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Kinetics of Oxidation of Aniline by Chromic Acid

K.B.L. SHRIVASTAVA* and RANVEER SINGH
Department of Chemistry
Government Model Autonomous Science College, Rewa-486 001, India

The kinetics of the chromic acid oxidation of aniline have been
studied in 10% aqueous acetic acid medium. The order with respect
to both oxidant and substrate is one each, the overall order being
two. The rate constant was found to depend upon the concentration
of HCI and H,SO; acid. Various thermodynamic parameters have
been evaluated. The stoichiometry of the reaction has been deter-
mined. p-Benzoquinone has been identified as the oxidation product
of the reaction. A plausible mechanism consistent with the ex-
perimental results has been suggested.

INTRODUCTION

Chromic acid is one of the most versatile of available oxidizing agents,
reacting with almost all types of oxidizable groups. Kinetic studies have been
extensively carried out for various organic and inorganic compounds by using
chromic acid!~7. The oxidation of aromatic amines has been studied by different
oxidizing agents8~12, Further the kinetics of aniline has already been carried out
by using different oxidants like hexacyanoferrate(Il)!3, periodate!4, H,0,, O3,
PbO,, 103, BrO3, alkaline KMnO,, N-chlorobenzamide!S by earlier workers. The
kinetics of chromic acid oxidation of some nitrogenous organic compound
(aniline) have received no attention earlier. This therefore forms the subject matter
of the present paper.

EXPERIMENTAL

Cr(VI) oxide (E. Merck) was twice recrystallized from conductivity water and
stock solutions were prepared in conductivity water. The standardization of the
Cr(VI) solution was carried out iodometrically. Aniline was distilled under
reduced pressure using traces of Zn dust. Glacial acetic acid (S. Merck) was used
as the solvent. The reaction was carried out in 10% acetic acid-water (v/v). The
other chemicals employed were of B.D.H., E. Merck or S. Merck of analytical
grade.

The progress of the reaction was followed by titrimetric procedure of Wiberg
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and Mill for the estimation of Cx(VI) iodometrically. using a starch end point in
a measured aliquot of the reaction mixtures at various intervals.

RESULTS AND DISCUSSION

Kinetic investigation of the oxidation of aniline by chromic acid was made at
several concentration by keeping [chromic acid] constant and varying [aniline]
and also at varying [chromic acid] and constant [aniline]. The rate constants
obtained are given in Table 1 and Table 2 respectively.

TABLE-1
EFFECT OF VARYING [ANILINE] ON THE RATE OF OXIDATION
[Chromic Acid] =1.33x 10> M Temp.=25°C
3 - .
[Aniline] M ky x 1(1) K, lf, x 10% [_?ml.mfl]
min litre mole™" min
08 3.089 0.3861
1.0 4.055 0.4055
1.2 4.992 04160
14 5.956 04254
20 8.383 04191
35 14.695 04198
TABLE-2
EFFECT OF VARYING [CHROMIC ACID] ON THE
RATE OF OXIDATION
[Aniline] = 0.8 M Temp. =25°C
(Chromic acid] M 10°k; min™
0.0013 3.089
0.0020 3614
0.0024 4.137
0.0026 4430
0.0040 5.646
0.0053 7.186

The order with respect to chromic acid and aniline was observed to be one
each, hence the reaction is of total order two. ,

The rate of reaction increases with increase in concentration of chromic acid.

The active oxidising species of Cr(VI) in the present case is in the form of
HyCrO4, since at high concentration of chromic acid, the concentration of
H,CrO4 will increase in the reaction mixture.

Effect of Substrate

The blot of [substrate] versus k gives straight line with unit slope indicating
that reaction follows first order kinetics with respect to substrate-(Fig. 1). From
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Fig.1. Plotof K| x 10° min™" vs. [aniline] at 25°C

the scrutiny of Table 1 the rate constant increases with increasing concentration
of aniline; however, the value of k;/(aniline) remains almost constant, leading to
the inference that the order of the reaction with respect to aniline is one.

Effect of Acids

The rate constant was found to depend upon the concentration of HCI and
H,S04. With increase is [HCI] and [H,SOy4] the rate was found to increase at
initial stages only up to certain concentration of HCl and H,SO,4 and the rate
constant, thereafter decreased with further increase in [HCI] and [H,SO4] [Fig. 2].
The results are recorded in Table 3. Added acids are exerting two opposing effects:
on one hand, acids are favouring the protonation of amines, while on the other,
these acids are forming species like HOCrO,Cl and HOCrO,0SO;H with
chromic acid. These are lesser oxidising agents than chromic acid. It is likely that
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Fig. 2. Plot of rate constant vs. moles of acid lit™! [aniline] = 0.80 M, [chromic acid]
=0.00133 M at 25°C O H32S04 and @ HCI

up to rate maxima, the former is predominant. Similar observations have also
been reported by Bobtelsky et al.'6

It was observed that HCl had greater influence on the rate of reaction as
compared to H,SO,.

