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ABSTRACT

Metal tartrate compounds find various applications. Cobalt tartrate finds
applications in semiconductors, medicine optics, gold industries and
veterinary drugs. In the present study, cobalt levo-tartrate crystals were
grown using silicahydro-gel asgrowth medium. Spherulitic reddish crystals
were obtained. The crystals were characterized by Thermo gravimetric
analysis and kinetic as well as thermodynamic parameters were evaluated

for the different stage of decomposition.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Themetal tartrate compoundsfind various appli-
cationsinthedifferent fidl dsof scienceand technol ogy,
for example, ferroel ectric applicationsof caciumtar-
trateY, piezod ectric gpplication of cadmiumtartrate?,
addition of lead tartratein gasolineto prevent knocking
inmotorst and application of carbonate sol utionscon-
taining Co(l1) tartrate complexesin an e ectrochemical
procedure of anodic deposition of cobalt oxhydroxide
filmonaglassy carbon substrateinan akai medium .,
Thegd growthtechniqueisfoundto besuitableto grow
tartrate compound crystals, which iselaborately de-
scribed by Henisch ™, The growth of severa tartrate
compound crystalsby the gdl techniqueand their char-
acterization werereported, for instance, cadmium tar-
trate®4, iron tartrate*? and lead tartrate**4. Inthe
present study, the present author has attempted to grow
the crystals of cobalt |evo-tartrate and characterized
them by TGA and eval uated thekinetic aswell asther-
modynamic parametersfor the dehydration and decom-
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position stage.
EXPERIMENTAL

Inthe present study, the singlediffusion method**
7 was empl oyed for the growth of cobdt levo-tartrate
crystals. The silica hydro gel was used as a growth
medium. To preparethegel, asolution of sodium meta-
slicateof 1.05specific gravity and 1 M solution of levo
tartaric acid were mixed in such amanner that the pH
of the mixture was set a 4.5. The gel solution was
poured into glasstest tubes of 15 cm length and 2.5
cm diameter and allowed to set inthegel form. The
supernatant sol ution containing cobalt nitrate solutions
was poured on the set gel carefully without damaging
thegd.

All the chemicaswereof AR grade and obtained
from SigmaAldrich. Thefollowing reactionisexpected
to take placein the formation of cobalt levo-tartrate
crysds.
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Figurel: Spherulitic crystalsof cobalt levo-tartrate
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Figure2: TG curvefor cobalt levo-tartratecrystals
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Photograph of the grown crystalsisshowninthe
figurel.

Thegrown crystalswere characterized by TGA.
The TGA wasrecorder on Perkin Elmer makeinstru-
ment, model Pyris-1 DSC, Pyriss1 TGA, DTA-7. The
datawererecorded from room temperatureto 700°C
at ahestingrate of 10°C min' in atmosphereof air.

RESULT AND DISCUSSION

Therearereportsavailablein literatureon thermal
studies on pure and mixed metal tartrate systems, for
example, cadmium tartrate™®, mercuriciodate crys-
tas!*9, iron-manganeselevo-tartrate tartrate compound
(20 ternary iron-manganese-cobalt tartrate compound
(351 ternary iron-manganese-nickel tartrate compound
(18] and | ead-cadmium mixed levo-tartrate crystal s™.

TheTGA curvefor cobalt tartrate crystalsisshown
infigure2.

There arethree stages of decomposition starting
from room temperature of 45°C. Thefirst stage of de-
composition startsfrom 45 °C and continuesup to 250
°C where the weight loss is about 18%. The second
stage of decomposition startsfrom 250 °C and contin-
uesup to 390 °C wherethe weight lossisabout 65%.
Thethird stage of decomposition startsfrom 390 °C
and continues up to 500 °C wherethemass|ossisabout
70%. Comparing the observed and cal cul ated percent-
agewe ghtlossessuggestschemica formulafor thegiven
crystal to be CoC,H,0,2.6H,0. The TGA result for
cobalt levo-tartrateisshown TABLE 1.

