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ABSTRACT

Kinetics of investigation the redox reaction Cobdltl) complexes ofa—Thio acids by 2,2'-bipyridinium
bromochromate(BPBC) in the presence of micelleediom at 328K in 50% acetic acid — 50 % water. The
reaction the rate of oxidation shows pseudo firsteo kinetics. It rules out the synchronous C-C dbdission and
one electron transfer to Cobalt (Ill) centre. Theaction was followed by observing the decreas@énabsorbance
at 365 nm for the Cr (VI) present in the reagenaitdV — Visible spectrophotometer. The rate of ribection
increases also temperatures increases. Productsaoidhiometric analysis were carried out for thedation of
complexes and free ligands. A mechanism involvirggedectron transfer for the ligand was proposed.

Keywords: a—Thio acids, 2, 2—bipyridinium Bromochromate, Sadilauryl sulphate, Cetyl trimethyl ammonium
bromide, TRITON-X 100.

INTRODUCTION

Chromium has frequently and extensively been engulogs an oxidizing agent both for preparative ab age
analytical methods in chemistrghromic acid, aqueous dichromate, chromyl chlorlgpmyl acetate and other
substituted chromates have been employed in ogitati organic as well as inorganic compounds ireags acid
and alkaline media. Chromium compound play the mogtortant role, in oxidative reaction. A number of
Chromium reagents are readily available. Almostrgwexidisable functional group may undergo Chromium
oxidation. Chromium (VI) containing reagents inau@hromium acid, dichromate ion, Chromyl chloridetomyl
acetate—butyl Chromate, Chromyl nitrate and Cormtibn complexes of Chromium Trioxide [1,2]. Re¢tgisbme
neutral or almost neutral Chromium (VI) reagentgsehbeen developed to effect oxidation under mildditions.
Pyridinium Chlorochromate (PCC) introduced by Comdyal [2]is widely used in the oxidation of alcddo
Pyridinium flourochromate has a less pronouncediigcand is an effective agent for the oxidationpolycyclic
organic substitutes. PFC was developed by Bhatgebarand co-worker[3,4] .In 1986, Narayanan and
Balasuramaniam[5] introduced Pyridinium BromochrtanaThis is an efficient oxidant for alcohols and a
brominating agent as well. Banegjfi al [6].Studied the kinetics of oxidation of thioglycolicid, thiolactic acid and
thiomalic acid by BPBC. The reaction is first oradth respect to [BPBC] and Michaelis-Menten typékinetics
were observed with respect to all iin¢hioacids. The rate was not affected by the aolditif acrylonitrile indicates
the absence of the free radical mechanism. 2, @rldinium bromochromate (BPBC)has been used asld m
efficient and selective oxidising reagent in sytitherganic chemistry [7]. There are only a fewadp about the
kinetics and mechanism of oxidation by BPCC, atddan the literature [8,9] while the kinetics ofidation of
organic sulphides by BPCC has not been investigated
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EXPERIMENTAL SECTION

2, 2’-Bipyridine (A.R. Qualigens, India), chromiutmioxide from (SD Fine chemicals. India 95%) Hydromic

acid (47%, Merck, India) Preparation of BPBC to7Bml of Hydrobromic acid (0.11mole) is added 1§.00.1
mole) of chromium trioxide rapidly while stirrind\fter dissolution of the chromium trioxide is coref#, 15.6 g.
(0.1 mole) of 2, 2'-bipyridine is added in portiowkile stirring vigorously. A yellow slurry resulishich is stirred
for 1 hour at room temperature. The slurry is thelkected on a sintered glass funnel and washell twib 15 ml
portions of cold distilled water. The resulting idoyellow filter cake is dried for 3 hours in vaguuat room
temperature. The resulting product is 2, 2'-bipiridm bromochromate, its purity was checked by @ometric
method and is obtained in a typical yield of 26.8vbich is 92% of the theoretical yield. Thiolagtichiomalic and
Thioglycolic acids from (SD Fine chemicals. Indi&%). The cobalt (Ill) complexes of alpha-Thio acidere
prepared as their perchlorates using the methdéeofand Gould[10]. The surfactants used in thegmtesork are
sodium lauryl sulphate[11] (NaLS) and cetyl trimgédmmonium bromide[12] (CTAB). The surfactants pteified

by adopting earlier procedure [13,14,15].

Kinetic Measurements

All kinetic measurements were carried out on a 8ppbotometer. The progress of the reaction wasvi@d at
365 nm by monitoring the changes in absorbancesmfaiming Cr (V1) and 502nm by monitoring the change
absorbance of remaining Co (lll). The requiredhio acid, HCIQ and BPBC were premixed in a reaction vessel,
thermostated in an oil bath, and BPBC solutionr(tialy equilibrated) was then added prior to theabance
measurements. Under pseudo-first-order conditiédna-@hio acid, the plots of log versugime (A is absorbance
intensity) were linear up to 80% completion of tleaction with an average of linear regression dciefits,r >
0.998 (Table-2 and Figure-1). Kinetic measurementthe oxidation of cobalt (Ill) complexes afThio acid and
free ligands ofi-Thio acid were carried out under pseudo first omditions in 50% acetic acid-50% water (v/v)
medium at 328K.

