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Abstract: Nicotinium dichromate (NDC) oxidation of mandelic acid and P-chloromandelic acid in agueous
acetic acid medium in presence of sulphuric acid lead to the formation of corresponding benzaldehyde and
p-chlorobenzaldehyde as the main products. The reaction follows fractional order with respect to substrate
and first-order with respect to the oxidant. Increase in percentage of acetic acid inhibited the rate of reaction.
The reaction is catalysed by acid. The proposed intermediate involves a complex mechanism. The derived rate
law was verified graphically. The thermodynamic and activation parameters for the oxidation have been
determined and discussed.
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1. INTRODUCTION

The mandelic acid and P-chloromandelic acid are bifunctional compounds contain hydroxyl (—OH)
and carboxylic group (-COOH), exhibiting different kinds of reactions when attached by the oxidants.
A lot of works on the kinetics and oxidation of mandelic acid and p-substituted mandelic acid by
various oxidants like halogens™NBS, CABE!, KMn0,™ H,Cro,PIK,Cr,0; !, NCSAI" have been
extensively carried out by many eminent authors.

Recently the kinetic studies on oxidation of organic compounds involving NDC are gaining wide and
vast importance in alloys and leather industries due to their applications in organic synthesis and also
in kinetic investigation. NDC is naturally occurring alkaloid salt of Cr(VI), has been synthesized and
employed as oxidizing agents for unsaturated alcohols®™ and uncatalyzed reaction of anilines ..
Nicotinium chloride is usually represented by NDC. A very few reports are available of its use in
kinetic oxidation studies. NDC exhibits an appreciable stability both in agueous and non-aqueous
medium in presence of an acid. Literature survey reveals that no probe on kinetic report was found on
kinetics of oxidation of mandelic acid and P-chloromandelic acid by NDC.

2. EXPERIMENTAL

All the reagents and solvents used were of analytical grade. The solutions employed in the
investigation were prepared in double distilled water. The Nicotinium dichromate was prepared using
reported procedures. ™% Its standard solution was prepared afresh before the reactions were initiated.
Sulphuric acid (AnalaR) was used as sources of hydrogen ions. All the reactants were kept in a
thermostated reaction vessel and the temperature was maintained at + 0.1° C.

The kinetic measurements were carried out in an agqueous acetic medium in presence of sulphuric
acid. The reactions were performed by maintaining a large excess of [substrate] over [NDC]. The
reaction rate was estimated by the amount of the unconsumed NDC iodometrically upto 80% of the
completion of the reaction. The rate constants were determined from the slopes of the linear plots of
log (a-x) titre values against time for the oxidation reaction which were reproducible within + 3%.
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3. RESULTS AND DISCUSSION

The stoichiometry of the reaction was determined by installing several sets of experiments containing
different quantities of NDC and substrates at constant concentration of sulphuric acid. The reactants
were allowed to react for more than 24 hours at their respective experimental temperature 25° and 30°
C.

The unconsumed NDC remained after completion of the reaction indicated 1:1 (substrate-NDC)
stoichiometry. Benzaldehyde and P-chlorobenzaldehyde were found to be the major products of
oxidation and were detected by their spot tests and TLC technique. It was confirmed by chemical
methods and by forming their phenylhydrazones. The melting points were compared with those of the
authentic samples.

The kinetics of oxidation of mandelic acid and para-chloromandelic acid have been explored at
various initial concentration of oxidant (NDC) (1.25-5.0 x10° mol dm™) at fixed concentration of
other reactants (Table 1). The linearity of the plots of log [NDC] versus time for all indicates first-
order dependence on the reaction rate as evaluated from the slopes (Fig. 1).

The kinetic runs were performed with various initial concentrations of mandelic acid and p-
chloromandelic acid which yielded rate constants. The pseudo rate constants thus obtained were found
to increase with [substrate] but at higher concentration of substrate it attains optimum limiting values
that declined to obey first-order kinetics and gradually values of kg fall parallel to X-axis showing
that the reaction is fractional order in [substrate]. The study provides an intermediate evidence for the
existence of complex formation between substrate and reacting species of NDC. The authors have
already been reported this in their previous communication.™ The reaction rate constants measured
with various [H'] ions were found to increase with increase in [H']. The study shows that the reaction
is catalysed by H" ion and order with respect to H ions is unity.

The study was carried out in aqueous acetic acid mixtures of various composition (Table 2). The
observed rate constant clearly revealed that the reaction velocity inhibited with increase in the
percentage of acetic acid. The plots of log k vs. 1/D give rise negative intercept on X-axis (Fig.2).
Addition of monomer acrylonitrile to the reaction mixture under inert nitrogen atmosphere fails to
induce polymerization thus ruling out radical oxidation. The salt effect was quite neutral towards
reaction rate while catalyst Cu™" ions increase the rate of oxidation.

