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Abstract: 
New, simple and sensitive batch and Flow-injecton spectrophotometric 

methods for the determination of Thymol  in pure form and in mouth wash 

preparations have been proposed in this study. These methods were based on a 

diazotization and coupling reaction between Thymol and diazotized procaine HCl in 

alkaline medium to form an intense orange-red water-soluble dye that is stable and 

has a maximum absorption at 474 nm. A graphs of absorbance versus concentration 

show that Beer’s law is obeyed over the concentration range of 0.4-4.8 and 4-80 

µg.ml
-1 

of Thymol, with detection limits of 0.072 and 1.807 µg.ml
-1

 of Thymol for 

batch and FIA methods respectively. The FIA procedure sample throughput was 80 h
-

1
. All different chemical and physical experimental parameters that affecting on the 

development and stability of the colored product were carefully studied and the 

proposed methods were successfully applied to the determination of Thymol in mouth 

wash preparations. 

 

Key words: Thymol, Spectrophotometric determination, Procaine 

hydrochloride, Diazotization and coupling, Flow injection. 

 

Introduction: 
Thymol is a 5-methyl-2-(methylethyl) 

phenol,C10H14O, whereas its chemical 

structure is [1]:  

 

 

 

 

 

 

Thymol resembles phenol in its 

action, but owing to its insolubility in 

the fluids of the body it is absorbed 

much more slowly; it is also less 

irritant to wounds, while its germicidal 

action is greater than that of phenol, 

though less than that of naphthol. In 

alcoholic solution it penetrates, the 

skin and produces local anaesthesia. It 

is used as an antiseptic lotion and 

mouth wash (1 in 1000), or as Liquor 

Thymolis Compositus; as a paint in 

ringworm (1 in 10 of alcohol, or 

alcohol and ether); and as an ointment 

(1 in 24 of soft paraffin, the Thymol 

being dissolved with the aid of heat) in 

eczema, psoriasis, broken chilblains, 

parasitic skin affections, and burns. An 

ointment half this strength, perfumed 

with oil of lavender, is used to keep off 

gnats and mosquitoes. Thymol in oily 

solution (1 or 2 per cent.) is applied to 

the respiratory passages by means of a 

spray in nasal catarrh and its also used 

to medicate absorbent gauze and wool 

for use as surgical dressings [2]. A 

number of analytical methods have 

been reported for the determination of 

Thymol, these included high pressure 

liquid chromatography [3-5], liquid 

chromatography with electrochemical 

*Department of Chemistry-College of Science-University of Baghdad-Baghdad-Iraq 

 



Baghdad Science Journal  Vol.9(2)2012 
 

202 

detection [6], gas chromatography [7-

10], differential-pulse voltammetry 

[11], ultraviolet spectrometry [12] and 

colorimetric analysis [13]. 

The present study describes the 

development of bacth and FIA 

methods based on diazotiazation and 

coupling reaction between Thymol and 

diazotized procaine hydrochloride as a 

new chromogenic reagent (procaine 

HCl is an amino drug which used as a 

local anesthetic drug)  in alkaline 

medium. The orange-red product was 

spectrophotometrically measured at 

474 nm. The analytical procedure is 

simple, fast, accurate and the using 

reagent was non poisonous. It has been 

satisfactorily applied for the 

determination of Thymol in pure and 

mouth wash preparations, the reaction 

can be carried out in batch and FIA and 

the two approaches are compared. 

 

Materials and Methods: 
Apparatus 

 -All spectral and absorbance 

measurements were carried out on a 

Shimadzu UV-Visble-260 digital 

double-beam recording 

spectrophotometer (Tokyo-Japan), 

using 1-cm quartz cells. A quartz flow 

cell with 50 µl internal volume and 1 

cm bath length was used for the 

absorbance measurements. A two 

channel manifold (Figure 4) was 

employed for the FIA 

spectrophotometer determination of 

Thymol. A peristaltic pump (Ismatec, 

Labortechnik-Analytic, CH-8152, 

Glatbrugg-Zurich, Switzerland, six 

channels) was used to transport the 

reagents solutions, Injection valve 

(Rheodyne, Altex 210, Supelco-USA) 

which was employed to provide 

appropriate injection volumes of 

standard solutions and samples. 