Product Analysis

Product analysis was carried out under kinetic g i.e., with excess of the reductant over BPBC. In a tylpica
experiment, Thio lactic acid (0.10 mol), perchlogcid (0.10mol) and BPBC (0.01 mol) were dissolireccetic
acid — water mixture (50%- 50%) and the solutiorsvediows to stand in the dark for about 24 h touems
completion of the reaction. The residue was treatitd an excess (200 ml) of a saturated solutio,04-dinitro
phenyl hydrazine in 1mol HCI and kept overnightaimefrigerator. The precipitated 2, 4-dinitro phiehydrazone
(DNP) was filtered off, dried and recrystallise@rfr ethanol. The product was identical with meltpgjnt and
mixed melting point to an authentic sample of tidFDof aldehyde

Stoichiometry

Stoichiometric studies for the oxidation of pentaaime cobalt (111) complexes af-Thio acid and free ligand of
Thio acid by BPBC were carried out with the oxidaméxcess. The [H and ionic strength were maintained as such
in the corresponding rate measurements. After dfililes when the reaction was nearing 80% conmethe
concentration of unreacted BPBC was determinedtsp#wtometrically from the change in absorbancasused

at 365 nm for Cr (IV) in free ligands and 502nm €@uw (I11) in complexes. The stoichiometry was cédted from
the ratio between reacting oxidant and substrae fihe decrease in the absorbance measured faobat (I11)
complex, the amount of cobalt (Ill) reduced wasahted.

RESULTS AND DISCUSSION

The kinetics and oxidation @f Thio acids by 2,2’-bipyridinium bromo chromatericeller medium at 328K under
pseudo first order condition of free ligandwhio acid and their bound Co(lll) complexesweThio acid in the
presence of perchloric acid of anionic and cationicelles at 328K. An explanation for the higheaativity of Thio
lactic acid involving C-H cleavage was given basadhe higher acidity of C-H proton. In the presenestigation,
the absence of such an observation leads to C-&ade. The product analysis confirmed the formatién
aldehydes due to C-C cleavage and not keto acidpasduct. Further the absence of keto complex#sai product
and formation of aldehydes as the only organic pecbdonfirm the C-C cleavage. The reduction of @ (o Co
(I1) to an extent of 98% showed an induced onetededransfer from the ligand to the metal due éocatboxylation
and synchronous cleavage of the C-C bond in thepkoas.

Effect of variation temperature ofThio acid the reaction has been carried out atifgrent temperatures keeping
[BPBC] =10°mol dni® Thio Acid =1.00 x1G mol dm®table 2).Absorbance decrease the while reactioe of
BPBC with alpha thio acid. The rate constants weakeulated by the integrated rate equation. Thelgraf
logarithm of absorbance versus time was linear tedrate constants calculated from the slope ofgttaph.
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Temperature increases rate also increased. Thefrttte reaction as followed pseudo first orderekits. The rate
of cationic micelles much more the anionic miceiesl neutral micelles.

Table 1:Stoichiometric Data for BPBC oxidation of @ (Ill) bound and unbound e —Thio acids in presence of Triton-X 100 (TRITON) &

328K

[HCIO,] =1.00x10" mol dn¥[TRITON] =1.00x1¢* mol dnPTemperature = 328K

10°[Compound] | 1A [BPBCluita | _3102[BPBC]Fina. | A1[BPBC] [Compound]: AIBPBC]
mol dm
Thio Lactic acid
1.0 10.0 9.25 0.75 1.00:0.75
2.0 10.0 8.52 1.48 1.00:0.74
3.0 20.0 17.75 2.25 1.00:0.75
Thio Glycolic acid
1.0 10.0 9.27 0.73 1.00:0.73
2.0 10.0 8.56 1.44 1.00:0.72
3.0 20.0 17.87 2.13 1.00:0.71
Thio Malic acid
1.0 10.0 9.26 0.74 1.00:0.74
2.0 10.0 8.55 1.45 1.00:0.72
3.0 20.0 17.80 2.20 1.00:0.73
Co" Thio Lactato
1.0 10.0 9.62 0.38 1.00:0.38
2.0 10.0 9.26 0.74 1.00:0.37
3.0 20.0 18.89 1.11 1.00:0.37
Co" Thio Glycolato
1.0 10.0 9.64 0.36 1.00:0.36
2.0 10.0 9.30 0.70 1.00:0.35
3.0 20.0 18.98 1.02 1.00:0.34
Co" Thio Malato
1.0 10.0 9.66 0.34 1.00:0.36
2.0 10.0 9.24 0.76 1.00:0.33
3.0 20.0 18.94 1.06 1.00:0.35
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Table-3 shows effect of variation temperature phalthio acido- thio glycolic acido- thio malic acid and- thio

lactic acid increase the temperature increaseafathe reaction and different the micelles. Téie 1of the micelles
increase CTAB compare than other micelles respelgtiihe graph of the temperature versus log obeddasice got
the straight line The rate of the reaction efThio acid with micelles is more than tleThio acid of without

micelles.

