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Abstract

A simple, rapid and sensitive spectrophotometric method for the determination of sulbutamol in pure form and in
different pharmaceutical preparations has been developed. The charge transfer (CT) reaction between salbutamol as
electron donor and 2,6-dichloroquinone chlorimide (DCQ) and 7,7,8,8-tetracyanoquinodimethane (TCNQ) as a
�-electron acceptor have been spectrophotometrically studied. The optimum experimental conditions for these CT
reactions have been studied carefully. Beer’s law is obeyed over the concentration range of 1.0–30.0 �g ml−1 and
2.0–20.0 �g ml−1 for salbutamol using DCQ and TCNQ, respectively. For more accurate results, Ringbom optimum
concentration range is calculated and found to be 10.0 to 30.0 and 8.0 to 20 �g ml−1 for salbutamol using DCQ and
TCNQ, respectively. The Sandell sensitivity is found to be 0.011 and 0.010 g cm−2 for salbutamol using DCQ and
TCNQ, respectively, which indicate the high sensitivity of the proposed methods. Relative standard deviations
(R.S.D.) of 0.27 to 0.68% and 0.20 to 1.40% (n=5) were obtained for five replicates of salbutamol using DCQ and
TCNQ, respectively. The results obtained by the two reagents are comparable with those obtained by British
pharmacopoeia assay for the determination of salbutamol in raw materials and in pharmaceutical preparations.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The charge transfer (CT) reactions had been
widely studied spectrophotometrically in the de-
termination of drugs that are easy to be deter-
mined based on CT complex formation with some
electron acceptors. 2,6-Dichloroquinone chlorim-
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ide (DCQ) and 7,7,8,8-Tetracyanoquinodime-
thane (TCNQ) are strong electron acceptors and
applied in the determination of several electron
donors drugs and the review of literature in the
last decade had been mainly concentrated on the
CT-complexes spectral studies [1–6]. Salbutamol
is a direct-acting sympathomimetic agent with a
relatively selective action on �2-adrenoacceptors.
Its clinical uses are in the management of a re-
versible airways observation such as that occurs in
asthma and delaying premature labour [7]. Nor-
mal and derivative spectrophotometric methods
[8,9], flow injection analysis [10], electrophoresis
[11], thin layer chromatography [12,13], gas and
liquid chromatographic methods [14,15] were used
as quantitative tools for the determination of
salbutamol.

The present research aims chiefly to study the
reaction of both DCQ and TCNQ reagents (elec-
tron acceptors) as first time with salbutamol drug
(electron donor) and to use these reagents in
spectrophotometric determination of the given
drug in pure form and in some of its pharmaceuti-
cal preparations.

2. Experimental

2.1. Instruments

Shimadzu Model 160A UV–Visible double
beam spectrophotometer with a 1.0 cm quartz
cells was used. An Orion Research Model 601A/
Digital Ion Analyser was used for checking the
pH of the universal buffer solutions.

2.2. Reagents

All chemicals and solvents used were of analyt-
ical or pharmaceutical grade. All solutions were
prepared in doubly distilled water. Pure drug
standard samples were supplied by Galaxo Wel-
come pharmaceutical company (Egypt). Dosage
forms containing salbutamol were purchased from
local market companies. DCQ and TCNQ were
supplied by Aldrich Company, USA.

Fresh solutions of DCQ (0.1% w/v) in iso-
propanol and of TCNQ solution (0.02% w/v) in

acetonitrile were freshly prepared. Universal
buffer solutions of different pH values 3.0 to 12.0
were also prepared. Standard Salbutamol solu-
tions containing 2.0 mg ml−1 in water and 0.2 mg
ml−1 in acetonitrile were freshly prepared for
studying reactions with DCQ and TCNQ
reagents, respectively.

2.3. Procedure

2.3.1. bulk sample
Aliquots containing salbutamol in the working

concentration range of 10.0–300 and 20–200 �g
ml−1 for DCQ and TCNQ reagents, respectively,
were transferred into 10.0 ml measuring flask.
About 1.0 ml of buffer solution of pH 9.0 was
added in case of DCQ only, then 1.0 ml of DCQ
or 2.0 ml of TCNQ solution was added. The
solution was completed to the mark with distilled
water in case of DCQ and with acetonitrile in case
of TCNQ. The solution was left to stand for few
minutes at room temperature before the ab-
sorbance was measured at �=602 and 842 nm for
DCQ and TCNQ, respectively, against a blank
solution prepared in the same manner without
drugs. The drug concentration was calculated
from the standard calibration graph prepared un-
der the same identical conditions.