Flexible vinyl tubing of 0.5 mm 

internal diameter was used for the 

peristaltic pump. Reaction coil (RC) 

was of Teflon with internal diameter of 

0.5 mm. In (Figure 1) the diazotized 

procaine HCl (R1) stream have been 

combined with injected sample and 

they merged with   NaOH (R2) stream 

at T-link then mixed in reaction coil 

(RC) with length of 100 cm, injection 

loop of (150 μl), total flow rate of 2.4 

ml/min, the absorbance has been 

measured at 474 nm, and at room 

temperature (10-15 C°).  

Reagents and materials  

Analytical reagents grade chemicals 

and distilled water were used 

thoroughly.  

Thymol stock solution(1000 µg.ml
-1

): 
a 0.10000 gm amount of pure Thymol 

(BDH) was dissolved in 5 ml of 

ethanol then complete to 100 ml in a 

volumetric flask with distilled water. 

Thymol working solution(100 µg.ml
-1

), 

was prepared by dilution of 10 ml of 

the stock solution to 100 ml volumetric 

flask with distilled water. 

Diazotized Procaine HCl (1x10
-2

 M) 

reagent solution: prepared by 

dissolving 0.2728 gm of pure procaine 

HCl (SDI) in amount of distilled water 

then added 6 ml of 0.8 M HCl (BDH) 

shake well and followed by 0.0690 gm 

of sodium nitrate (BDH) shake 

thoroughly and after 5 min made the 

volume up to 100 ml with distilled 

water to obtained (1x10
-2

 M)for both 

reagent and NaNO2, the working 

solution (1mM) was prepared by 

dilution of 10 ml of the stock solution 

to 100 ml volumetric flask with 

distilled water. 

Hydrochloric acid (BDH) (0.8M): 
prepared by diluting suitable amount of 

concentrated hydrochloric acid to 100 

ml with distilled water.  

Sodium hydroxide (BDH) (4M) stock 

solution: prepared by dissolving 16 

gm of NaOH in 100 ml volumetric 

flask and complete the volume to the 

mark with distilled water.  

 More dilute solutions were 

prepared daily by suitable dilution with 

distilled water. 
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Procedure for Mouth wash:  

 Two types of mouth wash were 

analyzed by the developed methods, 

these include:- 

1-Breath Rx (mouth rinse-anti 

bacterial-USA),this type of mouth 

wash containing 0.060% Thymol, 

transfer 20 ml of the mouth wash 

preparation to a 50 ml volumetric 

flask, add 5 ml of ethanol and dilute 

to the mark with distilled water. The 

concentration of this solution was 

(240 µg.ml
-1

) stock solution. 

Working solution of 100 µg.ml
-1

 was 

prepared by simple dilution of the 

stock solution. 

2-Listerine-antiseptic(USA): 

containing 0.063% Thymol, transfer 

20 ml of the mouth wash preparation  

to a 50 ml volumetric flask then add 

5 ml of ethanol and dilute to the 

mark with distilled water. The 

concentration of this prepared 

solution was (252µg.ml
-1

) stock 

solution, (100 µg.ml
-1

) solution was 

prepared by simple dilution of the 

stock solution. 

Procedures: 

General batch procedure  
  An aliquot of sample 

containing 10-120 µg of pure 

Thymol was transfer into a series of 

25 ml standard flask. Add 1 ml of 

diazotized procaine HCl and 0.7 ml 

of sodium hydroxide (0.5 M), the 

contents of the flasks were diluted to 

the mark with distilled water, mixed 

well and left for 15 min at room 

temperature, the absorbance of the 

orange-red dye formed was measured 

at 474 nm against a reagent blank 

containing all materials except 

Thymol. A calibration graph was 

drawn and the regression equation 

was calculated, for the optimization 

of conditions and in all subsequent 

experiments , a solution of 100 µg 

was used in a final volume of 25 ml. 

 

 

General FIA procedure 

  A Thymol concentration 

in the range of 4-80 µg.ml
-1

 were 

prepared from the working solution of 

100 µg.ml
-1

. A 150 µl portion of 

Thymol was injected into the stream of 

the diazotized procaine HCl then the 

mixture combine with (0.5 M) NaOH 

at T-link with a total flow rate of 2.4 

ml min
-1

 of the two channels, the 

resulting absorbance of the orange–red 

product was measured at 474 nm and a 

calibration graph was constructed. 

Optimization of conditions were 

carried out on  10 µg.ml
-1

 of Thymol. 

