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Ceric·cerium and ortho-cresol have been found to form an 1 : 1 complex with 
~mcu at 440 m~£. The thermodynamic parameters of kinetics of the oxidation have 
been evaluated. The experimental findings are consistent with the JIOIItulate that the 
rate determining step io the reaction involves the dlsproportlonation of a coordinate 
complex formed by the reactants, giving rise to products through free radical formation. 

THE oxidation of cresols by various oxidants in 
different media has been studied previously1 - 9 • 

Literature reveals that the kinetics of oxidation 
of ortho-cresol by cerium(IV) has been almost over­
looked. The present investigation was, therefore, 
undertaken to elucidate the kinetics of ortho-cresol 
oxidation by cerium(IV). 

Experimental 
Materials : The chemical used were either of 

AnalaR or E. Merck G. R. quality. Triple distilled 
water was used throughout the investigation. 

Kinetics measurements : 

Equal volumes (25 ml) of eerie ammonium 
sulphate solution (in 2 N H 2SO,) and ortho-cresol 
solution (in 30% HAc), both of known concen­
tration were brought to the temperature of the 
thermostat and then rapidly mixed. At regular 
intervals, 5 ml samples of the reaction mixture were 
withdrawn into a conical flask containing ice-cold 
water to quench the reaction. The amount of 
unchanged oxidant in the reaction mixture was 
estimated volumetrically with standard Mohr's salt 
solution using 2-4 drops of Ferroin as indicator. 

Stoichiometry and product analysis : 

To study the overall oxidation product, a reaction 
mixture containing a known excess of eerie-cerium 
over the organic substrate was kept for 48 hr. 
The unreacted oxidant was estimated. It was found 
that one mole of ortho-cresol required two mols of 
eerie sulphate for complete oxidation. 
CH8C11H~.OH+2Ce(IV)+Hs0=CH3C8H402 

+2Ce(IU)+3H+ 

It was observed that on mtxmg the reactants, 
the initially yellow colour mixture turns light orange 
in colour which becomes dirty green and ultimately 
the solution becomes blackish brown. The change 
in colour suggests that the oxidation of ortho-cresol 
proceeds through different stages of oxidation. The 
reaction mixture containing one gram of the 
organic substrate was steam distilled after oxidation 
when a yellow compound distilled over. This was 
extracted with ether and crystallised in a vacuum 
desiccator. This compound was identified .as 
p-toluquinone, yield 0.8610 g, m.p. 71°. TLC w1th 
an authentic sample also confirms the product. 
The yield was approx. 75% which is slightly lower 
than the theoretical calculated value. Besides 
this, three unidentifiable products (tlc) were also 
obtained. 

Test for organic free radical : 
Ceric-cerium with many organic substrates have 

been reported to act as redox initiators for vinyl 
polymerisation 1 o-u. though eerie-cerium alone 
can initiate polymerisation of methylmethacrylate 
(MMA). In the present investigation ceric-ceriu~ 
solution, in presence or in absence of organtc 
substrate, was flushed with nitrogen to expel oxygen 
from the system, before the addition of MMA1 ~· 
It was visually observed that the rate of polymen­
sation markedly enhanced and the viscosity increase 
with lapse of time was more in the eerie-cerium· 
ortho-cresol redox system than in the system without 
the organic substrate. No quantitative estimation 
was carried out. 

Complex/ormation: 
It was found that a blackish brown colour 

developed when the oxidant and the organic subs· 
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irate were mixed together. This has a maximum 
optical density of 0.70 in comparision to the optical 
density of 0.16 at .1.m11 o; 440 m,u, of the light yellow 
oxidant. Job's method of continuous variation 16 

showed the formation of 1 : 1 complex. 

Results and Discussion 
It was observed that the rate of oxidation in 

the given range of concentration [Ce(IV) : 0.869-
l.OOXI09M; o-cresol: 12.50-14.28xlO"M] pro­
ceeded satisfactorily at measurable rate, but became 
kinetically immeasurable if an attempt was made to 
increase or decrease the concentration range of 
either the oxidant or the organic substrate. The 
experimental results indicate a significant retarding 
effect of cerium(Ill) specially in the lower concen­
tration of the organic substrate and higher concen­
tration of oxidant. This was further confirmed in· a 
separate experiment in which cerous salt was added 
from outside. The duplicate rate measurements 
were found to be reproducible within±2%. 

