Trade Science Ine.

ISSN : 0974 - 7486 Volume 7 Issue 5

A Tndéian Yournal

— Fyfl Peper

MSAIJ, 7(5), 2011 [331-334]

Growth and characterization of tris-thiourea strontium chloride
single crystals

H.O.Jethva'*, R.R.Hajiyani?
!Department of Physics, M. M. Science College, M orbi - 363642, (INDIA)
ZForensc SciencelL aboratory, Gandhinagar, (INDIA)
E-mail: hojethva@r ediffmail.com
Received: 19" June, 2011 ; Accepted: 19" July, 2011

ABSTRACT

Tris-thiourea strontium chloride was synthesized and single crystals were
grown by the slow solvent evaporation technique using agqueous solvent.
The solubility curve was obtained as well as the grown crystals were char-
acterized by thermo-gravimetric analysis. Applying Coatsand Redfermrela-
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tion to the thermo-gram the kinetic and thermodynamic parameters were

calculated. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Nonlinear optica materiascrystalsareof consid-
erableinterest because of their variousapplicationsin
scienceand technol ogy, such asdifferent harmonic gen-
erators, sum and difference generators and parametric
oscillators?. Theinorganic and organic classof NLO
materiasareavailablewith different meritsand demer-
itg*4, Theanother dassof NLO materid sarethe semi-
organic materials, which possessthe propertiesof both
organicand inorganic NLO materid 7. Metd com-
plexesof ureaand ureaana ogoushave been explored”.
Bis-thioureacadmium chloride® and bis-thioureazinc
chloride® crystalshave been grown and characterized,
which exhibit good NLO properties.

Inthe present study an attempt ismadeto synthe-
sizetris-thioureastrontium chloride (TTSC) and grow
snglecrystd by dow solvent evaporation method. The
grown crystal swere characterized by TGA and EDAX

study. However, at present the study of NL O proper-
tieswasnot carried out.

EXPERIMENTAL

Pure TTSC salt was synthesized by slow solvent
evaporation method usngAR gradethioureaand stron-
tium chloridein doubledistilled water. The expected
chemical reactionwas
SrCl,+3CS(NH,),— [Sr (NH,CSNH,) ] CI,

The synthesized salt was purified by several time
re-crydalizations. TTSC singlecrysta sweregrown by
dow evaporation technique at room temperature. The
growth vessdl was closed and through asmall opening
dow evaporation wasalowed. A constant temperature
water bath with =+ 0.1°C accuracy was used to main-
tainthe constant temperature. Crystd growth wascom-
pleted in about 10 days. In the present investigation,
thegrowth of TTSC single crystalsby slow evapora
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tion technique at room temperature and its character-
ization by using TGA and solubility curvearereported.

RESULTSAND DISCUSSION

TGA study
Figure 1 showsthethermo-gramof TTSC.

T
100.000 °C

100.2584 % 150.000 °C

937511 %

@ @
8 8 b

~
=]

200.000 °C
48 4208 %

Weight % (%) — ——
P
& 8

260.000 °C
B8.3883 %

@
8

300.000 °C
5.1990 %

320.000 °C
4.9982 %

s0 100 150 200 250 300 330
Temperature (°C)

Figurel

Thethermo-gram indicatesthat the compoundis
stable approximately up to 160 °C. Then the decompo-
gtion sartsand astablesate areachieved from approxi-
mately 270 °C totheend of theanalys's, wheretheloss
of about 96% of theorigina massisobserved. Theend
product isexpected asmetdlicresdueof strontium.

Kinetic and ther modynamic study

Theuseof thermo-gravimetric datato evaluatethe
kinetic parameters of solid-state reactionsinvolving
weight losshasbeeninvestigated by many workerg%3,
If the pyrolysisoccursthrough amany stepped mecha
nism, usualy, theshape of the curve can be determined
by the kinetic parametersof pyrolysis, such asorder of
reaction, frequency factor and energy of activation.
Kotru et a.[* reported the kinetics of solid state de-
composition of neodymium tartrate. Recently, theki-
netics of dehydration of gypsum®, lithium sulphate
monohydratesinglecrysta§'9 aswell asthekineticand
thermodynamic parameters of decomposition of chro-
mate in different gas atmosphere!” and L-arginine
doped KDP crystal §*8 has been eval uated.

