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The kinetics of paracetamol oxidation are first order each in [paracetamol] and [HClO4]. The kinetic study shows that the oxi-
dation proceeds in two steps. The effects of anionic micelles of sodiumdodecyl sulphate (SDS) and complexing agents (ethylene-
diammine tetraacetic acid (EDTA) and 2,2′-bipyridyl (bpy)) were also studied. Fast kinetic spectrophotometric method has been
described for the determination of paracetamol. The method is based on the catalytic effect of manganese(II) on the oxidation of
paracetamol by chromium(VI) in the presence of HClO4 (= 0.23 mol dm−3). Optimum reaction time is 4 to 6 minutes at a tem-
perature of 30◦C. The addition of manganese(II) ions largely decreased the absorbance of chromium(VI) at 350 nm. This reaction
can be utilized for the determination of paracetamol in drugs.
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License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
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1. INTRODUCTION

Spectrophotometric determination of paracetamol in drug
formulations has been the subject of several investigators
[1–8]. Generally, the same principle, that is, oxidation of
paracetamol by metal ion oxidants, has been used for the es-
timation of paracetamol. The official pharmacopeia [9] and
Sultan [10] methods require a 60-minute reflux period and
15 minutes heating of the reaction mixture, respectively. The
main disadvantages of the Sultan method are that high con-
centration (6 mol dm−3) of sulphuric acid and high tempera-
ture (80◦C) are required for the oxidation of paracetamol by
chromium(VI).

The kinetic methods of analysis are highly sensitive,
selective, simple, accurate, and less expensive. In recent
years, several kinetic catalytic techniques have been reported
for the detection of biomolecules [11–13]. In search for
an alternative to those methods in which high sulphuric
acid concentrations are required for paracetamol oxida-
tion by chromium(VI) and to avoid the need for longer
heating at higher temperature, complexing agents (man-

ganese(II), EDTA, and bpy) and anionic and cationic surfac-
tants (SDS and CTAB) were added to enhance the decay of
chromium(VI) absorbance at 350 nm.

2. EXPERIMENTAL

2.1. Reagents and solutions

All the reagents were of analytical reagent grade and all the
solutions were prepared in doubly distilled (first time from
alkaline KMnO4) and CO2 free deionized water. A solu-
tion of paracetamol (99%, Acros organics, NJ, USA) 1.0 ×
10−2 mol dm−3 was prepared by dissolving 0.151 g of parac-
etamol in water, and the solution was diluted to the mark
in 100 cm3 volumetric flask. Stock Solutions of potassium
dichromate (1.0× 10−4 mol dm−3) and manganese(II) chlo-
ride (1.0×10−2 mol dm−3), disodium salt of ethylenediamine
tetraacetic acid (EDTA) (1.0×10−2 mol dm−3), and sodium-
dodecyl sulphate (SDS) (1.0×10−2 mol dm−3) were prepared
in a similar manner. The solution of EDTA was stored in a
polythene bottle as its solution gradually leaches metal ions
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Table 1: Values of pseudo-first-order rate constants for the oxi-
dation of [PCM] (= 1.0 × 10−3 mol dm−3) by [Cr(VI)] (= 1.0 ×
10−4 mol dm−3) as a function of [complexing agents] at 30◦C.

104[Mn(II)]
(mol dm−3)

103kobs1

(s−1)
104[bpy]
(mol dm−3)

103kobs2

(s−1)
104[EDTA]
(mol dm−3)

103kobs3

(s−1)

7.0 1.6 10.0 2.0 10.0 3.1

10.0 2.0 12.0 2.0 14.0 3.9

12.0 2.7 14.0 1.9 20.0 4.1

15.0 3.9 20.0 1.9 26.0 4.1

17.0 4.7 26.0 1.9 30.0 4.2

20.0 7.0 30.0 1.9 34.0 3.1

— — — — 36.0 3.2

— — — — 40.0 3.6

— — — — 40.0 3.0

— — — — 50.0 3.0

Table 2: Effect of temperature on the pseudo-first-order rate con-
stants and activation parameters for the oxidation of paracetamol (=
1.0 × 10−3 mol dm−3) by [Cr(VI)] (= 1.0 × 10−4 mol dm−3). [SDS]
= 10× 10−3 mol dm−3.

Temperature ◦(C)
103kobs (s−1) 103kobs (s−1)

Aqueous SDS

30 1.6 1.9

35 2.2 2.3

40 2.7 3.0

45 2.9 3.4

50 2.8 4.0

55 3.2 4.7

Activation parameters:a

Ea (kJmol−1) 31 28

ΔH# (kJmol−1) 29 26

ΔS# (JK−1mol−1) −298 −297
a With an average linear regression coefficient, r ≥ 0.996, for all activation
parameters.

from glass containers, resulting in a change in the effective
[EDTA], and the solution of K2Cr2O7 was stored in a dark
glass bottle. To maintain hydrogen ion concentration con-
stant, HClO4 (Fisher, 70% reagent grade) was used.