2.3.2. Pharmaceutical dosage forms (tablets)

2.3.2.1. Using DCQ reagent. Weigh and thor-
oughly grind 20 tablets. Extract an accurately
weighed portion of the obtained powder equiva-
lent to 50.0 mg of salbutamol with 25.0 ml dis-
tilled water. Shake for about 15.0 min, filter the
mixture into 100 ml measuring flask and wash the
residues several times and dilute to the mark with
water. The analysis was continued as described
above and the nominal constant was calculated
from the corresponding calibration graph or re-
gression equation.

2.3.2.2. Using TCNQ reagent. An accurately
weighed amount of the finely powdered 20 tablets
equivalent to about 10.0 mg of salbutamol was
transferred into a 50.0 ml beaker. This beaker was
half-filled with DMF and heated in a boiling
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water-bath for 20.0 min [8]. The solution was
cooled, transferred into 50.0 ml volumetric flask
and diluted to volume with the same solvent. The
solution was filtered and the first few milliliters of
the filtrate were discarded. Different aliquots from
the filtrate were measured by pipette and the
method was continued as mentioned above [8].

3. Result and discussion

3.1. Absorption spectra

The absorption spectra of the reaction product
between salbutamol (containing phenolic group)
and DCQ reagent in alkaline medium (pH 9.0) is
shown in Fig. 1. It shows a characteristic maxima
at �max=602 nm [16]. The absorption spectra of
the colour product-CT complex in the universal
buffer solution of varying pH values (3.0–12.0)
were recorded in order to select the optimum pH.
This also gives us an idea about the possible
species that can exist in such media. The spectral
measurements in the visible region show no blue
or red effect of pH variation on �max at 602 nm.
Fig. 2 shows an increase in the absorbance with
the increase of pH at the specific wavelength till
pH 9.0 (maximum absorbance). At pH more than
9.0, has a stable value (Fig. 2B) by increasing of
pH. So the optimum pH value of this reaction is
taken between 10 and 12 inspite of the maximum
absorbance at pH 9, because little lower pH may
cause high error.

Fig. 2. Effect of pH on the reaction of salbutamol with DCQ.

TCNQ in acetonitrile reacts with the amino
group of salbutamol and give an intense bluish–
green CT complex which absorb maximally at
�=842 nm (Fig. 3). The CT complex was formed
by the interaction of the investigated drug base as
n-electron donors and TCNQ as �-acceptor.

The spectrophotometric properties of the
coloured CT complexes as well as the different
parameters affecting the colour development be-
tween salbutamol and both reagents were exten-
sively studied to determine the optimal conditions
for the assay procedure. The reaction was studied
as a function of the volume of the reagent, nature
of solvent, reaction time, temperature but it does
not stability indicating.

Fig. 3. Absorption spectra of (A) salbutamol TCNQ complex
in acetonitrile and (B) TCNQ in acetonitrile.

Fig. 1. Absorption spectra of (A) salbutamol solution, (B)
DCQ reagent and (C) salbutamol-DCQ product.
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Fig. 4. Effects of time on the spectra of the reaction products:
(a) salbutamol-DCQ and (b) salbutamol-TCNQ.

3.5. Calibration and precision

Typical calibration data obtained for salbuta-
mol drug obtained from linear regression analysis
of absorbance readings versus concentration of
the drug (�g ml−1) were made. The slope, inter-
cept, Sandell sensitivity (S), apparent absorptivi-
ties and correlation coefficient were listed in Table
1. Beer’s law limits are 1.0–30 and 2.0–20 �g
ml−1 for salbutamol using DCQ and TCNQ
reagents, respectively. Moreover, Ringbom opti-
mum concentration ranges can be calculated
which give more accurate results at 10–30 and
8.0–20.0 �g ml−1 salbutamol using DCQ and
TCNQ, respectively. The apparent molar absorp-
tivities of the resulting colour products CT com-
plexes were 2.25×104 and 2.8×104 l mol−1

cm−1 for salbutamol using DCQ and TCNQ
reagents, respectively.

Five replicate measurements are performed at
two different concentrations (10 and 15 �g ml−1)
and the following relative standard deviations
(R.S.D.) of 0.27–0.68 and 0.20–1.4 for DCQ and

3.2. Effect of reaction time

The reaction time is determined by following
the colour development at different time intervals
at room temperature. It is found that, maximum
absorbance is attained after 15 min. The colour
remains constant for more than 1 day (Fig. 4).
This indicates the colour stability of reaction
product, which permits the use of the procedure
in microdetermination of the drug in acceptable
duration.

