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Abstract 

This study describes the new simple and accurate spectrophotometric method for the determination of paracetamol after the 

formation of azo dye with a new chromogenic reagent 4 [(2-amino-1,3thiazol-4-yl)amino] nitrobenzene to form an orange-

coloured product measured at 425 nm. The molecular structure of the newly synthesized compound was confirmed by several 

spectroscopic techniques such as UV-visible, FTIR, 1HNMR, and mass spectroscopy. Newly synthesized compound was in 

vitro screened against several bacterial species. The experimental conditions that affect the reaction were carefully optimized 

and under the optimized conditions, a linear relationship was obtained in the concentration range of 5–25mg.L−1 of 

paracetamol. A reaction with a new chromogenic reagent has been occurred at a stoichiometric ratio of 1:1. This method has a 

limit of detection of 1.334 mg.L-1 and Sandell's sensitivity of 0.0235 mg.cm-1 for new azo dye product. 
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1. Introduction 

Paracetamol (PCT) is a common antipyretic analgesic 

drug. It is used in the treatment of a headache, colds, 

joint pain, fever and pain after surgery in the 

clinic[1]. Different methods have been employed for 

the determination of the  paracetamol which includes 

electrochemical sensor[2], voltammetric using 

poly(2,2′-(1,4-phenylenedivinylene)bis-8-

hydroxyquinaldine) modified glassy carbon 

electrode[3], voltammetric using a carbon paste 

electrode modified with CdO nanoparticles[4], 

HPLC[5], spectrophotometry with chemometric 

methods[6, 7], spectrophotometry using continuous 

wavelet and derivative transform[8], 

spectrophotometry using different derivative 

methods[9]. Most of these methods consume solvent, 

time and the high cost of method development, and 

require the highly trained staff to operate the 

apparatus. On the other hand, spectrophotometers are 

available in most labs and easier to operate. Also,  

spectrophotometric methods are considered cheaper 

and faster. Thiazole derivatives are the most 

important in medicinal chemistry and have a number 

of characteristics, such as  

1. built-in biocidal unit 

2.  easy metabolism of compounds 

3.  Enhanced lipid solubility with 

hydrophilicity[10].  
Thiazole is widely used as anti-inflammatory 

drugs[11], sulfathiazole as the antimicrobial agent[12, 

13], penicillin that has a thiazole ring in their structure 

as Antibiotics[14], Antioxidant[15], Antiviral like 

Ritonavir drug[16], and anti-cancer properties[17, 18]. 

They are also used in the treatment of Alzheimers 

disease, hypertension[19], Anti-allergies[20], 

cytotoxicity[21], and Anti-HIV[22]. Antimicrobial 

activities of some substituted thiazole derivatives due 
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to the toxophoric unit (S-C=N)[23].  The aim of this 

study is to develop rapid, accurate, precise, and simple 

spectrophotometric methods for the determination of 

paracetamol in pharmaceuticals tablets in Iraqi 

markets. 
. 

2. Experimental 
2.1. Apparatus and Chemical  

Infrared spectra were recorded on a Shimadzu model 

FTIR-8400. 1HNMR spectra were obtained with 

Bruker spectrometer model at 300 MHZ Ultra-shield 

in DMSO-d6 solution with the TMS as an internal 

standard. Mass spectra were recorded on a Shimadzu 

GCMS-QD 1000EX,  The melting point was 

measured by using Hot-stage Gallen Kamp melting 

point apparatus uncorrected, UV-visible 

spectrophotometer (Shimadzu, Japan) with 1 cm 

quartz cells, Paracetamol pharmaceutical was a 

sample gift from the state company for Samarra drugs 

factory, Iraq (SDI), sodium nitrite (Merck), sodium 

hydroxide (BDH, UK) and Doliprane® tablets which 

were labelled to contain 500 mg of paracetamol per 

tablet. 