The reaction obeys first order rate law with 
respect to cerium(IV) and the organic substrate. 
Because of the limitations of the rate measurable 
concentrations, a large variation in concentration 
of oxidant or organic substrate was not possible 
though the values in any particular run were found 
to be fairly constant. However, the slight deviation 
in values of rate constant in any particular run may 
be attributed to the retarding effect of cerium(III) 
and some side reactions which may progressively 
slow down with the formation of the complex. 

Influence of temperature olt rate coltstant : 
The reaction velocities were measured at four 

different temperatures. The Arrhenius equation was 
found to be valid in the temperature range studied. 
The values of thermodynamic parameters are 
recorded in Table 1. 

TABLE !-EFFECT OF TEMPERATURE ON RATE CONSTANT 
10• [ortho-crefol]-12.50 M; 10' [Ce (IV))=l.O M; 

[HAc]• 30% (v/v); [H.so.)-1.0 M 

Temp. 10• k, L'.S pZ x to• l'.H l'.F t.E 
K min-• e.u. min-• kcalfmol. kcal/mol. kcalfmol. 

298 l.OS±O.OJ -43.89 1.833 6.600 20.280 
303 1.46±0.01 -43.66 2.091 6.590 20.440 7.196 
308 1.68±0.01 -43.81 1.978 6.580 20.690 (mean) 
313 2.30±0.01 -43.63 2.192 6.570 20.840 

The re"Sults of eerie-cerium oxidation of ortho­
cresol are mteresting. The frequency factor for 
unimolecular decomposition processes is usually 
more than 1010 sec- 1 • The low value of the 
frequency factor observed in the present investiga­
tions suggests that the activated complex is more 
rigid than the initial stage. This is also evident 
from the negative value of the entropy of activation. 
This may be compared with the values obtained in 
the case of catecho}l&. This further suggests that 
a free radical is involved in the reaction mechanism. 
In fa~. ~e negative value of entropy of activation 

and high value of the free energy shows that the 
rate of reaction is immeasurably slow but it is 
coupled with low value of activation energy which 
makes the reaction rate measurable. 

I~thibiting effect of sulphuric acid: 

It is observed that the values of rate constant 
decrease on increasing the sulphuric acid concen­
tration. The decrease in rate with increase in 
[H2 SO ~l is due to the existence of various complexes 
in solution (Eq. I) 
CeH -f- x HSO~ ~ Ce(SO~)~-s.: + x H+ ... (1) 

In addition, equilibrium (2) will also be operating 
HSO~ ~ so:- + H+ ... (2) 

The sulphatocerate complex being less active, 
there is retardation as observed. It is reported17 

that if the [sulphate ion] is constant and if [H 2 SO,,] 
is increased above the [sulphate], there will be 
increase in rate as the equilibrium (1) is shifted to 
the left and the equilibrium (2) is negligibly affected. 

It appears that the inhibiting effect observed on 
increasing [H11SO ,] may be mainly due to bisulphate 
ion by forming the species18 H.Ce(S04 )3. 

Effect of solvent composition on rate constant : 
It is observed that the values of rate constant 

increases with increasing percentage of acetic acid. 
This may be attributed to the fact that an. increase 
in acetic acid content decreases the dielectric cons­
tant of the solvent19 and increases the protonation 
which suppresses the formation of bisulpbate ion 
responsible for removing active oxidant species 
from the reaction field. 

Ce(S0.)9 -I-HSO~ ~ HCe(S0.,)3 
Effects of salts on rate constant : 
The effect of inorganic salts on reaction rate was 

found to be insignificant. It was, therefore, not 
felt necessary to keep the ionic strength constant. 

All the experimental observations lead to the 
fact that the reaction proceeds through the forma­
tion of a complex which slowly decomposes to give 
reaction products through free radical. 

fast 
Ce(IV)+ortho-cresol ~Complex 

+ slow 
Products 
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