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CHAPTER 1

INTRODUCTION

LTORYSTAL GROWTH = AN INTRODUCTION

A swstematie and scienibic study ol erystals - including  process  of
erystallizatien, iteral struciure, external murphology, propertics and classification
of wrystals 15 known as “Crystallography” The study of the formation of crystals 1s
vovered under the subhead "Crystal Growth” Crystals are made up of regular and
penodic: three-dimensional paltems of atoms in space. Fundamental experimental
aspects of crystal growth were derived from early crystallization in the 18" and JO"
century. The cntical one o achieve higher quality crystal and the role of transport
phenomena was a unigue feature of the 20 century. Thus, crystals are considered the
pillars o modern technulogy. Material science s primarily cuncerned with the
fundamental understanding of materials and is ultimately responsible for many of the
recent lechnological innovations [Ballman er al, 1963 Buckley, 1951, High-
efficiency  white light-emitting  diodes  for energy-saving illumination ang
phmuvulmiur‘thermu-phutum]taiu devices for energy conversion with high vield
depend on significant advances in crystal growth. ¢

In the past few decades, there has been 4 growing interest o single crystal
erowth processes, particularly in view of the incmasing demand on materials for
technological applications (Brice, I1986). Atomic arravs that are perodic in three
dimensions. with repeated distances are called single erystals. It js clearly mgre
difficult to Prepare single crystal than polyerystalline material ang extra effor i

justified because of the outstanding advantages of single erystals (Laudise et al




0750, The seasen bor prowamge sinehe covstad s niny piyacal propertics of selals are
ehscrred v comphicated byothe etlect o pram boundaries, The Chiel advantages are
the amsoteepas indormedy of commposition and the absence of boandaries between
iy adual grams, which are inevitably present in polyerysialline matersals.

On the basis of the symmelric elements, all crystals come under seven broad
Systems gie. cubic, hexagonal, tetragonal. orthorhombic. monoclinic.  triclinic.
trigonall, The definite ordered arrangement of the faces and edges of a crystal 15
hnown as crystal symmetry. If all the atoms at the lattice points are identical, the
lattice is called a Bravais lattice,

Therefore, researchers worldwide have always been in search of new materials
through their single crystal growth, Single vrystals are important in science; thus, they
have various invaluable properties such as those of semiconductors, ferroelectrics,
dielectrics and so on. '

Currently, most of the published research has focused on semi organic crystals
to enhance the nonlinear optical properties. Due to familiar properties of both
inorganic and vrganic hosts, until now, semi urganic malerials have been srown for
more familiar broad applications such as frequency modulation, data storage
technology, fibre optic communication, uptical modelling  and  electro-optic
modulations, because of their good mechanical strength, high optical transmittance,
large damage threshold, chemical stability, etc.

L.Z NONLINEAR OPTICAL CRYSTALS

Nonlinear optical (NLO) crystals play a vital role in great impact on laser

science and industrial applications, The new development of technigues for the

i

labrication and growth of arificial materials used for NLO applications has

B.d




appreciably contmiboted 1oty diwection: Hence, the wim is 1o develop materials
presenting Large nonlieantics and sanstyimg the technological requirements lor
device faboeation, Phe basie requirements for optical device fabrication include wide
tansparency range, Last response and high laser damage threshold, ete. In addition
the processability, adaptability and terfacing with other materials, improvement in
nonhinear optical device fabrication has led the way to the study of new NLO effects
and the introduction of new concepts,
The NLO materials can be classified into three following categories on the basis of
cohesive forces,

1. Inorganic crystals

2. Organic crystals

3. Semiorganic crysta!s.
1.2.1 Inorganic Crystals

Inorganic materials are preferred for NLO applications over organic materials.

In the beginning, research interest was focused on inorganic materials such as Quartz
[Walker and Buehler, 1950], Polassium dihydrogen phosphate (KDP) [Mullin and
Amatavivadhana, 1967], Lithium niobate (LiNbOs) [Carruthers et al., 1971],
Potassium titanyl phosphate (KTP) [Bolt and Bennema, 1990] etc. Many of these

crystals have been successfully used in commercial frequency doublers, mixers,
-

electro-optic modulators and optical parametric oscillators. In particular, KDP and

deuterated KDP crystals are widely used as the second, third and fourth harmonic

generators for Nd:YAG laser source.



1.2.2 Orpgande Crasials
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e o enlap o a onbals, Jdelocalszation it 1-11'-.T|n-|n-. Charge dostobunion leads 1o o
high moebiliny of the electron density However there are some diawhacks with

oranie NLOY nudenals A wyth many other orgame sehds, the intermodecular torces
are comparatively weak, being predominantly vander waals or permanent dipole-
dipole interactions. This typically resulis 1n low melting point and relatively high

vapour pressure, Mechanical properties are. in general, rather poor with most orgamc

solids being relatively soft. This can have important consequences for the structural

perfection of the crystals.

1.2.3 Semiorganic Crystals

The inherent limitations on the maximum attainable nonlinearity inorganic
materials and the moderate success in growing device grade organic single crystals
have made scientists adopt newer strategies, The obvious one is 1o develop hybrid

inorganic-organic materials with little trade-off in their respective advantages. This

new class of materials has come to be known as the semiorganics. Semiorganics are

primarily classified into two categories, type-] and 4ype-11. Type-1 semiorganics are

inorganic salts of large conjugated organic molecules. Type-I1 semi organics are

coordination complexes ol polarizable organics bonded to metal atoms. The metal

atoms help in forming relatively strong coordinate bonds resulting in better thermal

and mechanical stabilities. Zinc tris (thiourea) sulphate belongs to this class. with zinc

bonded to three thiourea molecules and a sulphate ion. One of the advanlages gsems
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LAAPPLICATION OF NLO CRYSTALS

For optical applications a nonlinear material should have the tollowing
characteristics:
* High optical ransparency in the entire visible region
* Non hygroscopic nature
* Higher laser damage threshold
* Be readily available as large single crystals
® Wide phase matching angle

* Ease of fabrication

* High mechanical strength and thermal stability
* Ability to process into crystals and fast optical response

1.4 IMPORTANCE OF THE PRESENT WORK

1.4.1 Potassium Sulphate (K2804) i

K2504 15 also called sulphate of potash arcanite or archaically known as
potash ol sulfur. It is a non-flammable white crystalline salt. The chemical compound
15 commonly used in fertilizers, providing both potassium and sulfur. K;SOy is an
interesting metal organic compound. The potassium sulphate can be separated some
of these minerals like kainile, because the corresponding salt is less soluble in water.

The crystal structure of K>80j is reported by [Goeder, 1928]. Since K:50s 15 known
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the crystal stroctire. Several reseanchers have carned om g lor of aadies on barge
civstals ot pure aind doped KaSOy were grown lrom sgueous solution by slow
Sraporalien solition techmgue (SEST) method, |’1|l.'1!-;..=-;i.;m1 sulphate 15 very often used

m the NLO studies [Ramasamy et al, 2012). The XRD study revealed that the
structure of urea doped with putassium sultate are shightly distorted compared o the
pure potassium sulphate crystal. The spectral analysis and conductivity studies were
reported by authors [Radhika et al., 2013, Sunila Vasi et al., 2014, Vanitha Duraikkan
etal.. 2012). Tn pure K254 the eftect of mixing some dopants have also been studied

by authors. Growth and characterization of pure and Ni** added glycine potassium

sulfate single crystals, cupric ion and iron ion doped in the K;SOs crystal was

reported by [Karolin er al., 2013, Tarig ef al., 2016].