2.2. General Procedure for the Synthesis of 
Compounds 1-3 

2.2.1. Synthesis of  4-nitro[(chloro acetyl) amino 
] benzene (1)[24] 

A mixture of 4-nitroaniline (1 gm, 10 mmol) and 

chloro acetyl chloride (10 mmol) in 

dimethylformamide (20 ml), and anhydrous 

potassium carbonate was heated under reflux for 5-8 

hrs. The product was poured into ice water (200 ml). 

The solid mass was filtered and recrystallized from 

ethanol. Green crystals, yield 70%,m.p 148-150 oC; 

IR (KBr, cm-1): 3228(N-H), 3072 (C-Har), 2941 (C-

Hal), 1685 (C=O), 1597, 1502(C=C) 1HNMR(300 

MHZ, DMSO-d6): δ(ppm) 7.6-8.5(4H, M, aromatic), 

11.0(1H, s, NH), 4.5(2H,s, CH2), GCMS m/z: 

214.5(M+H)+ for C8H7ClN2O3. 
2.2.2. Synthesis of 4[(2-amino-1,3 thiazole-4-yl) 
amino] nitro benzene(2)[25] 

4-nitro[(chloro acetyl) amino] benzene(0.01 mol) and 

thiourea (0.01mol) have been dissolved in (30ml) 

ethanol and refluxed for 10 hrs. The mass obtained 

was filtered and recrystallized from methanol, yellow 

crystals, yield 50%; m.p 207-208 0C; IR(KBr, cm-1): 

3481, 3358 (NH2), 3066(C-Har), 1627(C=N), 1595, 

1491(C=C),1HNMR(300 MHZ, DMSO-d6): δ(ppm) 

7.2-7.8(4H,m, H aromatic), 7.3 (1H, d, Hthiazol), 

7.5(2H, s, NH2), GCMS m/z: 236 (M+H)+ for 

C9H8SN4O2. 

2.2.3. Synthesis of 4[(2-amino-1,3 thiazole-4-yl)] 
nitro benzene diazenylN-acetyl –para amino 
phenol(4) 

A well-stirred solution of 4[(2-amino-1,3 thiazole-4-

yl) amino] nitrobenzene(0.5gm, 2 mmoles) in 5ml of 

concentrated HCl was cooled in an ice-salt bath and 

diazotized with a cold solution of sodium nitrite 

(0.23gm, 2mmol) in 2ml HCl. The above reaction 

mixture was stirred for two hours at the same 

temperature. The cold diazonium salt solution 

obtained was added to the well-stirred solution of 

coupling compound in dilute NaOH solution. The 

resulting solution was stirred for additional three 

hours at 0-5oC. This coupling is associated 

immediately a yellow-orange colour of the reaction 

mixture. The pH of the reaction mixture was adjusted 

to 6-7 by adding a solution of sodium bicarbonate. 

All reactions were monitored by a thin-layer 

chromatography (TLC) using silica gel. The 

precipitate formed is collected by filtration and 

washing with water and ethanol. The precipitate 

crude azo product was recrystallized from ethanol. 

Yellow crystals, yield 75%, m.p128-130-0C; IR(KBr, 

cm-1): 3137 (N-H), 3090(C-Har), 2921 (C-Hal), 1665 

(C=O), 1521(N=N) 1HNMR(300 MHZ, DMSO-d6 ): 

δ(ppm) 7.6-8.5(4H , M, H aromatic), 14.6(1H, s, 

NH,Hydrazone), 4.1-3.6(2H, s, -OCH3). 
2.3. Materials and Methods for the 
Diazotization Reaction 

2.3.1.  HCl (1 mol.L-1) was prepared by dilution 

(15.4 ml) of concentrated hydrochloric acid in 

distilled water in 250 ml volumetric flask. 

2.3.2.  NaNO2 (0.02 mol.L-1) stock solution was 

prepared by dissolving (1.38 gm) of the sodium 

nitrite in distilled water in 25 ml volumetric flask. 

2.3.3.  NaOH (3 mol.L-1) stock solution was 

obtained by dissolving (12 gm) of the sodium 

hydroxide in distilled water in 100 ml volumetric 

flask. 