2.2. Kinetic measurements

An aliquot of the components, potassium dichromate and
HClO4, was premixed in a three-necked reaction vessel, ther-
mostated in a water bath at 30◦C for 10 minutes, and the re-
quired volume of paracetamol (thermally equilibrated) was
directly added to the dichromate solution. The course of the
reaction was followed by measuring the absorbance of the
unreacted chromium(VI) ion from time to time at 350 nm
against water, using a spectronic 20-D spectrophotometer.
The pseudo-first-order rate constants (kobs, s−1) were deter-
mined from the linear part of the plots of log (absorbance)
versus time with a fixed-time method. The same procedure
was used to calculate the rate constants in presence of Mn(II),
EDTA, bpy, and SDS.
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Figure 1: Plots of log (absorbance) versus time for the
chromium(VI) + paracetamol reaction. Conditions: [Cr(VI)] =
1.0 × 10−4 mol dm−3; [HClO4] = 0.23 mol dm−3; temperature =
30◦C; [PCM] = 1.0 (�), 2.0 (�), 3.0 (•), and 4.0 × 10−3 mol dm−3

(�). In case of changing [HClO4] and keeping the [PCM] = 1.0 ×
10−3 mol dm−3, similar behavior was observed.

3. RESULTS AND DISCUSSION

It is well known that paracetamol undergoes redox reac-
tion with dichromate in presence of higher H2SO4 amount
(6.0 mol dm−3) to form chromium(III) as the reaction prod-
uct. This reaction is slow, but is sharply increased by the ad-
dition of trace amounts of Mn(II) and EDTA. Therefore, in
order to take full advantage of the role of Mn(II) and EDTA,
the reaction conditions (HClO4, concentration, and temper-
ature) and reagent concentrations (dichromate, paracetamol,
Mn(II), and EDTA) must be optimized. Oxidation of parac-
etamol by dichromate has been studied kinetically as a func-
tion of [PCM], [Cr(VI)], [Mn(II)], [EDTA], [bpy], [HClO4],
and [SDS]. The results are compiled in Tables 1-2 and Figures
1–5.

Figure 1 represents the changes in the log (absorbance)
of dichromate with definite time intervals as paracetamol
concentrations changes. As the perchloric acid is added, it
results in a sudden decrease in the absorbance of dichro-
mate. In order to see the role of [Mn(II)], a series of ki-
netic runs were performed under different experimental con-
ditions (Figure 2). The effect of [PCM] on the reaction rate
was studied in the absence and presence of SDS anionic mi-
celles. The results show that the kobs increase with increas-
ing [PCM] in both media (Figure 3). The effects of HClO4

and temperature on the sensitivity were also studied. Figure 4
shows that the reaction rate increases with [H+] in absence
and presence of SDS micelles. The reaction follows the first,
fractional, and first-order kinetics with respect to [Cr(VI)],
[PCM], and [Mn(II)], respectively. [EDTA] and [bpy] have
zero-order dependence on reaction rate (Table 1). The effect
of temperature on the sensitivity was studied in the range 30–
50◦C. The results show that as the temperature increases, the
reaction rate increases. The value of activation energy (Ea)



Mohammed Ilyas et al. 3

−1.5

−1.2

−0.9

−0.6

A

B

C

D

E

−
lo

g
(a

bs
or

ba
n

ce
)

0 2 4 6 8 10 12

Time (min)

Figure 2: Effect of [Mn(II)] on the plot of log (absorbance) ver-
sus time. Conditions: [Cr(VI)] = 1.0 × 10−4 mol dm−3; [HClO4]
= 0.23 mol dm−3; [PCM] = 1.0 × 10−3 mol dm−3; temperature =
30◦C; [Mn(II)] = (A) 0.0, (B) 1.0, (C) 1.2, (D) 1.4, and (E) 2.0 ×
10−3 mol dm−3.
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Figure 3: Effect of [PCM] on kobs in absence (•) and presence (�)
of SDS. Conditions: [Cr(VI)], [HClO4], and temperature were the
same as in Figure 1. [SDS] = 10.0× 10−3 mol dm−3.

was calculated from the slope of Arrhenius plots (Table 2).
The observation is consistent with the accepted view that a
slow reaction would require a higher energy of activation.

On the basis of above results, Scheme 1 has been pro-
posed for the oxidation of paracetamol by chromium(VI).

