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ABSTRACT

Sngle crystals of pure and urea doped potassium sulphate were grown by slow evaporation technique. Sngle
crystal XRD analysis confirms orthorhombic crystal structure. Powder XRD pattern confirms that the grown
crystals posses high crystalline nature. Vibration spectrum reveals the symmetries of molecular vibrations. The
TGA, DTA shows that the materials have very good thermal stability, The UV-Vis spectrum shows the transmitting
ability of the crystal in the entire visible region. The dielectric constant and dielectric loss were calculated by
varying frequencies at different temperature. The microhardness test reveals that the crystals possess very good
mechanical strength.
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INTRODUCTION

Potassium sulphate ,RO, belongs to the orthorhombic system with space grBmcn and lattice parameters
a=5.763, b=10.074A and c=7.474 [1]. The substance transforms upon heating afG8i to a hexagonal
structure with a=5.924 and c=8.184 [2] and is called as- K,SO, The orthorhombic form is called 8sK,SO, .

Urea (NH),CO is an organic compound and belongs to the tt@gsystem with the space group 42M similar to
that of KDP [3]. Some novel properties of urea iggseransparency extending to 200nm, large birgéirce, high
optical damage threshold and large nonlinear dptigefficients [4-6]. In the last decade numerapglications of
the nonlinear optical (NLO) crystals have beenulised in the field of science and technology. Baent interest

is focused on the development of the propertiehefnew semi-organic (NLO) materials. Semi-organaterials
possesses the advantage of both organic and inongeterials in terms of high thermal and mechdrstability as
well as broad optical frequency range, higher SH@ high damage threshold[7-9]. The investigatiordoping
effect with urea in different concentration is taeget of this article and we report the studiesalubility, growth,
XRD, optical transmittance properties, mechanit@rgth, vibration and thermal properties of thevgr pure and
urea doped potassium sulphate crystals.

2.1.9ynthesis
Recrystallised salts of (analar reagent grade)ssaien sulphate (}80Oy), urea (NHCONH,), and de-ionized water
were used in the present crystal growth experintturated aqueous solutions were prepared at temperature
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following the known solubility data. The solubilif potassium sulphate and urea in de-ionized w@t@®ml) at
room temperatures were 14gm and 165gm respecti&atyother solution of 600ml at room temperature’ (99vas
prepared using recrystallised salts g5K, and deionised water were stirred well using a mtgrstirrer. Urea of
5mole% and 10mol% were added in two beakers of enatblution(200ml) and the remaining solution wasdias
standard. The solutions were mixed for about 5 fioising a magnetic stirrer with 500rpm to ensumadgeneous
temperature and concentration through out the velofithe solution. The pH value of the solutionsevi®und to
be 7. The saturated solutions were filtered witlattrhann filter paper and then covered with perfddtansparent
polythene paper and left undisturbed for slow evapaon. The solvent evaporates slowly leading toessiaturation
which in turn initiate nucleation and the crystedwys. Good quality single crystals were grown ind3®s with size
up to 17mm x 5mm x 2.85mm for 10mol% urea dopedsmitum sulphate crystals (10mol% UKS) and 8mm x 3mm
x 2.5mm for 5mol% urea doped potassium sulphatstaly (5mol% UKS) and are shown in figure l1a arig 1.
respectively..
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FIG.1.a10mol% UKS 1.b. 5mol% UKSCrystal

2.2 Solubility

In solution growth technique the size of a crystappends on the quantity of the material availabléhe solution
which is decided by the solubility of the materialthat solvent. The solubility of the synthesizadterial was
determined by adding water maintained at constamperature to a known quantity of the materialthi# material
was completely dissolved. Using this technique, evaluate the magnitude of the solubility of urezped
potassium sulphate crystals at various temperatoegseen 25°C and 45°C which is shown in fig 2aBsitm
sulphate crystals have a positive temperature icosit of solubility. Thus slow cooling of aqueocs@ution of urea
doped potassium sulphate crystal could be attenptgtbw bulk crystals [10].
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Figure 2 Solubility curve of purea?]d ureadoped Potassium Sulphate Crystals

