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Abstract: A simple, rapid and improved visible spectrophotometric method has been proposed for
determination of paracetamol (N-acetyl-p-aminophenol) in bulk drug. The experiment is based on
the alkaline hydrolysis of paracetamol (PCT) to p-aminophenol (PAP) at elevated temperature and
subsequent derivatization of PAP with sodium nitroprusside (SNP) at room temperature to produce
an intense green colored N-nitrosyl-O-nitrosyl-p-aminophenol chromophore for direct determination
of PCT at 685 nm. The molar absorptivity and Sandell’s sensitivity are observed as 5.933x10"
L.mol™t.cm™ and 0.0252 pg. cm respectively for the chromophore. Beer’s law is obeyed over the
concentration range of 15-120 pg with linear regression equation as A= 0.009+0.003C (ug at
10 mL dilution). The percent recovery was found in the range 100.07-100.60%. The average of
relative error and relative standard deviation are observed as 0.252% and 0.406% respectively.
Reaction mechanism and reaction stoichiometry of the chromophoric reaction are discussed. The
parameters with regard to determination of paracetamol by proposed method are optimized. Drugs
like ibuprofen, aspirin and metformin do not interfere hence the proposed method is suitable for
determination of PCT impurity in the said drugs.

Keywords: Paracetamol, N-acetyl-p-aminophenol, p-Aminophenol, N-nitrosyl-O-nitrosyl-p-aminophenol,
Sodium nitroprusside

Introduction

Paracetamol (PCT), chemically 4-hydroxy acetanilide®, 4-hydroxy N-phenyl acetamide, or
N-acetyl-p-aminophenol has analgesic and antipyretic activity*?. It is official in Indian
Pharmacopoeia®, British Pharmacopoeia® and United States Pharmacopoeia”. It is also prescribed
to relief the symptoms of fever, cough, cold and mild to moderate pain of everyday life
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like headache, backache muscular aches, joint pain and others®’. The overdose of PCT can
cause fulminating hepatic necrosis and could result in certain toxic effects®. Therefore,
determination of PCT in pharmaceuticals is of paramount importance.

Literature survey revealed many methods with different analytical techniques for individual
or simultaneous determination of PCT in different sample types. The technique includes
voltammetry®** CE™? TLCY*8 HPLCY?, RP-HPLC??%, LC-MS*, LC-MS-MS*?, GC*,
FTIR®, spectrofluorimetry®**, kinetic spectrophotometry®*¢, derivative spectrophotometry® %,
indirect spectrophotometry®, direct spectrophotometry*™* etc. The techniques other than
spectrophotometry require lengthy procedures, highly sophisticated analytical instruments and

some amount of the organic solvents contributing towards high cost of the analysis.

Spectrophotometry is the most common, convenient and favorite tool in analytical
laboratories due to its inherent sensitivity and low costing. So, we aimed to report the original
approach that allows a simple, rapid and improved spectrophotometric determination of PCT
avoiding lengthy procedure and minimizing the use of hazardous chemicals. In addition, the
effect (or interference) of some active drugs which are commonly used along with PCT in
tablet formulations are studied in the determination of PCT by using SNP.

Sodium pentacyanonitrosylferrate(ll) or sodium nitroprusside (SNP), Na,[Fe(CN)sNO]
is a popular derivatization agent of analytically important for the detection and
determination of wide variety of nucleophilic moieties such as primary or secondary
aliphatic amines, aldoximes, ketones, nitrites, phenols, pyrroles, quinones, thiols, thioureas
and uracils***’. Many spectrophotometric methods adapted SNP as an analytical reagent in
their applications, including the assays of paracetamol®, rosoxacin®, streptomycin®,
cefradine®® and methanol®. Recently we have utilized SNP as chromogenic reagent for
selective identification® and determination®® of metformin by spectrophotometry.

Earlier spectrophotometric method* for determination of PCT involved use of SNP reagent
along with potassium ferricyanide and sodium hydroxide. In this experiment reaction time of 30
minutes and constant temperature of 35 °C was required for generation of chromophore of PCT.
The reaction temperature above 35 °C decomposes the SNP reagent and chromophoric system
thus was produced; consequently intensive care is required for determination of PCT by this
method*2. The present study aimed to develop a spectrophotometric method for determination of
PCT based on its alkali hydrolysis PAP at elevated temperature and subsequent derivatization of
PAP with SNP to produce an intense green colored N-nitrosyl-O-nitrosyl-p-aminophenol
chromophore for direct determination of PCT at 685 nm.

