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Ascorbic acid is a unique polyfunctional compound 
capable of reversible oxidation and reduction that makes 
it suitable as participant of the most important energy-
related processes in living cells [1, 2], a recognized 
antioxidant [3], and an active antidote of free-radical 
processes intensified in pathological situations. 
Ascorbic acid undoubtedly participates in growth, as 
well as vegetative and reproductive differentiation, 
in water exchange processes, regulation of enzymatic 
activity, stimulation of metabolic reactions associated 
with exchange of nucleic acids and protein synthesis, 
and protective responses of plants [4]. It is believed 
that ascorbic acid performs its protective function 
in the aqueous phase on the membrane surface, by 
contrast to lipophilic compounds like α-tocopherol or 
Vitamin E. 

Ascorbic acid is also known [5] as a medium-strength 
inhibitor of oxidation of food fats, as well as an effi cient 
synergist. However, its complexes with transition metals 
accelerate oxidation of the fat phase of foodstuffs, since 
transition metals catalyze autooxidation of ascorbic acid 
[6, 7]. As known [8], metals are the major pro-oxidants 
increasing the redox potential and accelerating oxidation 
of lipids, and ascorbic acid in low concentrations also 
exhibits pro-oxidant properties. Nonenzymatic oxidation 
of ascorbic acid is catalyzed by hydroxy ions and bi- and 
trivalent metals, especially by copper [9]. In a complex 
biologic system Vitamin C is determined as the sum of 
interconverting reduced and oxidized forms of ascorbic 
acid. In this context, of much interest is the behavior of 

ascorbic acid as inhibitor of chain-radical oxidation in 
organic media.                                      

EXPERIMENTAL

As a model system we chose initiated liquid-phase 
oxidation of cumene, the mechanism of whose oxidation 
and all the elementary stages are well understood [10]. 

The cumene oxidation initiated with azodiisobutyro-
nitrile (AIBN) was examined under varied concentra-
tions of ascorbic acid in different media at 75°C. As 
the reaction medium for homophase oxidation we 
used aprotic solvents dimethylsulfoxide (DMSO) and 
acetonitrile, where the spectral characteristics of the 
resulting ascorbic acid species were examined the most 
extensively. Heterophase oxidation was examined in 
a 2:1:1 cumene–acetonitrile–water mixture. In this 
mixture, the organic-to-aqueous phase ratio was 3:1, 
and in a 1:1 cumene–water mixture, 1:1. 

We examined both homo- and heterogeneous 
processes in the kinetic region, where the reaction rate is 
independent of the stirring rate. Figure 1 shows the plots 
of substrate oxidation rate vs. stirring rate. We found 
that, at stirring rates above 4 rps for the system in the 
reactor, the reaction rate is virtually independent of the 
stirring rate. All the subsequent experiments were run at 
the stirring rate 5 rps. 

Figure 2 shows the kinetic curves describing homo- 
and heterogeneous oxidation of cumene with oxygen 
in the presence of identical amounts of ascorbic 
acid [AA] = 5.00 × 10–3 M. In all cases we observed an 
inhibition effect. 
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As known, a conjugate interconverting redox pair, 
ascorbic acid and dehydroascorbic acid, inhibit free-
radical processes. 

In heterophase oxidation of cumene, with water and 
acetonitrile–water mixture as solvent, an increase in 
the ascorbic acid concentration caused both the process 
rate and the induction period to decrease relative to 
those for homophase oxidation in acetonitrile and 
dimethylsulfoxide. 

Upon introduction of ascorbic acid into the system 
under homo- and heterophase conditions, an increase in 
the ascorbic acid concentration caused both the initial 
oxidation rate and that after completion of the induction 
period to decrease (see table). 

We examined chain-radical oxidation of cumene in 
aprotic polar media under varied inhibitor concentration. 
The medium did not substantially affect the oxidation 
rate under homophase conditions with acetonitrile and 
DMSO as solvents. However, a change to a different 
solvent markedly affected the induction period. With 
increasing ascorbic acid concentration in DMSO the 
induction period increased, though differently from the 
case of acetonitrile. The plot of the induction period vs. 

ascorbic acid concentration in DMSO and acetonitrile is 
represented by a curve reaching saturation (Fig. 3). 

