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Flow injection spectrofluorimetric study of the supramolecular
interaction between�-cyclodextrin and dequalinium chloride

and its analytical application
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Abstract

The supramolecular interaction of dequalinium chloride (DQC) and�-cyclodextrin has been studied by flow injection spectrofluorimetry.
The results showed that�-CD reacted with DQC to form a 1:1 host:guest complex with an apparent association constant of 4.99× 102 L mol−1.
Based on the enhancement of the fluorescence intensity of DQC, a flow injection sepctrofluoremetric method for the determination of DQC
in bulk aqueous solution in the presence of�-CD was developed. The linear range was 0.0412–30.00�g mL−1. The detection limit was
1 sitions.
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2.3 ng mL−1 with a sampling rate of 80 h−1. There was no interference from the excipients normally used in tablets and serum compo
he proposed method was successfully applied to the determination of DQC in tablets and serum.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Dequalinium chloride (DQC), chemically decamethyl-
ne-bis-(4-aminoquinaldinium)-chloride (Scheme 1), is a
isquaternary ammonium surfactant widely employed as an
ntibacterial and antifungal drug in pharmaceutical products

or the treatment of infections of the mouth, gingival and
hroat[1], and in cosmetics for oral hygiene. At present, the
nalytical techniques that have been applied to the determi-
ation of DQC were HPLC[2–4]and GC[5]. The spectroflu-
rimetric method has been widely used in the determination
f biological samples[6,7], environmental substances[8–10]
nd pharmaceutical[11–13] since it is highly sensitive, se-

ective, easily operated and economic. Flow injection (FI)
pectrofluorimetry method has not only fluorimetric charac-
eristics of high sensitivity and selectivity, but also merits of
igh reproducibility and rapidity, and it is attracting more
nd more attentions from investigators[14–17]. So to de-

∗ Corresponding author. Tel.: +86 531 6180010; fax: +86 531 6180017.
E-mail address:tangb@sdnu.edu.cn (B. Tang).

velop a simple, rapid, sensitive and selective flow injec
spectrofluoremetric method is highly desirable.

Cyclodextrins (CD), the cyclic oligosaccharides cons
ing of six or mored-(+)-glucopyranose units, are well know
to have the property of forming inclusion complexes w
guest molecules which possess suitable polarity and di
sion. This ability has been widely used in the studie
general inclusion phenomena and enzyme–substrate in
tions, applied in food, cosmetics and pharmaceutical in
tries, and has also been used for analytical purpose[18]. The
formation of the inclusion complex can alter the photoche
cal and photophysical properties of the guest molecules.
siderable attention has been focused on the luminescen
plication of the cyclodextrin[19–22].

To our interests, an obvious increase of the fluoresc
intensity was observed when�-CD was added to the aqu
ous solution of DQC. So, a flow injection spectrofluorime
study of the interaction between�-CD and DQC was carrie
out. The remarkable enhancement of the fluorescence
sity of DQC might be very useful from an analytical poin
view. Therefore, in the present study, we evaluated the
386-1425/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.saa.2004.08.019
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Scheme 1. The structure of DQC.

lytical usefulness of�-CD for the flow injection fluorescence
determination of DQC in aqueous phase. To our best knowl-
edge, use of�-CD as the sensitizing agent for determina-
tion of DQC in the aqueous solution by flow injection spec-
trofluorimetry has not been reported. The�-CD-enhanced
flow injection spectrofluorimetric method was applied to the
analysis of DQC in capsules and serum with satisfactory re-
sults. Compared with HPLC[2–4] and GC[5], the proposed
method is fairly accurate, rapid, reproducible and has high
sensitivity and wide linear range.