Experimental

A Shimadzu double beam UV-Visible spectrophotometer (UV-1800) with software
UVProbe 2.33 and 10 mm matched quartz silica cells was used for all spectral/absorbance
measurements.

Reagent and materials

All the chemicals were of analytical grade or pharmaceutical grade and used without further

purification. The required reagents were prepared in distilled water and stored in the amber

colored bottles.

1. A fresh 1.0x10% mol L™ SNP solution was prepared by dissolving 1.490 g of
Nay[Fe(CN)sNO].2H,0 in 500 mL of distilled water.

2. A 5.0 mol L™ NaOH solution was prepared by dissolving 100 g NaOH in 500 mL of
distilled water.
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3. Astandard 1.0x10 mol L™ stock solution of PCT was prepared by dissolving 76 mg of
pharmaceutical grade PCT (151.163 g mol™) in 500 mL of distilled water. A 2.0x10™
mol L™ working solution of PCT was prepared by diluting this stock solution with
distilled water.

Recommended procedure

Aliquots of 0.5 to 4.0 mL of 2.0x10* mol L™ (containing 15.0-120.0 ng) of PCT were
diluted to 4.0 mL with distilled water and transferred to 25 mL calibrated flasks containing
4.0 mL of 5.0 M NaOH solution. The flasks were heated for 15 minutes on a boiling water
bath and cooled to room temperature by placing them in a steam of running water. Then
2.0 mL of 1.0x10 mol L™ of SNP solution was added to each flask. The reaction mixtures
were thoroughly shaken and left for 15 minutes for complete development of chromophoric
system. The absorbance of solutions was measured at 685 nm at 10 mL dilution against the
reagent blank. The calibration curve was constructed by plotting the absorbance values
against the concentration of the PCT. The amount of the PCT in the sample was computed
either from calibration curve or regression equation.

Results and Discussion

The alkaline hydrolysis of the PCT to PAP was reported in the literature®. Preliminary tests
revealed that at room temperature (in 10 M NaOH) PCT undergo slow hydrolysis to PAP, as
a result progressive increase in green color was observed when reaction product was
simultaneously derivatized with SNP reagent. Accordingly, this route was not found to be
adequate for quantitative determination of PCT through measurement of concrete
absorbance reading. At normal temperature full color development took 5-6 hours even
though 10 M NaOH was for hydrolysis of PCT. This time dependent chromogenic reaction
was quantitatively carried out by quantitative hydrolysis of PCT to PAP by heating alkaline
solution of PCT with NaOH on boiling water bath for 15 minutes.

Wavelength for analysis

According to the procedure, the absorption spectrum of the product formed by the reaction
between SNP and the hydrolyzed product of the PCT (viz. PAP) in alkaline medium has
been recorded for different concentration of the PCT (Figure 1). Absorption spectra (4-11)
were obtained 15 minutes after the initiation of reaction of the hydrolyzed product with SNP
reagent. From the spectra it can be seen that the wavelength of maximum molar absorptivity
of the green colored N-nitrosyl-O-nitrosyl-p-aminophenol chromophore is at 685 nm.
Except the reaction product, all the reagents and reagent blank solution are transparent at
this wavelength.

Mechanism of the chromogenic reaction

Hydrolysis of PCT to PAP with NaOH (at 95 °C) followed by derivatization of PAP with
SNP (at 25 °C) to form a green colored N-nitrosyl-O-nitrosyl-p-aminophenol chromophore
is the basis of determination of PCT by this method, which is reported in the Scheme 1.

The PAP (obtained by hydrolysis PCT with NaOH) exhibited significant reactivity with
SNP. Both phenolic hydroxyl and amine groups of PAP have nucleophilicity and tend to
attack on the electron deficiency center in nitrosyl groups of SNP molecules. This results in
nucleophilic substitution reaction as reported in Scheme 1. The development of an intense
green color to chromophore is due to increase in conjugation of double bonds by means of
electron donor oxygen as well as nitrogen atom of PAP and electron acceptor nitrosyl groups