2.3. Analyzing techniques

The grown crystals were confirmed by single crystahy diffraction analysis using ENRAF NONIUS CAD4
diffractometer. Powder x-ray diffraction (XRD) wascorded using XPERT PRO diffractometer with GuK
radiation {=1.5405A). The crystals were characterized by SPECTRUM GINEJ 32 spectrophotometer, using
KBr pellet technique. The optical properties of tlggown crystals were studied using LAMDA 35
spectrophotometer in the wavelength region of 20@mmh100nm. The dielectric study on UKS single tajswas
carried out using the instrument, HIOKI3532-50 LR ESTER. Thermal stability and physiochemical apes of
the sample were analyzed by recording the TG an8l §ectrum in the temperature range of 30°C to 9000 the
nitrogen atmosphere at the heating rate of 10°@/ 8econd Harmonic generation (SHG) test for tlosvgrcrystals
was performed by the powder technique of Kurtz &edry using a pulsed Nd:YAG laser (Model: YG501C,
A=1064nm). The microhardness measurement of theéatsywas carried out by a REICHERT MD 4000E ultra
microhardness tester with a diamond pyramidal iteten

RESULTSAND DISCUSSION

3.1. Sngle crystal diffraction

Single crystal x-ray diffraction analysis for theogn crystals is carried out to confirm the crilgsta nature and
also to identify the unit cell parameters using B¥RNonius CAD4 single crystal x-ray diffractometdt.is

observed that both pure and urea doped potassilphase crystals crystallize in the orthorhombicteys with the
space group Pmcn. The lattice parameters arestaioubelow:

Lattice parameters  Potassium Sulphate 5 mol% UKS mol% UKS
a@d) 5.765 ) 5.766 A) 5.768 )

b () 10.069 &) 10.04 @) 10.01 &)

c (&) 7.475 Q) 7.45 Q) 7.44 Q)
volume A?) 433.904%) 431.24%) 429.54%)

3.2. Powder X-ray diffraction

The grown single crystals of pure and urea dopedgsium sulphate are subjected to powder Xrayadiibn. The
powder form of the above mentioned crystal is takemthe analysis using XPERT PRO diffractomefEne
positions of the peaks are found to be in good bagmvith the data available in JCPDS files andrespnted in fig
3. In the case of urea doped potassium sulphattatsy no new peaks are detected, rather a sligfitis the
position of some peaks are observed. The sharpsatpeaks on the patterns reveal that the cytetalire pure and
dislocation free.
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Figure 3. Powder Diffraction Spectrum of UKSsingle crystal

3.3 Optical transmission spectra
Transmission spectra are very important for any Nh@lerials, because a nonlinear optical materialb=aof any
practical use if it has a wide transparency winddnvthe present study, we have recorded the UVNNIR
transmission spectrum in the range of 190nm-1108nchis shown in fig 4. The instrument used in thalgsis is
LAMBDA-35 UV-Vis spectrophotometer. The crystaledransparent in the visible and infrared spectrglons.
Optical transmittance is less and is about 20%p@tassium sulphate crystal. Optical transmittawfcabout 100%
is observed for 2mm plates of 5 and 10 mol% UKSstalg and is sufficiently good for SHG[11]. Frometh
spectrum, it is seen that the UKS crystals haveveet cut-off wavelength of 384nm and the spectrumher
indicates that the crystals have wide optical wimdieom 385nm to 1100nm.
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Figure4. UV-VisNIR Spectrum of UKS crystal

