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ABSTRACT

The oxidation of Pentaamminecobalt(IIl) complexes of bounded and boundless a-hydroxy acids by Caro’s acid is
assessed in micelles medium and the rate of the reaction is investigated through a UV-Visible spectrophotometer at
504 nm. The addition of micelles to Pentaamminecobalt(IIT) complexes of bounded and boundless o-hydroxy acids
under stable solution conditions boost the rate of the reaction. The rate of the reaction results in first-order kinetics
each on [a-hydroxy acids] and [Caro’s acid]. The experiment has been performed at five different temperatures and
the activation parameters have been evaluated. The consistency of kinetic and stoichiometric data with appropriate
mechanisms is established.
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INTRODUCTION
On persuing literature, it is ascertained that there is no evidence for the kinetics of oxidation of a-hydroxy
acids by Caro’s acid. The aim of this is to determine induced electron transfer reactions in

Pentaamminecobalt(IlI) complexes of both bounded and boundless a-hydroxy acids with Caro’s acid in
presence of micelles.! Primary aliphatic alcohols may be oxidized either as alcohols, yielding equivalent
oxoacids or they may undergo oxidative decarboxylation to yield a ketone. The structure of pyridinium
fluorochromate®, quinolinium fluorochromate®, isoquinolinium dichromate’, tetrahydropyranyl ethers®,
and tetracthylammonium chlorochromate’, have been used to analyze the kinetics and mechanism of
diverse organic compounds. As Caro’s acid is a liquid at room temperature, the S(VI) core adopts its
characteristics tetrahedral geometry. It is one of the strongest oxidants and is highly flammable. The
micelles Sodium laurylsulphate (NaLS), Cetyltrimethylammonium bromide (CTAB) and TRITON-X 100
are utilized in the present study. The bounded ligands like a-hydroxy acids, dicarboxylic acids, a-amino
acids, have a saturated fragment segregating cobalt(Ill) from the area of initial reaction irradiation.
Cobalt(III) complexes may act as a reduction at the cobalt(IlI) center and carbon-carbon fission'’. To
accomplish such a process, kinetic studies on the rates of disappearance of cobalt(Ill) coupled with rates
of formation of cobalt(Il) and organic products will be beneficial. This is the basis for the present work,
along with the inference of quantum yield in each case. The correlation between quantum yield and the
electronic influence can also be studied. By the inner-sphere mechanism, the reaction has been obtained.
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EXPERIMENTAL
Materials and Methods
Caro’s acid has been employed as an oxidant both in acid and alkaline media for the oxidation of a huge
number of compounds. The o-hydroxy acids such as mandelic acid, lactic acid & glycolic acid are
prepared as their perchlorates by the literature method.'! Their perchlorate complex structure is consistent
with FT-IR spectra.
Solvents like ethanol, methanol, ether and perchloric acid were purified by ordinary methods. Product
analysis carried out to determine the yield of cobalt(Il) is nearly 100%. The micelles are purified by the
procedure existing in the literature.'”> The commercial samples of the micelles are being washed
repetitively with anhydrous ether and have been recrystallized many times from alcohol with the addition
of anhydrous ether. The chemicals used are E. Merck and BDH annular and the conductivity water is
used to prepare all solutions.
The kinetics studies are carried out by allowing reactions in glass stopper corning glass vessels.!* The
reaction mixture (5 mL) of the solution is titrated against sodium thiosulphate using starch as an indicator.
The rate of the reaction (-dc/dt) in each kinetic run is resolute by the slope of the tangent drawn at a fixed
concentration of Caro’s acid. The rate scopes are performed at 60 + 0.2°C in100% aqueous medium for a-
hydroxy acids. The temperature is restricted by an electrically operated thermostat. According to
literature'*, the presence of free radicals in the reaction is estimated. Ionic strength is maintained by the
addition of small measures of H,SO4. The concentration of micelles and a-hydroxy acids vary in the
range [0.1 — 0.5] x 10°mol dm™. The temperatures also vary from 50 - 70 + 0.2°C."> The reaction is first-
order concerning the a-hydroxy acids.'®!” The second-order plots are also made for comparing a-hydroxy
acids and micelles. The values reported are the averages of the last two runs.

RESULTS AND DISCUSSION
The rate and other experimental data for all the studies of a-hydroxy acids have been obtained. Since the
results are analogous, only representative data have been obtained here.

Stoichiometric Studies

The stoichiometric scrutiny for Caro’s acid oxidation of Pentaamminecobalt(III) complexes of a-hydroxy
acids and boundless ligand in the presence of micelles are analyzed at 60 + 0.2°C Table-1.

