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Abstract
Paracetamol with 1-Naphthol gave an azodye and the concentration of paracetamol was investigated spectrophotometrically. The dye
formed with 1-Naphthol as a coupling agent followed Beer Lambert’s law within the range of 2 – 10 μgmL-1 of paracetamol at a lambda
max (λmax) of 505nm. The molar absorptively of the azodye coupled with 1-Naphthol was found to be 1.6973×104 dm3mol-1cm-1, r2
was 0.9974. P value was found to be 0.013 at 95% confidence. LOD was 0. 02 μgmL-1 while LOQ was 0. 10 μgmL-1. The coupling
agent has been applied successfully for the analysis of paracetamol in pharmaceutical preparations such as boska, ibex, mixagrip,
norgesis and procold with the recovery of 101.27 %, 98.98 %, 99.47 %, 98.28 % and 101.6 % respectively. The relative standard
deviation of all the five samples ranged from 0 % to 0.76 %. The method used in the present study may be applied to the determination
of trace amount of paracetamol on clinical samples as it is simple, accurate and precise, and also reproducible.
Keywords: Determination of Paracetamol; Drug Formulations; Paracetamol; Paracetamol with 1-Naphthol; Spectrophotometry.

1. Introduction
Paracetamol [N-(4-hydroxy-phenyl) acetamide] is a drug that is
commonly used for headaches and other minor aches and pains, including the management of more severe pains where it gives room
for additional non-steroidal anti – inflammatory drugs to be used at
lower doses, minimizing side effects (Chandra et al. 2013). Paracetamol, also known as acetaminophen (USA) is called by different
trade names, including tylenol (derived from N-acetyl-p-aminophenol), pannadol, pannadol extra (Jozwiak-Bebenista & Nowak 2014)
among many other names. It is a major ingredient in numerous cold
and flu remedies, including procold and mixagrip. It has mild analgesic and anti-pyretic properties and is, along with acetylsalicylic
acid, one of the most popular analgesic agents. At recommended
doses, paracetamol is safe for use. However, at higher doses, it is
reported to cause acute gastrointestinal problems. The synthesis of
prostaglandin in the hypothalamus is blocked by paracetamol
through the inhibition of cyclooxygenase – 3 found throughout the
brain and the spinal cord, hence the mechanism of paracetamol (Vu
et al. 2014).
Paracetamol is prepared industrially by a one-step reduction acetamidation reaction which is mediated by thioacetate. In the laboratory, however, it is prepared by nitrating phenol with Sodium Nitrate, separating the desired P-nitrophenol from the ortho product
and reducing nitro group with Sodium Borohydrate (NaBH4). The
resultant P-aminophenol is then acetylated with acetic anhydride. A
reaction in which phenol is highly activating. Thus the reaction only
requires mild conditions. The equation of reaction is as stated below:

Step 1:

Step 2:
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Step 3:

Fig. 2: Reaction for the formation of an azodye with 1 – Naphthol.
Fig. 1: Equation of Reaction for the Formation of Paracetamol.

