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ABSTRACT

A spectrophotometric method has been proposed for
the direct determination of p-aminophenol (p-Amp). The
method includes diazotisation of p-Amp using an excess
of sodium nitrite and in the presence of hydrochloric acid,
and after destroying the remaining nitrous acid by adding
sulphamic acid, then the produced diazonium salt coupled
with the reagent 4-chlororenocinol (4-Chlr) in an alkaline
medium of sodium hydroxide to form a water-soluble azo
DOI: dye that gives the highest absorption at the wavelength of
10.33899/rjs.2022.172930 488 nm. The linear range that follows Beer's law was
from 0.5 to 15 pg/ml. The value of the molar absorptivity
was 1.9905x10* I/mol. cm. After investigation of the
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INTRODUCTION
p-Aminophenol is an important organic compound. Its slightly hydrophilic character, moderately
soluble in alcohols, and it oxidizes readily. The IUPAC Name is 4-aminophenol(H,NC¢H,OH) and
has the following structure (Scheme 1) (Mitchell and Waring, 2002).
OH

R, M.Wt =109.128 g/mol

Scheme 1: The structure of p-Amp.

Paracetamol (acetaminophen) is the safer analgesic and is used as a single drug or combined
with other drugs in various formulations (tablets, injection, syrups, and suppositories (British
Pharmacopeia, 2009). Paracetamol is undergoing acid or basic hydrolysis to produce p-Amp)
(Younis and Othman, 2018).

Several techniques or methods were proposed and listed in literature for estimating p-Amp as
pure or the result from acidic or basic hydrolysis of paracetamol. These methods included HPLC)
(Satinsky et al., 2013; Crevar et al., 2008; Khosroshahi et al., 2016), electrochemical (Jamal et al.,
2004; Singh et al., 2019), flow injection (Bloomfield, 2002), fluorometric (Dejaegher et al., 2008).
A large number, not a few, of spectrophotometric methods have been used according to their
simplicity and availability of their requirements of different devices and a large number of reagents
that can interact with the two functional groups (hydroxyl and the amine) of the compound under
study. The spectrophotometric methods included various types of reactions such as diazotization of
p-aminophenol resulted from hydrolysis of paracetamol then coupling with a various coupling
agent such as 4 [(2-amino-1, 3thiazol-4-yl) amino] nitrobenzene (Abbas et al., 2020), histidine
reagent in alkaline medium (Alubaidy et al., 2019), 1-naphthol (lorhemen et al., 2017), 2, 7-
dihydroxy naphthalene in alkaline medium (Younis and Othman, 2018), hydroxyl analog of the
pharmaceutical naproxen (Mahmood, 2020), phloroacetophenone in an alkaline medium
(Othman, Zakaria, 2007). The oxidative coupling methods have been used with a different reagents
such as using N-(1-naphthyl) ethylendiamine dihydrochloride in presence of potassium iodate
(Othman and Zakaria, 2009), and 2, 5-di-hydroxy benzaldehyde in presence of potassium periodate
as oxidizing agent (Younis and Othman, 2018), oxidation and bleaching color of dye: oxidation
with N-bromosuccinimide and bleaching color of rifampicin (Younis and Othman, 2019), with N-
bromosuccinimide and bleaching color of Eriochrom Black-T (Al-Sabha and Al-Gubouri, 2020)
and the Schiff bases formation also presented (Mohamed et al., 2021).

The present research included a spectrophotometric method for estimation of p-amino phenol
in aqueous solution using diazotization and coupling with 4-Chlir as a coupling reagent in alkaline
medium and an application part included determination of paracetamol in different pharmaceutical
formulations.

EXPERIMENTAL
Apparatus

Spectrophotometric measurements and absorption spectrum were carried out using a Jasco V-
630 spectrometer. Glass and quartz cells were used with a 1 cm light bath. The acidity function of
the solutions was measured using the HANNA pH 211 microprocessor pH meter and also using a
BEL-type sensitive balance.

Chemicals used

All chemicals used are in a high degree of purity.
Solutions used
Para-aminophenol solution (100 pg/ml)

This solution was prepared by dissolving 0.0100 g of the pure p-Amp in 5 ml of ethanol, then
transfer to a volumetric flask of 100 ml and the volume completed to the mark with distilled water.
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4-Chlororesorcinol solution (0.1%)

0.1 g of 4-Chlr is dissolved with distilled water in a volumetric flask of 100 ml.
Other solutions

The aqueous solutions were prepared by weighting the accurate weight and dissolved in
distilled water in volumetric flasks, these solutions included:
1% sodium nitrite, 3% sulphamic acid and 1M sodium hydroxide, and alsolM hydrochloric acid
was prepared by suitable dilution of concentrated acid.