The concentration of Caro’s acid was obtained both iodometrically and spectrophotometrically from the
change in absorbance observed at 504 nm. A[Caro’s acid] is evaluated after applying the due blank
corrections for decomposition of Caro’s acid and aquation of Co(III) complex of a-hydroxy acids in the
presence of micelles. Similar computation about A[Caro’s acid] is made for the boundless ligand also.
The ratio between reacted [oxidant] and [substrate] yields stoichiometry. This value was then compared
with the amount of cobalt(IlI), carbonyl compound and cobalt(III) keto acid complex.'3-2!

The stoichiometry results explain that for 1.0 mole of cobalt (III) complex, about 0.5 moles of Caro’s acid
is consumed, though with the boundless ligands for 1.0 mole of a-hydroxy acids consumed 1.0 mole of
Caro’s acid are consumed. Product and Stoichiometric investigation if approved for the oxidation of
complexes and free ligands in three different (Anionic, Cationic & Neutral) micelles medium with
increasing micelles concentration an enhance in the rate is observed.

Effect of Ionic Strength

The kinetic analysis is carried out at various ionic strengths, 0.1, 0.2, 0.3 and 0.4, using a relevant mixture
of a-hydroxy acids and sulphuric acid. Ionic strength increases the rate of reaction. The rate constants are
summarized in Table-2 and illustrated in (Fig.-1). It displays an increase in the concentration of ionic
strength of solvent increases in the rate constant.

Effect of Temperature

The rate of reaction is very susceptible to temperature. The rate of reaction increases with temperature.
The slow reaction rate at ordinary temperatures may become considerable or even explosive at high
temperatures. The kinetics of oxidation of a-hydroxy acids by Caro’s acid is performed at four various
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temperatures (303 K, 308 K, 313 K & 318 K) maintaining other experimental conditions constant. The
second-order rate constants calculated are shown in Table-3. It is observed that the enthalpy of activation,
entropy of activation and free energy of activation are completed from k» at 303, 308, 313 & 318 K using
the Arrhenius and Eyring plots.?>%

The thermodynamic parameters for the oxidation of lactic acid are AH*=55.59 + 1.5 kJ/mol, -AS*=130.58
+ 4.5 J/K/mol, and AG*=91.97+ 2.5 kJ/mol. It is observed that the Arrhenius plot of log kz versus 1/T is
linear.
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Fig.-2: Dependence of Rate on [a-hydroxy acids] in the presence of NaLS with Various Temperatures

Polymerization of Acrylonitrile
The oxidations of o-hydroxy acids by Caro’s acid in an environment of nitrogen fail to induce the

polymerization of acrylonitrile. Adding acrylonitrile does not affect the rate. The reaction mechanism
confirms the absorbance of free radical.*
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Table-1: Stoichiometric Data for Caro’s Acid Oxidation of Cobalt(III) bounded and unbounded a -hydroxy acids in
the presence of Micelles Caro’s Acid = 0.08 mol dm, [H,SO4] = 0.25 mol dm™>, [Micelles] = 1.00 x 10~ mol dm?3,
[(NH3)s Co(III)-L]?> = [0.1 — 0.4] x 10> mol dm™, Temperature = 60 = 0.2°C.

103[Compound] 10’[CARO’S 10][CARO’S A10°[CARO’S [Compound:
mol dm ACID Jinitiat ACID]inal ACID] A[CARO’S
mol dm3 mol dm mol dm ACID]
Mandelic acid
1.0 1.0 0.89 1.10 1.00:1.10
2.0 2.0 1.81 2.01 1.00 : 1.01
4.0 2.0 1.62 4.02 1.00:1.03
Lactic acid
1.0 1.0 0.91 1.02 1.00 : 1.00
2.0 2.0 1.82 1.91 1.00:0.99
4.0 2.0 1.61 4.01 1.00 : 1.01
Glycolic acid
1.0 1.0 0.89 1.20 1.00 : 1.21
2.0 2.0 1.79 2.21 1.00: 1.11
4.0 2.0 1.58 4.31 1.00: 1.08
Mandelato
1.0 1.0 0.98 0.52 2.00:1.01
2.0 2.0 1.90 1.11 2.00:1.12
4.0 2.0 1.98 2.02 2.00:1.01
Lactato
1.0 1.0 0.97 0.50 2.00:0.99
2.0 2.0 1.91 1.01 2.00:1.01
4.0 2.0 2.01 2.01 2.00:1.02
Glycolato
1.0 1.0 0.96 0.51 2.00:1.02
2.0 2.0 1.89 1.21 2.00:1.23
4.0 2.0 1.99 2.01 2.00:1.00

