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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 is based on the coupling reaction of thymol with
diazotized 4-aminoacetophenone in alkaline medium to form an intense red
water-soluble dye that is stable and has a maximum absorption at 487 nm. A
graph of absorbance versus concentration show that Beer s law is obeyed
over the concentration range of 10-400 µg /25mL ( 0.4- 16 ppm) with a molar
absorptivity of 2.77×104 L.mol-1 cm-1 and Sandell s sensitivity index of
0.005µg/cm2. 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 (2-isopropyl-5-methylphenol) is widely used as a general
antiseptic in the medical practice, agriculture, cosmetics and food indusrty(1-3).
Due to its potent fungicide, bactericide and antioxidant properties, it is
applied primarily in dentistry for the treatment of oral infections(4-6). It is
added as a stabilizer to several therapeutic agents, including halothane(7).
Thymol is a white crystalline substance of pleasant aromatic odor and strong
antiseptic properties(8-10).
A number of analytical methods have been reported for the
determination of thymol, these included: High performance liquid
chromatography(11-14), liquid chromatography(15),gas chromategraphy(16,17) and
flow injection analysis(18). Thymol has been determined spectrophoto
metrically via oxidative coupling reaction(19-21) , azo-dye formation reaction
(22-24)
and charge transfer complex formation reaction (25) .
The present study describes a simple spectrophotometric method for
determination of thymol using diazotized 4- aminoacetophenone.
The Experiment
Apparatus
The spectrophotometric measurements are carried out on ShimadzuUVVisible Recording Spectrophotometrer UV-210, using 1-cm silica cells.
Reagents and materials
All chemicals used are of analytical grade reagents.
Working thymol solution, 100 g / mL:
A 0.0100g amount of thymol (BDH) is dissolved in 5mL of absolute
ethanol and then volume is completed to 100 mL in a volumetric flask with
distilled water. The solution is stable for about two weeks.
Diazotized 4-aminoacetophenone (0.003M) reagent solution:
This reagent solution is prepared by dissolving 0.0405g of 4aminoacetophenone (Fluka) in 5 mL of absolute ethanol and 20 mL distilled
water (heating is required to hasten dissolution) then 2mL of 0.8 M HCl is
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added, the mixture is then cooled to 0 - 5 C in an ice bath, and a 0.0207g
sodium nitrite is added and stirred vigorously. After 5 minutes the solution is
made up to volume in 100 mL volumetric flask with cooled distilled water,
and is kept in a brown bottle in a refrigerator. This solution is prepared freshly
each day.
Sodium hydroxide solution, 1N: This solution is prepared by appropriate
dilution of the concentrated solution (Fluka) with distilled water and then
transferred to a plastic bottle.
Thymol solution:
A stock solution of thymol is prepared in the concentration of 256µg
/mL by diluting 20 mL of Listerine (antiseptic original mouth wash from
Warner - Lambert Pharmaceutical Co.) which is certified to contain 64 mg
thymol/ 100 mL to 50 mL in a volumetric flask, then 5 mL of absolute
ethanol is added followed by dilution to the mark with distilled water . A 100
µg/mL solution of thymol is prepared by simple dilution of the stock solution.
Procedure and calibration graph
To a series of 25 mL volumetric flasks 10 500 g (0.4 20 ppm) of thymol
is added, followed by 1.5mL of diazotized 4-aminoacetophenone (0.003M)
and 1mL of 1N NaOH and the volumes are completed to the mark with
distilled water. After 10 minutes the absorbances are read against a reagent
blank (prepared in the same manner but without thymol) at 487 nm using 1cm cell. The calibration graph is linear over the range 10 400 g/25mL
(0.4 16ppm) (Fig.1). The molar absorptivity is found to be
2.77 104 L.mol-1.cm-1
3.5

y = 0.0074x + 0.0149
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Fig.1. Calibration graph of thymol determination
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Results and Discussion
For the subsequent experiments 100 g of thymol are taken and
final volumes are brought to 25 mL with distilled water.
Final absorption spectrum
When thymol in aqueous solution is treated according to the
recommended procedure, the absorption spectrum shows a maximum
absorption at 487 nm. The reagent blank shows no absorption at this
wavelength (Fig.2).
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Fig.2:Absorption spectrum of 100µg thymol/25mL treated according
to the recommended procedure.(A) the azo dye against blank, (B)
blank against 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.
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 (Table1).
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Table 1: Selection of the base
1 mL of 1N Base
NaOH
KOH
Na2CO3
NaHCO3
*

