirmed. Dielectric constants of both the pure and doped samples were mea-
sured. Good dielectric properties were observed in the present investigations. The
optical absorption analysis revealed that the pure and 0.2 mole % of Kt doped
ZTC crystals have very low percentage of absorption in the entire visible region,
which is a very essential property for NLO crystals. Low dielectric loss at high fre-
quencies indicates that the specimen crystal contains very low density of defects.
The dielectric loss of the pure ZTC crystal grown by the SR method is lower than
the pure ZTC crystal grown by the conventional method. Dielectric measurement

indicates that the crystal grown by the SR method has good crystalline perfection
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and low density of defects. The good dielectric properties show that the ZTC

crystal grown by the SR method may be useful for variety of NLO applications.

7.2 Growth and characterization of the pure, L-arginine

and glycine doped ADP single crystals

Pure, amino acid L-arginine and glycine doped ADP single crystals were
grown by the slow solvent evaporation method and large size single crystals of
the pure and doped ADP were grown by the SR method. Powder XRD studies
of the samples were carried out and FTIR studies were performed to identify the
presence of various functional groups in the grown crystals. The crystal struc-
ture and functional groups were confirmed. Dielectric properties of both the pure
and doped samples were measured. The dielectric loss of the doped ADP crystals
grown by the SR method is lower than the dielectric loss of the doped ADP crys-
tals grown by the conventional method. The good dielectric properties indicated
that the doped ADP crystal grown by the SR method may be useful for variety
of NLO applications. The optical absorption analysis revealed that the pure and
doped ADP crystals have very low percentage of absorption in the entire visible
region, which is very essential for NLO crystals. The DSC and TG curves of the
grown crystals indicated that they were stable up to 200°C and larger hardness
value for the SR method grown crystal confirmed greater crystalline perfection.
The hardness value for the SR grown crystals is higher than the hardness of the
conventional method grown crystals. Larger hardness value for the SR method
grown crystals indicates a greater stress required to form dislocation; thus con-
firming greater crystalline perfection. Dielectric and microhardness measurements
also indicate that the crystals grown by the SR method have good crystalline

perfection and low density of defects.
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7.3 Growth of the amino acid glycine doped KDP single

crystals and their characterization

Amino acid glycine doped potassium dihydrogen phosphate crystals were
grown by the SR method. Powder XRD and FTIR of the samples were carried out.
The crystals were identified by comparing the interplanar spacing and intensities
of the XRD pattern with the JCPDS data of KDP crystals. The slight shift in
the 26 values of the doped crystals suggests that their structure was slightly dis-
turbed compared to the pure KDP crystals. The crystal structure and functional
groups were confirmed. The optical transmission analysis indicates that the pure
and doped KDP crystals have high percentage of transmission in the entire visible
region. The DSC and TG investigations show that the grown crystals are stable
up to 200°C. Dielectric constants and dielectric loss of the samples grown by the
conventional and SR methods were measured. Their good dielectric properties
show that the glycine doped KDP crystal grown by the SR method may be use-
ful for various applications. The optical transmission analysis revealed that the
glycine doped KDP crystals have very high percentage of transmission in the en-
tire visible region, coupled with good dielectric properties, which is very essential
for NLO crystals. The hardness value for the SR grown crystal is higher than the
hardness of the conventional method grown crystal. Vickers microhardness study
shows higher mechanical stability in doped KDP crystals grown by the SR method.
Dielectric and microhardness measurements also indicate that the crystals grown

by the SR method have good crystalline perfection and low density of defects.
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7.4 Growth of the amino acid L-arginine doped KDP sin-

gle crystals and their characterization

Single crystals of the amino acid L-arginine doped Potassium dihydrogen
phosphate were grown by both the conventional and SR methods. Powder XRD,
FTIR, microhardness, thermal and dielectric properties studies of the samples were
carried out. Powder X-ray diffraction studies of the doped KDP crystals grown
by both the conventional and SR methods confirmed the tetragonal structure of
the grown crystals. Results were compared with the JCPDS database where the
prominent peaks of the reported values coincided with the investigated patterns. In
the spectra of amino acid L-arginine doped crystals, some bands of HoPO, overlap
with amino acid vibrations. The crystal structure and functional groups were
confirmed by power X-ray diffraction and FTIR studies. The optical transmission
analysis indicates that the pure and amino acid glycine doped KDP crystals have
high percentage of transmission in the entire visible region which is very essential
for NLO applications. Thermal studies by DSC/TG investigations show that the
grown crystals by the SR method are stable up to 200°C. The hardness value
for the SR grown crystal is higher than the hardness of the conventional method
grown crystal. Microhardness measurements also indicate that the crystals grown
by the SR method have good crystalline perfection and low density of defects. The
loss factor of the doped KDP crystal grown by the SR method is lower than the
loss factor of the doped KDP crystal grown by conventional method. Their good
dielectric and good mechanical properties show that the L-arginine doped KDP
crystals grown by the SR method may be useful for various applications.

In conclusion, NLO crystals continue to be interesting materials both

academically and industrially. ~ Uniaxial solution crystallization method of
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Sankaranaranyanan-Ramasamy (SR method) is a novel method to grow single
crystals with many advantages. The main advantages of the SR solution growth
method are simple experimental set-up, unidirectional growth, high solute-solid
conversion, minimum thermal stress on the crystal during growth and prevention
of microbial growth. Growth by the SR method of NLO single crystals such as
metal complexes of thiourea, KDP and ADP doped with other amino acids are

still very interesting for future investigation.
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