Many researchers have used thermo gravimetric

.Theamount Of. HNO, produced i.svery lessin COM" datato cal culate thekinetic parametersof solid state
parisonto the nutrients being supplied to thegrowing

reaction including mass[?+%1. By using kinetic param-

TABLE 1: TGA result for cobalt levo-tartratecrystals

Stage Temperature Massloss(%) Reaction
range (°C)
Observed Calculated
I 45 -250 17.6 185 CoCH 40s2.6H,0 — CoC,4H,O5
I 250 - 390 64.21 64.57 CoCH 40— CoCH30
11 390 - 500 70 70.48 CoCH;0 — CoO
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eterssuch asorder of reaction, frequency factor and
energy of activation, the shape of curveisdetermined.
With thehelp of Coatsand Redfern®! relation theki-
netic parameterswere cd cul ated. Inthe present study,
thekinetic and thermodynamic parameters have been
calculated for dehydration aswell asfor decomposi-
tion of crystals.
Coatsand Tedfernreationisgiven by

1-@-a) "] AR, 2RT] E
logl{ T?(1-n) }_ {Iog”{aE}[l E } 2.3RT} 2

where @ = 2=\ the initia weight, W the
W, -W, o

weight at timet, W, thefina weight, nthe order of re-
action, Athefrequency factor, E theactivation energy
of thereaction, Ragas constant and o the heating rate

in°C/min.
To determinethethevaueof activation energy and
—(1-a)*" } 1

1
order of reaction, aplot of 109 {m Versus T

isdrawnfor different vauesof nand thebest linear plot
givesthecorrect vaueof n. Thisequationisvaidfor al
valuesof nexceptn= 1.

Figure 3(a) and 3(b) isaplot of Coatsand Redfern
equation for the cobalt levo-tartrate crystalsfor the
dehydration aswell as decomposition stage, respec-
tively.

Thevaluesof order of reaction, activation energy
and frequency factor for the dehydration aswell asde-
composition stagearelistedinthe TABLE 2.

—= Fyl] Paper

8
7 .
wt _‘,/
-
6 n
i ] — (@)
= ; 57_ /{_,.-.
=
4 . : ‘
2.6x10° 2.8x10° 3.0x10°
E:,‘_ 85—
—
] '8.04 ././‘
> i
./I/
g
7.5 =
il (b)
7.0 _/
T ¥ T T T
1.8x10° 2.0x10° 2.2x10° 2.4x10°
UT (K

Figure3: Aplot of Coatsand Redfernrelation for cobalt levo-
tartratecrystals

Thethermodynamic parameters have been evalu-
ated for thedehydration aswel| asdecomposition stages
by using the standard relations 9. The standard en-
thal py of activation ““He was cal culated by using the
relaion 3.

A"H°=E —2RT ©)
The standard entropy of activation A*S* was cal-
culated by using relation 4.
o Ah
A"S° = 2.303x R x log,, {ﬁ} (4)

here, k is the Boltzman constant, h the Planck con-
stant, T thetemperatureand Aisthefrequency factor.

The standard Gibbsfree energy of activation A*G°
isestimated by usingtherelation 5.

TABLE 2: Kinetic parameter sfor cobalt levo-tartratecrystals

Stage n Activation energy (kJ mol™)  Frequency factor
Dehydration 2 122.85 1.26 x 107
Decomposition 0 33.35 1.52 x 10'°

TABLE 3: Thermodynamic parameter sfor cobalt levo-tartratecrystals

Sta Sandard enthal py A"H° Standar d entropy A*S° Standard entropy A*G°
e (kJ mol?) (kJ md?) (kIma?)
Dehy dration 120.69 0.310 120.38
Decomposition 25.98 0.062 25.93
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AG°=AH - TA'S (5)
Thevaluesof standard enthal py, standard entropy
and standard Gibbsfree energy for the dehydration as
well asdecompositionstagearelistedinthe TABLE 3.
Positiveva uesof thestandard enthdpy andthestan-
dard entropy of activation suggest that the processis
spontaneous at high temperaturesand the positiveval-
ues of standard Gibbsfree energy suggest that the pro-
cessisthermodynamically unstable,

CONCLUSION

Pure cobalt levo-tartrate crystalswere grownin
silicagd by using 1 M cobalt nitrate sol ution as super-
natant solution. From TG curves, it wasfound that the
crystalswerethermally unstable. Upon heating, they
become anhydrous and decomposed into metal oxide
through asingle stage. The kinetic parameterswere
evduated for both the stages by using Coatsand Redfern
relation. Thethermodynamic parameterswereevau-
ated for both the stages by using the standard rel ations.
The presence of water molecul es was detected and
cdculated. Theexact chemicd formulationfor thepure
cobdt levo-tartrate crystal swere suggested.
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