TABLE-3
EFFECT OF ACIDS ON THE RATE OF OXIDATION
[Aniline] =08 M  [Chromic Acid] = 1.33x 10° M Temp. = 25°C
(HCII M m’. x_llg, (S04 M 10’-. x_llq
min min
0.000 3.0890 0.000 3.0890
0.010 3.6380 0.005 3.3890
0.020 3.9356 0.010 3.7404
0.030 4.3264 0015 4.0960
0.040 3.7650 0.020 3.5930
0.050 3.4068 0.025 3.2420
0.060 3.1988 0.030 3.1000
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Effect of Salts

The added salts like NaCl, KCl, Na;SO,4, K,SOy, to the reaction mixture show
negligible effect on the rate of reaction, indicating that the rate determining step
involves an ion and a neutral molecule. Similar observations have been also
observed by Arumugan et al.'7, and Agrawal et al.'3. The effects of salts are
recorded in Table 4.

Effect of Catalyst

The rate of reaction is influenced by the catalytic cations like Cu?*, Ag*;
however the rate of reaction is retarded by Mn2*.

Effect of the Solvent

The rate of oxidation of aniline increases with increases in percentage of acetic
acid (Table 5). This fact can be explained by two reasons: Firstly, increase of
percentage of acetic acid decreases the dielectric constant of the medium, and
this decrease in dielectric constant is responsible for the increase in the rate of
the reactions involving an ion and a dipole. Secondly, acetic acid combines with
chromic acid to form acetyl chromic acid or its protonated species which are
stronger oxidising agents than chromic acid alone!®. Similar observations have
been reported by Sathyabhama et al.2°

TABLE-4
EFFECT OF SALTS ON THE REACTION RATE
[Aniline] = 0.8 M [Chromic Acid] = 1.33 x 10°M Temp. =25°C
Salt [Concel&tration] 103- x_llq Salt [Concelcltration] v103. x_ll(l
min min

NaCl 0.000 3.089 NaSO4 0.000 3.089

0.004 3.050 0.001 3.027

0.006 3.035 0.002 2.988

0.008 3012 0.003 2.946

KCl1 0.000 3.089 K,SO4 0.000 3.089

0.004 3.047 0.001 3.017
0.006 3.023 0.002 2979

0.008 3.003 0.003 2.934
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TABLE-5
EFFECT OF SOLVENT COMPOSITION ON THE
RATE OF OXIDANT

[Aniline] =0.8 M [Chromic acid]=1.33x 10°M  Temp.=25°C

Percentage of 10° x k;
Acetic Acid min~!
10 3.089
20 6.556

30 ‘ 11.430

40 22.507

Thermodynamic Parameters

Various thermodynamic parameters such as activation energy, frequency
factor, entropy of activation, free energy of activation and enthalpy of activation
have been calculated, which are recorded in Table 6.

Stoichiometry and Identification of the Oxidation Product

Stoichiometry of the reaction was determined. It was found that 3 moles of
anilines consumed 2 moles of chromic acid. The end product of oxidation of
aniline by chromic acid was p-benzoquinone?!~23 identified. The overall reaction
may be represented by the following empirical equation:

3C6H5NH2 + ZCI'ZO%_ + 4H+ - 3C6H402 + 3NH1 + 2Cl'203 + 2H20

TABLE-6
VARIOUS THERMODYNAMIC PARAMETERS
[Aniline] =0.8 M [Chromic acid] = 1.33 x 103 M
» AH* AG#
T(‘f,'g" ky x 10° keal Ax10 ’:fj* kcal keal

mole™ sec h mole™! mole™!

20 10.81 1144 294 -38.06 10.91 1 40.84

30 20.36 1144 2.89 -38.12 11.13 41.54

40 38.36 11.44 2.89 -38.17 11.18 42.25

Kimijima et al. 2% have also reported p-benzoquinone as the oxidation product
of aniline.

Mechanism

Amines are basic in nature and hence it is likely that protonation of amines
may take place prior to oxidation and then the protonated amines get oxidised.
The tentative mechanism of the oxidation of aniline by chromic acid may be as
follows: «

1
S+H*—2SH" (fast) )

K
where S stands for substrate. '
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or

k
SH* + H,CrO, — Product (slow)
Rate of reaction = k, [SH][H,CrO4)

%[SH"] =k [SI[H'] = k_4[SH'] = ko[ SH'J[H,CrO4]

on applying steady-state approximation, we may write

or

ki [SIH"]
k—l + k2[H2Cl'O4]
koK, [SI[H'][H,CrO4)
[k_; + ko[H,CrOy4]

[SH'] =

Rate of reaction =

Since k_; >> k,,

Rate of reaction =k, k_ [SI[H][H,CrO,]

= kK[SI[H')[H,CrO4]

k)

where K=—-.