PROPERTIES
Molecular Formula K2504 |

Molar Mass 174.259 g/mol

Appearance White solid
| Density 266 g/em’ jl
| Melting Point 1069°C |
|' Boiling Point 1689°C 4\
| Solubility | Soluble in water j




L4.2 Ammoninm Dihydrogen Phosphate {ADI)

3 ; T .
ADP s anmteresting morganie material,  hydrogen-bonded compuund

belongs o isomorphous series of phosphates and arsenates that presents & strong

prezoelectrie, dielectric, antiferrveleciric properties, nunlinear optical properties and
parametric generator [Marder et al., 1991, Voronov ef al., 201 1. ADP belongs to the
tetragonal system. These molecular crystals exhibit low-temperature order-disorder

phase transitions. ADP is widely used as the second, third and fourth harmonic

generator for Nd:YAG and Nd:YLF lasers, Applications of integrated electro-optics
signals  for

include  high-speed modulation and switching of optical
telecommunications and signal processing [Dongfeng et af.. 2005). Several

researchers have carried out a 16t of studies on large crystals of pure ADP were grown
from aqueous solution by temperature lcwe_ring method [Li et al., 2001, Xu et al.,
2008]. ADP single crystals were grown by gel method using sodium metasilicate

(SMS) [Sunil Chaki et al., 2012]. Good quality ADP single crystals have been grown

using the uniaxially solution-crystallization method of Sankaranarayanan-Ramasamy
(SR) method and SR method with slotted ampoule has been reported by [Sethuraman
et al., 2006, Rajesh er al., 2009] and good quality ADP-KDP mixed crystal [Rajesh et

al.. 2011] erown by slow cooling method. Pure and urea added ADP crystal [Ananthi

et al.. 2011]. Investigation on the linear and nonline@r optical properties of 1.-Lysine.
L.-Malic acid doped ADP crystal for NLO Applications [Shaikh et al., 2014]

[Arulmani e al.. 2017] have been grown by SEST method.
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1.5 AIMS AND OBJECTIVES

While considerable amount of information has been obtained through the

detailed investigation of the chosen system, the search and design of high efhcient

nonlinear optical (NLO) crystals for visible and ultraviolet (UV) regions are

extremely important for laser and malerial processing. An atiempl has been made to

grow some nonlinear optical crystals.

The present investigation is aimed 10 ;

L
”~

e

Grow bulk sized ADP doped K2504 single crystals,

Identify the crystal structure by single crystal and powder X-ray diffraction

&

analyses.
gh the

Confirm the various functional groups present in the grown crystal throu

FT-IR spectra.
Estimate the transmission range, band gap, extinction coctticient, refractive
index and reflectance of the crystal by UV-Vis spectra.
f the grown crystals by TGA/DTA.

Study the thermal behaviour 0
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Lo SCOPE OF THE PRESENT WORK
I recent years, much attention has been pandd ey the research ol inorgans
vy stuls Doping is possible if a suitable host can be Tound Due 1o useful appheations
vl adoping, o the presem study, the investigations are tocused on growth and
charactenization of ADP doped K:SOs compound ot room temperature The doping
erystals can alter various physical and chemical properties and find wide applications

in optoclectronic devices compared 1o pure crystals,



CHAPTER 11
REVIEW OF LITERATURE
Conrentthe, mwost ol the palshishied tesearch hos foctsed om ST TG Ty slals
by enhance the wonlimear optcal properies. Do o fanmbiae propeitics of both
e amd orgame hosts, until now, semiorganic materials have been grown for
more famihar broad applications, such as frequency modulation, data storage
technology,  fibre  optic communication. optical modelling  and  electro-optic
mudulations, because ul'-[i'ufil' suud mechanical strength, high uptical transmiltance,

large damage threshold, chemical stability, etc.

Related to the work carried out in this report, literature review was done on the
growth of crystals by St‘rl'l.lti;m growth technique in order 1o understand the
experimental details, growth procedures, the mature and the effects of solvents.

Gueder, 1928 has reported the crystal structure and the elementary lattice of
K280s. It contains four molecules and the lattice constants are a = 5.746 A, b =

10.033 A, ¢ = 7.443 A and the system is orthorhombic. Since K2804 is known 1o be

tonized in solution into K* wns and 8O, ions and since other inorganic crystals which
can be grown from ionic solutions have been shown to preserve their ions in the

crystal structure and also determine the orientation of the oxygen nuclei with respect
-

to the sulphur.

Li er al., 2001 has reported the large crystals of ADP were grown from
aqueous solution by temperature lowering method. The electro-optical coefficients

were measured by the static method at wavelengths of 632.8 and 488 nm. The

expenimental results indicated that the crystals have good optical quality,



1%

AT e determmed the umidirectional growih i 11

Sethuraman o1 al..
ADP single erystal by SROomethod, Vs crystal prowth methods like sulutiom
ot method, Crochralsk method sire employed 1o

prowth methd, Brdgemian Stiwhban

erow bulk sie crvstals, The prowlh conditions welt uptimized fur 20 mm dhameter

crwible with growth solution. The grown erystal has transparcncy range from A0G-

] ]_ﬂﬂ am with transmittance of 60,

Rajesh et al.. 2009 has reported the optical, dielectric and microhardness

studies on (100) directed ADP crystal by the uniaxially solution crystallizaﬂnn

is 40 mm in diameter and 50 mm in

method of SR, The size of thg grown crystal
¢h and dielectric

thickness. Dielectric measurement reveals the dielectric constant is hi

al compared wo-the crystal grown by conventional

loss is low in SR grown cryst

method. .

Ananthi er al., 2011 has reported urea added ADP single crystals by slow
evaporation technigue. Crystallinity of the pure am:'l doped crystal has been studied by
XRD analysis. FI-IR studies confirm the functional group of the crystals. TGADTA
the doped crystals have been decreased.

confirm that decomposition temperatures Of

Rajesh et al., 2011 has grown the ADP-KDP mixed crystal and 115 optical,
mechanical, dielectric, piezoelectric and laser damage threshold studies by slow
cooling method. HR-XRD studies have been done in the near and far regions of the
seed crystal. In the UV-Vis speclra, 90% of transparengy is observed In the entire
visible region, Vicker's hardness studies indicate that the mixed crystal is
mechanically more stable compared to the ADP. Higher piezoelectric coefficient i

observed in mixed crystal.
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Ramasamy ef ol 2002 has grown e synthesis, charieterization, crystal
structure and NLO properies o o new maxed crystal ADP, KDP, sodium diivdrogen
h : :

phosphate by sl evaporation techigue Cpystal composition s determined by
single crystal NRIY amalysis oy cals thint it belonges 1o the betragumal system with non

centrosymmetie phase proap. The presence of sodinm and potassiom in ADE matrix

was conbirmed by 1CPES and EDAX spectroscopy

Sumil chaky er af . 20012 has reported the growth and charactenizaton of ADP
single crystal by gel method using SMS. The XRD analysis showed that 1l passes
tetragonal structure having lattice parameters a = 7.502 A. ¢ = 7.554 A. The FT-IR
spectra showed peaks due to vibration and stretching, The UV-Vis-NIR spectroscopy
showed direct optical band gap of 4.99 eV and indirect optical band gap of 4.12 eV.

