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ABSTRACT

The present work reports on degradation of para aminophenol (PAP) using potassium
monopersulphate (PMS) as oxidizer without using any catalyst. All the factors affecting the
degradation were studied. The kinetic and thermodynamic results showed that for the oxidation
of 25 mL of reaction mixture in which concentration of PAP was 0.0001M, the optimal conditions
were- volume of PMS = 5mL (0.01M), temperature = 32-38 oC and pH = 6.5-7.0. The UV and IR
spectra of the results revealed the formation of benzoquinone as product.
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INTRODUCTION

The largest source producers of non-biodegradable
pollution are pharmaceutical compounds and
antibiotic residues, which affect the aquatic life
(Kadji et al., 2017; Aissani-Benissad et al., 2016; Madi
et al., 2018; Aissani-Benissad et al., 2013; Fourcade et
al., 2013). When concentration of these molecules
ranges from 1-100 mg/L, which is comparatively
much high than the detected concentration in the
environment, acute toxicity is observed on aquatic
and terrestrial organisms and wildlife (Amrane et al.,
2019). The concentration reported for
pharmaceutical compounds is from nanogram/L to
microgram/L. The concentration of paracetamol in
sewage treatement plant effuents in Spain and Korea
has been observed at 0.22 and 6.8 mg/L and in
South Korea and France, it is at 0.33 and 0.071 mg/
L (Agüera et al., 2012; Aguilar et al., 2012). Para
aminophenol (PAP) is considered to be aniline’s
aromatic ring-hydroxylated metabolites. A vast
research work has been focused on PAP, since it is a
metabolite for acetaminophen, most widely used
analgesic. Unfortunately, it damages the S3 segment
of proximal tubule in kidney and is nephrotoxic. It is
acutely nephrotoxic in rats, for example F344 rats,
Long-Evans rats and Sprague-Dawley rats (Calder et
al., 1971; Green et al., 1969). PAP is a major

component used in preparation of paracetamol, an
analgesic and anti-pyretic drug, in pharmaceutical
industries. Hundreds of tons each year is consumed
by Scandinavian countries (Brorström Lundén et al.,
2009). According to the reports of Togola and
Budzinski (2008), treated waste water effluents
contain paracetamol as high as 200 mgL-1. Due to its
discharge to the environment, its concentration is
highest compared to other pharmaceuticals (Cren-
Olivé et al., 2011). The residual paracetamol has
adverse effects on aquatic life (Boxall, 2008). In order
to oxidize paracetamol in aqueous solutions,
advanced oxidation processes have applied.
Methods like H2O2/UV (Andreozzi et al., 2003),
ozonation (Andreozzi et al., 2003; Arias et al., 2006),
anodic oxidatives (Arias et al., 2005), oxidation by
photocatalyst (Ray et al., 2009) etc. are the methods
used for degrading paracetamol. Besides AOP
techniques, pulsed corona discharge, a non thermal
plasma method has a potential for degrading
paracetamol (Hatakka et al., 2013). To degrade
recalcitrant organic pollutants AOPs again become
more common way. The oxidants involve in these
processes like oxygen, ozone and peroxides such as
H2O2, HSO5

- and S2O82-, can completely degrade
pollutants to harmless substances (Grübel et al.,
2017; Duan et al., 2015). The use of sulphate radical
for degradation of PAP or paracetamol gained a
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growing attention. Generation of sulphate radicals
by thermoactivated peroxydisulphate process
having a longer lifetime (30-40 ms) than hydroxyl
radical (10-3 ms) (Kadji et al., 2017; Aissani-Benissad
et al., 2016; Mahvi et al., 2015). The mentioned range
of pH could be 3-8. Sulphate radicals have high
selectivity (Quan et al., 2010). In presence of electron
withdrawing group, the electrophilicity of sulphate
radicals is high [Carter, et al., 2016; Crimi et al., 2010).
Various methods have been used in which
acetaminophen has removed by using sulphate
radicals like Fe2+/CuO/PDS (Zhang, et al., 2018),
Fe2O3/Cu2O/PDS (Hong et al., 2017), Fe0/PDS (Lu
et al., 2019), bicarbonate/PDS (Feng et al., 2018),
Fe2+/PDS (Lu et al., 2017), pyrite (FeS2)/PDS (Deng
et al., 2014), etc.