Many methods have been used to assay paracetamol in pharmaceutical preparations. These include fluorometry, chemoluminescence
(Easwaramoorthy et al. 2001), nuclear magnetic resonance – mass
spectrometry (Shockcor et al. 1996), capillary electrophoresis
(Heitmeier & Blaschke 1999), titrimetry (EP 1997, Kumar & Letha
1997, BP 1998, Usifoh et al. 2002), novel atomic absorption spectrometric methods (Issa et al. 2008), electrochemical methods (Silver et al. 2005), reversed phase high-performance liquid chromatography (Suzen et al. 1998, Chandra et al. 2013), spectrofluorometric method based on the oxidation with Sodium hypochlorite
(Vilchez et al. 1995), spectrophotometric methods (Mohamed et al.
1997, Criado et al. 2000a, Criado et al. 2000b, Rodenas et al. 2000,
Ruiz-Medina et al. 2000, Fatibello-Filho & Vieira 2008, Pavan et
al. 2012, Sharma et al., 2013) high-performance thin – layer chromatography (Dubey et al. 2012, et al. Yang 2012) and infra-red
spectroscopy (Baptistao et al. 2011). Paracetamol can also be determined simultaneously with other drugs based on multivariate calibrations and ultraviolet spectrophotometric measurements (Marcelo & Ronei 2004). Even without separation (Wefaa 2008). A
chemometric approach using UV spectrophotometry has also been
reported (Issa et al. 2011).
The Spectrophotometric determination of paracetamol is based on
its hydrolysis to P-aminophenol (Buddha & Raja 2009, Pavan et al.
2012). The latter is reacted with specific reagents to produce a coloured substance which is monitored spectrophotometrically. The
conversion of the hydrolyzed product to coloured species has been
used to estimate paracetamol (Usifoh et al. 2002, Xu & Li 2004,
Buddha & Raja 2009). The absorbance of that coloured species
formed is measured in the visible region at appropriate wavelength.
Hydrolysis of paracetamol gives P – aminophenol, which is then
coupled with a coupling agent to yield an azodye – a famous Griess
reaction which involves coupling and diazotization of aromatic
amines. The reaction presented below:
Step 1:

A simple, rapid and reliable method to assay pure paracetamol and
paracetamol in pharmaceutical formulations is presented. Reaction
of the diazonium salt (P-aminophenol in dilute acid) with 1-Naphthol in NaOH as a coupling agent produces an azodye as shown
above. The wavelength of maximum absorption is 505 nm.
This work is aimed at developing a spectrophotometric method that
will be precise and accurate in determining the concentration of paracetamol in pharmaceutical formulations. The choice of ultraviolet
visible spectrophotometry is based on its availability and the quest
to simplify analytical procedures using the readily available tools.
This work is significant in improving on the quality control of drugs
as the breakthrough will help to assay the accurate concentration of
paracetamol in pharmaceutical formulations.

2. Materials and method
All reagents used were of analytical grade. A sample of pure paracetamol was obtained from ECWA Central Pharmacy limited, Jos
– Nigeria.
Five samples known to contain paracetamol were obtained from the
open market. These include: Boska (tablets manufactured by PT
Dexa Medica and labeled to contain 500 mg paracetamol per tablet), Ibex (capsules manufactured by Sanofi – Aventis and labeled
to contain 325 mg paracetamol per capsule), Procold (Concept
Pharmaceuticals and labeled to contain 500 mg paracetamol per
tablet), Moxagrip (tablets manufactured by symmelics laboratories
and labeled to contain 500 mg paracetamol per tablet) and Norgesic
(tablets manufactured by iNova Pharmaceuticals and labeled to
contain 350 mg paracetamol per tablet). The choice of these drugs
was based on the fact that these are the most consumed and commonly available drugs.
The apparatus used to include:: Measuring cylinders, volumetric
flasks, reflux condenser, pipette, magnetic bar, weighing balance,
round bottom flask, retort stand, gallen camp magnetic stirrer thermostat hot plate, crucibles and Jen way 6300 spectrophotometer.

3. Experimental
3.1. Preparation of reagents

Step 2:

About 250 mg of the pure paracetamol was accurately weighed out
and refluxed with 20 mL of 4 M HCl and distilled water to prepare
a standard solution. The resulting P – aminophenol was then diluted
appropriately, and the required aliquots were taken to prepare the
calibration curve.
To prepare a 4 M HCl, a 21.8 mL of concentrated HCl was measured and transferred to a 200 mL volumetric flask containing 100ml
distilled water.
A 0.1 g NaNO3 was weighed and transferred to a 100 mL volumetric flask where distilled water was used to make up to mark to prepare 0.1 % w/v NaNO3.
To prepare a 0.5% v/v ammonium sulfamate, (NH4SO3NH2), a 0.5
mL NH4SO3NH2 was measured into a 100 mL volumetric flask and
99.5 mL distilled water added to it.
To prepare 0.5% w/v 1 – Naphthol, a 0.5 g 1 – Naphthol was
weighed out and dissolved in 99.5 mL distilled water
A 16 g NaOH was weighed out and dissolved in 100 mL distilled
water to prepare 4 M NaOH.
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Solutions containing 2 – 10 μgmL-1 of paracetamol equivalent were
taken into 25 mL volumetric flasks. To this aliquot, 0.6 mL of 4 M
HCl and 1 mL of 0.1 % Sodium Nitrite were added for diazotization.
A 1 mL of ammonium sulfamate solution was added to each after 3
minutes to destroy excess nitrous acid and left for 2 minutes. Then,
1.5 mL of 0.5 % w/v solution of Naphthol in 4 M NaOH was added
as a coupling agent. The absorbance of this analyte was measured
at a λmax of 505nm. The absorbance obtained was used to prepare
the calibration curve.
The same process was repeated for the samples and the absorbance
was taken. The various absorbance were extrapolated on the calibration curve to get the various concentrations