Vanitha Duraikkan el al. 2012 has rcported the crystal growth and
characterization of potassium manganese nickel sulfate hexahydrate (KMNNSH)-A
new UV filter by traditional slow evaporation method. The grown crystals were
confirmed by XRD analysis. FT-IR confirmed the presence of water molecule and
sulfate group. The UV-Vis study confirms the doped crystal filter blocks the
unwanted transmission in the range 400-1000 nm ranges and hence acts as efficient

filter. The thermal analysis indicates the water molecules are present in the KMNNSH

crystals. AAS confirmed the presence of Mn atoms in the expected stoichiometry.

Karolin et al., 2013 has reported the pure and Ni?* added glycine potassium

sulphate (GPS) single crystals were grown by slow evaporation technigue. Crystalline

rystals has been studied by XRD analysis. FT-IR

nature of the pure and doped ¢
mber range 400-4000

spectra were recorded by the KBr pellet method in the wavenu

cm”'. The UV-Vis-NIR absorption specira were recorded in the wavelength range

12
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e e T ki | | taspinmy snllafi ;1-\.”"1 1, Illl With reex by SEST methed

Sgle crastal NRD anadvais confirms onhorhombic covatal striehire Powiler XKL
Patterm combirms that the grown cryvstals possess high orystalling nature Vibraticenal
spectiume veveals the svimmetnie of molecule. The crystal have & lower cut-off
wavelength of 384 nm. The dielectric constant and dielectric loss were calculated by
varving trequencies temperitures between 25°C and 45°C

Shaikh er of., 2014 h:{x reported the investigation of L-lysine doped ADP
crystal has been grown by slow evaporation technique. The crystalline nature of the
grown crystal was confirmed by powder XRD technique. The optical studies were
carried 10 examine lransparency and band gap of crystal is {ound 10 be 4.7 eV, The
third order nonlinear behaviour has been investigated using Z-scan technique at 632.8
nm. The nonlinear third order susceptibility of grown crystal is found o be | 578 x
10-*esu. The nonlinear index of refraction and absorption coefficient were determined
by Kurtz powder test.

Sunila Vasi et al,, 2014 has reported the igvestigation on the growth and
properties of (LA}(Ki504) 1. single crystals by slow evaporation method. The grown
crystals were subjected to single crystal XRD analysis. The FT-IR spectum was
recorded in the range of 4000-450 cm™', The concentration has not affect the optical

absorbance in the entire visible range. The electrical parameters of the single crystals

13



were detemmned by A¢ AEISMECIN I B vggniige Heamencies, SHEG o, wiey ol the
Rrw I T Tl were comlmged Witz sl et

Pavsp ot oo . 2006 e et e e e bae tpbeal hehnviong of e
PSS sullate and topsed wiih COPper and sron The tielectsc CONSEIAL SR 11 Jose
M ReSERand doped samples decreases with frequency increnses, while (1e UV-Vis
srecivcontimed that the doped sample filer blocks the unwanted transmission and
hence act as efficient filler, Energy pap of pure K50, and doped with copper and
ron wons were found to be 5.9 eV and 6,048 eV respectively, which is reasonable for
typrcal dielectric maferials. The lower cut-off wavelength is 385 nm and this property
sused for nanlimeyr optical applicatiins.

Arulmani er af,, 2017 has mvestigated the L-Malic acid doped ADP (LMADP)
single crystals were gmwnrb}r slow evaporation method a room temperature. The
Crystalline nature of the grown crystal has been studied by powder XRD analysis. A
FT-IR swdy confirms the functicnal groups of the crystals. The UV-Vis study
confirms the wide optical transmittance window fur. the doped crystals imperative for
optuelectronics applications. TG/DTA analyses were carried out 10 characterize the
melting behaviour and stability, The clectrical properties of the grown crystal have

been analyzed by dieleetric constant and dielectric loss wilh frequency, The SHG

elficiency of the crystal was determined by NLO studies,
-

14
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CHAPTER 1IN
THEORETICAL CONCEPTS AND METHODOLOGY
Crvstal prowth bsoan an, and there are many variations (o the hisic crystal
grosmg revipes s there are erystallographers. Growth of crystal ranges from a small
mespensive dechnigue oo complex sophisticated  expensive  process,  The
crystallization time ranges from minutes, hours, days and to months

Producing good quality crystals of a suitable size is the first and most

Important step in determining any erystal stiucture, Crystallizalion is the process of
arranging atoms or molecules that are in a fluid o1 solution state into an ordered solid
Slate.
There are two major stages 'mvol:l-rcd in the crystallization process,
* Nucleation
o Crystal growth
3.1 NUCLEATION
The crystal gmwfh process starts with the nucleation stage. Nucleation is the
first step in growing a single crystal from a mother solution. The formation of nuclei
or embryos in the solution is often termed the centre of crystallization, Nucleation is
the stage where crystal furming units (atums. 1ons or molecules) gather intw clusters

which are unstable until they reach a critical size. Stable clusters are called nucles

which have three dimensional formation [Scheel, 2003].

The fundamental process of nucleation is classified as two categories
1. Homogeneous nucleation

2. Heterogeneous nucleation

15



1.1 Homogeneous Nocleation

Fhe spestancons besmabmony o covstabbine nocler me the isteesse of e parcnl

Phase comtams e ampunnes s called homogeneous pucleation

"

L L2 Heterogencons Nocleatlon

In heterogeneons micleation, the parent material contains impuritics. Here, the
foreign particles induce erystallization within the parent material, which is faster than
homugencous nucleation. The advantage of heterogencous nucleation 15 a short
processing time to crystallization with sumplicity, as it is common to add foreign
substances such as string or rock to the solution [Ballman er al,, 1963].

Both these nucleation are called primary nucleation and oceur in sysiems that
do not contain crystalline matter. On the other hand, nuclei are often generated in the

vicinity of crystals present in the supersaturated system. This phenornenon is referred
to as secondary nucleation. Growth of crystals from solutions can occur il some
degree of supersaturation or supercooling has been achieved [irst in the system,
The growth of crystals can be considered in three basic steps involved in the
crystallization process:
e Achievement of supersaturation or supercooling.
e Formation of crystal nuclei of microscopic sife.
o Successive growth of crystals to yield distinct faces,
3.2 CRYSTAL GROWTH TECHNIQUES
Crystals grow by the ordered deposition of material from the fluid or solution
state to a surtace of the crystal. There are numerous ways 1o grow crystals. The Ch:.‘rif:ﬂ
of method depends greatly upon the physical and chemical properties of the sample.

Single crystals may be produced by the transport of erystal constituents in the solid,

16
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In the above l::.u:n[mnq:d categonies hiquid growth includes both melt and

solution growth processes. A survey on the methods of crystal growth suggests that

almust 80% of the single crystals are grown from the melt compared with roughly 3%
from vapour, 5% from low temperature solution, 5% from high temperature solution,

and 3% from the solid and only 2% by hydrothermal methods [Brice, 1986].

3.3 GROWTH FROM SOLUTION

Growth of crystals from agueous solution is one of the most ancient methods
of crystal growth, Crystal growth from solution is very important process used in
many applications from laboratory to industry. Materials which decompose on heating
or which exhibit structural transformations while cooling from the melting point can
be grown from the solution growth method if suitable solvents are available, Tms
method is more widely used to grow bulk crystals |Sgnthanaraghavan and Ramasamy.
2002]. Growth from solution, however, is used more broadly because, compared with

growth from the melt technique, it requires lower temperatures and can lead to lower

density of lattice delects. The growth from low temperature solulion involves much

more time.

3.3.1 Advantages of Solution Growth

¢ The growth process 0ccurs near the ambient temperature.