Oxone is a very strong oxidizing agent and
produces HSO5- ions. In present work, we had
investigated the oxidation of para aminophenol by
potassium monopersulphate, salt of caro’s acid
without any use of catalyst. In this order, optimum
conditions for degradation were tried to be found
and the results are discussed and compared.

NOVELTY AND LIMITATIONS

Although various chemical and adsorptive methods
have been used for removing the pollutant PAP, but
it’s kinetic study of removal by using oxone is not
found in literature. Oxone readily oxidizes PAP into
product benzoquinone. The process is un-catalysed.
Furthermore, non-toxic and easily available
chemicals were used for present work.

Although the present work is very rapid and
accurate, but still it has some limitations, which are
as follows-
• Maximum decomposition of PMS in phosphate

buffered medium, favoured in either slightly
acidic or neutral condition (Donald et al., 1955)
at 33.2 oC.

• The concentration of buffer must be high, since
the product H2O4

-, after decomposition of PMS,
is much stronger acid than the reactant HSO5-.

• Highly concentrated buffer maintains the
constant pH of the reaction mixture.

The concentration of [PMS] must be at least 20
times higher than [PAP].

MATERIALS AND METHODS

Materials

The target compound: Para aminophenol (C6H7NO,

99% pure) was obtained from Alfa Aesar.
Other chemicals such as PMS

(peroxomonosulphate) was Sigma Aldrich make. It
was supplied in the form of triple salt
2KHSO5'KHSO4'K2SO4 (oxone). Potassium
dihydrogen orthophosphate (KH2PO4), sodium
hydroxide (NaOH), acetone and sodium chloride
(NaCl) were obtained from Fischer Scientific. All of
them were of AR grade. Triply distilled water was
used during all the experiments. All the solutions
were freshly prepared before use.

Apparatus

The spectra of the reaction mixture was obtained
with UV-VIS spectrophotometer (SYSTRONICS-
118). IR spectra of degradation of PAP was recorded
on SHIMADZU FTIR-8400S within the wavelength
range 4000-400 cm-1 at room temperature. pH of the
reaction mixture was maintained by using
SYSTRONICS-Digital pH meter - 335.

Preparation of buffer

Potassium dihydrogen orthophosphate buffer of
0.5M strength having pH 4.0, was prepared in
100mL volumetric flask. 6.8045 g of KH2PO4 was
dissolved in triply distilled water and made up to
100 mL in a volumetric flask. The pH of this buffer
was maintained to be 7.0 by using sodium
hydroxide solution, prepared by dissolving NaOH
pellets in triply distilled water.

RESULTS AND DISCUSSION

Pathway of degradation of PAP: PAP degradation is
shown in Fig. 1. Absorption spectra for the reaction
mixture was recorded at different time intervals for
240 minutes in order to identify the intermediates. In
absence of PAP i.e. when reaction mixture contained
only peroxomonosulphate with phosphate buffer,
comparatively weak absorption spectra was
observed near by 200 nm as PAP was added, a red
shift compared to PMS and buffer mixture, was
observed which indicates the initiation of the
formation of product. After proceeding reaction for
240 minutes, absorbance at this particular
wavelength in visible range, i.e. 395nm, was
increased sufficiently.

The IR spectra of degradation of PAP shows the
disappearance of strong double peaks at 1500 cm-1

confirmed the cleavage of the phenyl ring (Min et al.,
2007). Moreover, peaks at 3128.64, 1708.99, 1634 and
893.07 indicated C-H stretching of an alkene, C=O
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stretching for cyclohexanone, C=C stretching for
disubstituted cis form and C-H bending for 1,2-
disubstituted carbons. This data resembles with the
structure of the major product benzoquinone.