The solubility of ascorbic acid in acetonitrile was 
experimentally estimated at 1.02 × 10–2 M, and in 
cumene ascorbic acid is virtually insoluble. A nonlinear 
variation of the induction period with the ascorbic acid 
concentration in the system with acetonitrile can be due 
to achievement of the limiting solubility of ascorbic acid 
in it.

Fig. 1. Rate of initiated oxidation of cumene W[O], mol l–1s–1, 
in the heterophase system vs. stirring rate. Organic phase:
aqueous phase=1:1.
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Fig. 2. Kinetic curves of initiated oxidation of cumene V(O2), ml, under homo- and heterogeneous conditions in the presence of ascorbic 
acid. [AIBN] = 2.00 × 10–2 M, 75°C; the same for Figs. 3, 4. (τ) time, min; the same for Fig. 4. (1) Without and (2) with ascorbic acid 
(5.00 × 10–3 M).  (a, b) Heterogeneous conditions: (a) cumene–water (1:1) and (b) cumene–acetonitrile–water (2:1:1), and (c, d) homo-
geneous conditions: (c) cumene–acetonitrile (1:1) and (d) cumene–dimethylsulfoxide (1:1).  
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Within the concentration range examined (10–3 – 
10–1 M) ascorbic acid is completely dissolved in DMSO. 
However, the induction period still varies nonlinearly with 
the ascorbic acid concentration in the system with DMSO. 
At the same time, the induction period is independent of 
ascorbic acid concentrations above 10–2 M. At ascorbic 
acid concentrations in DMSO within 10–2 –10–1 M the 
kinetic curve of oxidation exhibits a change in its run 
(Fig. 4). No inhibition effect in observed in the initial stage 
of the process, though at such inhibitor concentration 
there should still be a long induction period.  

The above-said suggests that, whatever the solvent, 
the antioxidant properties of ascorbic acid are determined 

* For processes run without ascorbic acid.

Induction period and oxidation rate after completion of the in-
duction period for homo- and heterophase initiated oxidation 
of cumene [AIBN] = 2.00 × 10–2 M, [AA] = 5.50 ×10–3 M, 
75°C
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Fig. 3. Induction period τ, min, vs. ascorbic acid concentration 
[AA], M, for initiated oxidation of cumene in aprotic medium: 
(1) acetonitrile and (2) dimethylsulfoxide. 

Fig. 4. Kinetic curves of initiated oxidation of cumene [O2], 
M, in dimethylsulfoxide in the presence of varied concentra-
tions of ascorbic acid: (1) without and (2–5) with inhibitor in 
concentration of, M: (2) 0.96 × 10–2, (3) 2.55 × 10–2, (4) 4.06 × 
10–2, and (5) 6.68 ×10–2.

by its concentration in the system. The cumene oxidation 
process is inhibited most effi ciently at ascorbic acid 
(inhibitor) concentrations of up to 10–2 M. 

We followed the oxidation kinetics by gas volumetric 
method via measuring the oxygen uptake at a constant 
temperature of 75°C and constant partial oxygen pressure 
of 760 mm Hg on a setup described previously [11]. 
Azodiisobutyronitrile, cumene, dimethylsulfoxide, and 
acetonitrile were purifi ed by the procedure described in 
[12]; we used double-distilled water and ascorbic acid 
according to FS (Federal Standard) 42-2668-89. Also, 
we determined the quality indicators of ascorbic acid; the 
specifi c rotation was estimated at +20.9 ± 0.4. 

CONCLUSIONS

(1) Examination of azodiisobutyronitrile-initiated 
heterophase oxidation of cumene with oxygen in the 
presence of ascorbic acid showed that the oxidation 
process is weakly affected by the composition of the 
heterogeneous system.  

(2) The plots of the induction period vs. ascorbic 
acid concentration in the system with dimethylsulfoxide 
and acetonitrile suggest that this is a process attaining 
saturation. 

(3) The optimal range of ascorbic acid concentrations 
in the reaction mixture was elucidated where it exhibits 
the strongest inhibition effect in chain-radical oxidation 
of hydrocarbons in organic media.
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