17
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Depending on the solvents and the solubility of the solute. Solution growth can be
classified into

. Low temperature solution growth

2. High temperature solution growth

Among the various methods of growing single crystals, solution growth at low

temperatures occupies a prominent place owing to its versatility and simplicity. After

undergoing su many medifications and refinements, the process of solution growth

now yields good quality crystals for a variety of applications.
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olution growth involves weeks, months and even years somehimes. A 50
e is well

less viscosity is preferable. The low temperature solution growth techniqu
n the sohd al

suited to those materials which sufter from decomposition in the melt o i
high temperatures and which undergo structural deformations while numercus rganic

and inorganic materials, which fall in this category can be crystallized using this
technique. This technigue also allows a variety of different morphelogies and
polymorphic forms of the same substance which can be grown by varying the growth

ls, the sulmiun

conditions. Among the various methods of growing single crysta
ing to its versatility and

growth at low lemperatures occupies i prominent place ow
simplicity. After undergoing so many modifications and refinements, the process of
growth now yields vood quality crystals for a variety of applications

solution
[Byrappa and Ohachi, 2003, Kumar and Tadsoff 2007, Santhanaraghavan and

Ramasamy. 2002].
Low temperature solution growth can be subdivided as [olluws:
I. Slow evaporation solution techmque

2. Slow cooling method

3. Temperature gradient method



4.1 Slow Exaporation Selution Technlgue (SES 1)

Generally. crystallization of salt was o v by a1l vt ol wialer
from the sodubon swlich om comtempoary tomes v calhed the wilvent evaporalion
methosd PRI JOTSE Brvaporatnm o by lar ome i it dasiest mwthads Lor
vivstalbhomg organe and ooranometalhc small moleenle componinds The rate ol
wivstal grosth can be controlled either by reducing the rate of evaporation of the
salvent or by conling the solution. The number of aucleation siles may be increased
cither by seeding the solution or by ucr.:m_']:ing the exposed surfaces of the glass
vessel, In this method, an excess of a given solute 15 established by utihzing the

difference between the rates of evaporation of the solvent and the solute. In the

solvent evaporation method, the solution loses particles which are weakly bound to
other components and therefore. the volume of the solution decreases. The vapour
pressure of the solvent 15 high and e.vapnrau;x more rupidly and the solution becomes
supersaturated [Chermnov, 1984].

3.5 OPTIMIZING SOLUTION GROWTH

3.5.1 Solution, Solubility and Supersolubility

A solution is a homogeneous mixture of a solute and a solvent. Solute is the
component which is present in a smaller quantity and that one which gets dissolved in
the solution. For a given solute, there may be different solvents. A good solvent
ideally displays the following characteristics:

a) Moderate solubility
b) A small vapour pressure
¢} NOR-COrrosiveness

d) Non-loxicity

.
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hoavs' (D00 ethamal, merhanol, dcetisng, carbon tettachlomde, hevane covlene anid
many other wolvents l1-l":|!11_" the similar charactenstics. Almost 900% of the crystals
[romy Jow temperatiore solulion ane grown by bsing waler as o solvent,

Salubility gradient is another important parameter which dictates the growth
procedures. 1t the solubility is two high, itis dithicult 1o grow bulk sigle crystals and
the size and growth rate of the erystals pre restricted for low solubility

Supersdturalion is important paramel;:r lur the splution growth process. The

crystal growth by the accession of the solute in the solution as a degree of

supersaturation is maintained. Hence the solubility of the solute may be determined

by dissolving the solute n the solvenl maintained al a constunt temperature with

continuous stirring.

3.5.2 Preparation of Solution

For solution preparation it 15 essential to have the solubility data of the

material at different temperatures. Sintered glass filters of different pore size are used

Jor solution filtraton, The clear sulution, saturated at the desired temperature is taken

in a erowth vessel. A small crystal suspended in the salution 15 used to test the

caturation. The test seed is replaced with 2 good quality seed Growth is initiated atter
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cibtane e o approprate solvent Thgh puoty of raw moatenal g an venial
preregiiisite o success i crystad proowth Tmpunihes are of comsiderahle imprertance
met ondy Bevanse of therr imfluence on the physical and chemical propertics on the
resulting crystils, bt also they can play @ dominant role i contralling the crystal
prowth  behaviour,  Sometimes  suspended umpurities  may  slow - down e
erystallization process by heing adsorbed on the surface of the crystal, which changes
the ¢rystal habit [Buckley, J*{'SJ | A careful repetitive use ol standard punfication
method of recrystallization followed by filtration of the solution would increase the
level of purity. The recrystallization has 1o be carried out two or three Limes o ensure

optimum punbicauon,

3.5.4 Harvesting of the Grown Crystals

I a crystal is extracted from a solution kept close L0 the room temperature, it
can be dried by means of filter paper. Filter paper must not be used to rub the surface
since the majority of crystals prepared from low temperature sulutions are easily
scraiched. The surface of a carelessly treated crysta] may acquire many defects. To
prevent this, a filter paper and a towel are heated approximately to the temperature of
the sulution. A ¢rystal should nul be touched by hand but a crystal helder should be

used to extract it from the erystallizer, Contact with warm and maoist fingers may

crack a crystal ur eteh it.
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3.6 SLOW COOLING METHOD
This 15 the best method among all the known methods to grow bulk single
crystals from solution. The supersaturation of the systematic cooling requires the
volume of the erystallizer finite and the amount of substance n it 15 limited. So, the
volume of the crystallizer 15 selected based ;upuﬂ the desired size of the crystals and
the temperature of the solubility of the substance for a particular temperature. The

temperature at which such crystallization can begin is usually in the range 45-70°C

and lower limit of cooling is the room temperature [Tareen and Kully, 1971, Vere,

19%7].
3.7 TEMPERATURE GRADIENT METHOD
This method involves the transport of thg malenals from a hot region
comtaining the source material to he grown w3 cooler region where the solution 1y
supersaturated. The main advantages of this method are thal
a) Crystal growth at a fixed temperature
b) This method intensitive to changes in temperature provided both the source

and the growing erystal undergo the same change.
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ehapeiation of the salvent, by conling the soluton or by i transport process i which

the solule s made 1o flow from a hotter 103 cooler region. The high remperature

vivstal growth can be divided into two calegoties

s  Growth from single component sysiem

«  Growth from multi compuonent systeim
This method is widely used for the growth of oxide crystals. The procedure is

to heat the container having tlux and the colute 1o @ temperature. So that all the solute
materials dissolve. This temperature is maintaining for a soak period of seve ral hours

and then the temperature is lowered very slow,

1,9 HYDROTHERMAL GROWTH
Hydrothermal growth means that high pressure, as well as high temperature, is
such as guartz, calcite, alumina and

used to solubilize otherwise nsoluble materials,
The hydrothermal technique is well suited for

antimeny sulfoiodide, water.
materials that otherwise require high lemperature crystallization because  the
temperature is low during growth .,;Dmpafﬂd to the melting point of the material, The
pﬂﬂﬂd [?ri::::. | OBE].

