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Thremogravimetric (TG) studies of a new series faootin(lV) carboxylates of the general formulgSRL,., (where R =
CHgz, GHs, CHo, GHs, CsH11 and GH17, n = 2, 3 and L para-methoxyphenylethanoate anion) have been carriedHmuowitz
and Metzger method has been used to calculate tkeretic parameters. It has been found that diaviardicarboxylates have
larger activation energy than those of correspandiiorganotin carboxylates. Furthermore, the atton energy, Gibb’s free
energy, entropy and enthalpy of diorganotin compisushows the following trend, (GHSNL, < (CHs),SnL, < (C4Hg),SnL, <
(CgH17)-SnL,. This is attributed to steady increase in chaimgile of the alkyl groups. However, triorganotin geunds do not
show such behavior.
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INTRODUCTION (resulting from external stimuli, such as thermativation by
thremogravimetry (TG), differential thermal anaygDTA)
Organotin compounds are well known because ofr theiand differential scanning calorimetry (DSC)) hascdiae
biological and non-biological applications [1-7]n Ithis  highly useful in formulation and characterizatidnnaaterials
regards there are numerous articles and reviewdablein  and technological processes [18-20]. The thermizhbier and
the literature [8-13]. Their applications and stumal  properties are reflected by the thermokinetic patens
chemistry is well documented, however, the chemistlated evaluated on the basis of a well established TGE®@ scans
to thermokinetic parameters is yet to be exploredna recorded at a certain heating rate and atmosphereter
significant data is available on this subject [B},1The nitrogen or air flow) for the degradation processd#sa
organotin compounds are being used as pesticidegicides, compound [21]. So for this purpose efforts are pe&irercised
bactericides, antifouling agents, catalysts antilitars [16]. in experimentations to develop a correlation betwele
Their use in architecture, agriculture, medicined aircrafts  conversion degree and time in term of physical ememical
is also recognized [17]. Therefore, thermokineticgmeters phenomena as affected by sample properties andunesasnt
are required to asses the functional stability ofgimen  conditions.
organotin compound for its particular use value fétsas the Consequently we have performed thermal analysis of
material science is concerned, the solateskinetic data new series of organotin carboxylates [22]. Différphysical
constants like activation energyyJForder of reaction (n), pre-
*Corresponding author. E-mail: drdanish62@gmail.com exponential factor (A), enthalpy {H entropy ($) and Gibbs
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free energy (& have been calculated by various literaturelnstrumentation

methods [23,24].
EXPERIMENTAL

Chemicals

All the organotin precursors were purchased froliariéh
chemicals (USA). Para-methoxyphenylethanoic acid was
obtained from Fluka (Switzerland). All these cheahicwere
of analytical grade and used without further puaéfion. The
solvents were dried and purified according to thethods
given in the literature [25].

Synthesis

Melting points were measured using an electrothérm
melting point apparatus MP-D Mitamura Riken Kogyeagan)
while infra red spectra recorded as KBr discs oReakin
Elmer 16FPC FT-IR. The non-isothermal kinetics of
decomposition was carried out on SDT Q600 V2.8 imsent
using N atmosphere. About 2-4 mg of compound was taken
in platinum crucible, which gave a proportionalragto the
recorder and computer interface to plot the weighs of the
sample against temperature. Each sample was setject
controlled heating rate of Z& min® in the temperature range
from 50 to 1000°C. IR of the residue indicated only the
presence of tin oxide.

All these complexes were prepared according to th&@ESULTS AND DISCUSSION

literature method [22], briefly discussed here.ofganotin
carboxylates were synthesized by refluxing (4-6 dr)
appropriate triorganotin halide with the ligand da¢para-
methoxyphenylethanoic  acid) using triethylamin

chloroform. After cooling to room temperature theaction
mixture was filtered and boiled with anhydrous ‘eatid
charcoal and then filtered through silica bed. 8otvwas

in

completely removed under reduced pressure. Theecrud

mixture was recrystallized from appropriate solvent
Diorganotin dicarboxylates were synthesized byusefig the
desired organotin oxide with stoichiometric molatio of the
ligand acid under argon; in toluene for 6 h. Wdtmmed
during the reaction was continuously removed by uke of
Dean-Stark apparatus. The isolation, purificatioand
crystallization were carried out as explained ab@&lethese
compounds are fairly soluble in DMSO and CkICThese
complexes were confirmed by comparing melting poied
infrared data with literature report [22].