380 Chem Sci Trans., 2015, 4(2), 377-388

of SNP molecules. Reactivity of SNP in NaOH is because of formation of
[Fe(CN)sNO(OH)]* active species™ . It is interesting to know that the chromogenic
reaction does not occurred in ammonia solution because of the ability of the ammonia to

form [H3N-NO]" species, Consequently ammonia mask the activity of nitrosyl ion of SNP.
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Figure 1. Absorption spectrum obtained at 10 mL dilution (against distilled water) of
2.0x10* M of PCT solution (1), of 1.0x10% mol L™ of SNP solution (2), reagent blank
solution containing 4.0 mL of 5.0 M NaOH and 2.0 mL of 1.0x10 mol L™ SNP (3) and
their reaction product with 1.0x10™ to 8.0x10™ M (4-11) of PCT.
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Scheme 1. The reaction mechanism involved in generation of chromophore of the PCT
Reaction stoichiometry

The reaction stoichiometry of the hydrolyzed product of PCT (viz. PAP) with SNP reagent
was proved by varying the concentration of 0.001 M SNP and 0.001 M PCT. In first case
according to procedure the reaction product was obtained in 6.0 ml 5.0 M NaOH with the
fixed concentration of PCT (4.0 mL of 0.001 M) and changing the concentration of 0.001 M
SNP (1.0 mL to 12.0 mL). In second case the reaction product was obtained with the fixed

concentration of SNP (5.0 mL of 0.001 M) and changing the concentration of 0.001 M PCT
(0.5mL to 5.0 mL).

The results of these studies are reported in Figure 2 and Figure 3 illustrates that the
stoichiometric ratio of the reaction between PCT and SNP is 1:2. It is presumably that
phenolic hydroxyl as well as amine groups of the PAP reacts with two nitrosyl groups of two
SNP molecules to form the N-nitrosyl-O-nitrosyl-p-aminophenol chromophore. Hence, the
reaction mechanism shown in Scheme 1 is justified.
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Figure 2. Reaction stoichiometry by Figure 3. Reaction stoichiometry by
variation in concentration of SNP reagent variation in concentration of PCT analyte

Optimization of chromogenic reaction conditions

The chemical parameters for the method development was established by varying the
parameters one at a time and keeping the others fixed and observing the effect produced on
the absorbance of the green colored product.

Concentration of NaOH for hydrolysis of PCT
Hydrolysis of PCT to PAP by NaOH is the first step in the determination of PCT by this
method, so concentration of NaOH directly determines absorbance of the solutions. The
determination of concentration of NaOH for quantitative hydrolysis of PCT, 2.0 mL aliquots
containing 160 pg of PCT were transfer to calibrated flasks containing 0.5, 1.0, 2.0, 3.0, 4.0,
5.0, 6.0 and 7.0 mL of 5.0 M NaOH. After treatment of the solutions according to
recommended procedure, the absorbance was measured at 685 nm. From the results shown
in Figure 4, it can be concluded that 5.0 mL of 5.0 M NaOH is sufficient for complete
hydrolysis of 160 ug of PCT. Therefore, 4.0 mL of 5.0 M NaOH was used for hydrolysis of
PCIehaving concentration up to 120 pg.
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Figure 4. Determination of conc. of NaOH Figure 5. Determination of hydrolysis time
for hydrolysis of PCT at 95 °C for PCT at 95 °C

Hydrolysis time of PCT

Keeping reaction temperature constant (95 °C), different heating intervals such as 5, 8, 10,
13, 15, 17, 20 and 23 minutes were selected for hydrolysis of 160 ug of PCT in 5.0 mL of
5.0 M NaOH. After treatment as per recommended procedure, the absorbance of solutions
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was measured at 685 nm. The Figure 5 indicates effect of heating time on the hydrolysis of
PCT. From this figure it is clear that, when heating time (at 95 °C) is less than 10 minutes,
absorbance is less while subsequent increase in heating time increases absorbance and it
remain nearly constant after 15 minutes.

Concentration of SNP reagent

Sodium nitroprusside in basic medium functions as chromogenic reagent for PAP.
Therefore, concentration of SNP directly determines the absorbance of the reaction product.
The amount of SNP required for complete derivation of PAP which released in hydrolysis of
160 pg of PCT, was determined by submitting 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 mL of 1.0x10? M
SNP to six different test solutions. The absorbance of these six solutions at 685 nm was
observed as 0.5836, 0.6085, 0.6139, 0.5891, 0.5863 and 0.5789 respectively. The maximum
absorbance (0.6139) observed for 2.0 mL of 1.0x10% M SNP. So, 2.0 mL of 1.0x10? M SNP
reagent was found adequate for assay PCT up to 160 pg.