well known example is quanz, which was I®

3,10 GEL GROWTH
romising \echnique for growing single crystals of

Crystal growth in gels isap
grown convenieatly

ater and that cannot be

substances that are slightly soluble in W
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A mteriads can be grown e single ervstal form From the melt pn wided they
well congruently wathou decomposition at the rr11,"|II1r|.j_: point and do not undergo any
phase transtormation hetween the melting pont and room temperature. Depending on
the thermal charactenstics, the Tollowing techniques are employed [Santhanaraghavan
darmd Ramasamy, 20001, ‘
1. Brndgman Technique
2. Czochrarski Technigue
3. Kyropoulos Techmigue,
4. Zone melting Technique
5. Verneuil Technigue
3.12 VAPOUR GROWTH
A suitable technique in crystal growth is the vapour phase method, which is
used in electronic and optoelectronic industries. This method can be classified into

two categories: physical and chemical vapour deposition. The transport material 15

deposiled in the growth zone from the vapour phase. Cadmium sulphide and cerium

telluride crystals have been grown by this methode Sume of the studies that have

investigated the growth of crystals by CVD and PVD have repurted [Semmelroth ef

al., 2007].
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AT Neray DifTraction

Spectroscopic and resonance techniques play important role. But the most
definite structural data have largely been acquired by using diffraction methods.
There are two important X-ray diffeaction methods namely, o

1. Single crystal X-ray dilfraction

2. Powder X-ray diffraction
3.3.1.1 Single Crystal X-ray Diffraction

The single crystal X-ray diffraction is a non-destructive analytical techmgue
that is commonly used to determine the structures of new materials.
Principle

In a single crystal XRD experiment, the reciprocal space of a crystal i1s
constructed by measuring the angles and intensities of reflections in observed
diffraction patterns |Crundwell ef al., 1999, Milburn, 1973]. In the present study,
ENRAF (BRUKER) NONIUS CAD4 single crystal X-ray diffractometer system
equipped with graphite-monochromated MoKa (A % 071073 A) radiation is used.
Single crystal XRD consists of an FR 590 generator, a° pomometer to hold and rotate
the crystal, CAD4F interface and a microVAX3100 equipped with a printer and

plotter. Instruments typically contain a beam stop to halt the primary X-ray beam

from hitting the detector, and a camera to help positioning the crystal. The unit cell

dimensions and orientation matrix are determined using atleast 235 reflections and then
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the intensity data of a0 given seb ol retlectoms e collectead antamancally by th
Al ::

computer. The gomometer equipped with the ditbiacinmeter is Toar cirele gonmmeter

st @ o and 2 aaes by wlich the crysial s rotated. A single erystal i mounted
on a thin wlass fiber fived on the gomometer head usng cyanoacry late The

calenlation of the umt cell parameters (. b, ¢, a. p & ), volume and space group eic.

Ihe schematic diagram of single crystal XRD is shown in Figure 3.1.

Figure 3.1 Schematic diagram of single crystal XRD

Sample Preparation

The defect free crystal of dimensiuns around 0.2 x 0.2 x 0.2 mm? can be used

for the single crystal analysis. The utmost care musl be taken 1o chovse the defect free

crystal by using a MICTOSCOpe.

-

Applications

« It can be used to identify the new materials and crystal structural refinement.

« Determination of unit cell, bond lengths, bond angles and site vrdering.

o Variations in crystal lattice chemistry etc.



LLLI Powder N-ray Diffroction
Powder NRDY s o0 mapnd amalvineal e npee poasiarily nsed oy pliase
wlentification (linger PEnE sdentibication™ of ;1 crystallime material Thas method b
Been wsed Tor quanttnive analy sis, exttaction of three dimenswonal mucns segctn
Properiies and delermumation ol ihe strncture |m|wrlu:1:1 .
Principle
The XRD works on the prnciple of Bragg's law. According to this law, when
a beam of nmnm:hmnm[{c X-rays falls on a crystal, each atom becomes a source of
scattenng radiations, The combined scaltering of X-rays from these planes can be

considered as a reflection [Clearfield er al., 2008, Vitalij et al., 2009]. The possible d-

spacing defined by the indices h, k, | are determined by the shape of the unit cell.
Bragg’s law gives the relation between the X-ray wavelength 2, d spacing and the
angle of incidence 8, -

ok = 2d sin {1

Where. n is an integer (1. 2, 3, 4... etc) which represents the serial order of diffracted

beams
A 15 the wavelength of the X-ray
d is the interplanar spacing generating the diffraction

0 is the diffraction angle -

In the present study, powder XRD was recorded by XPERT-PRO X-ray

diffractometer system. Figure 3.2 shows the schemalic diagram of powder X-Ray
diffraction instrument. The sample should be thick enough 10 ENSHTE that the whole
incident X-ray beam interacts with the sample and does not pass through it. When
electrons have sufficient energy to dislodge inner shell electrons of the target material,
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Figure 3.2 Schematic diagram of powder XRD

Sample Preparation
The crystal was subjected to a fine powder using agale mortar and shieved into

1.0 pm slieve. A small amounl of this uniform particle size powder is subjected Lo

lysis.
powder XRD analysis ‘

Applications
o The X-ray powder diffraction is most widely used for the identification of

unknown crystalline material.

Identification of fine-grained minerals such as clays and mixed layer clays that

are difficult w determine optically.

29



s dvesticatn ol simiple shress amil stiom o

42 Fonrker Transtorm Infvnred Specivoscopy tF TR Spectimscipy

PEAR spectesiopy ok techimge wsed te detenmine cpalitative nil
it atie featmes ol I brve moleciles i ongae of mergaie solich Teped o gas
samples

Principle

The TR spectioscopy mvolves study of the mierichion af elecimmagnetic
rdrataen watly matter, Prse o Thas mteraction, clectromagnetic radiation characleristic
of the iteracting system may be absorbed or emitted, The absorption bands for most

arganic and morganic compounds are found in the IR region. In the present study,

vibrational characteristics of the grown sample has been investigated using 84003
Shimadzu infrared spectrophotometer. Figure 3.3 shows the schematic diagram of
FT-IR spectromeler. There are three basic spectromeler components are nernst glower

as source, an interferometer chamber and a detector. The interfernmeter divides

radiant beams, genecates an uvptical path difference between the beams and lhen

recombines them in order to produce repetitive mterference signals measured as d

function of optical path difference by a detectar. The interferometer produces

interference signals, which contain infrared speetral information generated after
-

passing through a sample. The most commonly used interferometer is a Michelson

interferometer which consists of three aclive cumponents: a moving mirror, & fixed

mirror, and a beam splitter. The two MUTors anc perpendicular to gach other, The

beam splitter is a semi reflecting device and is often made by depositing a thin film of

sermanium onto a flat KEr substrate. Solid samples can be mild with KBr to form 2

very fine powder. This powder is then compressed into a thin pellet with the help of

a0
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Figure 3.3 Schematic diagram of FT-IR spectrometer

Sample Preparation

The grown crystals are crushed o fine powder by using agate morar

pelletizer. The fine powder

bromide (KBr) to form a

of the sample is mild with spectral grade Potassium

thin pellet using pelletizer, which can be analyred. KBr is

transparent in the IR region.

Applications

o Determination of functional groups in the given materials.

e Unknown materials can be identified.

e Determination of the molecul

r composition.
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Principle

LIV Vs spectoseepy involves the absorption of uliraviolet hght by @ materil
amd valenee et clectrons e |1rnrnnl|:d from their normial rgrnundj states o higher
i high degree of conjugation.

