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ABSTRACT

Semi-organic single crystals of glycine potassium sulphate wer e synthesized by a slow evaporation technique. Good
quality single crystals with size 6.02mm x 2.63mm x 1.81mmwere grown in 32 days. Sngle crystal and powder XRD
analyses confirmed the orthorhombic crystal structure. Vibration spectrum was recorded to determine the
symmetries of molecular vibrations. The TGA, DTA shows that the material has 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 crystal s possess good mechanical strength.
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INTRODUCTION

The search for nonlinear optical (NLO) materials h&en of great interest because of their sigmficmpact on
laser technology, optical communication and dateagie technology. The synthesis of new and effidi@guency
conversion materials has resulted in the developmienew semi organic materials. Semi organic sygpeovides
many structure and bonding schemes for the moleeulgineering of new materials. Semi organic naaimoptical
(NLO) crystals are attracting a great deal of atbendue to their high NLO coefficient, high damageeshold and
high mechanical strength compared to organic NLQ@staels. Materials with large second order optical
nonlinearities, transparency at all wavelengthslved and stable physiochemical performance ardetea order
to realize many applications [1,2]. Recently, coempls of amino acid have been explored. The impoetaf
amino acid in NLO applications is due to the fdwttall the amino acids have chiral symmetry arydteatlize in
non-centro-symmetric space groups [3]. Many numbfemnatural amino acids are individually exhibitiriige
nonlinear optical properties because they are cleniaed by chiral carbons, a proton- donating cayb(-COOH)
group and the proton accepting amino (JINigroup the crystal The crystal structures of amamids and their
complexes have provided a wealth of interestingrimfition to the patterns of their aggregation draeffect of
other molecules and ions on their interactionsrantecular properties [4].

Glycine is the simplest amino acid. It has no aswtnim carbon and is optically inactive. Potassiwipsate KSO,
belongs to orthorhombic system In this paper wenteghe studies on solubility, growth, XRD, optiteansmittance
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properties, vibration, mechanical, dielectric, mo@&r optical properties and thermal propertiethefgrown glycine
potassium sulphate crystal.

MATERIALSAND METHODS

2.1. Synthesis

Recrystallised salts of (analar reagent grade)imgdyand potassium sulphate,80,) and de-ionized water are used
in the present crystal growth experiment. Saturatpeeous solutions were prepared at room temperéliowing
the known solubility data. The solubility of glyeirand potassium sulphate in de-ionized water (1p@mtoom
temperatures is 25gm and 14gm respectively. Theisos are mixed in the volume ratio 1:1 for abéubhours
using a magnetic stirrer with 520rpm to ensure mdgeneous temperature and concentration throughheut
volume of the solution. The pH value of the solatis found to be 7. The saturated solution is riitke using
whattmann filter paper and then covered with petfd transparent polythene paper and left undistufor slow
evaporation. The solvent evaporates slowly leatngupersaturation which in turn initiates the eatlon and the
crystal grows. Good quality single crystals werevgr in 32 days and are shown in figure 1.

FIG. 1. Glycine Potassium Sulphate Crystal

2.2 Solubility

In solution growth technique the size of a crystapends on the quantity of the material availabléhée solution
which in turn is decided by the solubility of theaterial in that solvent. The solubility of the dyesized material
was determined by adding water maintained at cohseanperature to a known quantity of the matetlbkhe
material is completely dissolved. Using this tdghe, we evaluated the magnitude of the solubiityglycine
potassium sulphate at various temperatures bet@8¥n and 45°C and the variation of solubility wigmperature
is shown in fig 2. Glycine potassium sulphate alybbs a positive temperature coefficient of sditybiThus slow
cooling of aqueous solution of glycine potassiutplsate crystal could be attempted to grow bulk @igg5].

2.3. Analyzing techniques

The grown crystal was confirmed by single crystalay diffraction analysis using ENRAF NONIUS CAD4
diffractometer. Powder x-ray diffraction (XRD) hheen recorded using XPERT PRO diffractometer WitliKo
radiation (»:1.5405,&). The crystal was characterized by SPECTRUM ONE GR spectrophotometer, using KBr
pellet technique. The optical properties of thewgrerystals were studied using LAMDA 35 spectropinogter in
the wavelength region from 200nm to 1100nm. Théedidc study on glycine potassium sulphate sirgglestal is
carried out using the instrument, HIOKI3532-50 LEIRRESTER Thermal stability and physiochemical chesgf
the sample were analyzed by recording the TG and Bgectrum in the temperature range 30°C to 1000°C
nitrogen atmosphere at a heating rate of 10°C/ 8&eond Harmonic generation (SHG) test for the grglycine
potassium sulphate crystal was performed by thedgotechnique of Kurtz and Perry using a pulsedvi¢ laser
(Model: YG501CA=1064nm). The microhardness measurement of théatmyas carried out by a REICHERT MD
4000E ultra microhardness tester with a diamondrmpjatal indenter.
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Figure 2 Solubility curve of GPS
RESULTSAND DISCUSSION