3.3. Limit of detection (LOD) and limit of quantification
(LOQ)
LOD and LOQ refer to the lowest concentration of the active substance that can be determined by a method (Islam et al. 2011. This
was obtained by making serial dilutions of a standard solution of
paracetamol from the stock and preparing it in replicates of three.
The absorbance of these was measured and compared to that of the
blank.

3.4. Percentage recovery
This was used to determine the accuracy of the proposed method at
different concentration levels. The percentage recovery was then
determined using the equation (Entidhar et al. 2013) below:

% 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 = [𝐴]/[𝐵] × 100

(1)

Where [A] is the sample concentration extrapolated from the calibration curve, [B] is the known concentration of the sample before
taking the absorbance.

3.5. Statistical analysis
Pearson correlation analysis and significant testing at 95 % were
used to check the linearity of the calibration curve as well as the
significant levels respectively. The precision of the new method
was checked using the F – test.

4. Result and discussion
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Fig. 3: Calibration Curve.

From the calibration curve above, the pearson correlation was found
to be 0.9974 indicating a strong positive correlation between the
absorbance and the concentration and also confirming the linearity
of the curve, thus, rationalizing the provisions of Beer – Lambert
Law. Such an out is typical of a simple, accurate and precise method.
The calibration curve equation is represented by the equation below:

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 = 0.01 + 0.1118[𝑃𝑎𝑟𝑎𝑐𝑒𝑡𝑎𝑚𝑜𝑙]

(2)

Significance test was also carried out for the calibration curve, and
it showed that at 95% confidence, 𝑃(≤ 𝛼 ≤ 0.05) value was
found to be 0.013, it. Therefore, implies that there is a significant
statistical difference in the mean of the absorbance and that of the
concentration hence, there is a strong positive correlation between
the calibration curve variables.

4.2. Sample concentration
The concentration of paracetamol was estimated for the five samples by extrapolation of their absorbance on the calibration curve so
as to obtain the concentrations. The result is presented in figure 4
below:

concentration (μg/mL)

The five samples obtained were weighed and powdered. The
amount of each of the powdered samples equivalent to 250 mg was
weighed out and refluxed with 20 mL of 4 M HCl and 30 mL distilled water for 30 minutes.
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The maximum absorbance of the azodye formed in an alkaline medium with 10 μgmL-1 of paracetamol in 1 – naphthol was observed
at 505 nm.

Fig. 4: Concentrations of the Samples As Extrapolated From the Calibration
Curve.

4.1. Calibration curve

4.3. Sample recovery

Figure 3 below shows the plot of absorbance against concentration
of paracetamol. It shows that the dye formed in the alkaline medium
obeys Beer Lambert’s law from 2 - 10 μgmL-1 of paracetamol. The
molar absorptivity was found to be 1.6973×10 4dm3mol-1cm-1.

