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Spectroscopic and thermal studies on lead tartrate crystals

H.O.Jethva'*, R.R.Hajiyani?
1ShreeM. M. ScienceCollege, Morbi - 363642, Gujarat, (INDIA)
2Forensic ScienceL aboratory, Gandhinagar Gujarat, (INDIA)
E-mail : hojethva@r ediffmail.com
Received: 1% November, 2010 ; Accepted: 11 November, 2010

ABSTRACT

Lead tartrate crystalswere grown by using silicagel asthe growth medium.
Lead acetate was taken as the supernatant solution. The grown crystals
were characterized by Fourier transform infrared spectroscopy. The FT-IR
spectraof these crystal swere recorded in the wavenumber range 400 — 4000
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cnrt. The thermograms of the grown crystals were recorded in the tempera-
ture ranging from room temperature to 900 °C. FT-IR spectra reveads the
presence of water molecules, O-H bond, C-O and carbonyl (C=0) bonds.
The thermograms show that these crystals are thermally unstable and de-

compose through many stages.

INTRODUCTION

Tartrate crystalsand various compounds of tartaric
acid find numerous gppli cationsin scienceand technol -
ogy. Thesecrystalsare of considerableinterest, par-
ticularly for bas cstudy of someof thair interesting phys-
ca properties*4. Somecrystalsof thisfamily aretem-
perature sensitive and can be used to sense and mea-
suretemperature, some of them areferrod ectric, some
of othersare piezod ectric and quiteafew of them have
been used for controlling laser emission. Astartrates
are sparingly solublein water and decompose before
melting, the gel method isfound to be more promising
than the high temperature crysta growth methods. The
growth of single crystals of calcium tartrate was re-
ported®. Thermal behavior of gel grown tartrates of
yttrium and samarium was a so reported®.

Lead tartrate isorthorhombic with | attice param-
etersa=7.99, b=8.84 and c = 8.35. In the present
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study, we have grown lead tartrate crystalsusing lead
acetate asthe supernatant solution. Thegrown crystals
have been characterized by FTIR and thermal studies.

EXPERIMENTAL

Thetest tube diffusion method” wasemployed to
grow lead tartratecrystalsinthegel medium. 1M AR
grade sodium metasilicate (Na,SIO,-9H,0) powder is
used for preparation of thegel medium. Toremovethe
impurities, 250 gm sodium metasilicate was dissolved
in1liter of distilled water. On stirringit, dense milky
solution of sodium metasilicatewasformed. It was|eft
for acoupleof days, so that heavy insolubleimputries
accumul ate at the bottom of the beaker. The solution
was filtered twice with Whatman (cat no 1001 125)
filter paper of 12.5 cm diameter. Then the solutionwas
centrifuged on M SE high speed centrifugeunit for about
half an hour at 10000 revolutions per minute. Asare-
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ault, al suspended impuritiesweregot rid off and trans-
parent golden colored sol ution of sodium metasilicate
wasobtained. Thissolution wastitrated with1 M AR
gradetartaricacid to preparethegel in such away that
the pH of mixturewasmaintained 5.0-5.2. Thespecific
gravity of thegel waschosen 1.04. Thisgelling mixture
wasallowedto set in glasstubes of length 200 mmand
diameter 25 mm. After agel aging for 24 h, the super-
natant sol ution wasadded over the set gel . The super-
natant solution was 1 M lead acetate. The expected
chemical reactionwas
(CH,CO,),Pb-3H,0 + C,H,O, - PbC,H,0 3H,0 +
2CH,COOH

Small crystal s appeared down the gel-solutionin-
terface in about 2 days and large crystals appeared
downthegel columnwithinaweek. Thecrystalswere
harvested after amonth. In the present investigation,
the growth of lead tartrate crystals by gel method and
itscharacterization by using FT-IR spectroscopic and
thermal studiesarereported.

RESULT AND DISCUSSION

Thegrown crystals are characterized by various
techniques, which arediscussed hereby.

FT-IR study

Figure 1 showsthe FT-IR spectrumof grown crys-
tals. The spectrum was recorded in the wave number
range 4000-400 cm'™.
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Figurel

The OH stretching vibrations of a coholic OH and
OH (water) occur at 3384 cm* and 2637 cm’?, re-
gpectively. The C-H stretching vibrationsoccur at 2936
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cmt, while C=0 stretching vibrations of carbonyl group
occur at 1571 cm™. Thepeak at 1382 cm?isassigned
to bending mode of alkane. The C-O stretching vibra-
tions of (-COO-) occur at 1128-1075 cm™. The vi-
brations occurring between 900-513 cm™ may be due
to formation of metal-oxygen bonding vibrations.

TGA study
Figure 2 showsthethermo-gram of grown crystas.

aaaaaaaaaa

Salic e

ggggggggggggggggg ) 1ol

Figure2

Thegraph showsthat thesampleisstablefromroom
temperature to up to approximately 220 °C. Then a
rapid decomposition startsup to 550 °C. After thistem-
peratureavery small lossof weight isnoticed.