In Scheme 1, the reactive species of Cr(VI) and parac-
etamol readily form chromate ester as the first step in the
reduction of Cr(VI) [14]. Chromate ester undergoes oxida-
tive decomposition in the next step (rate determining), lead-
ing to the formation of an intermediate and Cr(IV) [15].
The proposed mechanism is further supported by analysis
of the products. Ammonia has been detected as ammonium
ions in aqueous solution. Benzoquinone and acetic acid were
also detected by the spot tests [16]. Similar products using
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Figure 4: Effect of [HClO4] on kobs in absence (•) and presence
(�) of SDS. Conditions: [Cr(VI)] = 1.0× 10−4 mol dm−3; [PCM] =
1.0×10−3 mol dm−3; [SDS] = 10.0×10−3 mol dm−3; temperature =
30◦C.
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Figure 5: Effect of [SDS] on kobs. Other reaction conditions were
the same as in Figures 1 and 2.

the same oxidant have been also suggested by Sultan [10].
The positive catalytic effect of Mn(II) (Table 1) is due to
a one-step three-electron oxidation of paracetamol directly
to chromium(III). One of the electrons transferred is do-
nated by manganese(II) atom and the other two by parac-
etamol. The observed catalytic effect rules out the possibil-
ity of chromium(IV) formation in the rate-determining step
[17, 18]. In presence of Mn(II), Scheme 1 mechanism can be
modified to Scheme 2.

In presence of Mn(II), the reaction proceeds through
the formation of a termolecular complex between Cr(VI),
paracetomal, and Mn(II) (Scheme 2) [19] because the direct
oxidation of Mn(II) by chromium(VI) is thermodynamically
unfavorable [20]. The positive catalytic effect of Mn(II) is
due to a one-step three-electron reduction of chromium(VI),
which is in conformity the reduction of Cr(VI) → Cr(III)
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without passing through formation of Cr(IV) as an inter-
mediate. Table 1 shows the effect of EDTA and bpy on the
reaction rate. It was found that whereas the reduction of
paracetamol by chromium(VI) is slow, reduction in pres-
ence of EDTA/bpy at a similar concentration is fairly fast.
It should be emphasized here that the complexing agents
(EDTA and bpy) themselves are resistant to oxidation under
the exact conditions employed. Addition of even small quan-

CH3

CNH

O

HO

HCrO3
++ H2O

H2CrO4

H+

H2O=
= Surfactant monomer SDS

Scheme 3

tity of these complexing agents gives a pronounced rate en-
hancement. EDTA gives a higher rate than bpy for the same
concentrations.

Micellar catalysis has received considerable attention in
view of the analogies drawn between micellar and enzyme
catalyses [21, 22]. Micelles increase rates of bimolecular re-
actions by concentrating both the reactants at their sur-
faces. Electrostatic-, approximation-, and medium-effects
are responsible for the incorporation of reactants into or
onto a micelle. In order to verify the role of micelles
on the paracetamol oxidation by chromium(VI), cationic
and anionic micelles were chosen. Preliminary observations
showed that a reaction mixture containing chromium(VI) (=
1.0×10−4 mol dm−3), paracetamol (= 1.0×10−3 mol dm−3),
HClO4 (= 0.23 mol dm−3), and cationic micelles of CTAB
became turbid. Therefore, the investigation was confined to
verify the effect of anionic SDS micelles. HClO4 is a strong
acid which completely dissociates in H+ and ClO−

4 . In pres-
ence of cationic surfactant (CTAB), there are electrostatic
interactions between the positive head group of cationic
micelles and perchlorate ions, which form water insoluble
species.

Figure 5 shows the effect of SDS anionic micelles on
the sensitivity for the range 5.0 × 10−3 mol dm−3 to 40.0 ×
10−3 mol dm−3. The reaction rate increases with increasing
[SDS] up to ≥30.0 × 10−3 mol dm−3 and remains constant
at higher [SDS]. This may be due to the dilution effect.
Therefore, a final [SDS] of 30.0 × 10−3 mol dm−3 was cho-
sen as the optimum concentration. The role of SDS micelles
in catalysis can be explained by incorporation/solubilizition
of chromium(VI)/paracetamol in the Stern layer of SDS
micelles through electrostatic and hydrophobic interactions
(Scheme 3). These results are in good agreement with our
previous observations [23].



Mohammed Ilyas et al. 5

4. CONCLUSION

Although a number of spectrophotometric methods are
available for the determination of paracetamol, these are gen-
erally associated with some or the other demerits. The use
of chromium(VI) for the determination of paracetamol has
been suggested but the reaction requires a high concentra-
tion of H2SO4 and very high temperature for the complete
consumption of chromium(VI). The results from this study
show that oxidation of paracetamol by Cr(VI) is enhanced in
presence of complexing agents (Mn(II), EDTA, and bpy) and
surfactant. Of these, Mn(II) is the most effective as only 5–10
minutes are required for the completion of the reaction. This
is very significant for any industrial use to avoid or minimize
the use of higher acid concentrations. The present method is
simple, accurate, rapid, economical, and precise.
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