Chromophore development time

The intensity of chromogen is governed by rate of derivatization reaction of both phenolic
and amine groups of PAP with the nitrosyl groups of SNP molecules. The time for full
development of chromophore was determined by measuring the absorbance of the reaction
product against time. The absorbance-time curves (Figure 6) illustrate that, the solution of
reaction product reaches to a state of maximum absorbance within 10-12 minutes (time
measured from the addition of SNP) and thereafter absorbance remains nearly constant.
Therefore, absorbance measurement was carried out 15 minutes after the initiation of
reaction between hydrolyzed product of PCT and SNP.
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Figure 6. Absorbance-time curves A to H, obtained with initiation of chromogenic reaction
at 20, 40, 60,... upto 160 min. respectively for hydrolyzed product of 15, 30, 45,... and
120 pg of PCT. The curves H; and H, are obtained by initiation of chromogenic reaction at
160 min. and 20 min. after the hydrolysis of 120 pg of PCT
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Non suitability of kinetic method

The absorbance of the reaction product showed progressive increase with time (Figure 6).
Therefore, for testing the suitability of the kinetic method, 4.0 mL aliquots containing 15-120 pg
of PCT were digested simultaneously (at 95 °C for 15 min.) with 4.0 mL of 5.0 M NaOH
and cooled to room temperature. Absorbance of these solutions was supervised with time by
initiation of chromogenic reaction (with the addition of SNP) at 20, 40, 60,... upto 160 min.
respectively for hydrolyzed product of 15, 30, 45,... and 120 pg of PCT. These results
illustrate that, the absorbance when measured by using Kinetic data (as obtained in Figure 6)
does not shows linearity with the concentration of paracetamol.

Furthermore, the curves H; and H; are obtained by initiation of chromogenic reaction
after 160 min. and 20 min. of the hydrolyzed product of 120 ug of PCT. The curve H; and
H, obtained for same concentration of PCT showed difference in absorbance. These
absorbances are obtained at 120 min. and 20 min. respectively after the hydrolysis of PCT.
The curve Hy in Figure 6 indicates hydrolyzed product of PCT when kept for a long time (in
NaOH) undergoes slow oxidation and forms p-benzoquinoneimine. In p-benzoquinoneimine
only nitrogen from -NH- group reacts with nitrosyl group of SNP. Consequently, the
reaction stoichiometry changes from 1:2 to 1:1 which directly reflect the decrease in
absorbance. For the same reason curve A to H; obtained for 15 to 120 pg of PCT does not
showed linearity of concentration with the absorbance. It is observed that due to laps in time
during the absorbance measurement, kinetic method is not suitable route for determination
of PCT by proposed procedure.

Table 1. Summary for the optimization of variables affecting the reaction of PCT with SNP
employed in the development of the proposed spectrophotometric method

Variable Studied Range Optimum
Concentration range of PCT 15.0-120.0 ug 15.0 - 120.0 ug
Volume of 1.0x10* M SNP 0.5-5.0 mL 2.0mL
Volume of 5.0 M NaOH 0.5-7.0 mL 4.0 mL
Hydrolysis temperature of PCT by NaOH 95°C 95°C
Hydrolysis time of PCT at 95 °C 5-23 min. 15 min.
Reaction temperature of PAP with SNP 25°C 25°C (RT)
Time of chromogen development 0-21 min 10 min
Time of absorbance measurement . 15 min
0-21 min

(after addition of SNP reagent)

Sensitivity and Linearity of the method

Sensitivity of the method in terms of the molar absorptivity () and Sandell’s sensitivity®® was
determined by quantification of PCT in the range 1.0x10™ to 8.0x10* M (viz.15 to 120 pg)
using 4.0 mL of 5.0 M NaOH and 2.0 mL of 1.0x102 mol L™* SNP at 10 mL dilution. The
concentration of PCT and maximum absorbance of its reaction product (c.f. Figure 1) are:
0.0x10* M (A= 0.010); 1.0x10* M (A= 0.075); 2.0x10“* M (A= 0.131); 3.0x10* M (A=
0.190); 4.0x10* M (A= 0.244); 5.0x10“ M (A= 0.301); 6.0x10* M (A= 0.355); 7.0x10™* M
(A= 0.413); 8.0x10™* M (A= 0.468). After correcting the absorbance values (by subtracting the
absorbance of the blank solution), when plotted against the concentration of PCT (ug), a linear
relationship was found between the absorbance and concentration of the PCT in the range
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15.0-120.0 pg. A calibration curve of absorbance against the concentration of PCT gives the
linear regression equation as A= 0.009+0.003C (ug.mL™) with a regression coefficient
(r*=0.999). The average molar absorptivity for green colored product at 685 nm is 5.933x10*
Lit Mol cm™. In a cell of 1.0 cm path length, the unit concentration of PCT (viz. 1.0 ug)
gives an average absorbance value equal to 0.0396; hence, 0.0252 png (Sandell’s sensitivity)
concentration of PCT changes absorbance value by 0.001 unit. The molar absorptivity value
thus obtained in this experiment when compared with the reported value** for determination
of PCT, interpret that proposed method of determination of PCT is more sensitive. The
sensitivity or higher molar absorptivity is because of derivatization of both phenolic
hydroxyl and amine groups of the hydrolyzed product (PNP) by two nitrosyl groups of two
SNP molecules.