The effect of temperature was studied at four different temperatures. Various activation parameters
such as energy of activation (Ea), AH”, AG", and AS” were calculated. The enthalpy and entropy of
activation factors appear to be more predominating in controlling the rate of reactions.

3.1. Mechanism

Considering above observations and stoichiometric ratio of the reaction, the following reactions are
involved to constitute the most probable mechanism of the reaction.

O H

K N o0 1

NDC + H,O #1 2 />Cr\/O + 2 Nicotinic acid M
O o

(Nicotinium dichromate)

_COOH —*
_ - )
where NDC = Cr,O; and
2
I
H
SCOOH—= (3)
Nicotinic acid =
I
H
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\/OH H K2: \/OH
//\ * =~ //\

X— cr—o_H H K A\ NH
©| ' \r/oéx_Q(F Y +H,0

0=C-0—H ¢ > ) -o//\
5t 9
(substrate) 0=C-0
cyclic chromic
ester
(complex)

Where, X = —H and —ClI for corresponding

Mandelic and p-chloromandelic acid

Complex # X—@—C =0+H,CrO; + CO, 1t

(slow)

fast
H, CrO; ——— % CrQ, + H,0 + % Cr

The rate law was finally derived

k K, Ky [XMA] [H]

k =
obs " [Nicotinic acid] K, + K, [H] + K; K3 [XMA] + [H]
The sequence of order of reactivity was found as:

MA >CIMA

The equation (8) clearly points out the observed results as mentioned the values of activation
parameters are in good consonance with the experimental results, explaining the order of reactivity.
The unstable intermediate complex decomposes in a rate determining step to give the final products
such as benzaldehyde and p-chlorobenzaldehyde. Over all reaction was found both enthalpy and

entropy controlled

Tablel. Effect of variation of [NDC] on reaction rate

10° [Substrate] mol dm® = 2.50 (1), 2.0 (2);[H.SO,] % 10> mol dm® = 1.0 (1, 2); Solvent acetic acid = 20%

(v/v); Temperature K =298 (1) and 303 (2)

S. No. [NDC] x10° <«  kx10'(sH)——
mol dm™® Mandelic acid (1) p-Chloromandelic acid (2)
1. 1.25 3.84 2.72
2. 1.50 3.78 -
3. 2.00 3.73 2.86
4, 2.50 3.75 2.76
5. 3.33 3.77 -
6. 4.00 - 2.81
7. 5.00 3.92 2.78

1. Mandelic acid, 2. P-Chloromandelic acid
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A\ 2. [NDC] =2.50 x 10° (mol dm”) for chloromandelic acid

€ 1. [NDC) = 2.0 x 10”7 (mol dm™) for mandelic acid
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Figl. Dependence of rate on [NDC] PLOT OF log (a-x) Vs. Time [substrate] x10? (mol dm™) = 2.50 (1), 2.0
(2); 10> x[H] (mol dm™)=1.0 (1,2); HOAc-H20 % (V/V)=20 (1,2); Temperature K = 298 (1), 303(2)
Table2. Effect of variation of solvent composition on reaction rate
10? [substrate] mol dm™ = 2.50 (1), 2.0 (2); 10° [NDC] mol dm™ = 2.0 (1, 2);
10?x [H*] mol dm™ = 1.0 (1, 2); Temperature K = 298 (1), 303 (2)

S. No. % CH;COOH-H,0, 10° <—— kx10'(s") ——>
(V/Iv) D
Mandelic acid (1) p-Chloromandelic acid (2)
1. 10 15.50 4.13 3.81
2. 20 17.17 3.73 2.86
3. 30 19.15 2.09 2.48
4. 40 21.98 1.45 1.82
o
o-60p & o
s
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Effect of Solvent on Rate of reaction

PLOTOF logk. vs. 1/D

Fig2. 10° [Substrate] (mol dm™) =2.50(1), 2.0(2); 10° [NDC] (mol dm™®) = 2.00 (1,2) ; 10*x [H*] (mol dm™®) =

1.00 (1,2) ; Temp. K =298 (1), 303 (2)
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4. CONCLUSION

NDC has been proven to be an excellent oxidant for the oxidative study of aromatic and P-
halosubstituted mandelic acids. The kinetic and thermodynamic parameters for the oxidation of MA
and XMA by NDC were evaluated and the reaction mechanism was proposed. The thermodynamic
data obtained supported the proposed scheme of mechanism.
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