3.1. Singlecrystal diffraction

Single crystal X-ray diffraction analysis for theogn glycine potassium sulphate crystal is cargatito confirm
the crystalline nature and also to identify thet weill parameters using ENRAF Nonius CAD4 singlgstal x-ray
diffractometer. The calculated lattice parameteesas 57A b=7.54A c=10.04A anda=p=y= 90 and volume
V= 436A°% and the crystal system is found to be orthorhombic

2000 + 1

(130)

1500

(040)

1000

Intensity

(002)

500

(021)

10 20 30 40 50 60 70
Angle

Figure 3. Powder xrd pattern of glycine potassium sulphate

3.2 Powder X-ray diffraction
The grown single crystal of glycine potassium satphhas been subjected to powder X-ray diffractowder
form of the above mentioned crystal is taken fae #nalysis using XPERT PRO diffractometer. The xede
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powder x-ray diffraction pattern of the grown cejss presented in fig 3. The lattice parametettaiokd from the
data of powder XRD pattern using UNITCELL softwaeckage are a = 5.768 b=7.532 and c = 10.00374
cell vol=436.14%and are found to be in good agreement with thealitee [6].

3.3 Optical transmission spectra

A transmission spectrum is very important for anyONmaterials, because a nonlinear optical mateaal be of
any practical use if it has a wide transparencydevn In the present study, we have recorded theMi$VNIR
transmission spectrum in the range of 190nm-110B8ngmown in fig 4 and the instrument used in thalysis is
LAMBDA-35 UV-Vis spectrophotometer. From the spectr, it is seen that the crystal has a lower cut-off
wavelength of 384nm. The spectrum further indicdbed the crystal has a wide optical window fronb3@ to
1100nm. The crystal is transparent in the visilvld efrared spectral regions. Optical transmittaotabout 100%

is observed for 1.5mm plates of glycine potassiutphate crystals and is sufficiently good for SHG [
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Figure4. UV-VisNIR Spectrum of glycine potassium sulphate crystal
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Figure 5 Plot of energy versus (ahv)?f glycine potassium sulphate
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The measured transmittance (T) is used to calctit@eabsorption coefficient) using the formula: = 2.303log
(1/T) it where t is the thickness of the samplée Dptical band gap (yEis evaluated from the transmission spectra
and the optical absorption coefficien) fear the absorption edge is given by [8]

hvo = A( ho - E)*?

where A is a constant,qEhe optical band gap, h the Plank’s constantwatite frequency of the incident photons.
The band gap of the grown crystal is estimatedIbitipg (ahv) 2 versus b as shown in Fig5 and extrapolating the

linear portion near the onset of absorption edgineéoenergy axis. From Fig.5 the value of bandigagbtained as
1.8eV.

The reflectance R in terms of the absorption coigffit is given by the relation [9]
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)

Figure 6 shows the energy dependence of n in thgera00-1100nm for UKS crystal. The refractive inde
decreases on increasing the wavelength. The risedotex (n) is 1.0237 at 1000nm for the grownstay
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Figure6. Plot of wavelength ver susrefractive index of glycine potassium sulphate

3.4.FTIR analysis.
The FTIR spectral analysis (fig 5) for the growystal is recorded in the range 400-4000ansing SPECTRUM
ONE, CPU 32 spectrophotometer using the KBr pédietinique.

Glycine exists as a zwitter ion in the crystallgtate both in the free molecule and in the sandwishplex. The —
CH, group frequencies are not affected since theyatenetal sensitive. The peak at 3433'ésndue to the Nk
asymmetric stretching which is associated with@abrpeak. The broadness of the peak 2908tor8700 crit is
due to the intermolecular hydrogen bonding. Thekpa 1628 crt is due to C=O stretching. The COG
confirmed by the peak at 1388 ¢niThe peak at 1115 chis due to NH rocking. The presence of sulphate ion is
confirmed at 1115cm and 619 cm.
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3.5. Thermal Analysis
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Figure 7 FTIR spectrum of glycine potassum sulphate

Differential thermogram analysis (DTA) and thermengmetric analysis (TGA) give information regardipbase
transition, water of crystallization and differestages of decomposition of the crystal system. \&ke ftarried out
simultaneous TGA and DTA for the grown crystalghie temperature range of 30°C to 1000°C with aitmpahte

of 10K / min in the nitrogen atmosphere. The thegram and differential thermogram are shown in fig.The

weight loss around 100°C is due to the presencevaiér of crystallization in the molecular structurehe

endothermic peak at 259°C is assigned to the rgeftaint of the crystal. The decomposition start2%2°C and
major weight losses occur which is due to the lien of volatile substances like carbon mono oxidd ammonia.
The initial mass of the sample was 7.6mg and abdirhg of the sample is retained at 1000°C whictwshitne

thermal stability of the crystal system.
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Figure 8 TG-DTA Curves of Glycine Potassium Sulphate crystal
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3.6. Microhardness Studies

