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ABSTRACT 

 

A spectrophotometric method for the determination of trace amount of thymol in pure form and in mouth wash 

preparation has been proposed in this study. The method was based on the coupling reaction of thymol with 

diazotized 4-aminoantipyrine in alkaline medium to form an intense yellow water-soluble dye, that was stable 

and has a maximum absorption at 450 nm. A graph of absorbance versus concentration showed that Beer
'
s law 

was obeyed over the concentration range of 10-250 µg /25ml (0.4-10ppm) with a molar absorptivity of 1.276×10
4
 

L.mol
-1

 cm
-1

 and Sandell
ʼ
s sensitivity index of 0.011µg/cm

2
. The method does not require neither temperature 

control nor solvent extraction step. The proposed method is successfully applied to the determination of thymol 

in mouth wash preparation. 
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INTRODUCTION 

 

Thymol is a component of thyme essential oil, which has been reported to possess interesting antimicrobial effects on 

various micro-organisms because of its phenolic structure. It is a natural monoterpene derivative of cymene, isomeric 

with cavacrol[1,2]. Thymol is also shown to have strong anti-inflammatory action by decreasing the release of 

inflammatory metabolites like prostanoids, interleukins and leukotrienes. Thymol is only slightly soluble in water at 

neutral pH, but it is extremely soluble in alcohols and other organic solvents. It is also soluble in strongly alkaline 

aqueous solutions due to deprotonation of the hydroxyl group of phenol [3,4].  

 
Thymol and some other phenolic compounds in volatile oils and plants have been determined spectrophotometrically 

via oxidative coupling reaction[5-7],diazo-coupling reaction[8-10]and charge transfer complex formation reaction[11] . 

Also, several analytical methods have been reported for the estimation of thymol including high performance liquid 

chromatography[12-14], liquid chromatography with electro-chemical detection[15,16],gas chromatography[17],GS-

MS[18],cyclic voltammetry and DPPH [19],voltammetry using various electrodes [20-22],electro kinetic capillary 

chromatography method[23], ,and  liquid-liquid micro-extraction-GC[24].  

 

Experimental 

Apparatus 

 

The spectrophotometric measurements are carried out on Shimadzu UV-Visible Recording SpectrophotometrerUV-

210, using 1-cm quartz cells. 
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REAGENTS AND MATERIALS 

 

       All chemicals used are of analytical grade reagents.  

 

Working thymol solution, 100 g / ml: A 0.0100g amount of thymol (BDH) was dissolved in 5 ml of absolute ethanol 
and then volume is completed to 100 ml in a volumetric flask with distilled water. 

 

Diazotized 4-aminoantipyrine (0.0025M) reagent solution: This solution was prepared by dissolving 0.0500 g of 4-
aminoantipyrine (Fluka) in 60 ml of distilled water (heating was required to hasten dissolution), then 3 ml of 

concentrated hydrochloric acid was added, the mixture was then cooled to 0 - 5C in an ice– bath, then a 0.0170 g 
sodium nitrite was added. After 5 minutes the solution was made up to volume in 100 ml volumetric flask with cooled 

distilled water, the solution was kept in a brown bottle, and the prepared diazotized solution was stable for at least five 

days. 

 

Sodium hydroxide solution, 1M: This solution was prepared by appropriate dilution of the concentrated solution 

(Fluka) with distilled water and then transferred to a plastic container. 

 

Listerine-antiseptic original mouth wash:  A stock solution of thymol was prepared at the concentration of 256 µg 

/ml by diluting 20 ml of Listerine (antiseptic original mouth wash from Warner - Lambert Pharmaceutical Co.) which 

was certified to contain 64 mg thymol/ 100 ml to 50 ml in a volumetric flask, then 5 ml of absolute ethanol was added 

followed by dilution to the mark of the flask with distilled water. A 100 µg/ml solution of thymol was prepared by 
simple dilution of 3.9 ml of the stock solution to 100 ml in a volumetric flask. 

 

Procedure and calibration graph 

 

To a series of 25 ml volumetric flasks 10– 400 g (0.4 – 16 ppm)of thymol was added, followed by1.0 ml of diazotized 
4-aminoantipyrine (0.0025M) and 0.5 ml of 1MNaOH and then the volumes were completed to the mark with distilled 

water. Then the absorbance was  read against the blank (prepared in the same manner but without thymol) at 450 nm 

using 1-cm quartz cells. The calibration graph was linear over the range10 – 250 g/25ml (0.4–10ppm). 
 

RESULTS AND DISCUSSION 

 

For the subsequent experiments 100 g of thymol was taken and final volumes were brought to 25 ml with distilled 
water. 

 

Study of the optimum reaction conditions 

 
The effects of various parameters on the optical properties of the azo-dye have been studied and the optimum 

conditions are taken. 

 

Effect of diazotized 4-aminoantipyrine reagent amount  

 

Various volumes from 0.5 to 2.0 ml of 0.0025M of diazotized 4-aminoantipyrine were tested; the results indicate that 

using 1.0 ml of diazotized 4-aminoantipyrine (D 4-AAP) reagent solution showed maximum absorbance of the formed 

azo dye at 450 nm, this volume was considered as an optimum value (Table1). 

 

Table 1: Effect of D 4-AAP reagent amount on the absorbance. 

 

 

 

 

 

 

 

 

 

 

 

Choice of the base and its amount 

 
The preliminary experiments showed that the azo dye develops only completely in alkaline medium. Different bases 

(strong and weak) have been used (Table2). 