Organic componnds, with

al.. 1979] Valence electrons are found in

energy (exwied ) stles.

absorb electromagnetic radiation |Sadler ¢f
‘g’ bonding orbutals,
» antibonding orbitals. In this

three tvpes of electron orbitals namely ‘' bonding orbitals, non-
-lone pair electrons} and ‘c* or ¥

bonding orbilals (n
35 double beam UV-Vis spectrometer wis

investization, Perkin Elmer Lambda
in the wavelength range of 20-1200 nm. Figure 2.4

used 1o study the optical quality
agram Ol UV-Vis spectroscopy. Th
a diffraction gratung of

¢ basic parts of @

shows the schemaltic di

spectrometer dre & light source, sample holder,
monochromator (e separate the different wavelengths of li gh and a deteclor. The UV-
Vis spectrophotometer USCS two light sources, a deuterium (Dz) Jamp for ultravielet
light and a tungsten (W) lamp for visible light. After bouncing off a mirror 1. the light
gh a slit and hits a diffraction grating. The grating can be rutated

heam passes throu
ation of the

avelength to be selected. At any specific orient

allowing for a specific W
successfully passes through a

prating, vnly monochromatic waves (single wavelength)
dlit. One of the beams is allowed to pass through a reference cuvetle (which contains
cuvette. The intensities of the

the solvent only). the uther passes through the sample

light beams are then measured at the end.



Figure 3.4 Schematic diagram of UV-Vis spectroscopy

Sample Preparation
For UV-Vis speciroscopy, (wo types can be adopted; one is solid mode and the

other is liguid mode. For solid mede, the well'ordered crystals of size around 3 x Sxl

mm’ thickness can be used. For liguids, the grown crystal is crushed into fine powder

and dissolved in a suitable solvent (deionized water, ethanol, methanol elc).

Applications

e Qualitative and quantitalive studies of material can be performed.

e Used to measure the global radiation.
e Used to test optical materials.
-

3.3.4 Thermal Analysis (TG/DTG)

Thermal analysis 1s a group of \echniques that study the properties of materials

as they change with temperature. Thermal analysis gives information regarding phase

transition, water of crystallization and different stages of decomposition ol the crystal

system.
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I'riniple
b the present svork, thermd Bebaviom Bave boenomsestisatod g NETZSCL
SUA thermal onalyzer Pipme 85 shows the sohematn disram of 1A IS0
Phevmeanalybeal mcorponites the following three closely reliated techmigues
! Thermogravimetrie: analysis (TGA), which involves monitonng weight
while varving temperature.

& Dntterential thermal analysis (DTA) which mvulves comparing the precise
temperature difference between a sample and an inert reference material,
while heating both.

3. Ditferential scanning calorimetry (DSC), similar to DTA except that
electrical energy 5 used 1o restore the cooler of the two materials to the
same lemperature as the other. This allows direct measurement of energy
changes,

Among the thermal methods, the most widely used techniques are TG, DTA
which find extensive use in all fields of crganic, inorganic chemistry, metallurgy.
mineralugy and many other areas. In the present work, thermal behavicur of the
grown crystals has been investigated using TG-DTG technigues.

Even though different types of balance mechanism are available tuday, thuse

employing null-point-weighing mechanism are faw‘ureci as the sample remains in the

same zone of furnace irrespective of changes in mass. The furnace 1s normally an

clectrical resistive heater and the temperature range for most ol the [urnace is lrom

ambient to 2000°C.

The measuring system consists of two micro furnaces made of Platinum-

Iridium alloy, which contains a platinum resistance thermomeler as a lemperalure



preparing a sample,

powdered sample was taken
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Figure 3.5 Schematic diagram of TGA/DSC
Sample Preparation

The grown crystal is crushed (o make powder by agate mortar. When

the size of the sample should &e between 2 and 50 my. The

in the alumina crucible.

Applications

e Determine the drying lemperature of compound.

« To identify the sample composition,
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Principle
Hardness measurements com be defimed as macen, micro and nano aceording to

the L o
wo lorees applied  and  displacement obtained. In the  preseal  nvestigation,

micrehandness measurement was carmied  out wsang  Leitz-Wetzlar Vicker's
microhardness tester fitted with a diamond pyramidal indenter attached to an vptical
mucroscope. Figure 3.6 shuv:us the schematic diagram of Vicker's microhardness
tester. The indentation in the form of a right pyramid with a square base and an angle
ol 136 degrees belween opposite faces subje-;:ied tr a Joad of | g 1w 100 kg, The full
load is normally applied for 10 to 15 seconds. A hardness number is then calculated
using the test load, the impression length and a shape factor for the indenter type
[Gong and Li, 2000]. The depth of indentation is about 1/7 of the diagonal length
When calculating the Vicker's diamond pyramid hardness number, both diagonals of
the indentation are measured and the mean of these values is used in the formula with

the load used to determine the value of Hy. "

The Vicker's hardness number (H.) is calculated using the following formula

18544 P -
y = e kgfmm

Where, P being the applied load in kg’

d is the diagonal length of the impression in ‘mm’

H. is Vicker's hardness number
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fiectvely "cumbined” : -
it ¥ "combined” 10 form new Photons with twice the energy, and therefore

twice the Irequency and half the wavelength of the initial photons (Two photons are
destroyed creating a single photon ot twa 1es of Irequency)
Principle
I the present stidy, SHG stindies Tave been investipated using Kurtz and
Perry powder technigue, Q-switched MI_}"M} laser emitting 1064 nm, 10 ns laser
pulses havmg repetitum rate 10 112 with spol radius of 1 mm was used as a source lor
illummaning the powder sample [Kurtz and Perry, 1968]. The grown single crystal is
powdered with a uniform part icle size of 125-150 pm, and then packed in a
microcapillary of uniform bore and exposed to the laser radiation. Figure 3.7 shows
the schematic diagram of SHG method. This laser can be operated in two modes. In
the single shot mode, the laser emits a single ¥ ns pulse. In the multi shot mode. the
laser produces a continuous train of 8 ny pulses at a repetition rate of 10 Hz and a
single shot mode of 8 ns laser pulse with a spot radius of Imm was used. A reference
beam is obtained by the use of beam splitter which is placed ahead of the sample. The
inpul laser beam was passed through an IR reflector and then directed on the
microcrystalline powdered sample. The SHG was confirmed by the emission of green
radiation (532 nm). The input laser energy incident on the sample was 0.68 J, an

energy level optimized to cause any chemical decomposition of the sample.The

intensity of the second harmonic vutput from The sample is compared with that of

standard materials.
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Figure 3.7 Schematic dingram of SHG method

Sample Preparation

The grown eryStal is powdered using agate mortar and slieved to set uniform

panticle size of (125150 um), and then packed in a microcapillary of uniform bore
and exposed 1o the Nd:YAG laser radiation.
Applications

o 1tis used as a frequency doubler in LASER technology.

It used as phase matching in communication system.

» It used in fréquency conversion ele.
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CHAPTER 1V
RESULTS AND DISCUSSION

Results amd disenssion o the grown Ammonim dibyadrogen phosphane (A1
RIELLHLEN Yy

doped potassium sulphate erystals are described in this chapter

4.1 RESULTS AND DISCUSSION

4.1.1 Materials used

A parent compound is potassium sulphate and & doped compound is ADP,

Deionized water 1s used as a solvent.