The measured transmittance (T) is used to calcthatabsorption coefficient) using the formula:

a = 2.303log (1/T) /t
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where t is the thickness of the sample. The optiaad gap () is evaluated from the transmission spectra aad th
optical absorption coefficient.() near the absorption edge is given by [12]

hva = A(ho- Ej)*2

where A is a constantgEhe optical band gap, h the Planck’s constantwatie frequency of the incident photons.
The band gap of the grown crystal is estimatedlbitipg (chv)? versus k as shown in Fig.5. and extrapolating the
linear portion near the onset of absorption edgthéoenergy axis. From Fig.5.value of band gapbimioed as
1.2eV, 1.4eV, andl1.6eV for 5mol%, 10mol% urea dogedl pure potassium sulphate.
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The reflectance R in terms of the absorption coigffit is given bythe relation[13]
R= exp(at)+pV(exp(ut) T-exp(-3ut) T+exp(-2at) T?) / exp(at)+ exp(-2at) T
The refractive index (n) can be determined fronfeénce data using

n=- (R+1) + 2R/ (R-1)

100 —— 10 mol%
—K,SO,
80 — 5 mol%
2 604
1]
c
9
£
40 -
20
\/ 619
\
0 1116
T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

wavelength cm-1

Fig.7. FTIR spectrum of urea potassium sulphates
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Figure.6. shows the energy dependence of n inahger of 400-1100nm for the grown crystals. Theactive
index increases and then decreases with increasavielength for pure potassium sulphate. The réfraandex (n)
is 1.149 at 1000nm for UKS crystals.

3.4. FTIRanalysis.

The FTIR spectral analysis (fig 7) for the growgstal is recorded in the range of 400-4003aming SPECTRUM
ONE, CPU 32 spectrophotometer using the KBr péielnique. The broadness of the peak from 2906tor8700
cm® is due to the intermolecular hydrogen bonding. Ppeak at 1632 crhis due to C=0O stretching of the urea
compound. This is not present in the pure potassiulphate crystal. The presence of sulphate i@oidirmed at
1115cm* and 619 cril.

3.5. Didectric Studies

The dielectric constant is one of the basic eleatrproperties of solids. The dielectric constanthie measure of
how easily a material is polarized in an externatteic field [14]. The dielectric study of the gva crystals are
carried out using the instrument, HIOKI3532-50 LEIRFRESTER. A sample having silver coating on the agife
faces is placed between the two copper electraaéshais a parallel plate capacitor is formed [T%je capacitance
is measured in the frequency range of 100Hz to 5MH® dielectric constant is calculated using thation g,
=Cd/A gy and is shown in fig8.
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The larger value of dielectric constant at loweqfrency is due to the impedance of the motion afgehcarriers at
the electrodes. This results space charge and swpie distortion[16]. The dielectric constant @svlat higher
frequencies and is due to the fact that at highegufencies the ionic and electronic polarizations active [17].
According to Miller rule, the lower values of dietec constant are a suitable parameter for theecdment of
SHG coefficient [18].

The dielectric loss versus log frequency is showrig 9. The dielectric loss values is found tolamge at low
frequencies and low at high frequencies. The loslediric loss at higher frequency of the samplécates that the
crystals posses lesser number of electrically aatefects[19] and this parameter is of vital imaoce for nonlinear
optical materials in their applications.
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Fig. 9. Plot of Log frequency versusdielectric loss
The AC conductivity ¢,.) is calculated using the relation [20],

Gac = £ & ® tard whereg, is the permittivity of free space (8.85*1C?*N™ m?) andw is the angular frequency (
=2 JI f). The plot of AC conductivity versus log freaquey is shown in figure 10. The AC conductivity &M and
almost constant at low frequency and increaseeqtiéncy above 1MHz.
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3.6. Thermal analysis

Log frequency

Figurel0.C Potassium sulphate
Fig. 10. Plot of Log frequency versus AC conductivity