Usually, the kinetic parameters can be evaluated
fromthe TG curvesby applying severd equationg-319,
which are proposed by different authorson the basisof
different assumptionsto thekineticsof thereactionand
theArrheniuslaw. These equationsarethe Coats and
Redfernreation, theHorowitz and Metzger rd aion and

the Freeman and Carroll relation. However, in the
present investigation, the Coatsand Redfernrelationis
discussedin detall becauseit facilitatesnot only toeva u-
atetheactivation energy and order of reaction but aso
thefrequency factor.

Coatsand redfern (C-R) relation

Coatsand Redfern™ derived thefollowing equa-
tion to determinethe values of activation energy and
order of reaction.

1-(1-a) ™" ) _
logm(—Tz(l—n) J_

oG -8 )

Where E isthe activation energy of thereaction,Ais
thefregquency factor, a is the fraction of decomposed
materid at temperaturet, nistheorder of reactionand
T is the absolute temperature. The plot of

1-(1-a)™"
Y= —|Oglo(m
linefor different valuesof n. Thevalue of activation
energy isobtained from the slope of thebest linear fit
plot. Thefrequency factor can be calculated for apar-
ticular temperatureusing relation (1). The Coatsand
Redefrn relation was solved for various values of n.
Thedatistica regression andysiswasgppliedto differ-
ent valuesof nand thehighest val uesof co-reaion co-
effidentindicated thebest linear fit curve. Thiswasfound
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for n=2.5. Figure 2 showsthe plot drawn for Coats
and Redfernrelation.

Thevauesof activation energy, frequency factor
and theorder of reaction areindicated in thefollowing
TABLE1L

TABLE 1: Thevaluesof different kinetic parameters of
TTSC obtained fromthecoatsand redfern relation

Order of Activation Energy Frequency
Reaction (n) (E) kd/Mal Factor (A)
2.5 183.8 5.121 x 10*

Thermodynamic parameters

Thethermodynamic parametershave been evalu-
atedfor thegrown TTSC crystds. Different thermody-
namic parameters such asthe standard entropy of ac-
tivation (A*S°), standard enthalpy (A*H°), standard
Gibbsfreeenergy (A*G°) and standard changeininter-
nal energy (A*U°) were calculated by applying well
known formulae, asdescribed in detail by Laidler??,
Thethermodynamic parametersfor dehydration of gel
growniron (11) tartrate have been estimated by Joseph
at el. Dabhi and Joshi?+?2 have reported the thermo-
dynamic parameters for dehydration of various gel
grown metal-tartrate crystalsand Parikh et al*®,

Thefollowing TABLE 2 summarizesthevalues
of different thermodynamic parameters obtained for
decomposition of TTSC crystalline sample. Positive
values of A*S° and A*H° suggest that the processis
spontaneous at high temperatures. Positive value of
A*G° suggeststhat the samples are thermodynami-
caly unstable.

TABLE 2: Thevaluesof different thermodynamic param-
etersof TTSC crystals

Standard Standard
Standard Standard Gibbs changein
Entropy Enthalpy Free Internal
(A*S?) kd/Mal  (A*H) kI/Mol Energy energy
(A"G®) kJIMal  (A"U°) kd/Mol
0.3390 175.94 15.6 179.88

Solubility deter mination and solubility curve

The solubility of the synthesized TTSC was de-
termined gravimetrically in suitable solvent &t different
temperatures and the solubility curve was drawn by
taking temperature (°C) along X -axisand the solubil-
ity (gm/cc) along Y-axis, whichisasshowninthefol-
lowingfigure3.
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Thenaureof thiscurveprovidesimportant informa:
tion of solubility of soluteat different temperaturesand
the conditionsrequired to be maintained to grow crys-
tals. Thesolubility of TTSC increaseswith temperature.