Order with respect to PAP and PMS: The effects of
all parameters were carried out with [PAP] < [PMS],
except for the determination of order with respect to
substrate, i.e. PAP. For these conditions, the orders
with respect to PMS and PAP were found to be
fractional as ~ 1.5 and 0.8. The slope of log kobs and
log [PMS] gave the order with respect to [PMS],
shown in Fig. 2, while slope of log kobs and log [PAP]
gave the order with respect to PAP, shown in Fig. 3.

In the present study, in aqueous acidic medium,
PMS exists probably as HSO5

– ion. Since PMS and
PAP are having fractional order, hence a complex
may form between them which readily converted to
product benzoquinone and some other by products.
It was observed that [PAP] had a negative effect,
whereas [PMS] had a positive effect on the yield of
degradation of PAP. Since the sulphate radicals
(SO4

.–) generated after decomposition of PMS in
phosphate buffer, are very reactive species, hence
their accumulation in the medium do not take place.
So, a stationary state was attributed for these
radicals, due to which a pseudo fractional order
kinetics was assumed. Hence these results form the
basis of our further study for working out various
results with varying concentrations and conditions
of the reaction under study.

Fig. 1. UV-VIS absorption spectrum of uncatalyzed PAP
degradation by PMS. (a) Absorption spectrum of
[PMS] + phosphate buffer, (b) absorption spectrum
of [PAP] + [PMS] + phosphate buffer on initiation
of the reaction, (c) absorption spectrum of [PAP] +
[PMS] + phosphate buffer after 4 hours of the
initiation of the reaction.

Fig. 2. Plot of log kobs versus log [PMS] [PAP] × 104 = 1 M,
pH = 7.0, T = 32 oC, max = 395nm

Fig. 3. Plot of log kobs versus log [PAP]  [PMS] × 104 = 1
M, pH = 7.0, T = 32 oC, max = 395 nm

pH Variation: The pH variation is shown in Fig. 4. It
was carried out from pH 4.0 to 10.0. At low pH, the
absorbance was not constant, but as the pH was
made neutral, the oxidation was found to proceed in
a systematic manner. It was observed that rate
constant shows an abrupt rise at pH 6.0. Although at
pH 6.5, the value of rate constant decreased but the
rate of oxidation of PAP was found to be maximum.
The rate constant was found to be maximum at pH
7.0. After this the rate of reaction decreased abruptly.
The maximum value of rate constant at pH 7.0 can
be attributed to the stability of mono persulfate ions
[HSO5

-] (United-initiators, 2017). In pH range 6.0 to
7.0, the salt of Caro’s acid, i.e. potassium mono
persulfate principally exists as HSO5

– ion and
follows first order kinetics in potassium dihydrogen
phosphate buffer (Donald et al., 1955). At this pH,
ionization must be at its peak, due to which, bulk of
mono persulfate  ions were produced [United-
initiators, 2017). As the pH of reaction mixture was
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increased from 7.0, the stability of HSO5- ions
decreased and hence rate was decreased. It may be
due to non first order decomposition of PMS.
Moreover, phosphate buffer was more favourable in
acidic condition rather than basic. Hence, it can be
concluded that the oxidation process of para
aminophenol by using PMS was favoured either in
slightly acidic condition or in neutral condition but
not in basic (Donald et al., 1955).

Fig. 4. Effect of the solution pH on degradation of PAP by
uncatalyzed oxidation by PMS. Conditions: [PAP]
× 104 = 1M, [PMS] × 103 = 2M, T = 32 oC, max =
395nm

Temperature Variation: Experiments were
performed in a series to assess the optimum
temperature for the degradation. For this, the
temperature of reaction mixture varied from 25 to 40
oC. It was observed that although oxone had some
decomposition rate below 32 oC, but the activation
energy required for the reaction was not enough to
proceed the degradation in a systematic manner. As
the temperature reaches 32 oC, oxone decomposed
with a maximum rate. The rate constants observed
for this process are illustrated in Table 1. Since
phosphate buffering medium enhance the
degradation at low temperature (Donald et al., 1955),
hence the variation was allowed at low temperature,
below 40 oC.