=

S

_
max

Absorbance
0.770
0.760
0.240
0.219

*

211.5
211.0
208.5
208.5

B
max ; where S = the dye, B = blank

The results in Table 1 indicate that NaOH gives the highest color
intensity of the product and the best color contrast. The effect of different
volumes (0.3-2.0 mL) of 1N NaOH solution on the color intensity is
studied then, a 1 mL of 1N NaOH with a final solution pH of 11.65 gives
the best intensity of the product formed therefore it is used in the
subsequent experiments (Table 2).
Table 2: Effect of base amount on absorbance.
mL of 1N
0.3
0.5
0.7
1.0
1.5
2.0
NaOH
Absorbance 0.745 0.757 0.767 0.774 0.775 0.773
11.41 11.56 11.61 11.65 11.70 11.74
pH
Effect of diazotized 4-amino-acetophenone reagent amount
0.3-3.0 mL volumes of 0.003M the diazotized 4-aminoacetophenone are tested, the results indicate that using 1.5 mL of diazotized
4-aminoacetophenone reagent solution gives maximum absorbance of the
complex at 487 nm this volume is considered as an optimum value (Table
3).
Table 3: Effect of diazotized4-aminoacetophenone reagent amount on
the absorbance
ML of diazotized4-aminoacetophenone
Absorbance
reagent solution (0.003M)
0.3
0.735
0.5
0.752
1.0
0.772
1.5
0.779
2.0
0.770
3.0
0.746
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Effect of surfactant
The effect of different surfactants on the color intensity are studied
by using 1 mL of various types of surfactants. The results reveal that none
of the surfactants gives useful results from the analytical point of view.
Therefore, it has been recommended to eliminate their use in the
subsequent experiments (Table 4).

Table 4: Effect of surfactant
1mL
Absorbance
*
Surfactant solution
**
0.647
178.5
CTAB, 1×10-3 M
***SDS, 1×10-3 M
****

Triton x-100, 1%
With out

0.781

187.5

0.723

195
0.779

* = Smax Bmax
**
Cetyltrimethylammonium bromide
***
Sodium dodecyl sulphate
***
iso-Octylphenoxypolyethoxyethanol
Effect of the order of addition
The effect of different orders of reagent addition on the absorbance
of the dye are studied under the optimum experimental conditions (Table
5).
Table 5: Effect of the order of addition
Order
number

Order of
addition

Absorbance

I
S+R+B
0.781
II
S+B +R
0.752
III
B+ R+S
0.734
Assuming that: S = sample, R = reagent, B = base
From the results above, it is found that the order of reagents addition
which is followed as given under the general procedure gives highest
color intensity, otherwise 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 is investigated under the optimum conditions of the reaction.
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The maximum color intensity is reached immediately after mixing the
components of the reaction, and the absorbance of the formed dye
remained constant for at least 2 hours, this stability period is sufficient for
many measurements (Table 6).
Table 6: Effect of time on the absorbance
µg of
thymol
present
50
100
200

Absorbance / minute standing time
0

5

10

0.344 0.344 0.342
0.777 0.777 0.777
1.491 1.502 1.511

15

20

0.342
0.776
1.510

0.341
0.775
1.510

30

40

50

60

120

0.341 0.341 0.342 0.344 0.344
0.776 0.775 0.774 0.776 0.776
1.510 1.510 1.509 1.509 1.509

Accuracy and precision
To determine the accuracy and precision of the method,
thymol is determined at three different concentrations. The results shown
in Table 7 indicate that the method is satisfactory.
Table 7: Accuracy and precision
Thymol(µg/
Relative error,
Relative standard deviation,
25mL)
%*
%*
50
-0.16
± 0.52
100
-0.07
± 0.25
200
-0.63
± 0.98
*Average of five determinations
The nature of the dye
Job's (Fig.3) and mole-ratio (Fig.4) methods indicate that the dye
has a composition of 1:1 thymol to diazotized 4-aminoacetophenone
reagent at 487 nm.
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Therefore, the structure of the formed dye may be written as follows:
H3C
O
H3C

