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ABSTRACT

The kinetics of oxidation of thiomalic acid by irgaidinium fluorochromate(QnFC) has been studiedhon -
aqueous medium. The oxidation kinetics was faltbvphotoelectric colorimetrically in the tempena range of
30°C-60°C. The reaction shows unit order dependeneach with respect to substrate and oxiddtie
reaction is catalyzed by hydrogen ions. Thedwyen ion dependence takes in the forgis k a + b [H']. The
reaction rate decreases with increasing the comegioh of Mrf* ions. The reaction does not induce the
polymerization of acrylonitrile. A plausible meclismn has been proposed in the formation of a ésier and its
decomposition which occurs in the slow step.
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INTRODUCTION

Recently a variety of new Cr(VI) complexes have rbeeveloped to study the selective oxidation ofaaig
compounds [1-7]. Quinaldinium fluorochromate hae used as a mild and stable oxidizing agent rthsyic
organic chemistry [8]. The structure of the quimailgm fluorochromate is given below
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Quinaldinium Fluorochromate

A thiomalic acid or mercaptosuccinic acid (TMA)asdicarboxylic acid containing a thiol functionabogp. It is
suggested by the presence of SH group insteah @H group on malic acid. Salts and esters arsviknas
thiomalatesThiomalic acid forms the backbone of the pesticid@omalic acid structure as shown below,

The oxidation of thioacids by pyridinium fluoroclmate [9] and 2,2’ bipyridinium chlorochromate [1®4s been
reported. Mostly thioacids are used in converggntresis of peptides and proteins [11]. On treatmath suitable
nucleophile provide very facile access to thioafids13]. Literature survey to study of the kinstiof oxidation of
thiomalic acid by quinaldinium fluorochromate haxt been reported. In the present study, the kisetf oxidation
of thiomalic acid by quinaldinium fluorochromaten non — aqueous medium and the mechanism haseéso
discussed.
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SH

OH OH

Thiomalic acid or Mercaptosuccinic acid

MATERIALS AND METHODS

The thiomalic acid (Aldrich) was used as such. Theolutions of the thiomalic acid was freshly gaeed in
dimethyl sulphoxide and standardized by titratitgagainst a standard solution of iodine. Quinaldimi
fluorochromatewas prepared by the reported method [8] and itdypwas checked by an iodometric method. The
solvents were purified by usual methods [14}. Toluene- sulphonic acidvas used as a source of hydrogen ions
and all other chemicals were used in AR grade.

Stoichiometry

The stoichiometry of the reaction was determinegdxjorming the experiments under nitrogen at 333ukder the
conditions of [QnFC]> [Thiomalic acid] , at varying concentration of acid . The disappeegaof Cr(VI) was
monitored until a constancy in the absorbanceegluas attained. The [QnEQlvas estimated. A stoichiometric
ratio A[QnFC]/A[Thiomalic acid] was obtained, The reaction ibithd as 1:2 stoichiometry. which confirmed
to the overall equation.

CH,COOHCHCOOH-S—H + 0,CrFOQNH — CH,COOHCHCOOH—S—S — CHCOOHCHCOOH +H,0 + CrOFO-QnH~- (1)

Kinetic measurements

The reaction was followed under pseudo-first ordenditions by keeping the thiomalic acid concdrdrain
excess over that of quinaldinium fluorochromatd. #he reactions were carried out in flasks blagkkfrom the
outside to prevent any photochemical reactions werk followed up to Ca 80% conversion by monitorthg
decrease in the [QnFC] at 470 nm on the phota#temtlorimeter. The rate constants were obtaimechfthe slope
of the plot of log absorbanaersustime by the linear least square method. The resudre reproducible within
+3%. The second order rate constants were eealdadm the relationk= ky,s/[reductant].

RESULTS AND DISCUSSION

Kinetic dependence

The reaction was found to be first order with respe the oxidant as evidenced by a good lineamitje plot of log
[@nFC] versustime (Figure. 1). The pseudo - first order rat@stants were found to be independent of the initia
concentration of the quinaldinium fluorochromatt constant [QnFC], the rate constants were irsgdavith the
increase in the concentration of substrate. A pfdbg k; versuslog [TMA] gave a straight line with a slope of
unity ( Figure. 2). This was further well demonstchby the constancy of the second-order rate anhstly = k;
/[substrate] Table - 1).

Table -1 Rate constant for the oxidation of thiomat acid and Quinaldinium Fluorochromate at 313 K

[QnFC] 1G | [TMA] 103 Kobs 107 ko=ky/[S]
mol dni® mol dni® st (I mols?)
2.50 7.50 7.82
3.00 7.50 7.83
3.50 7.50 7.83
4.00 7.50 7.81
4.50 7.50 7.83
3.00 5.00 5.07 1.01
3.00 7.50 7.83 1.04
3.00 10.00 10.49 1.05
3.00 12.50 13.18 1.05
3.00 15.00 15.87 1.06
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Figure. 2 Plot of log k versuslog [TMA]
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Effect of acidity

The effect of acidity was studied by varying thenoentration of p- toluenesulphonic acidand the rate constants
were found to increase with the increase in thecentration of- toluene sulphonic aciffable - 2). The plot of

log k versuslog [H'] gave a straight line with the slope of 1.38 iratiieg that the reaction is acid catalyzed one. The
hydrogen ion dependence takes in the form of,s=%«a + b [H]. The values of a and b, for thiomalicdaci
(TMA), are 7.67 x18s® and 13.60 x1®mol™ dn?’s™, respectively (r =0.999).