Pharmaceutical Preparations Solutions
Paracetamol tablets

10 tablets (each tablet contains 500 mg of paracetamol) carefully crushed after weighing each
one. A 0.327 g of the powder of paracetamol which is equivalent to 0.250g of pure paracetamol
weighed and dissolved in ethanol (10 ml), then add 75ml of distilled water, filtered into a
volumetric flask of 250 ml and complete with distilled water to the mark. Transferred 150 ml to
round bottom flask with 25 ml of concentrated hydrochloric acid and placed for a process of reflux
for one hour. Then cooling the solution, and neutralized the solution by adding 20% sodium
carbonate and diluted to 250 ml with distilled water (Othman; Zakaria, 2007). A dilution from the
above solution to prepare solution with a concentration of 100 pg /ml.

Paracetamol Injection Solution

A solution with a concentration of 100 ng / ml was prepared by drawing a volume of 2.09 ml
(equivalent to 0.250 mg) from an injection containing 600 mg in every 5 ml, mixed with 25 ml of
concentrated hydrochloric acid and placing it in a round bottom flask for a process of reflux for an
hour. A similar procedure cited above for the preparation of paracetamol tablet solution has been
followed and a solution of 100 pg / ml was prepared, and different volumes were taken from the
final solution to obtain diluted concentrations.
Procedure and Calibration Curve

The standard curve was prepared by adding 0.6 ml of hydrochloric acid solution(1M) to
various volumes of p-Amp (50 pg/ml) into a series of volumetric flasks of 10 ml to cover the
concentration range from 0.5 to 15 pg/ml then 0.1 ml of sodium nitrite solution (1%), wait for 1
minute with shaking, then add 0.2 ml sulphamic acid (0.3%), waiting for two minutes with shaking,
followed by adding 2 ml of 4-Chlr reagent (0.1%), and 1 ml of 1M of sodium hydroxide solution.
Then, the absorbance was measured at 488 nm after dilution with distilled water to the mark. The
linear range of the concentration is 0.5 to 15 pug/ml and there is a negative deviation from Beer's law
after the upper limits Fig._(1). The value of the determination coefficient of the standard curve was
0.9963, which statistically indicates that it has excellent linear characteristics, and the molar
absorptivity was is equal to 1.9905x10* | /mol.cm and Sandell's index value is 0.00548ug/cm?,
which indicates the high sensitivity of the method. Limits of detection (LOD) and limit of
quantitation, LOQ were calculated and equal to 0.016 pg/ml and 0.054 pg/ml respectively.
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Fig. 1: The calibration curve for determination p-Amp via the suggested method.

Preliminary Study

The absorption spectrum of the colored product formed as a result of the coupling of the
diazotised p-aminophenol (D-p-Amp) with 4-Chlr was studied. From adding 0.5 ml of NaNO, (1%)
to Sug of p-Amp and 0.5 ml of hydrochloric acid (1M) and left for 3 minutes and, then destroyed
the remaining HNO; by adding 0.3 ml of sulphamic acid with 3 minutes waiting, then add 1 ml of
4-Chlr (0.1%) and 0.5 ml 1M NaOH, then with distilled water completed the volume to the mark
and leaving the solution for 5 minutes at room temperature. The resulting spectrum of the orange
azo dye versus the blank solution gave maximum absorption at the wavelength of 488nm., and it
was fixed and used in the subsequent experiments.

RESULTS AND DISCUSSION
The determination of p-Amp, subsequent experiments were carried out using 1 ml of 50 pg/ml
p-Amp solution in a final volume of 10 ml, and the absorbance of the solution was measured at the
wavelength of 488 nm against the blank solution.

Optimal Conditions
Choosing the acid used in the diazotisation

Several acids used in the diazotisation reaction were studied, and through the results listed in
(Table 1), it was found that hydrochloric acid is the best it gave the highest absorbance for this, it
was used in subsequent experiments.

Table 1: Chose the type of acid used in the diazotization

: Absorbance /min. standing time
Acid used ) max -
(1M) Absorbance (nm) AL
Immediately 10 30
HCI 0.667 488 187 0.665 0.667 0.664
H,SO, 0.638 489 188 0.634 0.638 0.625
CH3COOH 0.587 488 187 0.585 0587 0.574

*Color contrast.
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The effect of volume of hydrochloric acid on the intensity of azo dye has been studied, the
results show that 0.6 ml of 1MHCI gives the highest absorbance of the formed azo dye. Therefore,
the volume was fixed in subsequent experiments.

The Effect of Sodium Nitrite and Standing Time

The effect of sodium nitrite amount was studied, by adding various volumes of sodium nitrite
from 0.05 to 0.5 ml and flasks were lifted for a different period time before adding sulphamic acid
and the results are listed in (Table 2).