Kineticand thermodynamic study of dehydration

Theuseof thermo-gravimetric datato eval uatethe
kinetic parameters of solid statereactionsinvolving
wei ght losshasbeen investigated by many workerg® 14,
If thepyrolysisoccursthrough amany stepped mecha
nism, usualy, the shape of the curve can be determined
by the kinetic parametersof pyrolysis, such asorder of
reaction, frequency factor and energy of activation.
Kotru et al*2. reported the kinetics of solid state de-
composition of neodymium tartrate. They aso calcu-
lated variouskinetic parametersand suggested that the
decomposition processtook place accordingto cylin-
drical kineticmode. Recently, thekineticsof dehydra
tion of gypsum(*3, lithium sulphate monohydratesingle
crystal§*4 aswell asthe kinetic and thermodynamic
parameters of decomposition of chromatein different
gas atmosphere™ and L-arginine doped KDP crys-
tal 9% hasbeen evaluated.

Usually, the kinetic parameters can be evaluated
fromthe TG curvesby applying severa equationg®7,
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which are proposed by different authorson the basisof
different assumptionsto thekineticsof thereactionand
theArrheniuslaw. Theseequationsare (1) The Coats
and Redfern Relation (2) TheHorowitz and Metzger
Relation and (3) The Freeman and Corroll Relation.
However, inthe present investigation, the Coats and
Redfernrelationisdiscussedin detail becauseit facili-
tatesnot only to eval uate the activation energy and or-
der of reaction but a so thefrequency factor.

Coatsand redfern (C-R) relation
Coats and Redfern® derived the following equa-

tion to determinethe values of activation energy and
order of reaction.

og [1=@-a) "), (ARY,_2RT)__E
Yol "2(1on) )T % ol E ) 23RT
Inthisequation, E isthe activation energy of the
reaction, A isthefrequency factor, a is the fraction of

decomposed materia at timet, nistheorder of reac-
tionand T isthe absol utetemperature. Theplotsof y =

1-n
- |ogm(%] versesx = 1/T werestraight line

for different vauesof n, however, thebest linear fit plot
givesthecorrect valueof n. Thevaueof activationen-
ergy isobtained from thed opeof the best lineer fit plot.
Theactivation energy can be cal culated from the sl ope
of theplot. Thefrequency factor can be cal culated for
aparticular temperature using the abovereation. The
Coatsand Redfern relation was solved for variousval-
uesof n. Thestatistica regressonanaysiswasapplied
to different values of n and the highest values of co-
relation co-efficient indicated the best linear fit curve.
Thiswas found for n = %. Figure 3 shows the plot
drawn for Coatsand Redfern relation.
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TABLE 1 summarizesthevaluesof activation en-
ergy, frequency factor and the order of reaction.

TABLE 1: Thevaluesof different kinetic parameters ob-
tained fromthecoatsand redfernrelation

Order of Activation Energy Frequency
Reaction (n) (E) kIMol™ Factor (A)
0.75 67.845 3.631 x 10"

Thermodynamic parameters

Different thermodynamic parameterssuch asthe
standard entropy of activation (A*S°), sandard enthd py
(A*H°), standard Gibbs free energy (A*G°) and stan-
dard changeininterna energy (A*U°) were calculated
by applyingwell known formula, asdescribed in detail
by Laidler®, Thethermodynamic parametersfor de-
hydration of gel growniron (I1) tartrate have been esti-
mated by Joseph et al*¥. Dabhi and joshi?°?Y have
reported the thermodynami c parametersfor dehydra-
tion of various gel grown metal-tartrate crystalsand
Parikh et al(*¢l,

TABLE 2 summarizesthevauesof different ther-
modynamic parameters.

TABLE 2: Thevaluesof different thermodynamic parameters

Standard Standard Standard Standard
Entropy Enthalpy Gibbs changein
(A" kJ (A"H°)kJ freeenergy  internal energy

Mol*
58.4

Mol?
0.08569

Fromthe TABLE 2it can benoticed that standard
entropy of activation A*S° and standard enthal py of
activation A*H° are positive and suggest that the pro-
cessisspontaneousat high temperatures. Postivevaue
of standard Gibbsfree energy A*G° suggeststhat the
samplesarethermodynamicaly unstable.

(A"G°) kI Mol (A"U°) kJ Mol™
10.2 63.16

CONCLUSION

Lead tartratecrystalsweregrowninsilicage with
|ead acetate as supernatant solution. Thegrown crys-
talswere characterized by FT-IR and TGA study. The
FT-IR spectrum of grown crystalsrevealed the pres-
ence of O-H, C-O and C=0 bonds. The presence of
water mol ecules was detected. The thermo-gram of
grown crystal sreved ed that the sampleisstablefrom
room temperatureto up to gpproximately 220°C. Then
arapid decomposition starts up to 550 °C. After this
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temperatureavery small loss of weight isnoticed. Ki-
netic and thermodynamic parametersof thegrown crys-
talsrevealed that the processis spontaneous at high
temperatureand thesamplesarethermally unstable.
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