Table-2: Kinetic Rate Data for Oxidation of a-hydroxy acids in Sulphuric Acid at a Constant Ionic Strength
Caro’s Acid = 0.08 mol dm™, [H,SO4] = 0.25 mol dm, [a-hydroxy acids]= [0.1 - 0.4] x 10> mol dm™, Temperature

=60 +0.2°C.
103 Substrate [H2SO4] 10%k; s7!
Mandelic acid 0.1 2.470
0.2 2.475
0.3 2.480
0.4 2.485
Lactic acid 0.1 3.750
0.2 3.755
0.3 3.760
0.4 3.765
Glycolic acid 0.1 3.100
0.2 3.105
0.3 3.110
0.4 3.115

Dependence of Rate on Caro’s Acid Oxidation of a-hydroxy Acids in the Presence of Micelles with
Various Temperatures

The effect of varying the temperature with micelles on the rate of Caro’s acid oxidation of a-hydroxy
acids has been carried out in the range of 50,55,60,65,70 + 0.2°C for NaLS, CTAB & TRITON-X 100
Table-4.
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Table-3: Activation parameters and second-order rate constants for the oxidation of a-hydroxy acids by Caro’s acid
Caro’s acid = 0.08 mol dm™, [H,SO4] = 0.25 mol dm™, [a-hydroxy acids]= [0.1 - 0.4] x 10> mol dm™*

Substrate 102 X kodm3/mol/sec AH? (kJ/mol) | -AS* (J/K/mol) | AG* (kJ/mol)
Lactic Acid 303 K 308 K 313K 318 K
6.61 9.12 0.96 15.00 5559+1.5 130.58+4.5 91.97+2.5
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Fig.-3: Dependence of Rate on [TRITON-X 100] Concentration

As the temperature rises, the rate is increased. A graph of logk; versus temperature is linear (Figure-2).
At a higher temperature of the micelle, the maximum rate occurs. The rate of oxidation of reaction
increases much by the addition of CTAB than the addition of NaLS and TRITON-X 100 on similar
conditions. The linear pattern of the curve of these micellar catalyzed oxidation reactions resembles that
of the enzymatically catalyzed reaction. As they accelerate the rate of oxidation, they are a positive
catalyst for these reactions. Had the reaction species been ionic, the reaction would have been accelerated
in one micelle and retarded in the other depending on the charge carried by it.
Table-4: Dependence of Rate on Caro’s Acid Oxidation of a-hydroxy Acids in the Presence of Micelles

with Various Temperatures Caro’s acid = 0.08 mol dm=, [H,SO4] = 0.25 mol dm, [a-hydroxy acids] =
0.5 mol dm™, [Micelles] = 1.00 x 10~ mol dm"

10k (s7) 10%k; (s1) 10%k; (s1)
Temp. Mandelic acid Lactic acid Glycolic acid

°C

) NaLS | CTAB TRITON NaLS | CTAB TRITON NaLS | CTAB TRITON
50 0.955 1.434 1.103 1.654 2.244 1.806 0.753 0.924 0.854
55 1.151 1.628 1.304 1.907 2.442 2.002 0.954 1.115 1.05
60 1.374 1.828 1.523 2.174 2.656 2.201 1.153 1.318 1.245
65 1.576 2.033 1.728 2414 2.872 2.402 1.357 1.532 1.442
70 1.774 2.235 1.962 2.684 3.092 2.612 1.562 1.752 1.672

Dependence of Rate on Caro’s Acid Oxidation of a-hydroxy Acids in the Presence of NaLS, CTAB
and TRITON-X 100

The effect of changing the anionic micelles concentration on the rate of Caro’s acid oxidation of a-
hydroxy acids has been analyzed in the range of [0.5 to 2.5] X 10?> mol dm™ for NaLS, CTAB &
TRITON-X 100 Table-5.
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With the increase in the micelle concentration, an enhance in the rate is observed. A graph of logk; versus
micelle concentration is sigmoidal (Fig.-3). At a higher concentration of micelle, a nearly maximum rate
has been observed. Added CTAB enhances the rate of oxidation of reaction, much more than added NaLS
& TRITON-X 100 of the same concentration. The sigmoidal pattern of the curve of these micellar
catalyzed oxidation reactions resembles that of the enzymatically catalyzed reaction. As they accelerate
the rate of oxidation, they act as a positive catalyst for these reactions®.