Base

R3SnX+ LH ———— > R3SnL + Salt
Cholorform
Where,
LH (1), R=-CH (Il) , n-C4Hg (V), -CeHs (VII) , -CgH14(VIIT)
R,SNO + 2LH— 1AM g s, + H,0
Where,

R=-CH; (Ill) , -CHs (IV), n-CHg (VI), n-GgH47 (IX)

The TG and DTG curves are presented in Higand 2,
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Fig. 1. TG curves for compounds I-IX®() I, (T0) Il, (<) I,

#) 1V, (4) V, (2) VI, (0) VII, (@) VIII, (k) IX.
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Fig. 2. DTG for compounds I-IX:®) I, (@) II, () I, (@)
IV, (A) V, (&) VI, (O) VII, (&) VI, (%) IX.
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respectively. The temperature value correspondirthe peak
in DTG curve (Fig. 2) is known as; Tthe characteristic value
where maximum degradation in a given step of theclive
occurs and is further used to calculate the themwmtic
parameters [24]. Horowitz and Metzger plots witlhdwalues
of R? are shown in Fig. 3. In order to have well defipesks
derivative of DTA has been presented (Fig. 4) fortlke
compounds. The experimental errors and standarititays
are not determined because kinetic parameters cadralated
on a single thermal degradation scan. The thernetkin
parameters are given in Table 1 and 2. Exceptiglamd acid
and tributyltin para-methoxyphenylethanoate, others show
two step decomposition pattern. The activation gnéor this
series falls in between 9.59-140.52 kJ Thahile order of the
decomposition covers 0.15-1.76 range. However,dtder of
reaction is different for both the steps. The degosition
pattern of each compound is discussed below indallg,
while the mass loss occurred is presented in tihdeTa

Para-methoxyphenylethanoic acid (l).The ligand,para-
methoxyphenylethanoic acid melts at 85 and shows single
step decomposition in the temperature range 110€23%ig.
1), without leaving any residue. It is proposedttht the
beginning stage C{s evolved leaving behingara-methoxy
toluene. This later on decomposes into methoxy taheyl
radicals. This decomposition needs 113.77 kJ'mafl the
activation energy and follows 0.18 order kinetics.
Furthermore, Gibbs free energy and enthalpy fa& pibcess
is 514.82 and 109.61 kJ riiplrespectively while entropy is
-810 J Kmat".

Trimethyltin  para-methoxyphenylethanoate (lI). This
compound shows its melting point at 14D, indicated by an
endotherm in derivative of DTA (Fig. 4a), and folled by a
very sharp first step decomposition which is cortgaeat 240

0.5
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Fig. 3. Horowitz & Metzger plots (a) first stefor
compounds [-IX(@) I, (m) 1l, (&) I, (&) IV,
BV, (a) VI, (O) VI, (e) VI, (*)IX and
(b) second step for compoundd/Iehd VI-IX:
Q) 11, (0) Ill, (&) 1V, (») VI, (O) VII, (@) VIII,
¥) IX.

for the decomposition steps. It remains in thedspliase up to

°C. This decomposition shows 90% mass loss due t66 °C (Fig. 4a) where melting occurs, after which it

detachments of the ligand (50% of total mass) akdtig4/5
of MesSn moiety. This step needs 81.57 kJ ‘fnof E, and
obeys 0.62 order kinetics. The remnant;Stg volatilizes in
the second step (240-278) with 33.85 kJ ma! activation
energy and obeys 0.15 order of decomposition. Hheeg of
A, Sf, H" and @ are given in the Tables 1-2.

Dimethyltin bis(para-methoxyphenylethanoate) (llI).
The thermal degradation trend of this compound.(Eigis
similar to that of compoundlI() except the temperature ranges

848

decomposes with bulk quantity upto 376. The probable
fragments detached during this decomposition arenwles

of ligand (68.75%), alongwith loss of 0.6 mol of )8a
(18.75%). For this mass loss activation energy @aattion
order are 86.84 kJ mbland 0.48, respectively. In the second
step (375-515C), only 60% (0.24 mol) of the remaining mass
of Me,Sn, is volatilized givindb% residue of the initial mass
taken for experimental run. The numerical data mdigg
thermokinetic parameters are given in Tables 1-2.
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Fig. 4. Derivative of DTA for compounds (a) |-l I,
=) 1, (==) 1I; (b) IV-VI: (=) VI, (=) V, (=) IV;
and (c) VII-IX: &) VI, (=) VIII, (==) IX.