2. Experimental

2.1. Apparatus and reagents

All the spectrofluorimetric measurements were carried
out on a Cary Eclipse (Varian, Australia) spectrofluorime-
ter, equipped with a xenon lamp and an 18�L quartz flow-
through cell. A flow injection apparatus (FIA-3100, Beijing
Wantuo, China) equipped with an eight-channel rotary in-
jection valve and two peristaltic pumps was used. All pH
measurements were made with a pHS-3C digital pH-meter
(Shanghai Lei Ci Device Works, Shanghai, China) with a
combined glass-calomel electrode.
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Fig. 1. A schematic diagram of instrumental set-up (P: pump; V: valve; K:
single bead string reactor (SBSR, i.d. = 0.80 mm); D: detector; W: waste;
S: sample (2.00�g mL−1 DQC); R: 1.00× 10−2 mol L−1 �-CD; C: carrier
(pH = 1.30, 0.10 mol L−1 of tri-sodium citrate–HCl buffer solution)).

tion valve. Then the reacting mixture passed directly through
the measuring cell, where the fluorescence intensity (F) was
measured at 365 nm with excitation at 240 nm (excitation and
emission slits were all set to 5 nm). The experimental param-
eters were set as: volume injected, 200�L; the reaction tube
length, 90 mL (0.80 mm i.d.); sampling and injection time
were 15 and 30 s respectively; the rotating speed of pump,
50 round min−1.

3. Results and discussion

3.1. Excitation and emission spectra

According to the procedure above, DQC and�-CD were
pumped into the measuring cell, then the excitation and emis-
sion spectra were scanned. As can be seen inFig. 2, a sig-
nificant increase of the fluorescence intensity was observed
when�-CD was added to the aqueous solution of DQC and
the fluorescence signals were intensified with increasing con-
centration of�-CD.

To demonstrate that these spectral changes are not due to
a solvent effect caused by high concentration of�-CD, we
tested the effect of glucose on the spectra of DQC. The addi-
tion of glucose (in an equivalent mass of 1.00×10−2 mol L−1

�-CD) to a 2.00�g mL−1 of DQC aqueous solution induced
n ation
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aceutical Chemical Co., Ltd.) was used as received
ut further purification. Its stock solution (2.00 mg mL−1)
as prepared with ethanol.�-CD (purchased from Chin
edicine Group Shanghai Chemical Reagent Corpora
as purified by twice recrystallization in double-distilled w

er, followed by vacuum drying at 60◦C. It was used with
oncentration of 1.00× 10−2 mol L−1. About 0.10 mol L−1

f tri-sodium citrate–HCl buffer solution (pH = 1.30) w
sed as the carrier. Other chemicals used were of anal
eagent grade. Double-distilled water was used through

.2. Procedure

Preliminary tests were carried out with the aid of differ
ow assemblies to select the optimal manifold configura
he assembly inFig. 1was selected as the one producing
est compromise between peak height and the shape
eak.

The sample solution was pumped into the sampling
ith the aid of the rotary injection valve, and�-CD was adde

nto the flow injection analysis (FIA) path after the inje
either spectral shifts nor intensity changes in the excit
nd emission spectra of DQC, which contrasted with t

ound when�-CD was added and confirmed that there
ome specific interaction between�-CD and DQC. There
ore, we conclude that the�-CD-induced changes observ
n the fluorescence spectra of DQC indicate the formatio
upramolecular complex between the two molecules[20].

Based on the fluorescence intensity enhanced great
ause of the formation of the complex between DQC
-CD, a flow injection sepctrofluoremetric method for
etermination of DQC in bulk aqueous solution was de
ped (Table 1).

.2. Influence of pH

The pH dependence of the system was studied ove
ange of 0.90–3.80. The results were shown inFig. 3. As can
e seen, the fluorescence intensity was relatively high
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Fig. 2. Excitation (a) and emission (b) spectra (CDQC = 2.00�g mL−1; pH = 1.30; 1:C�-CD = 0; 2: C�-CD = 1.00× 10−3 mol L−1; 3: C�-CD = 5.00×
10−3 mol L−1; 4:C�-CD = 1.00× 10−2 mol L−1).

Table 1
The fluorescence parameter of DQC and�-CD-DQC

Compound Fluorescence parameter

�F0 �F �F/�F0 λex/em(nm)

DQC 20 3.35 240/365
�-CD-DQC 67 3.35 240/365

almost remained constant over the pH range of 0.90–1.50.
Therefore, a pH of 1.30 was fixed with the use of tri-sodium
citrate–HCl buffer solution.