3.3. Effect of DCQ and TCNQ concentration

For DCQ reagent, it was found that, maximum
absorbance was attained using 1.0 ml of 0.1%
DCQ solution and 1.0 ml of pH 9.0 of the univer-
sal buffer solution. The colour developed after
30.0 min and still constant for more than 1 day
(Fig. 4). For TCNQ ragent, the maximum ab-
sorbance is attained using 1.0 ml of 0.02% TCNQ
solution.

3.4. Effect of sol�ent

To select the solvent that would give the highest
absorbance, different solvents were tested like
methanol, ethanol and different mixtures of etha-
nol:acetonitrile. It was found that, the response
between absorbance and concentration was non
linear. Acetonitrile was considered as an ideal
solvent because it offered an excellent solvating
power for TCNQ reagent to give high absorbance
[17,18].

Table 1
Analytical and spectral characteristics of the coloured prod-
ucts, precision and accuracy

Parameters Reading

DCQ method TCNQ method

�max (nm) 842602
pH 9.0 –
Molar absorptivity 2.80×1042.25×104

(l mol−1 cm−1)
Sandell sensitivity 0.0100.011

(�g cm−2)
8.0–20.0Ringbom sensitivity 10.0–30.0

(�g ml−1)
Beer’s law limit to 20.0to 30.0

(�g ml−1)
Range of error (%) 0.40 to 1.600.174 to 0.82

0.2 to 1.40.27 to 0.68Relative standard
deviation (%)

Regression equationa

0.973Slope (b) 1.008
Intercept (a) 0.0520.546

0.9960.996Coefficient of
determination (r2)

a A=a+bC, where C is the concentration in �g ml−1.
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Table 3
Between-day measurements of CT reactions between salbutamol and TCNQ or DCQ

W found (�g ml−1) Percentage recovery (%) S.D.Compound R.S.D. (%)W taken (�g ml−1)

5.95 99.17TCNQ method 0.086 1.34
10 9.95 99.5 0.09 0.90
12 12.15 101.25 0.13 1.07

4.94 98.805 0.06DCQ method 1.21
10 9.95 99.50 0.07 0.70
15 14.95 99.33 0.09 0.60

TCNQ, respectively, are obtained. It indicates the
high accuracy and precision of the proposed
method in the determination of salbutamol. The
performance of the proposed method was assessed
by comparison with the British pharmacopoeia
[19]. Comparison through F- and t- tests [20]
showed the equivalency of this method (Table 2).

3.6. Stoichiometry

A further study on the CT complex reaction of
salbutamol with DCQ and TCNQ, the stoi-
chiometry of the reaction mixture was determined
by using continuos variation method. The results
show a 1:1 salbutamol:reagents (DCQ or TCNQ)
CT complexes.

3.7. Mechanism of reaction between DCQ and
TCNQ with salbutamol

DCQ is an electron acceptor and the benzene
ring in salbutamol molecule is the electron rich
group, so a �–�* CT complex is formed [5]:

The CT complex formed between salbutamol
and TCNQ reagent takes place through the mi-
gration of H+ ion to one of the four cyano
groups in TCNQ reagent to form positive ion
which associate with the phenolate anion to form
ion pairs as follows [18]. Also, �–�* CT complex
is formed via the benzene ring (electron rich
group) of the salbutamol drug and TCNQ reagent
(electron acceptor) [5,18].

3.8. Interference

Interference were those which could cause ana-
lytical problems. It was found that, the proposed
methods could be applied to determine salbuta-
mol in different preparations without any analyti-
cal problems. On the other hand, tablet fillers
such as starch, lactose, glucose and stearic acid
did not interfere in the proposed method.

3.9. Application

The two proposed methods are applied to the
determination of salbutamol in dosage forms
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(commercial products randomly collected from
local pharmacies). Table 2 lists the results ob-
tained by the proposed and British pharmaco-
poeia [19] based on electrometric titration with 0.1
N perchloric acid. The results indicate good
agreement with the official method. The proposed
colourimetric methods can be recommended for
routine analysis in the majority of drug quality
control laboratories. Another favourable charac-
teristic of the method is that the absorbances of
the coloured products formed are stable for at
least 24.0 h.