2.3.4.  Paracetamol (1000 mg.L-1) stock solution 

was prepared in distilled water in 250 ml volumetric 

flask; working solutions at a concentration (100 

mg.L-1) were prepared by aqueous dilution in 250ml 

volumetric flask. 
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2.3.5.  Preparation of diazonium salt (chromogenic 

reagent): (0.02 mol.L-1) solution of 4-[(2-amino-

1,3thiazol-4-yl) amino] nitro benzene, used as a 

chromogenic reagent, was prepared by dissolving 

(0.118 gm) of 4-[(2-amino-1,3thiazol-4-yl)amino] 

nitro benzene in (10 ml) of (1 mol.L-1) HCl in 25 ml 

beaker and transferred to 25 ml volumetric flask. 

Finally, (8 ml) of (0.02 mol.L-
-1) NaNO2 was added, 

in an ice bath at 0-50C was used for the completion of 

the reaction, and the flask was completed with 

distilled water. 

2.3.6.  Preparation of sample: one tablet market 

pharmaceutical containing paracetamol was obtained 

from local pharmacies in Baghdad City. (0.025 gm) 

of Doliprane® tablets was weighed out and dissolved 

in distilled water, and then transferred to 250ml 

volumetric flask to get a concentration equals to 100 

mg.L-1. Sample solutions at two concentrations of 15 

mg.L-1 and 20 mg.L-1 were then prepared by dilution 

(3 ml) and (4 ml) in 20 ml volumetric flask. 

2.3.7.  Preparation of calibration graph: (1-5 ml) of 

the standard solutions (100 mg.L-1) containing (5-25 

mg.L-1) of paracetamol were transferred into a series 

of 20ml volumetric flasks and cooled at 0-5oC in an 

ice bath, and then 2 ml of 3 mol.L-1NaOH was added 

with shaking. Then (1 ml) of the diazonium salt 

(chromogenic reagent) was added, the mixtures were 

allowed to stand in an ice bath for 5 min., and then 

were made up to the mark with distilled water. The 

absorbance of the orange product was measured 

against a reagent blank at 425 nm.  

2.3.8.  Job's method: an aliquot (2, 3, 4, 5, 7, and 8 

ml) of (100 mg.L-1) of paracetamol was added to a 

series of 20ml volumetric flask, to each flask, 2 ml of 

3 mol.L-1NaOH solution and (6,5, 4, 3, 1, and 0 ml) 

of (0.02 mol.L-1) diazonium salt reagent were added, 

and then diluted to the mark with the distilled water 

and after 5 min., the absorbance was measured at 425 

nm. 

 
3. Results and Discussion 
3.1. Chemistry 
The synthesis of all new derivatives is shown in 

Scheme 1. 

 

The 4-nitro [(chloro acetyl) amino] benzene(1) was 

prepared by reaction of equivalates moles of 4-

nitrobenzene with chloro acetyl chloride using dry 

DMF as a solvent in K2CO3 medium. The FTIR 

spectrum of compound(1)shows the disappearance of 

NH2 stretching peak with the appearance of C=O acyl 

absorption bands at 1685 cm-1 and absorption band 

the C-H aliphatic absorption band at 2941 cm-1, and a 

new band in the region 710-775 cm-1. The derivative 

2- amino -1,3thiazol -4-yl (2) was synthesized by 

reaction of 1 with thiourea in good yield. The 

proposed mechanism of this reaction is shown in 

scheme 2. 

 

This compound characterized by FTIR, IHNMR and 

mass spectroscopy. The mass spectrum of compound 

2 (Figure 1) and 1HNMR for the same compound 

(Figure 2), appeared the peaks a singlet at 7.5 ppm 

due to NH2 protons; the hydrogen atom of the thiazol 

ring appeared as a doublet at δ 7.3ppm, and multiplet 

signals in the region δ 7.2-7.8 ppm may be attributed 

to the fourth aromatic protons. 