Table-5: Dependence of Rate on Caro’s Acid Oxidation of a-hydroxy Acids in the Presence of NaLS,
CTAB and TRITON-X 100, Caro’s Acid = 0.08 mol dm, [H,SO4] = 0.25 mol dm™, [a-hydroxy acids]=0.5 mol
dm3, Temperature = 60 £ 0.2°C

Cone [NaLS] mol dm™ [CTAB] mol dm™ [TRITON] mol dm
mol dm- 10*k; (s 10*k; (s 10*k; (s

M.A LA G.A M.A L.A G.A M.A L.A G.A
0.0001 0.124 1.756 1.075 1.198 2.209 0.329 1.086 1.523 0.605
0.0005 1.222 1.926 1.126 1.789 2.748 0.689 1.349 1.987 0.962
0.001 1.444 2.106 1.233 1.929 2.999 0.898 1.498 2.591 1.324
0.005 1.602 2.216 1.283 2.189 3.298 0.991 2.020 3.120 2.003
0.01 1.621 2.226 1.296 2.199 3.299 1.009 2.048 3.121 2.014

Mechanism

Caro’s acid oxidizes the OH Centre of both bounded and unbounded a-hydroxy acids at a rate comparable
to that of the free ligand results in 100% reduction at the Proton Centre. It forms Caro’s acid ester which
can decompose in a slow step and pass through C-C bond fission leading to the formation of carbonyl
compounds with the emission of carbon dioxide and H, gas.

Given the above statements, the reaction Schemes-1 and 2 have been projected for Caro’s acid oxidation
of Pentaamminecobalt(Ill) complexes of a-hydroxy acids.

Spectral Details

The IR Spectral data (Fig.-4) for Pentaamminecobalt(Ill) mandelato complex reveals the presence of
these compounds 3772, 3782, 3819, 3861, 3876 cm™' stretching bond frequency for five -NH3 groups,
3259 cm! stretching bonds for -OH group. 2933 cm' stretching bond frequency for —aromatic -C-H
group, 1620 cm™ stretching bond frequency for —-C=0 group, 2688 cm™! for -C-H bond and 1381 ¢cm™ for
—C-O stretching bond frequency. The IR spectral data (Figure-5) for Pentaamminecobalt(Ill) lactato
complex reveals the presence of these compounds, 3724, 3778, 3828, 3882 and 3930 cm™' for five NH;
groups, 3277 cm’! broad peaks for —OH group, 2763 cm™! for —CH3 group, 1616 cm™ for C=0O group and
1382 cm™ for —C-O group.
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The IR spectral data (Fig.-6) for benzaldehyde shows the presence of the compounds 3073 cm™ for the
aromatic C-H stretching peak. 2827, 2745 ¢cm’! for aldehyde C-H bond and 1696 cm™ for C=0 group.

All the spectral details reveal that the various reactant complexes undergo an electron transfer reaction in
presence of catalysis like Caro’s acid and also in the absence of micelles. The spectral data (Figs.- 4, 5
and 6) displaces the presence of reactant complexes before the titration or reaction. The product spectral
(Fig.-6) shows the presence of benzaldehyde. So these spectral details confirm that the inner sphere or
electron transfer occurred and formed an exact product of benzaldehyde.

CONCLUSION
An induced electron transfer reaction has been attempted with Caro’s acid and Pentaamminecobalt(I1I)
complexes of a-hydroxy acids in the presence of NaLS, CTAB, and TRITON-X 100 medium. The
reaction exhibits second-order kinetics. In these reactions, the rate of oxidation confirms first-order
kinetics each in [cobalt(IIl)] and [Caro’s acid]. The reaction is followed by monitoring the decrease in the
absorbance at 504nm for Co(IIl) complex in a UV-visible spectrophotometer. Product and Stoichiometric
analysis were carried out for the oxidation of complexes and free ligands in three different (Anionic,
Cationic & Neutral) micellar Medium. By increasing, micelles concentration and temperature increase in
the rate is observed. A mechanism involving the one-electron transfer for the complex and two-electron
transfer for the ligand are estimated. The 1.0 mole of cobalt(Ill) complexes of a-hydroxy acids consume
0.5 moles of Caro’s acid, whereas 1.0 mole of unbounded a-hydroxy acids consume 1.0 mole of Caro’s
acid. It enunciates the synchronous C-C bond fission, decarboxylation and electron transfer to cobalt(III)
Centre. An increase in micelles boosts the rate of oxidation of a reaction. Among the three different
micelles, CTAB reacts faster than NaLS & TRITON-X 100. The results obtained with Caro’s acid are
adequate and show the new reagent as a valuable addition to the existing oxidizing agents. A relevant
methodology has been utilized.
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