C

N

O-

N

CH
H3C

CH3

Fig. 5: The possible structure of the red azo dye
Interferences
In order to assess the possible analytical applications of the present
proposed method, the interfering of excipients at various levels on the
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determination of 100 µg of thymol by the proposed method have been
examined and the results are given in (Table 8).
Table 8. Effect of foreign compounds on the assay of thymol
Foreign
compound

Recovery (%) of 100µg Thymol per µg foreign
compound added
100
500
1000

Glucose
Furctose
Starch
Gum Arabic
(Acacia)

100.0
100.1
98.0

103.3
100.2
98.2

100.7
100.0
97.3

101.9

99.0

97.3

The results in Table 8 indicate that the excipients do not interfere
in the determination of thymol using the proposed method.
Analytical applications
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 is assessed by the application of ttest in comparison with the standard method(26) for 95% confidence level
for six degrees of freedom. The results in Table 9 have been shown that
the t-values is 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 9:Application of methods
Drug
Listerine

µg thymol
present/25
mL
100

Presence method
Recovery ,%
99.4

Standard method
Recovery, %
t-value
100.9

± 0.95

*Average for four determinations
Comparison of methods
Table 10 gives the comparison between the present method and
other spectrophotometic methods.
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Table 10: Comparison of the methods
Analytical
parameters

Present method

Literature
method(21)

Literature method(22)

pH

11.65

Basic medium

Basic medium

Temperature (C°)

Room temperature

Room temperature

Room temperature

487

550

513

Reagent

Diazotized 4aminoacetophenone

p-phenylenediamine

Diazotized p-nitroaniline

Beer s law range
(ppm)

0.4-16

0. 4-24

0.04-12

max (nm )

Molar
absorptivity
(l.mol-1.cm-1)
Type of reaction
Nature of the dye

2.77 104

7.45×103

2.48 104

Diazo- coupling
1:1

Oxidative coupling
1:1

Diazo- coupling
1:1

Application of
the method

Pharmaceutical
preparation

Pharmaceutical
preparations

Pharmaceutical, oil and
waters

Conclusion
4-aminoacetophenone is a sutiable chromogenic reagent for the
determination of thymol in pure form or in its pharmaceutical
preparations.The present method is more sensitive than the literature
methods and it has an application part.
References
1. Aeschbach R., Loliger J., Scott BC., Murcia A., Butler J., Halliwell
B. and Aruoma ol., (1994),"Antioxidant actions of thymol,
carva-crol, 6-gingerol, zingerone and hydroxytyrosol", Food
Chem. Toxicol 32, 31-36.
2. Lee S., Tsao R., Peterson C. and Coats JR., (1997),
"Insecticidal activity of monoterpenoids to western corn
rootworm (Coleo-ptera: Chrysomelidae) twospotted spider mite
(Acari: Teranychidae), and house fly (Diptera: Muscidae)", J.
Econom Entom 90, 883-892.
3. Manou L., Bouillard L., Devleeschouwer MJ. And Barel AO.,
(1998),"Evaluation of the preservative properties of thymus
vulgaris essential oil in topically applied formulations under a
challenge test ", J. Appl Microbiol, 84, 368-376.

Spectrophotomeric

.