4.1.2 Sample preparation

The required amount of parent substance (A} and dopant substance (D) was

estimated by using the formula

A = (M x Xx V) /1000 {in gram units)

Where M — Molecular weight of the substance

¥ — Concentration in molar units

V — Required volume of the solution

Amount of potassium sulphate (A) = (174.27 x 0.8 x 1007 / 1000

= 139416 gm

Amount of ADP (D) = jllﬁﬂi x 0.02 x 100) / 1000
= (0.23004 gm

4.1.3 Growth of ADP doped K2504 Single Crystals

Calculated amount of the reactants containing, Analar reagent (AR) of

potassium sulphate (K2504) and ADP (NH:H:POs) were purchased from (Loba

Chemie) and 2 wt% ADP is taken as a dop
alts were allowed to stir for more than four

ant guantity and deionized water was used

as solvent. The calculated amount of s
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Ple of ihe ecrystal was also subjected 10 the characterization studies. The

photograph of grown ADP doped KaS0O single crystals are depicted in Figure 4.1
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Figure 4.1 Photograph of ADP doped K:SOu crystals
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Merals, The grown ETVEAs were silypected o sl crvaral Xeppy

BB b deternmme (e wot cell parameters. I the Present st

|‘r the defect free
vivstal of dimensions wroumd 02 5 02 5 02 mm' s used 1y

wothe sngle crystal
antalysis, Smgle crystal XRD

were carnied with MoK, radiation (A =071073 A) The
lathee parameters of pure and doped K,80, crystals are presented in Table 4.1 It is
ohserved from the table that the el pirameters of doped K.S0. slightly
those or pure K250, which m

ay be altributed to the presence ol dopant in K;50)4
crystals,

cdlitfer from

Table 4.1 Crystallographic data of doped K2S04 crystal

B ki
TAkead}f reported pure KaS0,
Crystallographic
ADP doped K280, crystal
data
[Tariq et al., 2016)
Crystal systemy | Orthorhombic Orthorhombic
Unit cell a= 5.80 A a=5.746 A
dimensions b=10.13 A ‘  b=10033 A
c=755A c=7443 A
a=f=y=90° =P=y=00°
[ a |
444 A 44] A’ |
Volume 10x 7 x 2 mm? 16 x 13 x 2 mm* .
Crystal size
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4.2.2 Powder N-ray DHTraction

Phe puty s erystallinity o doped KoSCh smple erystal have been
centimed by recordimg powder X-ray ditfraction pattern, The crystal was subjected to
a b pesweder wwing agale mortar amd sheved amto 1.0 pme sheve, A small amount o
this wmitorm particle size powder is subyected 1w powder XRD analysis. To detect the
diffracted X-rays from the sample an electronic detector is placed on the other side of
the sample and it was scanned in the range of 10°—70” at the scan rate of (.04 count
per minute. The indexed powder X-ray diffraction pattern is depicted in Figure 4.2,
As compared with pure K250 powder ){ﬁD pattern it 1s observed that there is shight
shift in the peak positions and slight change in the relative intensities are due 10 the
doping of ADP. The appearance of sharp and well-defined Bragg's peaks confirmed
the crystalline nature of the grown crystm.-Thf: peak corresponding to (1 2 1) and
(1 0 3) hkl plane has the maximum inlensil}:ﬂ of duped single erystal. To confirm the
obtained values of unit cell parameters, powder XRD studies were also carried out tor
the sample. The hkl and d values were calculated and given along with the
experimental d values are obtained in Table 4.2. Using the powder XRD data, the

lattice parameters can be obrained using the TWOTHETA software package. The

obtained value from powder XRD will be close ta the obtained value from single

crystal XRD studies. "
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Figure 4.2 Powder XRD pattern of doped K504 crystal
Table 4.2 Indexed powder XRD duta of doped KaS0urystal
. Relative
2 theta (degrees) d-spacing [Al Ikl
intensity (1

2133 4. |6358 41.8 102
1375 3.7452 4133 020
29.72 300542 100 121
3076 290622 93,35 103
30.95 288844 627 200
3589 7501182 17.01 LY
37.01 242878 3865 R
3786 2376034 1597 212
4041 223194 21199 14
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4.2.3 FT-IR Spectral Analysis

FT-IR spectrum of doped K2SO Lcrystal was recorded in the range 450-4000

en' and is shown in Figure 4.3. Observed vibrational wavenumber and their

assignments of doped K250s are given in Table 4.3, Characteristic vibrational bands

in the spectrum were compared with the coresponding bands of ADP. O-H stretching

- A Cp
vibrations are observed at 3448.22 cm™, 3347.23 cm and 3239.57 em™ which is red

shifting due to inter- and intra-molecular hydrogen bonding effeqt{Rugscl, 1398]. The

. B aveing vibrations of
absorption peaks at 1384.19 em! corresponds to the Wagging vibratinis:of s

; ine vibration is observed as a strong
groups present in the compound. C=0 stretching g

, , - s -

absorption at 1569.70 cm™'. Stretching vibrations of COO™ accur at 1415.92 cm and
o ak at 485.26 is due fo

rocking of COO" vibrations is observed al 618.76 cm™. THEpE

the O-N=P bending vibration in ADP crystal |Sunil Chaki ef ad., 2012]. The presence
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Figore 4.3 FT-IR spectrum of doped K500 crystal
Table 4.3 Observed vibrational wavenumber and their assignments of doped

K804 crystal
\ Wavenumbers (cm™') Assignments
5 1448 22 0-H asy mmetne stretchimg
334723 O-H stretching
323957 O-H stretching
156870 C=0 stretching
| 1415.92 COO stretching




J s 1w gy
111 82, sinci g
W L wagpang
TR _;.:: fikarig
BILRS | SO siretehing h
_. 485 T | OCN=P bending B
4.2.4 UV-Vis Spectral Analysis

Optical trarismission spectra were recorded m the range of 191 |00 rm, Hgh
quality grown erystal with thickness of 2 mm were used for UV-Vis spectral stushies
Figure 4.4 shows the irnsmittance spectrum of doped K504 crystal The doped
K:SO4 crystal is active in the UV-Vis mgion aad the compound materal could be
viable alternative for optical maserials in that entire region. An NLO material can be
widely used if it has & wide pRDSpaEncy FANZE. It hits goiod trapsparency of about
70% with lower cut-off ...-.__,_.._..r._:.nﬁ 390 nm. The posinion of peak. comesponding 1o 8-
the ciichonyl group of the carboxyl fusctions The pure K250 hab

a* teansition of

g0 transmidtance with jower cut-all wavelength 350 nm [Torig o wl, 2016 1

ncies foand in the nndoped crystal are now filled with the dopani
free from [he tenmle stress. The impruvemeat (f
i the

seems that the vaca

and hence the crystal is mow
(ransmission would enable befter pptical performance. This transparent nalure
visible region makes the doped K:504 crystal for the NLO applications. From this
peasurernent, it 18 noted that there & A0 significant absorption 0 the entire wisible

region, which enables it 1o be a potential candidate for optoeleCinonic applicatinns

&7
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Figure 4.4 UV-Vis transmittance spectrum of doped K280: crystal

The measured transmission (T) is used to calculate the absorption coefficient

(u) based on the following relation, -

o= 2og(1/T) e (A1)

Where, 1 is the thickness of the crystal.
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I the gh photon CReTEY tepton, the enerpy dependence of absorption

cocthcrent suggests the vecurrence o et band pap ol the crystal obeying the

Following equation for higeh photon energies () [Ashonr ef «f ;15|
(ahv)? = AE, — hv) ' e (4.2)
Where, Eq is the optical band gap of the crystal and A is constant. The band
2ap of the crystal is gvaluated by plotting (ahv)? versus hv [Tauc et al.. 1966] as

shown in Figure 4.5 and it is found to be 4.6 eV, The wide band gap of the K250,

crystal confirms the large transmittance in the visible region.
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Figure 4.5 Plot of (ahv)? vs. photon energy for doped K:S0s crystal
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Fatmebon coettacwnt s e tractnm of hght st et seattening and
abvserptaenn e el st ovapactcpatang medwm. i eleciomagnetic eims, e
exhinction voetfieient can be expliuned as the decay or dampng of the wmplhitode ob
the meident electoe and magnetie felds, The extinetion coetficient (K ) 1% uhtainud

from the Fllowing equation,

H wd
K== A

T am

The transmittance (T) is given by the following relativn [Pankove, 1971]

1-K)F —itt)
=k 1Fenpl—o crieens (B.4)

T= -
(1=R}expi—2ut)

The reflectance (R) in terms of the absorption coefficient (a) can be derived

from the relations [Gupta, 1996].

expl—uth + ,.;"Enp{—u.t]T — expl—3tT + expl =Zuf)T? 4
R= . P | o
expl —ut) +exp (—2at]}T

The refractive index (n) can be determined from reflectance dala using the

following relation [Omar, 1975].