Absorbance Amount of 0.0025M  D 4-AAP solution (ml)                    

        

0.209 0.5 

0.281 1.0 

0.120 1.5 

0.098 2.0 
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Table 2: Selection of the base. 

 

 

  

 

 
 

 

                         Δλ*= Color contrast = λS max_ λBmax; where S = the dye, B = blank         

 

 The results in (Table 2) indicated that NaOH gives the highest color intensity of the product and the best color contrast. 

The effect of different volumes (0.3-1.5 ml) of 1MNaOH solution on the color intensity was studied, a 0.5ml of 

1MNaOH with pH of a final solution equal to 12.03 gives the best intensity, therefore it was used in the subsequent 

experiments (Table 3). 

Table 3: Effect of base amount on absorbance. 

 

Amount  of 

1M NaOH 

(ml) 

0.3 0.5 0.7 1.0 1.5 

Absorbance 0.233 0.435 0.359 0.287 0.256 

pH 11.87 12.03 12.27 12.48 12.63 

 

Effect of the order of addition  
  

The effect of different orders of reagents addition on the absorbance of the dye was studied under the optimum 

experimental conditions. The results indicated that the order of reagents addition which was followed as given under 

the general procedure (Thymol+D4AAP+NaOH)gives highest color intensity, otherwise (D4AAP+NaOH+Thymol or 

Thymol+NaOH+D4AAP)a  loss in color intensity takes place. 

 

Effect of time on the color development 

 

The effect of time on the development and stability period of the formed dye was investigated under the optimum 

conditions of the reaction. The maximum color intensity is reached immediately after mixed the components of the 

reaction, and the absorbance of the formed dye remained constant for at least 2 hours, this stability period was 

sufficient for many measurements. 

 

Final absorption spectrum 

 

When thymol in an aqueous solution was treated according to the recommended procedure, the absorption spectrum 

showed a maximum absorption at 450 nm. The reagent blank shows very low absorption at above wavelength (Fig.1). 

 
 

Fig.1:Absorption spectrum of 100µg thymol/25ml treated according to the recommended procedure.(A) the dye 

against blank, (B) the azo dye against  distilled water (C) blank against distilled water 

 

1 ml of 1N Base Absorbance Δλ* 

NaOH 0.285 164.5 

KOH 0.279 164.0 

Na2CO3 0.179 69.0 

NaHCO3 0.135 54.0 
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The nature of the dye 

 

Job's method[ 25 ] indicated that the dye has a composition of 1:1 thymol to diazotized 4-aminoantipyrine reagent. 

Therefore, the structure of the formed dye may be written as follows:                                                                                 

    

 
                           

The possible structure of the yellow Azo-dye: 

 

Analytical data 

 

Optical characteristics such as Beer's law range, molar absorptivity, Sandell's sensitivity, slope, intercept, of the 

suggested method are illustrated  in (Table 4). 

 

Table 4: Optical characteristics and precision data 

 

Parameter Proposed method 

Beer’s law limits(μg.25 ml-1) 10 -250. 

Molar Absorptivity(l. mol.-1cm-1) 1.27 x 104 

Sandell’s Sensitivity(μg.cm-2) 0.011 

λmax (nm) 450 

Regression Equation 

(Y= sx* +c) 

Slope= s 

Intercept = c 

 

 

0.0034 

0.0853 

Determination Coefficient (R2) 0.9989 

Precision(RSD%) Not more than 0.25% 

* x= Concentration of thymol in μg.25 ml-1 

 

Pharmaceutical application 
 

The proposed method is successfully applied for the determination of thymol in its pharmaceutical preparation as a 

mouth wash. The performance of the proposed method was assessed by the application of t-test in comparison with the 

standard method [26] for 95% confidence level for six degrees of freedom. The results in Table 5 have been shown that 

the t-values are less than the critical value of 2.447 indicating that no significant difference between the proposed and 

standard method for the determination of thymol. 

 

Table 5: Application of the proposed and standard methods for the determination of thymol in its 

pharmaceutical formulation 

 

*Average for four determinations 

 

Comparison of the methods 
 

 (Table 6), showed a comparison between the proposed method and that of other literature spectrophotometric methods 

throughout some measured analytical parameters. 

Drug 

 

µg thymol 

present/25 ml 

           Presence method Standard 

method 

Recovery, % 

 

t-value Recovery* ,% 

 

RE, % 

 

RSD, % 

 

Listerine 100 101.27 +0.13 ± 0.25 101.52 ± 0.21 
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Table 6: Comparison of the some analytical parameters of the proposed method with the same parameter for 

other spectrophotometric methods 

 

Analytical parameters Present method Literature method[6] Literature  method[10] 

pH 12.03 Alkaline Alkaline 

Temperature (C°) Room temperature Room temperature Room temperature 

λmax (nm ) 450 550 467 

Reagent Diazotized 

 4-aminoantipyrine 

p-Phenylenediamine Diazotized 

 p-phenylenediamine 

Beer’s law range 

(ppm) 

0.4-10 0. 4-24 0.5-7 

Molar absorptivity 

(l.mol-1.cm-1) 
1.27104 7.45×103 1.438104 

Type of reaction Diazo- coupling Oxidative coupling Diazo- coupling 

Nature of the dye 1:1 1:1 1:1 

Application of the 
method 

Pharmaceutical 
preparation 

Pharmaceutical preparation Pharmaceutical formulation 

 

  The results in (Table 6) are indicated that the method is sensitive and has an application part. 

 

CONCLUSION 

  

 The proposed method is simple, sensitive and does not require temperature control or solvent extraction step. The 

method has been successfully applied to the determination of thymol in its pharmaceutical preparation as a mouth 

wash. 
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