 

Results and discussion: 
 The factors affecting on the 

sensitivity and stability of the colored 

product resulting from the diazonium 

reaction between Thymol and 

diazotized procaine HCl in alkaline 

medium were carefully studied. A 

typical spectrum for the azo dye 

formed was measured versus reagent 

blank which has negligible absorbance 

at λmax 474 nm (Figure 1).  

Fig. 1:Absorption spectra of the azo 

dye against reagent blank (A) and 

blank against distilled water (B). 

 
Batch spectrophotometric determination

 The experimental conditions 

for the determination of Thymol were 

established. Diazonium reaction 

occurred in an acidic medium [14] and 

hydrochloric acid of concentration of 

0.8M was selected [15], the effect of 

different volumes of 0.8 M of HCl 

were studied and 6 ml volume seems to 

A 

 

 

 

B 

Wave length 
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be the optimum for an intense azo dye 

absorbance. A 1:1 mole ratio of 

procaine HCl to sodium nitrite of 

(1mM) was used in order to prevent 

the effect of excess of sodium nitrite. 

The effect of  diazonium reagent 

(1mM) volume (0.1-5 ml) on the 

intensity of the absorbance, has been 

studied and 1 ml was found to be 

optimum. The absorbance of the dye 

formed became more intense and 

stable in alkaline medium, therefore, 

the effect of different alkaline solutions 

on the colored product were studied 

such as sodium hydroxide, ammonium 

hydroxide, potassium hydroxide, 

sodium acetate and sodium carbonate. 

Maximum sensitivity and stability 

were obtained only when the reaction 

was carried out in the presence of 

sodium hydroxide solution. The effect 

of different concentrations of NaOH 

were studied, (0.1-4 M) and 0.5 M 

seems to be optimum. The effect of 

(0.5 M) NaOH volumes were also 

studied from 0.1 to 3 ml and 0.7 ml 

was found optimum. 

 Experimental results revealed 

that the colour intensity reaches a 

maximum after Thymol solution had 

been reacted with diazotized procaine 

HCl in alkaline medium for 10 min, 

therefore, a 15 min development time 

was suggested as the optimum reaction 

time and remain stable for 120 min. 

The order of addition of the reagents is 

an essential part of the experiment, it 

was found that the order of addition of 

the reagent cited under general 

procedure gave a maximum color 

intensity and the minimum absorbance 

of the blank and was used in all 

subsequent experiments. The effect of 

temperature on the colour intensity of 

the dye was studied. In practice, a 

higher absorbance was obtained when 

the reaction was developed at room 

temperature (10-15 C
o
) and when the 

calibrated flasks were placed in an ice 

bath (0-5 C
o
) or in a water bath (60 C

o
) 

a decreased in absorbance were 

observed.   

The stoicheiometry of the 

reaction between Thymol and 

diazotized procaine HCl was 

investigated using both continuous 

variation and molar ratio methods 

respectively, The results obtained 

(figure 2&3) show that a (1:1) azo dye 

was formed between Thymol and 

diazotized procaine HCl [16]. 
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Fig.2 : Continuous variation plot 
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Fig. 3: Mole ratio plot 
 

A reaction subsequent based on 

the above results is shown in Scheme 

(1). 

 

 



Baghdad Science Journal  Vol.9(2)2012 
 

203 

Scheme (1): reaction sequence  

The product formed was 

soluble in water. The apparent stability 

constant was calculated by comparing 

the absorbance of a solution containing 

stiochiometric amount of Thymol (6.65 

x 10
-4

 M) (AS) with that of a solution 

containing a five – fold excess of 

diazotized procaine HCl reagent (Am) 

and according to analytical procedure. 

The average stability constant (K)= 

4.513x10
5
 L.mol

-1
, where is [K=(1-α)/ 

α
2
C] and α=Am-As/Am [16]. 

The regression equation 

obtained, and the analytical features of 

the procedure are summarized in 

(Table 1). It also summarized the main 

performance of the flow procedure 

developed for Thymol determination in 

order to make an effective comparison 

between the two approach.  