The derived rate law explains all the observed experimental facts.

ANKNOWLEDGEMENTS

Oxidation of Aniline by Chromic Acid 773

2

We wish to acknowledge our sincere thanks to Dr. B.S. Rai, Prof. of Chemistry,

Govt. Engineering College Rewa, Dr. N.D. Valecha, Prof. K.C. Mathur, Prof. R.B.
Singh, Dr. N.P. Tiwari, Dr. B.M.L. Tiwari, Dr. S.P. Saxena, Dr. V.K. Sharma, Dr.
(Mrs.) K. Sharma, Dr. K.S. Tiwari, Dr. M.U. Khan, Prof. J.K. Verma, and Prof.
V.R. Singh, for their kind cooperation, encourgement, valuable suggestions and
helpful discussions. One of us (KBLS) also thankful to Shri S.P. Mishra
(Librarian) for providing library facilities and to U.G.C. New Delhi for the award
of Teacher’s Financial Assistance.

S IR A

@ =

REFERENCES
S.K. Tandon, K K. Banerji and G.V. Bakore, Indian J. Chem., 9, 677 (1971).
V. Baliah and P.V.V. Satyanarayana, /ndian J. Chem., 16A, 966 (1978).

H.C.S. Senthlage, Recl. Trav. Chim. Pays. Bas. Belg., 59, 111 (1940); 61, 213 (1942).

S. Senet, E Mata and J.M. Leal, Z. Phys. Chem. Leipzig, 258, 187 (1977).
F. Hasan and J. Rocek, Tetrahedron, 30, 24 (1974).

D.R. Nagarajan, S. Sundaram and N. Venkatasubramanian, Indian J. Chem., 18A, 335

(1979).

P.S. Subramanian and D.R. Nagarajan, Indian J. Chem., 17A, 170 (1979).

K.H. Pausacher and J.C. Seoroggie, J. Chem. Soc., 4003 (1954).

R. Edwards, J. Am. Chem. Soc., 80, 3591 (1958).

P.B.D. De la Mare, A.D. Kettey and C.A. Vernon, J. Chem. Soc., 1290 (1954).
P.S. Radhakrishnamurti and M.D. Prasad Rao, Indian J. Chem.,14A, 485 (1976).



774 Shrivastava et al. Asian J. Chem.

12.
13.
14.
15.
16.
17.
18.
19.
20.
2L

22.

23.
24.
25.
26.

P.S. Radhakrishnamurti and S.N. Sahu, Indian J. Chem., 14B, 898 (1976).

P.S. Radhakrishnamurti and R.K. Panda, Indian J. Chem., 9, 1247 (1971).

M. Prasad Rao, B. Sethurama and T. Navaneeth Rao, India J. Chem., 17A, 52 (1979).

B.S Rawat and M.C Agarwal, Indian J. Chem., 17A, 299 (1979).

M. Bobtelsky and A. Glasner, J. Am. Chem. Soc., 64, 1462 (1942).

N. Arumugam, C. Shrinivasan and P. Kuthalingam, Indian J. Chem., 16A, 478 (1978).
G.L. Agrawal and A K. Bhattacharya, Indian J. Chem.,16A, 900 (1978).

K.B. Wiberg and H. Schaffer, J. Am. Chem. Soc., 91, 927 (1969).

V. Sathyabhama and S.V. Ananthakrishnan, Indian J. Chem., 10, 1963 (1972).

Arthur 1. Vogel, Elementary Practical Organic Chemistry, Part 2: Qualitative Organic
Analysis, 3rd edn., Longmans, p. 181 (1966). )

F.G. Mann and B.C. Saunders, Practical Organic Chemistry, 4th edn., ELBS and Longman,
pp-370-371 (1974).

Fritz Feigl, Spot Tests in Organic Analysis, 7th edn., Elsevier, pp. 332-33 (1966).

Edger Lederer and Michael Lederer, Chromatography, 2nd edn., Elsevier, p. 385 (1957).
Goldschmidt and Schmidt, Ber., 18, 568 (1885).

Takuzo Kimijima and Noboru Kishino, J. Soc. Chem. Ind. Japan, 47, 271 (1944).

(Received: 30 November 1994; Accepted: 22 March 1995) AJC-953