Differential thermogram analysis (DTA) and thermegmetric analysis (TGA) give information regardipbase
transition, water of crystallization and differestages of decomposition of the crystal system. Alee ttarried out
simultaneous TGA and DTA for the grown crystaldhie temperature range of 30°C to 1000°C with aitngaate
of 10K / min in the nitrogen atmosphere. The thegram and differential thermogram are shown in fig.There is
a continuous weight loss of 3.5% from°60to 1100C leaving behind 96.6% residue for pure potassiulphsate
crystal. The weight loss is due to the eliminatanvater molecule present in the crystal. But &S crystals,
there is no weight loss up to 220°C and it is duthé absence of water of crystallization in thdenolar structure.
A major weight loss of 36% and 72% for 5mol% aridmol% urea doped potassium sulphate crystals catcur
220°C which is due to the elimination of volatile sudrste like CO. This indicates the incorporation oéau
compound in the crystal lattice of potassium sulphBurther the crystal is thermally stable up teraperature of

1000°C.
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3.7. Second harmonic generation

The second harmonic generation behavior of the posetimaterial Is tested using the Kurtz and P&ty fnethod.
A high intensity Nd:YAG laserd=1064nm) with a pulse duration of 10 ns is paskedlgh the powdered sample.
The SHG behaviour is confirmed from the output lné taser beam having the green emissierb32nm) for
10mol% UKS crystal and it is absent for purgSKy and 5mol% UKS crystals. The second harmonic sighal
0.08mJ is obtained for 10mol% urea doped potassiulphate crystal. But the standard KDP crystal shaw SHG
signal of 8.8mJ for the same input energy. Tihius,observed that the SHG efficiency of the grosimgle crystal
is 1/100 times that of the standard KDP crystal.

3.8. Microhardness Sudies

The mechanical strength of crystals are evaluatethéchanical characteristics. The fastest and sisafype of
mechanical testing is hardness measurement. Anfendifferent testing methods, the Vickers hardnessis more
commonly used. Microhardnes measurements were oedg a Leitz microhardness tester fitted withiaarsbnd
pyramidal indentor. Single crystals of pure andaudoped potassium sulphate crystals are subjected
microhardness on (001) orientation. The appliedi lage varied from 25 to 100 g for a constant inaéo period
of 10s. the Vicker's hardness numberisicalculated using the relation

H,= 1.8544P/8Kg/mm?

where P is the indentor load in kg and d is thgali@l length of the impression in mm[22]. The véwia of H, with
applied load is shown in Figlla. It is evident freime plot that the microhardness of the crystatdases with
increasing load. For loads above 200g cracks dpedl@mn the surface of the crystal and is due tor¢tease of
internal stress generated locally by indentation.
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Mayer’s law [23] relates load and size of indemtatas P=a twhere a and n are the constants. The plot of log d
versus log p is drawn (fig 11.b) and from plot® tardening coefficient (n) was determined. Théuwaf n is less
than 1.6 for all the grown crystals. AccordingQnitsch, n should be belowl.6 for hard materiats @move 1.6 for
softer ones[24]. Hence the grown crystals belongard materials.

CONCLUSION

Optical quality crystals of pure and urea dopeagsiim sulphate could be successfully grown by sleaporation
method. The grown crystals were characterized usimgle crystal X-Ray diffraction analysis, whidmosvs that the
UKS crystals belong to orthorhombic system. Thes@nee of functional groups of UKS and the bondrauon
between urea and potassium sulphate have beerrmedfiby FTIR analysis. Optical studies show that tHKS
crystals have a wide transparency window in theaeenisible region making it is an ideal candidageNLO device
applications. The optical band gap and refracthdek were also calculated. The TG-DTA studies retrest the
crystal is thermally stable up to ~220°C for UKSstals and the mechanism responsible for weighd Ies
discussed. Low dielectric constant and dielectgs| at high frequency suggest that the sampleepsss enhanced
optical quality with lesser defects. From the medbal measurements, it was observed that the hesdnereases
wijth increase of load. Hence it is concluded thmtoally good quality urea doped potassium sulplsatgle crystals
with good thermal and mechanical stability can bewg by slow evaporation technique and is suitdbtethe
fabrication of various optoelectronic devices.
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