 

Table 1: Analytical characteristics of 

the procedure developed for the 

determination of Thymol 

Parameters 
Batch 

procedure 
FIA procedure 

Regression equation 
Y=0.2076x-

0.0084 

Y=0.0249x-

0.0174 

Linear range(µg ml-1) 0.4-4.8 4-80 

Correlation 

coefficient, r2 0.9994 0.9989 

Limit of detection 

(µg ml-1) 
0.072 1.807 

Relative standard 

deviation (RSD) % 
0.540 0.697 

Average of recovery % 100.66 99.93 

Molar absorptivity 

(l mol-1cm-1) 
2.98 x104 3.73x 104 

Sandell’s sensitivity 

(µg cm-2) 
0.0547 0.0401 

Through-put sample 

(hr-1) 
4 80 

FIA-spectrophotometric 

determination 

 The batch method for the 

determination of Thymol was adopted 

as a basis to develop FIA procedure. 

The manifold used for the 

determination of Thymol was designed 

to provide different reaction conditions 

for magnifying the absorbance signal 

generated by the reaction of Thymol 

with diazotized procaine HCl in 

sodium hydroxide medium. Maximum 

absorbance intensity was obtained 

when the sample was injected into a 

stream of diazotized reagent and then 

mixed with sodium hydroxide [17], as 

given in (Figure 4). The influence of 

different chemical and physical FIA 

parameters on the absorbance intensity 

of the colored product has been 

optimized as follows: 

 
                   S                     
                                           
              PP                    

                                                       RC 

 
                                                                      W 

                              V 

    
              

   

 
FC              D 

 

Fig. 4: A schematic diagram of FIA 

manifold 
Where: R1 and R2, solutions of diazotized 

reagent and base respectively; PP 

=peristaltic pump; S= injection sample; IV= 

injection valve; T= T-link; RC= reaction 

coil; FC= flow cell; D= detector; W= waste. 

 
Optimization of chemical parameters 

 The effects of various 

concentrations of diazotized procaine 

HCl have been investigated. A 

concentration of 1mM (procaine HCl 

and NaNO2 with 3 ml (0.8 M) HCl in 

100 ml distilled water), gave the 

highest absorbance and was chosen for 

further use. The results obtained are 

shown in (Figure 5) 
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Fig. 5: Effect of the concentration of 

diazotized reagent in (mM) 

 

 It was observed that the 

reaction between Thymol and 

diazotized procaine HCl depends on 

alkaline medium, the effect of different 

concentration of sodium hydroxide was 

studied and 0.05 M was found to be the 

optimum as shown in (Figure 6). 
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 Fig. 6: Effect of the concentration of 

sodium hydroxide in (M) 

 
Optimization of manifold parameters 

 The variables studied under the 

optimized reagent concentrations were 

the flow rate, the injection sample 

volume and the reaction coil length.   

The effect of total flow rate on 

the sensitivity of the colored reaction 

product was investigated in the range 

of 0.25-2.50 ml min
-1

. the results 

obtained showed that a total flow rate 

of 2.4 ml min
-1

, (1.2 ml min
-1

 in each 

line) gave the highest absorbance as 

shown in (Figure 7), and were used in 

all subsequent experiments. 
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Fig. 7: Effect of the total flow rate 

(ml/min) 

 The volume of the injection 

sample was varied between 50-250 µl 

using different length of sample loop. 

The results (Figure 8) obtained showed 

that injected sample of 150 µl gave the 

best absorbance. 
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Fig. 8: Effect of the injection loop(µl) 

  

The coil length is an essential 

parameter that affects on the sensitivity 

of the colored reaction product and was 

investigated in the range of 25-250 cm. 

The results obtained showed that a coil 

length of 100 cm gave the highest 

absorbance as shown in (Figure 9) and 

was used in all subsequent 

experiments.  
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Fig.9: Effect of the length of the 

reaction coil in (cm) 
  

The reaction time is also an 

important parameter that affects on the 

sample throughput and was 

(µl)  
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investigated by calculating the interval 

time between the sample injection and 

the appearance of the end of the signal. 

The reaction time of each sample was 

45 sec, therefore the sample through 

put was 80 samples per hour.  

The dispersion of the colored 

product was studied by using optimum 

reaction conditions and the FIA 

manifold in Figure 4, and found to be 

1.611 which indicate a limited 

dispersion FIA (short reactors tubes, 

small tube id’s, and large sample 

volumes) [18]. 
 

Analytical characteristics 
 Analytical characteristics such 

as linear range, detection range, 

correlation coefficient and relative 

standard deviation (RSD) of each 

method were determined under the 

optimized conditions as shown in 

(Table 1). In comparison of the batch 

with the FIA procedure, the later is 

more convenient than the former 

method because of its speed (sample 

through-put of 80 injection h
-1

), wider 

linear range of calibration graph, and 

good recovery were obtained. 
 