CONCLUSION

The TTSC crystals were grown by slow solvent
evaporation technique. Thethermo-gram of the TTSC
indicated that the compound was stable up to 160 °C.
Then the decomposition starts and a stable state are
achieved at 270 °C to the end of the analysis, where
thelossof about 96% of the origina massisobserved.
Kinetic and thermodynamic parameterswere eva uated
suggesting aspontaneous process. The solubility of the
TTSC increased with temperature.

REFERENCES

[1] V.GDimitriev, G.G.Gurzadyan, D.N.Nikigosyan;
Handbook of Nonlinear Optical Crystals, Springer
Series in Optocal Science, 64, (1991).

D.Eimerl, S.Velsko, L.Davis, FWang; Crystal
Growth and Characterization of Materials,
J.B.Mullin, (Ed); 20, 59.

X.Wang, J.Zhang, D.Xu, M.Lu, D.Yuan, S.Xu,
J.Huang, GZhang, S.Guo, SWang, X.Duan, Q.Ren,
GLu; J.Crystal Growth, 235, 340 (2002).
D.Chemla, J.Zyss; Nonlinear Optical Properties of
Organic Molecules and Crystals, Academic Press,
Orlando, 1-2, (1987).

D.Xu, M.Jiang, Z.Tn; Acta Chem.Sinica, 41, 570
(1983).

A.Petrosyan, R.Sukiasyan, H.Karapetyan,
S.Terzyan, R.Feigelson; J.Crystal Growth, 213, 103
(2000).

[2]

(3]

[4]

[5]
[6]

— P plericly Science
;4%7%4(44?0%5



334

Growth and characterization of tris-thiourea strontium chloride single crystals

MSAIJ, 7(5) 2011

Full Poper =

[71 P.R.Newman, L.F.Warren, P.Cunningham,
T.Y.Chang, D.E.Copper, GL.Burdge, Polak Dingels,
C.K.Lowe-Ma; Semi-Organics, A New Class of
NLO Materialsin Advancesin Organic Solid State
Materials- Materials Research Society Symposium
Proceedings, C.Y.Chiang, P.M.Chaikan,
D.O.Cowan, (Ed); 173, 557 (1990).

[8] S.Selvakumar, J.Packiam Julius, S.Rajasekar,
A.Ramanand, P.Sagayargj; Mater.Chem.Phys., 89,
243 (2004).

[9] PAnNgeinMary, S.Dhanuskodi; Cryst.Res. Technal.,
36, 1231 (2001).

[10] C.Krishnan, P.Selvargjan, T.Freeda; Materialsand
Manufacturing Processes, 23, 800 (2008).

[11] H.Horowitz, GMetzger; Anal.Chem., 35, 1464
(1963).

[12] E.Freeman, B.Carroll; J.Phys.Chem., 62, 394
(1958).

[13] D.VanKrevelan, C.Van Hardeen, F.Huntlens; Fuel,
30, 253 (1951).

[14] PKotru, K.Raina, M.Koul; Indian J.Pureand Appl.
Phys., 25, 220 (1987).

[15] D.Fatu; J.of Thermal Analysisand Calorimetry, 65,
205 (2001).

[16] A.Modestov, P.Poplankhin, N.Lyakhov; J.of Ther-
mal Analysis and Calorimetry, 65, 103 (2001).

[17] S.Halawy, N.Fouad, M.Mohamed, M.Zaki; J.of
Thermal Anaysisand Calorimetry, 65, 153 (2001).

[18] K.Parikh, D.Dave, M.Joshi; Bull. Mater.Sci., 30, 105
(2007).

[19] A.Coats, J.Redfern; Nature, 201, 68 (1964).

[20] K.Laidler; Chemical Kinetics, 3" Edition, Harper
and Row, New York, (1987).

[21] R.Dabhi, M .Joshi; Indian J.Phys., 76A, 481 (2003).

[22] R.Dabhi, M.Joshi; Indian J.Phys., 76A, 211 (2002).

Watariosy Stience  mm—.
A VMW