 

The azo dye was synthesized by coupling of 4[(2-

amino-1,3thiazole-4-yl)amino] nitrobenzene with 

diazotized 4-hydroxyphenyl acetamide at 0-5oC.The 

structure of this dye was characterized by UV-visible, 

FTIR and 1HNMR spectroscopy.IR spectra of the 

compound were recorded as KBr pellets in the region 

4000-400cm-1. Strong absorption bands appeared in the 

area 3300-3100cm-1 and 3480-3300cm-1 were assigned 

to NH and phenolic OH groups, respectively. Weak 

bands were observed at 1552-1512cm-1 and 1643-

1610cm-1 due to the presence of (N=N)and (C=N) 

groups, respectively. 1HNMR spectra confirm the 

structure of azo dye (Figure 3).The proton –NH 

hydrazone or OH phenolic proton, according to 

resonance state shown in scheme1, appeared as a 

singlet at 14.6 ppm, and aromatic protons were 

resonated as multiplet in the region 7.01-8.61 ppm. The 

protons of –OCH3 group were observed in the region 

4.1-3.6ppm. 
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Scheme 1: Synthesis of azo dye derivative 
 

 

 

 

 

 
Scheme 2: The cyclization mechanism of synthesized amine 
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Figure1: GC-mass spectrum of compound no.2 

 

Figure2: 1HNMR spectrum of compound no.2 
 

Figure3: 1HNMR spectrum of compound no. 4 
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3.2. Antimicrobial Activity 

The activity of antibacterial and antifungal was studied 

by using cup-plate agar diffusion method in  a different 

concentrations (1000, 500, 100 and 50 mg.L-1) [26, 27]. 

The inhibition zones were measured in mm; amoxicillin 

(500 mg.ml-1) was used as a standard drug for 

antimicrobial activity. The compound was screened for 

antibacterial activity against Escherichia coli, 

Psreudomonasaeruginosa, streptococcussp, and 

Staphylococcus aureus in Muller Hinton agar, and the 

results shown in table1 indicate that azo dye derivative 

shows a very good activity against condid fungi more 

than the activity of an amoxicillinin the same 

concentration, then comparing these results with the 

standard drug (amoxicillin) for antibacterial activity, it 

is observed that when the concentration of azo dye is 

high, the antibacterial activity is increased except when 

the antibacterial activity is against 

Psreudomonasaeruginosa 

 

 
Table1. Antimicrobaial activity of azo dye derivative represented by% inhabitation against different bacterial and fungl species 

 
Conc. mg.L-1 Inhibition Zone against(in mm) Candida albicans 

Gram negative Gram positive 

E.Coil Psed. aerugi S. aureus Streptococcus 

1000 15 - 15 16 25 

500 13 - 14 14 22 

100 12 - 10 12 20 

50 10 - 7 10 12 

Amoxicillin 36 - 15 28 12 

 
Figure 4: Activity of Escherichia coli, Psreudomonasaeruginosa, streptococcussp, Staphylococcus  aureus andcondid fungiat four 

different concentrations (1000, 500, 100, and 50 mg.L-1). 
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3.3. Spectrophotometric study 
3.3.1. Effect of Experimental Conditions 

The experimental conditions for the determination of 

paracetamol have been studied. The diazotization 

coupling reaction occurred in an acidic medium and  

HCl of concentration 1 mol.L-1 is selected. The effect of 

different volumes (6-12 ml) of 1mol.L-1HCl solution has 

been studied and 10 ml volume seems to be optimum 

for an intense azo dye colour ( Figure 5a). Effects of the 

volumes of 3 mol.L-1NaOH have been studied between 

(1-4 ml), 2 ml volume of 3 mol.L-1 NaOH is fixed for 

obtaining a stable diazonium ion(Figure 5b). The 

volume of sodium nitrite is varied between (4-10 ml) of 

0.02 mol.L-1 sodium nitrite in distilled water. The results 

(Figure 5c) show that 8 ml of 0.02 mol.L-1 sodium 

nitrite gives a maximum absorbance at 425 nm. When 

various volumes of diazonium salt (chromogenic 

reagent) solution were added to 10 mg.L-1 paracetamol 

solution, 1ml of 0.02 mol.L-1diazonium salt is found 

enough to get a stable orange-colour for the preparation 

of azo dye (Figure 5d). Finally, different periods of time 

from 0-30 min., have been observed for the 

diazotization reaction. The results (Figure 5e) show that 

the reaction is completed in 5 min. 