Analysis of mouth wash samples 
 The suggested methods were 

applied to the quantitative 

determination of Thymol in mouth 

wash formulation. Two types of mouth 

wash preparations containing Thymol 

were analyzed and they gave a good 

accuracy and precision as shown in 

(Table 2). The proposed method were 

compared successfully with the official 

method [19].  

 

Table 2: Application of the proposed 

and official methods for the 

determination of mouth wash 

containing Thymol  
Mouth 

wash 

sampls 

Proposed method 
Official 

method 

Recovery% 

Batch method FIA method 

Recovery%* 
RSD 

%* 
Recovery%* 

RSD 

%* 

Breath 

Rx 
100.31 0.123 99.18 0.390 98.48 

Listarine 101.18 1.187 99.87 0.960 100.86 

* for four determinations 

Since F-test and T-test showed that 

there was no significant difference 

between the proposed batch method 

and the official method using 4-

aminoantipyrine (4-AAP) and 

potassium ferricyanide   (Table 3). 

 

Table (3): The comparison of the 

proposed batch method with 

standard method using t- and F-

statistical tests 
The pharmaceutical 

preparations for 2.0 

µg.ml-1 

The proposed method The official method 

Rec.% (Xi-Xi‾)2
1 Rec.% (Xi-Xi‾)2

2 

Pure thymol 99.68 0.592 98.00 2.073 

Breath Rx 100.31 0.019 99.48 0.001 

Listarine 

101.18 0.532 100.86 2.016 

(Xi‾)1= 

100.45 

∑(Xi-

Xi‾)2
1= 

1.143 

(Xi‾)2= 

99.44 

∑(Xi-

Xi‾)2
2= 

4.090 

F calculated = S1
2/ S2

2  = 0.571/2.045= 0.279 
F theoretical =   19.0,       F theoretical >  F calculated  

at 95% confidence level, 

T calculated =1.082 , T theoretical = 3.812       
T theoretical >  T calculated ;  at 95% confidence level. 

 

Conclusion: 

 Although very few methods are 

available for the determination of 

Thymol by spectrophotometric 

analysis. The suggested methods, 

which are simple and rapid offer the 

advantages of sensitivity more than all 

reported methods [3-16], which needed 

either temperature or solvent 

extractions, expensive materials and 

reagents. The important advantage of 

this work was on using the drug 

procaine hydrochloride (local 

anesthetic) as a new coupling reagent 

instead of other organic amino reagents 

which were poisioneous and 

expensive. In addition, the wide 

applicability of the new method for 

routine quality control is well 

established by analyzing the assay of  

Thymol at concentration of trace level 

(ppm) in mouth wash formulations.   
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باستخدام هيدروكلورايد   بوساطة طريقتي الدفعة والحقن الجرياني  التقدير الطيفي للثايمول

 البروكائين ككاشف لوني جديد

 

 *هند صادق الورد                            *مؤيد قاسم العباجي
 

 العراق-بغداد-جامعة بغداد–كلية العلوم -قسم الكيمياء*

 

 الخلاصة:
طريقتين طيفيتين جديدة وبسيطة للتقدير الكمي لمقادير ضئيلة من الثايمول في  يتضمن البحث تطوير 

المحاليل المائية وغسولات الفم باستخدام طريقة الدفعة التقليدية وتقنية الحقن الجرياني. تعتمد الطريقتين على 

ط قاعدي حيث تتكون تفاعل الازوتة والازدواج للثايمول مع كاشف هيدروكلورايد البروكائين المؤزوت في وس

 333محمر مستقرة وذائبة في الماء اعطت اعلى قمة امتصاص عند طول موجي -صبغة ذات لون برتقالي

 30-3و  3.3-0.3نانوميتر. تشير منحنيات الامتصاص مقابل التركيز بان قانون بير ينطبق ضمن مدى التراكيز 

مايكروغرام.مل
-1

.مل  كروغرامماي1.807 و 0.072من الثايمول وبحد كشف  
-1

من الثايمول لطريقتي الدفعة  

نموذج في الساعة وتم دراسة الظروف المثلى للتفاعل وجميع 80 والحقن الجرياني على التوالي وبمعدل نمذجة 

 المتغيرات الكيميائية والفيزيائية بدقة، طبقت الطريقتين بنجاح على غسولات الفم الحاوية على الثايمول. 

  

 

 