The results demonstrate that as the temperature
increases the rate of degradation of PAP also
increases. The apparent activation energy was
calculated to be 159.92 kJ/mol. This was comparable
to other compounds that were degraded by using
oxone. For example, activation energies for glycine
and alanine were 112.13 kJ/mol and 101.67 kJ/mol
(Easwaramurthy et al., 2007). An Arrhenius plot is
shown in Fig. 5.

Table 1.

[PAP] Temperature kobs (sec-1) × 103 R2

(M) (oC)

0.0001 32 1.151 0.980
34 1.727 0.999
36 3.378 0.990
38 4.184 0.990

Fig. 5. Plot of Log kcat versus 1/T for PAP degradation by
uncatalyzed peroxo monosulphate oxidation
process.  Conditions: [PAP] × 104 = 1M, [PMS] × 103

= 2M, pH = 7.0, max = 395nm

Effect of Ionic Strength

The effect of ions on the degradation process was
measured by varying the concentration of
phosphate ions from 0.1M to 0.4M. It was observed
that the rate of degradation is affected slightly. It
may be due to the dipolar nature or zwitter ionic
nature of PAP, which reacts with HSO5

- (an ionic
species) (Amis, 1966) in the reaction mixture
buffered by phosphate. Moreover, it can be
concluded that change in concentration of
phosphate ions, does not affect the rate in very much
extent, as high ionic strength is necessary for present
study (Donald et al., 1955). The graph is shown in
Fig. 6.
Effect of Dielectric Constant: PAP exists as a neutral
molecule in a solution, since it is a zwitter ion. Here,
the graph had a negative slope, which depicts the
reaction between an anion, i.e. HSO5- from PMS and
PAP. Secondly, the dielectric constant of the medium
had a positive effect on degradation of PAP. This
may be due to the larger radius of the species
formed in the transition state than the radius of
HSO5

- ion. The factor responsible for this
intermediate state formation is electrostatic force of
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Fig. 6. Effect of Ionic strength on reaction rate [PAP] × 104

= 1.0 M, [KHSO5] × 103 = 2.0 M, pH = 7.0, max =
395nm, T = 32oC

attraction between them. The graph is shown in
Fig. 7.

Comparative Review : Various methods have been
reported which deal with removal of pollutants by
generating sulfate radicals (Zhang et al., 2018; Hong
et al., 2017; Lu et al., 2019; Feng et al., 2018; Lu et al.,
2017; Deng et al., 2014). These methods can be
compared with the present study in Table 2, since it

Fig. 7. Effect of Dielectric constant on reaction rate
[PAP] × 104 = 1.0 M, [KHSO5] × 103 = 2.0 M, pH =
6.5, max = 395 nm, Temp.= 32 oC

Table 2.

Authors Target compound Activation energy

Rayappan S M et al. Glycine (Easwaramurthy et al., 2007). 112.13 kJ/mol
Rayappan S M et al. Alanine (Easwaramurthy et al., 2007). 101.67 kJ/mol
Ji et al. Atrazine (Dong et al., 2015) 97.98 kJ/mol
Tan et al. Diuron (Deng et al., 2012) 166.7 + 0.8 kJ/mol
Ghauch et al. Naproxen (Ghauch et al., 2015) 155 + 26.4 kJ/mol
Ghauch et al. Bisoprolol (Ghauch and Tuqan, 2012) 119.8 + 10.8 kJ
Present study Para aminophenol 159.92 kJ/mol

also involves the reaction between sulfate radicals
and PAP during the reaction.

CONCLUSION

The aim of this research was to degrade PAP by non-
toxic PMS without using any catalyst. As defined
earlier, as the temperature was increased,
degradation of PAP also increased. Initial
concentration of PAP had a negative and PMS had a
positive effect on degradation process. Hence, for 25
mL reaction mixture, the optimal conditions to
degrade PAP (0.0001M) were as follows: volume of
PMS was 5mL (0.01M), temperature was 32-38 oC
and pH was 6.5-7.0.
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