 

 

  

 
 

Figure 5: The Effect of experimental conditions of coupling reaction; (a) acid, (b) base, (c) sodium nitrite, (d) diazonium salt, and (e) time. 
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3.3.2. Absorbance Spectra and Calibration Curves 
  4-[(2-amino-1,3thiazol-4-yl)amino]nitro benzene is primary an aromatic amine which is reacted with sodium nitrite in 

acidic medium at low temperatures 0-5oc to form diazonium salts[28], then a reaction with paracetamol (phenolic drug) in 

the alkaline medium to obtain an orange product. 

Figure 6 (a and b) shows that the ʎ max is recorded at wavelength 425 nm and overly absorption spectra of a new azo dye 

product at the concentration range from 5 mg.L-1 to 25 mg.L-1. 

 

 

 
Figure6: Absorbance spectra of (a)1- the azo dye coloured product measured against blank, 2- the blank against distilled water, and 3-the azo dye 

product against distilled water, (b) Overly absorption spectra of a new azo dye formed between the paracetamol and4[(2-amino-1,3 thiazole-4-yl) 

amino] nitro benzene 
 

A calibration curve was constructed at the wavelength 

425 nm and the regression equations were calculated 

and found to be: 

D0 = 0.047C+0.715 at ʎ=425 nm, 

where D0 is the peak amplitude for the spectra of a new 

azo dye, and c is the paracetamol drug concentration in 

mg.L-1. The validation data were obtained from the 

calibration curves for the proposed methods as shown in 

Table 2. The small values for the most parameters such 

as slope, intercept and Sandell's sensitivity that referred 

to the high reliable precision of the proposed methods in 

this study. 
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Table 2. The validation parameters obtained from the regression equations. 
 

Parameter Value 
Linearity mg.l-1 5 - 25 

Regression equation(y) Y= 0.047 × +0.715 

Correlation of determination (r2) 0.998 

Slope (b) 0.047 

Intercept  (a) 0.715 

Conf. limit for slope b± tsb 0.047 ± 41.890 

Conf. limit for Intercept a ± tsa 0.715 ± 37.701 

Standard deviation of Intercept Sa 0.019 

Molar absorptivity Ɛ(L.mol-1.cm-1) 16464.646 

Sandell's sensitivity  (mg.cm-1) 0.0235 

Limit of detection LOD (mg.L-1) 1.334 

LOD = 3.3×SDb/S, SDb= the standard deviation of intercepts of regression lines 

 

3.3.3. Stoichiometric Ratio Determination 
The stoichemistry of the diazotization reaction between 

the chromogenic agent 4-[(2-amino-1,3thiazol-4-

yl)amino]nitro benzene and paracetamol was 

investigated using job's method. (Figure 7) shows that 

the orange azo dye is formed in the 

ratio1:1(chromogenic reagent{R}:}: paracetmol{D}) 

Figure7: Job plot for diazotized the new reagent 4-[(2-amino-1,3thiazol-4-yl)amino]nitrobenzene coupled with paracetamol drug. 
 