Fig.1: First Order Dependence Plot
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Table 2: Rate data on the oxidation alpha thio acidby 2, 2'- bipyridinium bromo chromate (BPBC)
[BPBC] =10°mol dnt[HCIO,] =0.1 mol dm*Temperature=328K
a-Thio Glycolic Acid=1.00 x1mol dm[CTAB] =1.00x10?mol dm®

Time(s) | log(Absorbance) | 10%k; (s?)
0 -0.18842 0.00
308 -0.23210 3.265
606 -0.27084 3.131
906 -0.31515 3.221
1202 -0.36151 3.316
1510 -0.40782 3.346
1807 -0.46092 3.472
2105 -0.50307 3.442
2403 -0.55596 3.522
2709 -0.60033 3.501
3008 -0.64782 3.517

Table 3: Effect of Temperature of thea- Thio acid
[BPBC] = 10°mol dm*HCIO,] =0.1 mol dm*[Micelles] =1.00 x10* mol dn?

Temp(K) 10%,(s?)
NaLS | TRITON| CTAB| NaLS| TRITON] CTAB] NaL§ TRITON CTAH
Thio Glycolic acid Thio Malic acid Thio Lactic acid

323 2.341 2.543 3.109 | 2.666 3.179 3.467 | 3.265 3.670 3.856
328 2.600 2.840 3.458 | 2.966 3.534 3.837 | 3.623 | 4.050 4.312
333 2.897 3.171 3.830 | 3.315 3.899 4.290 | 4.029 | 4.499 4.768
338 3.227 3.549 4,283 | 3.685| 4.333 4765 | 4.425| 4.964 5.314
343 3.568 3.954 4.739 | 4122 | 4.816 5.329 | 4.875 5.504 5.860

Figure.2 shows the effect of six varies Temperatfr¢he oxidation of thio acids by BPBC in the pmese of
surfactant CTAB .The first order plots of loguersus Temperature were linear and when the Tempermcreases
rate of the reaction was increases.
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Fig 2: Dependence of rate one-Thio acid]

The effect of varying substrate concentration efBBC oxidation oé- thio acid with and without micelles at 328
K.The concentration of the substratesthio glycolic acida- thio malic acid and:- thio lactic acid were varied in
the range of 0.5 x 1Dto 2.5 x 1 mol dm? at 328K and keeping all other reactant conceoinativere constant
and the rates were measured. The rate constantéscakulated by the integrated rate equation. Haage thex-
thio acid concentration without micelles rate oé tteaction increase and with the micelles ratehef reaction
increase compare than the without micelles.CTAR iatmore than the TRITON, The graph of logarithnes
concentration versus time linear and the rate emtstcalculated from the slope of the graph agreith the
experimental value. Which shows a first order depee plot oru-thio acids and their complexes. The rate of
oxidation increased progressively with increasimg$ubstrate concentrationcsthio acids and their complexes.
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Mechanistic Aspects

The oxidation ofa-Thio acids and their complexes by BPBC in an aphese of nitrogen failed to induce the
polymerization of acrylonitrile which discounts tpessibility of any radical formation. The oxidati@f a-Thio
acids and their complexes was catalysed by peiictdoid, which may well be attributed to protonatiaf BPBC to
give a stronger oxidant and electrophile. The fdiomaof a protonated Cr (VI) species has been patetd earlier.
The kinetic and absence of keto acids as a prddads to a mechanism involving one electron trarfséen Cr(VI)
with C-C cleavage. It was confirmed by product gsal that formation of 2, 4-dinitro phenyl hydrazo Hence,
synchronous C-C fission and one electron feairis to Co (Ill) centre. Mechanism explain redantof Co (l11)
centre to Co (ll) and chromium (VI) in to chromiufd) is a rate determine step. Finally the produtciThio
acetaldehyde formed.

H ObyPyH* T |
CH3—|C—C0'” \ / Fast CH, T —C—Co"
lH / \ S\ /ObyPyH’“
\
Br
[
s |
CHs _ﬁ_H + Co + CW ﬂ }‘)\CA’ &_COIII
S S‘} /ObyPyH+
km*
Thioacetaldehyde 100 % \

CONCLUSION

The kinetics of oxidation ofi-thio acids and Co(lll) complexes ofthio acids have been investigated in aqueous
acetic acid medium in the presence of perchlorid an the surfactants by spectrophotometricallg28K.The rate

of reaction increases with increasing substrateceatnation, Perchloric acid concentration, Tempgeatand
surfactants concentration. Mechanism explains ynetgonous C-C bond fission and oneelectron trariefeobalt
(1) centre. The added CTAB enhances the ratexafation of a reaction much more than Triton and.SlaSimilar
trends have been observed in Thio glycolic acidp Tactic acid, and Thio Malic acid and Co (ldpmplexes of
Thio lactate, Thio Malato and Thio glycolato. THeserved reaction rate is Thio Lactic acid>Thio Macid> Thio
Glycolic acid.
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