Table 2: Effect of the amount of sodium nitrite and the time of diazotisation.

ml of Absorbance / minute standing time
1%NaNO, 0 1 2 3 4 5
solution
0.05 0.885 0.892 0.875 0.865 0.842 0.805
0.1 0.907 0.919 0.915 0.909 0.865 0.825
0.3 0.713 0.717 0.703 0.625 0.618 0.607
0.5 0.710 0.712 0.715 0.725 0.621 0.610

The results in (Table 2) show that the optimal volume of sodium nitrate is 0.1 ml and it needs 1
minute as a time required to complete the formation of the diazonium salt.

Studying the Effect of Sulphamic Acid and Standing Time

The unreacted HNO; is undesirable according to side reactions, so that it must be removed via
adding increased volumes of (0.2-0.4) ml of 3%sulphamic acid (Othman and Sultan, 2014), the
results illustrated in (Table 3).

Table 3: Effect of the amount of sulphamic acid and time

ml of 3% Sulphamic acid Absorbance/ minute standing time
solution 0 2 4 5 7
0 $=0.876 0.874 0.870 0.865 0.852
B=0.116 0.119 0.123 0.133 0.152
0.2 $=0.921 0.927 0.866 0.823 0.759
' B=0.006 0.009 0.007 0.010 0.011
03 $=0.907 0.914 0.857 0.812 0.780
' B=0.009 0.005 0.008 0.010 0.020
04 $=0.491 0.490 0.484 0.480 0.475
' B=0.013 0.013 0.015 0.016 0.018

From the results shown in (Table 3) the optimal volume of sulphamic acid is 0.2 ml with a
time of 2 minutes is enough to destroy the excess HNO;(equation 1) and the volume and time were
used in subsequent experiments.

HNO,+ H)NSO3;H —> N,|+ H,SO, + H,O .....Equation 1

Effect of 4-Chlr Reagent Amount

The effect of the amount of coupling reagent (0.1% 4-Chlr) was studied, different volumes
from 0.5 to 2.5ml were added and with different amounts of p-Amp from 1-15 pg/ml and the results
as shown in Table 4.
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Table 4: Effect the amount of 4-Chlr reagent on the absorbance of the azo dye

Absorbance/pg of
ml of Coupling p- aminophenol present / ml )
agent (0.1%0) R
1 2.5 5 10 12.5 15
0.5 0.150 | 0.374 | 0.748 | 1.128 | 1.497 | 1.914 | 0.9860
1 0.185 | 0.462 | 0.925 | 1.473 | 2.063 | 2.178 | 0.9830
15 0.183 | 0.458 | 0.916 | 1.549 | 2.073 | 2.169 | 0.9860
2 0.190 | 0.476 | 0.952 | 1.667 | 2.083 | 2.500 | 0.9980
2.5 0.171 | 0.428 | 0.856 | 1.326 | 1.958 | 1.752 | 0.9400

According to the results in (Table 4) a volume of 2 ml of the reagent 4-Chlr was chosen. This
volume gave the highest value of the absorbance of the formed azo dye and the highest value of the
determination coefficient.

The Effect of the Base Type
The effect of different types of the base on the adsorption of azo dye has been studied. The
obtained results are illustrated in (Table 5).

Table 5: Choosing the type of the base

Type of Base used (1M) Absorbance pH
NaOH 0.954 12.30
Na,CO; 0.855 9,78
NaHCO; 0.243 7.6

The results listed above showed that the reaction needs a strong alkaline medium and sodium
hydroxide is giving the colored product with the highest absorbance. Also, the volume of sodium
hydroxide solution has been studied. The results showed that 1 ml of 1M NaOH gave the highest
absorbance, and therefore it was used in subsequent experiments.

Solvent Effect
The effect of solvents of different polarity on the absorption spectrum of azo dye was studied
by dilution with various organic reagents and compared with water Fig. (2).
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Fig. 2: Spectrum of the azo dye using different dilution solvents.
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The results cited in Fig. (2) show that the organic solvents ethanol, methanol, normal butanol,
and formic acid give higher absorption than distilled water, but due to the economic advantage, the
availability of water, and its non-toxicity, water is recommended for dilution in subsequent

experiments.

The Effect of Time on the Stability of the Formed Azo Dye
The effect of time on the absorbance of azo dye was studied by taking two different
concentrations. 2.5 and 5 pg/ml and the absorption were observed every 5 or 10 minutes for 60

minutes (Table 6).

Table 6: The effect of time on the stability of the azo dye

ng of p- Absorbance / minute standing time
Amp/ml 0 5 10 15 25 30 40 50 60
2.5 0.434 0.435 0.436 0.436 0.437 0.437 0.435 0.435 0.426
5 0.964 0.975 0.976 0.978 0.978 0.978 0.976 0.972 0.971

From the results shown in (Table 6), it is clear that the orang azo dye was stable for at least 60

minutes.