Vargas method is used for the calculation of the stability 

constant K, as in the following equation[29, 30]: 

K = 
𝐶−

𝐴𝛼

Є

𝑛𝑛(
𝐴𝛼

Є
)𝑛+1

 

where Є is a molar absorpitivity (16464.646), n is the 

no. of the chromogenic reagent 4-[(2-amino-1,3thiazol-

4-yl)amino] nitro benzene (0.000099), and Aα is the 

absorbance of the part of dissociated constant of the 

orange azo dye product (0.07).The following equation is 

used to find the value of the Aα: 

Aα = A0 –A max 

where A0 is a value of the theoretical absorbance which 

is obtained from job plot (1.45), and Aα is a maximum 

absorbance 

which is obtained from job's experimental method 

(1.38). The stability constant K is found to be 52.45674 

× 10+5 L.mol-1, which indicates that the azo dye product 

is stable. 

3.3.4.  Accuracy and Precision 

The accuracy and precision of the new azo dye product 

have been calculated at two concentration levels of 

paracetamol by analyzing three replicate samples of 

each concentration. The obtained high percentage 

recoveries with low relative standard deviation have 

indicated good accuracy and precision of the proposed 

spectrophotometric method as shown in table3. 
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Table 3. Accuracy and Precision for the Proposed Method. 

 

Method Amount of paracetamol mg.l-1 E*% 

 

Rec*% = E%+100 Average of Rec.% RSD*% 

Taken Found 

Suggest 

method 

20 19.940 -0.003 99.997 99.9945 0.742 

15 14.880 -0.008 99.992 0.691 

* Average of three times, E% = relative error = =
𝑓𝑜𝑢𝑛𝑑−𝑡𝑎𝑘𝑒𝑛

𝑡𝑎𝑘𝑒𝑛
×100,  Rec% =recovery, and RSD%=relative standard deviation. 

 

 

3.3.5. Application  

A new method has been applied for the analysis of 

paracetamol in commercial Doliprane® tablets (500 mg 

paracetamol per tablet). Three replicate determinations 

were made. The results obtained are in good agreement 

with label claims as shown in Table4. The comparison 

of a limit of detection LOD of the proposed method 

with different methods 

reported in the literature is given in table 5. The 

proposed method shows a lower or comparable 

detection limit. For these reasons, the proposed method 

can be generally applied for routine analytical 

laboratories. 

 

 
Table 4: The relative error, recovery and relative standard deviations of the commercial Doliprane® tablets at 20and 15 mg.L-1 

 

Pharmaceutical commercial 

tablet 

 

Amount of paracetamol 

mg.L-1 

E*% 

 

Rec*%= 

E%+100 

Average of 

Rec.% 

RSD*% 

Taken Found 

Doliprane® tablets- Farance. 20 20.16 0.008 100.008 100.001 0.440 

15 14.920 -0.005 99.994 0.922 

* Average of three time, E% = relative error = =
𝑓𝑜𝑢𝑛𝑑−𝑡𝑎𝑘𝑒𝑛

𝑡𝑎𝑘𝑒𝑛
×100 , Rec% =recovery, and RSD%=relative standard deviation. 

 
 

 

 

 
Table 5: The comparison of the values of Limit of detection of the proposed method with different methods reported in literature. 

method LOD Ref. 

HPLC 0.08 mg.L-1 31 

Ratio subtraction coupled with ratio 

difference (RSDM) 

0.152 mg.L-1 32 

Spectrophotometric using 

2,5-Dihydroxy Benzyldehyde 

 0.0479 mg.L-1 33 

Continuous wavelet transformation 

(CWT) 

0.247 mg.L-1 

 

34 

Spectrophotometric using new 

synthesis chromogenic reagent 4-[(2-

amino-1, 3thiazol-4-yl)amino]nitro 

benzene 

 

1.334 mg.L-1 present work 
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4.  Conclusion 
In this paper, paracetamol reacted as azo-coupling 

with a new chromogenic reagent 4-[(2-amino-1, 

3thiazol-4-yl)amino]nitro benzene in alkaline 

medium and has spectrophotometric characteristics 

suitable for application for the determination of the 

drug by a spectrophotometric method. The present 

method of the azo dyes formation has the advantage 

of being fast, novel, simple and very sensitive, and 

applicable over a wide concentration range with good 

precision and accuracy. 
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