Table -2 Effect of Hydrogen ion concentration on th oxidation of thiomalic acid by Quinaldinium fluorochromate
[QnFC]=3.00x 10° mol dm®  Temperature=313 K
[TMA]=7.50x10" mol dm®

[TsOH] 1G mol dn® | Kens10' s?
1.25 7.83
2.50 15.84
3.75 25.11
5.00 33.88
6.25 43.65

Effect of varying solvent composition

The reaction was carried out at five different patages of DMSO-DMF mixtures while all other fastare
constant. The reaction is facilitated by the medioiriow dielectric constante] and it was decreased by the
addition of DMF(Table - 3). The plot of log kversus inverse the dielectric constant gave agstrdine with the
positive slope(Figure. 3). It indicates that thedlvement of ion-dipole interaction in the réant[15-17] and in
the presence of acid, the rate determining steplved a protonated Cr(VI) species [18].

Table - 3 Effect of varying solvent compositio

[QnFC]=3.00x 10" mol dm® [TsOH]=1.25xI®&mol dn®
[TMA]=7.50%10"3 mol dm® Temperature=313 K
DMSO-DMF (% v/v) s | ki10's!
100-0 472 7.83
95-5 46.8 9.19
90-10 46.3] 11.02
85-15 45.9 13.16
80-20 454  16.98
13
1.25 - r=[:|.993
1.2 A
1.15 1
1.1 A
%:’E 1.05 A
T 1 A
=
095
08 -
0.85 A
DE T T T T T

0.021 0.0212 0.0214 0.02Z16 0.0Z18 0.022 0.02z2

D-'.

Figure. 3 Plot of log k versus D™
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Induced polymerization of acrylonitrile

The oxidation of thiomalic acid by quinaldiniunuéirochromate, in an atmosphere of nitrogen, isedaio induce
the polymerization of acrylonitrile [19, 20]. Fueth the addition of acrylonitrile does not affdut trate. It indicates
that a one electron oxidation giving rise to freadicals, is unlikely in the present reaction.

Effect of varying Manganous sulphate
The reaction rate decreases with increasing theerdration of MA* ions , confirming the involvement of two

electron process in this reaction [ZThble — 4).

Table - 4 Effect of varying Manganous sulphate
[QnFC] = 3.00% 16 mol dm®  [TsOH] = 1.25x1C mol dm?

[TMA] = 7.50x10° mol dn?® Temperature = 313 K
[MnSQ,] moldm® | k; 10's?
0.00 7.83
0.50 6.61
1.00 6.35
1.50 6.17
2.00 6.03

Effect of varying Temperature

The rates of oxidation of thiomalic acid waketermined at four different temperatures amehs observed that
the rate increased with an increase in tempearéliable - 5). From the linear plots of log, lagainst the reciprocal
of temperature (Figure. 4), the activation eneigg)(was calculated. The entropy of activationSj, the enthalpy
of activation AH"), and the free energy of activation@’) were calculated using the Eyring’s equation
respectively [ 22 - 24].

168.94J K mol*
(G") = 81.72k J mof* at 313 K
Ea =32.52J mol* at 313K.

m—gf) =29.92k J mot*
0S) =

Table -5 Effect of varying temperature
[QNFC]=3.00x1Gmol dn® [TsOH]=1.25x18mol dm?
[TMA]=7.5%10°mol dn?
Temperature K| k10's?

303 4.96
313 7.83
323 10.93
333 16.14
1.8
1g r=0.999
1.4 o
1.2 o
1 -
=
= 05 A
= os A
0.4 -
0.2 o
::I T T T T
0.0029 0.003 0.0031 0.0032 0.0033 0.0034
1.T

Figure. 4 Plotof In k/ T versus 1/T
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Mechanism and rate law

The lack of any radical scavenger such as aaitylle on the reaction rate and the failute induce the
polymerization of acrylonitrile, point agairtee operation of a one electron oxidation givirggrio free radicals.
The observed solvent effect supports a tramsitate, which is more polar than the reactane stherefore, a
mechanism involving transfer of a direct hydride irom S-H group to quinaldinium fluorochromaitesuggested
in Scheme 1

k * HOCrOFOQnH
e LN CH,COOHCHCOOH— S + [HOCrOFOQnH]
CH,COOHCHCOOH— S—H + OCrOFOQNH slow 2

* ST I $—S—CHCOOHCHCOOH + H'
CH,COOHCHCOOH— S + CH,COOHCHCOOH-S—H — 2 CH,COOHCHCOOH™ B

k
[HOCrOFOQnH] + H* —3—>fast H,0 +  CrOFOQnH

Scheme 1

Rate Law
The above mechanism leads to the following rate law

Rate =k [QnFC] [TMA]

Bimolecular reactions usually exhibits negativerepmy of activation .As the activated complex isnfied the
reactant lose their freedom to move independeftilyther as, the charge separation takes placeeirtréimsition
state, the charged ends get solvated by solverg¢aulals. This results in immobilization of large rhen solvent
molecules results in unfavourable entropy.

CONCLUSION

The oxidation of thiomalic acid by quinaldim fluorochromatein non - aqueous medium leads to the
formation of complex and finally gives the producthe reaction follows simple order kinetics. Thechanism
proposed for this oxidation reaction is in accoawith the observed kinetic facts.
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