Final Absorption Spectrum

After creating the optimal conditions shown in (Table 7), the absorption spectrum of the formed
azo dye that gives a higher color absorption at wavelength 488 nm vs. the blank solution that gives
very small absorption at the maximum wavelength of the measurement and 488 nm was fixed in the

subsequent experiments Fig. (3).

Table 7: Optimal conditions for the proposed method

Variable Optimality
NaNO,, %, ml 1,0.1
HCI, M, ml 1,0.6
Sulphamic acid, %, ml 3,0.2
Reagent 4-chlororesorcinol ml, % 2,01
NaOH,M,ml 1,1
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Fig. 3: Absorption spectra: (A)Colored azo dye (resulted from 5 ug p-Amp/ml) versus
distilled water; (B) Colored product of azo dye versus blank solution and (C) blank solution
versus distilled water.

Study the Nature of the Formed Colored Azo Dye

The methods of molar ratio and the continuous variation (Job,1970) were applied. For the
study of the proportion of the composition of the orang azo dye Fig.(4A and B).

1.4 0.25 B
A
%2 0.2
1
= >
8 g o.15
& 08 s
2 £
o v
» 0.6 0.1
3 2
0.4 0.1 -0.4 p-aminophenol [9.16x107“wng
0.5 |1mlofp-aminophenal(9-16<10-M) 0.05 0.4- 0.1 4-chlororesorcino 119.16x10"* n]

0.25-3 ml 4-chlororesorcinol[9.16=107\1)}

o

) 2 a 0 0.5 1

[ 4-chlororesorcinol]/[p-aminophencl] [p-aminophencl)/[p-aminophencl]-[4-chlororesorcinol

Fig. 4: (A) Plot of mole ratio method, (B) Plot of the continuous variation method

The results as shown in Fig. (4) indicated that p-Amp-4-Chlr azo dye is in a 1:1 molar ratio, and
the suggest formula for the formed azo dye is shown in (Scheme 2).

Cl

M 0OH

TN/ \_/

HO

Scheme 2: The suggested structure of the orange azo dye
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Application of the Proposed Method

The proposed method for the determination of p-Amp has been applied in the estimation of
paracetamol after acid hydrolysis to p-Amp:

Application of the method using the equation of a straight line to find the concentration of
paracetamol in tablet and injection formulations (Table 8).

Table 8: Application of the proposed method for the estimation of paracetamol in
pharmaceutical preparations.

Amount
Pharmaceutical Certified present o
preparation Value (mg) (ng/ml) Recovery (%) Drug content found (mg)

2 99.42 596.52

Paracetamol injection 600 mg/5ml 5 100.40 602.4
10 99.83 598.98

2 99.13 495.65

100.30

Paracetamol tablet 500 mg/tablet 5 501.5
10 99.78 498.9

The result in (Table 8) indicates the success of the method in the determination of paracetamol
in tablet and injection formulations.

Estimation by Standard Addition Method

To prove that the proposed method is free from interference, the standard addition method was
applied the obtained results shown in Fig. (5 and 6) and (Table 9) indicate that the standard addition
method is in good agreement with the direct method within the acceptable range of error, which
indicates that the method is satisfactory and free interferences.

35
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Fig. 5: Plot of standard addition method for the determination of paracetamol in injection.
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Fig. 6: Plot of standard addition method for the determination of paracetamol in tablet.

Table 9: Results of standard addition method

Drug Amount taken Amount measured Recovery
Paracetamol injection 2 1.926 96.30
5 5.178 103.56
Paracetamol tablet 2 1.963 98.15
5 5.272 105.45

From the results shown in (Table 9), we conclude that the proposed method has proven
successful and its reliability in the estimation of paracetamol after the procedure of acid hydrolysis
to p-aminophenol.

Comparison with other Methods
A comparison has been made of the most important analytical variables of the currently
proposed method with its counterparts in another method, as shown in (Table 10).

Table 10: Ccomparing some of the important analytical changes of the method with other

methods
Variable Present method (lorhemen et al., 2017)
Type of reaction Diazotization and coupling Diazotization and coupling
Reagent used 4-chlororesorcinol 1-Naphthol
max, NmA 488 505
Linearity range(pg/ml) 0.5-15 2-10
Molar absorptivity I.mol™” cm™ 1.9905x10" 1.6973 x10°
LOD, pg/ml 0.016 0. 020
LOQ, pg/mi 0.054 00.10

From the results listed in (Table 10), we note that the proposed method is more sensitive than
the method used in comparison.

CONCLUSION
An accurate spectrophotometric method has been suggested for the determination of p-
aminophenol. The method is based on the diazotisation reaction of p-Amp and coupling the
Diazotised p-Amp with 4-chloroisorcinol reagent in an alkaline medium. The method was applied
for the indirect determination of paracetamol in tablet and injection formulations.
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