On comparison of the results obtained by the
proposed methods with the pharmaceutical
method [19] using the t-test for the accuracy and
F-test for the precision assessment [20], the calcu-
lated values did not exceed the corresponding
theoretical values (tabulated value of t- and F-test
under confidence limit 95%=2.776 and 6.39, re-
spectively) indicating insignificant differences be-
tween the results and also refer to the robustness
of the proposed procedure. The proposed method
is more accurate and of high robustness, with high
recoveries amounting to 98.70 to 99.60�0.60 to
1.20% for DCQ and 99.10 to 101.1�0.30 to
0.65% for TCNQ compared with 99.68 to 99.90�
0.24 to 0.68% using the British pharmacopoeia.
The day by day availability of the proposed
method is given in Table 3. It shows the values of
the between-day R.S.D. for different concentra-
tions of the drugs, obtained from experiments
carried out over a period of four days. It gives a
S.D. of 0.06 to 0.13 and 0.06 to 0.09 for TCQ and
DCQ methods and RSD of 0.08 to 1.21 and 0.09
to 1.34 for TCQ and DCQ methods, respectively,
referring to the high accuracy and precision and
robustness of the applied procedures.

References

[1] R.S. Bakry, A.F.M. El-Walily, S.F. Belal, Mikrochim.
Acta 127 (1–2) (1997) 89–93.

[2] A.S. Amin, G.O. El-Sayed, Y.M. Issa, Analyst 120
(1995) 1189.

[3] C.S.P. Sastry, K.R. Rao, D.S. Prasad, Mikrochim. Acta
126 (1–2) (1997) 167–172.

[4] F.A. Aly, S.F. Belal, M.I. Walash, J. Pharm. Biomed.
Anal. 12 (7) (1994) 955–958.

[5] F.L. Zhao, B.Z. Xu, Z.Q. Zhang, S.Y. Tong, J. Pharm.
Biomed. Anal. 21 (1999) 355–360.

[6] C.S.P. Sastry, B.S. Sastry, J. Venkateswara Rao, R.
Rama-Kirshna, Talanta 40 (4) (1993) 571–576.

[7] Martindale, in: James E.F. Reynolds (Ed.), The Extra
Pharmacopeia, Thirty-first Edition, London Royal Phar-
maceutical Society, London, 1996.

[8] R.S. Bakry, O.A. Razak, A.F.M. El-Walily, S.F. Belal,
J. Pharm. Biomed. Anal. 14 (3) (1996) 357–362.

[9] I. Singhvi, S.C. Chaturvedi, Indian Drugs 35 (7) (1998)
421–426.

[10] T.D. Burns, N. Chimpalee, D. Chimpalee, K. Lei-
wongcharoen, Anal. Chim. Acta 260 (1) (1992) 65–68.

[11] V. Lemesle-Lamache, M. Taverna, D. Wouessidjewe, D.
Duchene, D. Ferrier, J. Chromatogr. A 735 (1–2)
(1996) 321–331.

[12] A. Posyniak, J. Niedzielska, S. Semeniuk, J. Zmudzki,
J. Planar Chromatogr—Mod. TLC 8 (2) (1995) 157–
159.

[13] A.P. Argekar, S.G. Powar, J. Planar Chromatogr.—
Mod. TLC 11 (4) (1998) 254–257.

[14] T.W. Logsdon, X. Zhou, P. Breen, P. Anderson, L.
Gann, C. Hiller, C.M. Compadre, J. Chromatogr.
Biomed. Appl. 692 (2) (1997) 472–477.

[15] Y.S. Yuan, F.L. Zhao, Sepu 15 (1) (1997) 12–14.
[16] J.F. Corbett, J. Chem. Soc. 8 (1970) 1502–1509.
[17] P.J. Streete, J. Chromatogr., Biomed. Appl., 27 October

1989, 87 (J. Chromatogr., 495) 179–193.
[18] A.S. Amine, M.E. Moustafa, Y.M. Issa, Microchem. J.

50 (1994) 6–13.
[19] British Pharmacopeia, 1998, 1150–1151.
[20] J.C. Miller, J.N. Miller, Statistics for Analytical Chem-

istry, Second edition, Ellis Horwood, Chichester, 1988.


	2,6-Dichloroquinone chlorimide and 7,7,8,8-tetracyanoquinodimethane reagents for the spectrophotometric determ...
	Introduction
	Experimental
	Instruments
	Reagents
	Procedure
	bulk sample
	Pharmaceutical dosage forms (tablets)
	Using DCQ reagent
	Using TCNQ reagent



	Result and discussion
	Absorption spectra
	Effect of reaction time
	Effect of DCQ and TCNQ concentration
	Effect of solvent
	Calibration and precision
	Stoichiometry
	Mechanism of reaction between DCQ and TCNQ with salbutamol
	Interference
	Application

	References