_ ~(R+1)22VR (48

(R-1)
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Fhe transmuittance (T) 15 given by the fullowing relation [Pankove, 1971],

— =R} exp(-at)
(1=R)Zexp{=2ut) {44}

The reflectance (R) in' terms of the absorption coefficient (a) can be derived

from the relations [Gupta, 1996).

R = exp(—ut) + /exp(—at)T - exp(-3at)T + exp(-2ut)T2 @)
- expl—at) + exp (—2at)T ;

The refraclive index (n) can be determined [rom reflectance data using the

following relation [Omar, 1975].

LoReERE (4.6)
TR

S0
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Figure 4.6 Plot of refractive index vs. wavelength for doped K2804 crystal
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Figures 4.6

and 4.7 represent the variation ol refractive index and extinction

L

ith respect to photon energy respectively. The estimated refr

active index
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From the optic
1cal constants, the Ari ibili
ptical constants, the electric susceptibility () can be calculated

according to the relation [Gupta. 1996],

& = £ + 4wy =n?-k? S |- 27 )|
_ nf—ki-g,
I[‘ _T ....“.{4.3]

Where, £ois the dielectric constant in the absence of any contribution from free

carriers. The estimated electric susceptibility (y.) 1s found to be 0.127 at 1100 nm,

The real and imaginary dielectric constants, £ and & can be calculated from the

following relations (Gaffar et al., 2003].
g,=n?-k? and & = 2nk e....(49)

The value of real & and imaginary & dielectric constants at A=1100 nm are

found to be 1.601 and 3.01 x 10* (no units) respectively.

4.2.5 Thermal Analysis
a heating rate of 10°C

The TG/DSC was carried oul in nlrogen almusphere al
- bl
/min in the temperature of room temperature 10 1400°C. An AlOs (aluming) crucible
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Wats ised and o served as a referenee Ton the Namples The miss changes the TG

curve e contumed by IVTG peaks shiwn i Erge ooy,

There s a eontimms Wentht Toss frogry S0 fov 1 1UH) € leavang behind s
residue for doped potissinim sulphate erystal, The weiht loss 1s due 1o the climimation

vbwater molecule present 1 the erysial. The dectease m mass may he due 1o the

thermal decompuosition of the ¢

fements present i the sample. This indicates the
meorporaion of ADP compound in the erystal laltice of polassium sulphate. Further
the crvstal s themally stable Up 10 a temperature of 1300°C. This indicates the

incorporation of ADP compound in the crystal lattice of potassium sulphate and it is
stitable for possible applications in lasers where the crystal is required to withstand

high temperatures,
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Figure 4.8 TG/DTG spectrum of doped K:504 crystal




4,20 Vicker s Microhardness Measorements

The Vicker's pucrohardness measorement was cuned ont on the grown
crvstals o assess the mechameal propenty The Toad s applicd for 25 g S0 g anid 100
v oand then correspending Vicker's hardness number 1s calealated - The graph e
plotted between Vicker's hardness (1) number antd load as shown in Figure 4.4 The
hardness value of ADP doped K:SO4 single crystal is increased as compared to pure
cryvstal tor all apphed loads. The relation between load and the size uf indentation can
be correlated using Meyer's law, P = k", where k, 15 a constant and ‘n' 15 the
Meyer's index. The slope of log p versus log d gives the work hardening coefficient
(n) and it was calculated and represented in Figure 4.10. This value found is to be 3.1,
which indicates that crystal 'hﬁlungs to soft material category. The authors have
pointed out that n hes between 1.0 and 1.6 for moderately hard matenials and it 15

more than 1.6 tor soft materials [Onitsch 1956. Sahin 2005]. From these ohservations,

it can be concluded that the doped crystal have better mechanical stability when

compared to pure K250, single crystal
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Figure 4.8 Plot of Vicker's hardness (Hv) against load (p)of doped K:S04 crystal
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Figure 4.9 Plot of log p vs. log d of doped K:S04 crystal



427 Secomd Plarmande Goenerathon Stodles o510,
o wombm the enbnwar cpbwal progeary of the cample . e gooader Lo ol
MM adeped oSO cvvstal awene salyectedd o SNEEE gest obvs g the Baete arel Berry
ot techmegie [Roorte and Peeev, 19681 The SO was conlicmed by the emisson
ebereen tadhiatien (A = 532 nmiy, The mput Inser ¢nergy incident on the sample was
(o8 1o an energy Tevel optimized 1o canse any chemical decomposition ol the sample.
The KDP s used as a reference material for the present measurement, Table 4.4
shows the comparision of SHG signals energy output. This indicate that the pure
K250 crystal have SHG efficiency is 0.308 times and doped K504 15 0.457 tmes
greater than that of KDP. It is found that the conversion efficiency of the doped
crystal is greater than pure KaSQu. The etficient SHG demands specific molecular
alignment of the crystal and this is to be achieved facilitating nonlineanty in the

presence of dopant.

Table 4.4 Comparision of SHG signals energy cutput

[Mnput KDP reference T|Pure K:50: | ADP doped lI

\

power (J) | (mJ) \ (mJ) \ K2$04 (mJ) |

0.64 8.8 | 15 l| 572 ||
|

|| \ |




CHAPTER Y

CONCLUSION

The smgle crvstals of 2wl ADE doped Kisth crystal was synthesized and
white coloured gaod cphical guality single crystily were grown deromzed wiler as
swlvent by slow evaporation solution growth techmgue at room temperature. From the
wingle erystal XRD, the doped K2SOs erystal belongs 10 arthorhombic system, From
the powder XRD, appearance of sharp and well defined Bragg's praks confirmed the
crystalline nature of the grown erystal. The peak carresponding to (1 2 1) and (1 0 3)
hkl plane has the maximum intensity of doped single crystal. From the FI-IR spectra.
the presence of the functional gr;mp.r; in the doped compound has been confirmed. The
doped K280 crystal is active in the UV-Vis region and it has good transparency of
about TO% with lower cut-off wavelength 390 nm. The band gap of the crystal 18
found to be 4.6 eV and the estimated refractive index is found to be 1,37 at 332 nm.
From the TG/MTG, the incorporation of ADP compound in the crystal lattice of
potassiom sulphate and it is suitable for possible applications in lasers where the
crystal is required 10 withstand high temperatures. From the microhardness, the
hardness value found is to be n = 3.1, that the crystal belongs 10 sof material
category. The SHG efficiency of doped K280 1s {].15'? times greater than t’;:at of

KDP. Tt is found that the conversion efficiency of the doped crystal 15 greater than

pure K250s.
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