The mechanical properties of crystals are evalubjethechanical characteristics. The fastest anglsih type of
mechanical testing is hardness measurement. Antendifferent testing methods, the Vickers hardmessis more
commonly used. Microhardness measurements are osdg a Leitz microhardness tester fitted withiarebnd
pyramidal indentor. Single crystal of glycine patasn sulphate crystal is subjected to microhardres$001)
orientation. The applied load is varied from 252@0 g for a constant indentation period of 10s. \ieker’s
hardness numberHs calculated using the relation#1.8544P/8 Kg/mnf where P is the indenter load in kg and d
is the diagonal length of the impression in mm[Ifg variation of K with applied load is shown in Figll. Itis
evident from the plot that the microhardness ofdhgstal increases on increasing the load. Fordadmbve 2009
cracks developed on the surface of the crystakaltiee release of internal stress generated lobglindentation.

1

180+

160 —

1404

T 1204
100 - .
80 /
] | |
o0+—r—r———+—+—7——7r——1r—"—1——1—0
0 25 50 75 100 125 150 175 200

Figure 11 Variation of microhardnlés"nan“t")er with load for GPS crystal

Mayer’s law [11] 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 (figll) and from plots, tledening coefficient (n) is determined. The valfi@ s found to

be 1.001. According to Onitsch, n should be beléviar hard materials and above 1.6 for softer dh@s Hence
glycine potassium sulphate crystals belong to nzaterials.
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3.7. Didlectric Studies

Dielectric properties are correlated with electpdio property of the crystals [13]. The dielectdonstant is the
measure of how easily a material is polarized ineaternal electric field [14]. The dielectric study glycine
potassium sulphate single crystal is carried oirtguhe instrument, HIOKI3532-50 LCR HITESTER. Angale of
dimension 5*2.6*2 mrhhaving silver coating on opposite faces is plabetiveen the two copper electrodes and

thus a parallel plate capacitor is formed [15]. Tapacitance is measured in the frequency rangE00fz to
5MHz. The dielectric constant is calculated usimg ttelatiore, =Cd/A ggand is shown in fig8.
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Figure 13 Plot of Log frequency versusdielectric constant

The larger values of dielectric constant at lowegéiencies are due to the impedance to the mofiaharge
carriers at the electrodes, space charge and ncapiogdistortion results [16]. The dielectric canttis low at high
frequencies. This is due to the fact that at higheguencies the ionic and electronic polarizatiares active [17].
According to Miller rule, the lower values of dietdc constant are a suitable parameter for theecdment of the

SHG coefficient [18].
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The dielectric loss versus log frequency is showrfigl3. The dielectric loss values are found tohigh at low

frequencies and low at high frequencies. The losledtric loss at higher frequency of the samplécites that the
crystal posses lesser number of electrically acdefects [19] and this parameter is of vital impade for nonlinear
optical materials in their applications.

The AC conductivity ¢, is calculated using the relation [26].= &g & © tard whereg is the permittivity of free
space (8.85*1¢" C*N™* m?) ando is the angular frequency (=2 JI f) It is found to be 1.09xI®at 1000Hz and
2.5x10" at IMHz.
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Figure 14.Plot of log frequency ver sus ac conductivity

3.8. Second har monic generation

The second harmonic generation behavior of the posematerial is tested using the Kurtz and P&ty nethod.
A high intensity Nd:YAG laserid1064nm) with a pulse duration of 10 ns was paskeaugh the powdered
sample. The SHG behaviour is confirmed from thegoubf the laser beam having the green emissisB32nm).
The second harmonic signal of 1.1mJ is obtained#e$ crystal. But the standard KDP crystal gav8ldf signal
of 8.8mJ for the same input energy. Thus, itdsesved that the SHG efficiency of the grown sirgiestal is 1/8
times that of the standard KDP crystal.

CONCLUSION

Optical quality crystals of semiorganic glycine g&dium sulphate (GPS) can be successfully growrsldmy
evaporation method. The grown crystals were chariaetd using single crystal X-Ray diffraction arggy which
shows that the glycine potassium sulphate crydialeng to orthorhombic system. The presence oftioimal
groups of glycine potassium sulphate has beenroeéi by FTIR analysis. Optical studies show that gtycine
potassium sulphate crystals have a wide transparemoedow in the entire visible region making it dheal
candidate for NLO device applications. The TG-DTtAdses reveal that the crystal is thermally stalgdo ~259°C
and the mechanism responsible for weight loss ssudised. Low dielectric constant and dielectris las high
frequency suggest that the sample possesses edhaptozal quality with lesser defects. Henceitoncluded that
optically good quality NLO active glycine potassiwsulphate single crystals with good thermal and haeical
stability can be grown by slow evaporation techeigund is suitable for the fabrication of variousogfectronic
devices.
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