Table 2. Analytical and optical parameters for spectrophotometric determination of PCT

Statistical Parameter Tested Parameter Values
Measurement wavelength, Amax 685 nm
Reaction stoichiometric ratio PCT: SNP 1:2
Beer’s law limit 15.0-120.0 ug
Molar absorptivity 5.933x10* Lit. Mol™.cm™
Sandell’s sensitivity 0.0253 ug cm
Regression equation A=9.0x10°+ 3.0x10°°C
Regression coefficient (r) 0.999

Apart from this, with the use of 4.0 mL of 5.0 M NaOH and 2.0 mL of 1.0x10 mol L™
SNP at 10 mL dilution, the test solutions having lower concentration of PCT (15-30 ug)
showed slight increase in the value of . This is because of the yellow color of the unused
reagent which picks up the absorbance of these test solutions. Solutions of PCT with higher
concentration consumes the maximum of this reagent.

Interference study

In tablet formulations PCT is usually associated with ibuprofen and aspirin active drugs.
Experimentally an alkaline solution of ibuprofen and aspirin when tested according to
procedure for development of the green colored chromophore, were showed negative test
with the SNP reagent. Also, metformin in alkaline medium generates green color®?>* with
SNP, but when the solution of metformin was heated with NaOH does not produce green
color to the solution. Therefore, it can be concluded that, ibuprofen, aspirin and metformin
do not interferes in the determination of PCT and hence proposed procedure is suitable for
determination PCT impurities in these bulk drugs.

Precision and Accuracy

Precision and accuracy of the developed method was ascertained from the absorbance values
obtained by actual determination (in Beer’s law limit) of six replicates of a fixed amount of
PCT. The percent of relative standard deviation and percent range of errors were calculated
and presented in Table 3. Percent of relative standard deviation (% RSD) was found to be
less than 2, which indicate that the developed method is precise. The percentage recovery of
the drug was found to be within the range of 100.07-100.60 and thus indicates that the
developed method is accurate.
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Table 3. Evaluation of accuracy and precision in determination of PCT by the proposed
method

PCT Accuracy Precision
ug Recovery, Absolute Relative Average Relative Std. Standard
Taken Found* % Error Error, % Deviation Deviation, % Deviation
30.0 30.18 100.60 0.18 0.60 0.23 0.762 0.278
45.0 45.07 100.16 0.07 0.16 0.24 0.533 0.280
60.0 60.17 100.28 0.17 0.28 0.21 0.349 0.287
75.0 75.05 100.07 0.05 0.07 0.15 0.199 0.187
90.0 90.25 100.28 0.25 0.28 0.35 0.388 0.394
105.0 105.12  100.12 0.12 0.12 0.22 0.206 0.264
Average: 100.25 -- 0.252 -- 0.406 0.282

*Average of six determinations

Conclusion

The proposed method is rapid and reproducible. It can be used in the routine analysis of
paracetamol in bulk drug with reasonable accuracy and precision. The procedure employed
for determination of PCT is quite simple and demonstrates successful use of SNP reagent
(without any oxidizing reagent) for visible spectrophotometric determination of PCT
through forming the N-nitrosyl-O-nitrosyl-p-aminophenol chromophore. The higher value
for molar absorptivity revealed that proposed method is more improved, sensitive and
suitable. Active drugs ibuprofen, aspirin and metformin do not interferes in the
determination of PCT; hence proposed procedure is also suitable for determination PCT as
an impurity said drug products. Apart from this, all analytical reagents used in this
experiment are inexpensive, has excellent shelf life and available in all analytical laboratory.
Also as compared with other methods, the proposed method needs neither the complicated
apparatus, nor new reagents to be synthesized. Therefore, determination of PCT with SNP
has got an important value and practical foreground.
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