The concentration of paracetamol content in the samples and the
concentration stated by the manufacturer is also presented by figure
5 below. From the chart, the estimation of the amount of paracetamol present in each sample based on the percentage yield agreed
with similar work done by Suzen et al [14]. Even though Suzen’s
method was a chromatographic method. It can be seen from the
above table that there was a very slight variation between the analyzed and specified amount of paracetamol present in each sample.
This is a confirmation of the authenticity of the method used in this
work. The slight variation observed might be due to the suspected
presence of other aromatic amines present in the solution. The reason for this suspicion was based on the fact that other ingredients
were added throughout the production. These added ingredients
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must probably have had a little interference with the compound (Paracetamol) thereby hindering its determination by this method. The
difference is quite negligible, which indicate that the possible interference had little or no significant effect on accuracy of the method.
The presence of the substrates affected the dissolution of these
drugs at the initial stage of this research.
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The percentage recovery of paracetamol was found to range from
98.28 % to 101.6 % indicating that the five drugs were suitable to
be administered for the prescribed purposes. The percentage recovery as well as the LOQ and LOD test show the high accuracy of the
method used. The high precision was also shown by the relative
standard deviation of the replicates. The stability of the azodye
formed by this method lasted for 45 minutes. Therefore, the present
method is simple, accurate and precise, and can be used for routine
analyses of paracetamol in both raw materials and paracetamol tablets and capsules.

6. Appendices
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Appendix 1: Linearity Table
Parameter
Value
P (0.05)
0.0126
Regression Equation
Y = 0.1118x + 0.01
Regression Coefficient (r2)
0.9974
Limit of detection
0.02 µg/mL
Limit of Quantification
0.10 µg/mL

% Recovery

Fig. 5: Concentrations of the Samples Recovered by the Method and That
Stated by the Manufacturer.
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Appendix 2: Recovery Table
Name
of
drug

Amount
added
(µg/mL
)

Bosk
a

9.43

Ibex

5.86

Mixagrip
Norgesis
Procold

9.40
9.28
9.40

Amount
obtained
(µg/mL)

% Recovery

CV
(%)

Amoun
t in
mg/g
added

Amoun
t in
mg/g
recovered

9.55±0.0
5
5.80±0.0
0
9.35±0.0
5
9.12±0.0
3
9.55±0.0
5

101.2
7

0.7
4
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Fig. 6: Percentage Recovery.

Sample

The percentage recovery along with the relative standard deviation
determined in the five replicates analyses as shown above shows a
high accuracy of this method. The recovery ranged from 98.28 %
to 101.6 % while the relative standard deviation of all the five samples ranged from 0 % to 0.76 %. These values are also in agreement
with similar work available in literature (Cekic et al. 2005).

Boska

4.4. Limit of detection (LOD) and limit of quantification
(LOQ)
LOD and LOQ represent the concentration of the analyte that would
yield signal to noise ratios of 3 for LOD and 10 for LOQ respectively [1]. The absorbance of these was measured and compared to
that of the blank. The signal to noise ratio of 3:1 (LOD) and 10:1
(LOQ) was thus determined. The values were found to be 0.02
µg/mL (LOD) and 0.11 µg/mL (LOQ). With the values for LOD
and LOQ, the accuracy of the method used in the present study is
further enhanced.
The F – test value was 0.9619 at 95 % confidence, which is close to
1, indicating that the null hypothesis which states that there is no
significant difference between variances of the stated amount, and
the recovered amount is true and is therefore accepted. This indicates the high precision of this method.

5. Conclusion
An investigation was made of a coupling agent – 1-Naphthol – to
estimate paracetamol in pharmaceutical preparations using a simple
and sensitive spectrophotometric method. The amount of paracetamol determined by this method was found to be in close agreement
with the amount stated by the manufacturers.
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Appendix 3: Drug Label Information
Manufacturer’s
Amount
Manufacturer
Specifications
(mg/g)
PT Dexa
Paracetamol
500
Medica
Caffeine
30
Sanofi –
Paracetamol
325
Aventis
Caffeine
30
Ibuprofen
200
synmedics

Paracetamol

500

Laboratories

Pseudoephedrine
Chlorpheniramine Meleate

30

iNova Pharmaceuticals

Paracetamol

450

Concept
Pharmaceuticals

Orphenadrine
Citrate
Paracetamol
Pseudoephedrine
HCl
Chlorpheniramine Meleate

Ltd

Dosage
Form
Tablet
Capsules

Tablets

2
Tablets

5
500

Tablets

30
2
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