4. Twetman S., Hallgren A . and Petersson LG., (1955), "Effect of
antibacterial varnish on mutant streptococci in plaque form
enamel adjacent to orthodontic appliances", Caries Res. 29,
188-191.
5. Shapiro S. and Guggenheim B., (1995), " The action of thymol on
oral bacteria ", Oral Microbiol Immunol, 10, 241-246.
6. Ogaard B., Larsson E., Glans R., Henriksson T. and Birkhed D.,
(1997)," Antimicrobial effect of a chlorhexidine thymol varnish
(Cervitec) in orthodontic patients" J. Orofac Orthop, 58, 206213.
7. Dewick P.M. (2002), " Medicinal Natural products", 2nd Ed., Wiley,
Chichester, pp.180.
8. Wadhwa S., Bairagi M., Bhat G., Panda M. and Porwal A., (2010), "
Antimicrobial activity of essential oils of trachyspermum
ammi", Int. J. Pharm. And Bio. Archives, 1(2), 131-133.
9. Belmont M.R.and Caravajal M. (1998)," Aspergillus flavus in maize
with plant essential oils and their components", J. Food Prot.,
61, 616.
10. Kumar KA., Choudhary RK., Joshi B., Ramya V., Sahithi V. and
Veena P., (2011), " Determination of antibacterial, antifungal
activity and chemical composition of essential oil portion of
unani formulation", Int. J. Green Pharm., 5, 28-33.
11. Haque M.R., Ansari SH., Najmi A.K. and Naquvi K.J., (2012),
"Validated HPLC analysis method for quantification of thymol
content in trachyspermum ammi and polyherbal unani
formulation arq zeera", Int. J. Pharm. Pharm. Sci.,4, 478-482.
12. Hajimehdipoor H., Shekarchi M., Khanavi M., Adib N. and Amri M.,
Pharmacogn Mag., (2010), " A validated high performance
liquid chromatography method for the analysis of thymol and
carvacrol in thymus vulgaris L. volatile oil", 6(23), 154-158.
13. Thompson RD. and Carlson M., (1989), "Determination of thymol in
halothane anaesthetic preparations by high performance liquid
chromatography", J. Pharm. Biomed. Anal., 7(10),1199-1206.
14. Kang LI., Yuan J. A and Weiwei SU., (2006)," Determination of
liquidritin, naringin, hesperidin, thymol,imperatorin, honokiol
isoimperatorin and magnolol in the traditional chines medicinal
preparation huoxiang-zhengqi liquid using high performance
liquid chromatography", Yakugaku
zasshi,126(11), 11851190.
15. Vinas P., Romera M.J. and Cordoba M., (2006), "Liquid
chromatographic determination of phenol, thymol and
carvacrol in honey using fluorimetric detection", Talanta , 69,
1063-1067.

Rawaa A. Zakaria

16. Noall MW., Knight V., Hargrove WW and Elledge BW.,(1975),
" Gas chromatographic determination of
thymol",
Anal.Biochem., 69(1),10-15.
17. Kohlert c., Abel G., Schmid E. and Veit M., (2002), " Determination
of thymol in human plasma by automated headspace solidphase micro extraction gas chromatographic analysis", J.
Chromatogr. B Analyt Technol. Biomed. Life Sci., 767(1), 118.
18. Al-Abachi M.Q. and Al-Ward H.S. (2012)," Batch and flow-injection
spectrophotometric determination of thymol using procaine
hydrochloride as a new chromogenic reagent", J. Baghdad for
Sci., 9(2), 302-310.
19. AL-Neaimy U.I.S., (2009), "Spectrophotometric determination of
thymol in pharmaceuticals with Gibb s reagent", J.Edu. Sci.,
22(4), 17-26.
20. Al-Esuwati F.M., (2002), M.Sc. Thesis, Mosul University.
21. Mohammad I. Kh., (2005), " Spectrophotometric determination of
thymol in pharmaceutical formations via oxidative coupling
reaction ", J.Edu.Sci., 17(2), 41-49.
22. Bashir W.A. and Mansour S.S., (2007)," Spectrophotometric assay of
thymol in various samples by coupling with diazotized pnitroaniline ", Raf. J. Sci., 18(1), 28-37.
23. Romero J.S.E., Rodriguez L.A., Coque M.C.G.A. and Ramos G.R.,
(1994), " Spectrophotometric determination of phenols by
coupling with diazotized 2,4,6-trimethylaninline in a micellar
medium", Analyst, 119, 1381-1386.
24. George W., Pucher and Burd L.A., (1924), " A new method for the
colorimetric determination of small concentrations of thymol ",
Exp. Biol. Med., 21, 565.
25. Al-Enizzi M.S., Al-Sabha T.N. and AL- Ghabsha T.S.,(2012),
" Use of charge transfer complex formation reaction in
spectro-photometric microdetermination of some drugs", JJC.,
7(1), 87-102.
26."Standard methods for the examination of water and wastewater",
(1975), 14th Ed., American public Health Association
Washington, 582.

This document was created with Win2PDF available at http://www.daneprairie.com.
The unregistered version of Win2PDF is for evaluation or non-commercial use only.