Diethyltin bis(para-methoxyphenylethanoate) (1V).The
thermal analysis of this compound describes it$stasce
towards physical or chemical transformation up 50, i.e,,
its melting temperature, indicated by the endothemeak in
Fig. 4b. The weight loss with the rise of tempematahows
two step degradation. The first step, 165-31 can be
interpreted by the partial release of ligaadd diethyltin

resulting in the 81% decrease in the total weighthis step
the requisite amount of activation energy is 121k30mol*
showing half order kinetics. It appears from thetBrrm at
463.74°C (Fig. 4b) that oxygen from the ligand interacithw
tin thus facilitating simultaneous removal of reniag ethyl
groups as butane alongwith some quantity ofSk&t For
second step, 420-52%; the energy of activation is 9.59 kJ
mol™* and the reaction order is 1.65. About 15% residube
form of tin oxide is left which contains 13% tin efarting
material. The values of A,*SH* and G are given in the
Tables 1-2.

Tributyltin para-methoxyphenylethanoate (V).It starts
to decompose after melting at 5%, indicated by an
endotherm in the derivative of DTA graph (Fig. 4bYollows
single step decomposition, but the decompositiaeletively
slower as compared to ligand acid and corresponufiethyl
derivative (Fig. 1). It is proposed that during the
decomposition, first ligand is released followed kye
complete volatilization of Bysn moiety upto 270C. A very
small exotherm in (Fig. 4b) at 175-200 suggests that some
sort of re-arrangement takes place which is resibtesteady
increase in temperature and no pleatue/deflecsieeén in the
TG curve. For this degradation process the actwaénergy
and order were 51.56 kJ nifodnd 0.45, respectively (Table 1).
The entropy value (-945 J Kmb)lfor this compounds strongly
documents its least stability in this series.

Dibutyltin bis( para-methoxyphenylethanoate)VI). This
compound melts at 70C; however, the TG curve (Fig. 1)
shows that after melting it is stable up to 40 It follows
two steps thermal degradation, but the bulk peegmtis
eliminated in the first step (upto 40Q). This step shows the
87% mass loss due to release of ligand and som&nBu
Hence its behavior is just like the compound-IVr Eas step
Ea is 136.81 kJ mdland n is 0.49. In the second step (425-
505 °C) degradation is also very similar to compound-IV.
Oxygen from the ligand is interacting with tin asisded with
the release of butyl groups as butyl radical oanetalongwith
some quantity of the B&n as reflected from the derivative of
DTA (Fig. 4b) and TG curves (Fig. 1). About fourrpent
weight loss is associated with this step in thepemature
range 340-470C. The Ea for this step is 14.85 kJ thaind n
is 0.33. Nine percent of the total mass of the demjs left as
tin oxide in the form of residue, confirmed by efed studies.
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Table 1.Kinetics Parameters for the First Step of TG Curve

Ts 5 Ea A ASF AH? AG*
Comp. R 1 1 1 1 1
(°C) (kJ mol) (s (JKmol?) (kJmol) (kJ mol)
| 227  0.9949 113.77 2.03x%0 0.18 -810 109.61 514.82
I 209  0.9984 081.57 141 x% 0.62 -871 077.56 497.48
i 296  0.9993 086.84 1.50x90 0.48 -888 082.11 587.22
\Y; 311  0.9989 121.50 1.57 xf0 0.50 -830 116.65 601.20
\Y 245  0.9956 051.56 1.78 x%0 0.45 -945 047.26 536.92
VI 323 0.9970 136.81 2.20x¥0 0.49 -808 131.86 613.59
Vil 317 0.9953 070.66 214x%0 0.28 -923 065.75 610.62
VI 309 0.9973 075.39 7.71x 30 1.76 913 070.55 601.44
IX 333  0.9922 140.52 2.90 x¥0 0.58 -806 135.48 623.83
Table 2. Kinetics Parameters for the Second Step of TG Curve
T A AS AHF AG
Comp. ey R Ea(kimol) Y " OKmol®) (kImof) (kI molY)
I 270  0.9853 33.85 1.21x% 015 -099 29.33 564.94
Il 466  0.9820 14.08 1.50x 10 1.52 -104 07.94 776.10
\Y; 468  0.9947 09.59 487 xt0 1.65 -105 03.43 780.59
VI 474  0.9855 14.85 1.71x10 0.33 -104 08.64 784.24
Vil 440  0.9986 09.72 579xf0 0.61 -105 03.80 750.78
VI 470  0.9767 08.26 335xT0 0.80 -105 02.09 783.63
IX 475  0.9916 13.50 1.24x10 1.18 -104 07.28 785.89

Table Mass Loss (%) in the First and Second Steps of Ty

Mass loss (%) in the first step

Mass loss (%) emghcond step

Comp
Observed Calculated Observed Calculated

| 100 100 - -

1l 90.7 90.0 09.3 10.0
1" 88.6 87.5 05.9 07.5
v 81.3 82.5 03.4 03.5
\% 100 100 - -
VI 87.2 87.0 04.0 04.1
Vil 63.4 64.5 16.0 15.5
Vil 60.7 62.0 05.9 04.6
IX 79.2 78.0 06.2 07.0
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Triphenyltin  para-methoxyphenylethanoate (VII). An
endotherm at 110C in the derivative of DTA curve (Fig. 4c)
for this compound matches with its melting tempamt The
TG curve shows two step mass loss pattern. Inithe dtep

(150-380°C), 1 mole of the ligand and 2.17 mol of phenyl

groups are evolved, corresponding to the 64.5% htdiss.
This is relatively faster step as compared to teosd one
with Ts at 317°C (Fig. 2) and needs 70.66 kJ mdk, and
obeys 0.28 order kinetics of decomposition. Thigpsis
completed at 380C, leaving behind gHsSn which seems to
be more stable than the original complex as redebiethe
analysis of thermodynamic state functions. It siowl
decomposes over a very long range of temperat8@-¢30
°C). In this step 3% of Sn is also lost as a vaatiaterial
alongwith remaining phenyl group. This step hastaigher
value of reaction order (0.61) but relatively lovalwe of
activation energy (9.72 kJ mitlas compared to previous step.
The material left as residue that contains 19.8%b0fi the
starting compound.

Tricyclohexyltin para-methoxyphenylethanoate (VIII).
This compound showed thermal behavior similar tmpgound

(VIl). It is a semisolid compound which shows physical

transformation towards the fluid phase between &®-LC.
This is followed by a sharp decomposition betwe60-210
°C (62% weight loss), attributed to the departuremd mole

of ligand and of the cyclohexyl groups. This step requires
6attributed to reduction in number of oxygen atornaded to

75.39 kJ mot activation energy of thermolysis obeying 1.7
order mechanism. The second step (410-%2)0is very slow
cleavage of 29.6% of the remaining cyclohexyl gradighe
compound. The derivative of DTA (Fig. 4¢) showslearp
exotherm in this region which is due to interacta@rtin with
oxygen. This step follows 0.8&rder of reaction and needs
8.26 kJ mot of activation energy. The residue found/isof
the original mass.

Dioctyltin bis(para-methoxyphenylethanoate) (1X).This
compound showed stability up to 180 after its fusion at 85
°C. In the first step there is release of two maiekgand and
¥ mol of octyl groups, alongwith about 5% loss of &s
volatile material. This step involves the largestergy of
activation in this series (140.50 kJ myl probably due to
intra- or inter-molecular entanglement of the oaybups.
This step prolonged to 39 with total weight loss of 79%.
The remnant of the alkyl group escapes in gsheond step

which occurs in the range of 425-53Q leaving tin oxide
(14.5%) as the residual component.

CONCLUSIONS

The activation energy follows an interesting trenchis
series. Diorganotin dicarboxylateg). methyl and butyl have
larger activation energy than those of correspandin
triorganotin carboxylates. This is due to the cuatiue effect
of four oxygen atoms simultaneously bonded to tirthese
compounds which enhance their thermal stability.r Fo
diorganotin dicarboxylates the activation energyrdases
with a decrease in the chain length of the R-grdaopthis
regards largest activation energy is shown by glioct
derivative. It is proposed that a long chain bugkpup may
wrap the tin moiety or entangles with tin as wellrast part of
the molecule thus providing more hindrance to trerm
decomposition. It is suggested that organotin caflates of
longer chain R-groups are thermally more stableveky
similar trend of Gibb’s free energy is observeddmrganotin
dicarboxylates.

Triorganotin carboxylates, however, do not obeghsu
regular fashion, rather a slightly reverse ordeoliserved.
These are thermally less stable than corresportiorganotin
dicarboxylates. The reduction in their thermal Bigbis

tin. Among triorganotin carboxylates, trimethyl detive
shows more stability which is due to its more elaoegative
nature that provides comparatively more strengtthéoSn-C
bond than those of other groups. Contrary to dicoga
dicarboxylates, Gibb's free energy for triorganotin
carboxylates does not show a regular trend.

The diorganotin complexes show more disorder as
reflected by the higher values of their entropyt€al-2) than
those of triorganotins. The dioctyl derivative (qooond VIII)
shows the highest entropy value as it may act agpping
material for this compound. The entropy value stgad
decreases as we move from octyl to methyl throughl land
ethyl groups. Similar to activation energy and Gsbfree
energy, triorganotin carboxylates do not show aulagtrend
for entropy. Further investigations to resolve thisue are
under process.
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