3.3. Influence ofβ-CD concentration on the
fluorescence intensity

Influence of�-CD concentration on the fluorescence in-
tensity of the complex was shown inFig. 4. As can be
seen, with the increase of�-CD concentration the fluores-
cence intensity of the complex also increased. About 1.00×
10−2 mol L−1 of �-CD was used according to the solubility
of �-CD.

F
(

Fig. 4. Influence of �-CD on the fluorescence intensity (CDQC =
2.00�g mL−1; pH = 1.30).

3.4. Effect of volume injected

The volume of DQC solution injected was varied between
50 and 300�L (Fig. 5). The results showed that the relative
fluorescence intensity increased with the increase of volume
injected. In order to guarantee the sensitivity and the sampling
injection, the volume chosen was 200�L.

Fig. 5. Effect of volume injected (CDQC = 2.00�g mL−1; C�-CD = 1.00×
10−2 mol L−1; pH = 1.30).
ig. 3. Influence of pH on the fluorescence intensity of�-CD:DQC complex
CDQC = 2.00�g mL−1; C�-CD = 1.00× 10−2 mol L−1).
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Fig. 6. Effect of flow rate (CDQC = 2.00�g mL−1; C�-CD = 1.00 ×
10−2 mol L−1; pH = 1.30).

3.5. Effect of flow rate

The reactor was a piece of PTFE tube (90 cm long and
0.80 mm i.d.). The flow rate was an important factor to
sampling frequency. In this paper, the flow rate was ad-
justed by changing rotating speed of the pump. The results
(Fig. 6) showed that the fluorescence intensity was high-
est and stable at the rotating speed of 50–60 round min−1

and the baseline was stable and the peak shape was better
when it was 50 round min−1. So the rotating speed chosen
was 50 round min−1 and the flow rates of carrier (pH = 1.30
buffer solution), sample (DQC), reagent (�-CD) were 4.21,
4.33 and 2.30 mL min−1, respectively.

3.6. Effect of sampling and injection time

Different sampling and injection time was tested on
the sensitivity and peak shape. The results showed that
the fluorescence intensity was highest and the peak shape
was better when they were 15 and 30 s, respectively. Then
the proposed method allowed a sampling frequency of
80 samples h−1.

Fig. 8. Plot of 1/(F − F0) vs. 1/CCD
2.

3.7. Apparent association constant and inclusion
complex thermodynamics

3.7.1. Apparent association constant
The apparent association constant of the inclusion com-

plex can be determined by the following method:
Assuming that the composition of the complex was 1:1,

the following expression can be written as:

S+ �-CD←→ �-CD–S

The formation constant of the complex (K) is given by:K
= [�-CD–S]/[S][�-CD]where [�-CD], [S] and [�-CD–S] are
equilibrium concentrations. An apparent constant association
constant value for the inclusion complex can be determined
through the typical double reciprocal plots[23]:

1

(F − F0)
= 1

[(F∞ − F0)KC�−CD]
+ 1

(F∞ − F0)
(1)

whereF is the observed fluorescence intensity of the DQC
solution at each�-CD concentration tested,F0 andF∞ the
fluorescence intensity in the absence of�-CD and when all
the DQC molecules are complexed, respectively. It was taken
Fig. 7. Plot of 1/(F − F0) vs. 1/CCD.
 Fig. 9. Plot of lnK vs. 1/T.
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Table 2
Apparent formation constant (K), enthalpy (�H◦), entropy (�S◦) and stan-
dard free energy (�G◦) changes of�-CD:DQC complex as a function of
temperature

Temperature

283 K 293 K 303 K 313 K 323 K

lnK 6.48 6.21 5.98 5.70 5.46
�G◦(kJ mol−1) −15.289 −15.137 −14.985 −14.833 −14.681
�H◦(kJ mol−1) −19.591
�S◦(kJ mol−1) −0.0152

into account that (1)�-CD is in a large excess with respect
to DQC and therefore its free and analytical concentrations
are similar, (2) the variations in the fluorescence signals are
proportional to the complex concentration and (3) at high�-
CD concentration essentially all of the DQC molecules are
complexed.

The good linear relationship obtained when 1/(F− F0) is
plotted against 1/CCD supports the existence of a 1:1 complex
(R = 0.9993,Fig. 7). Its apparent association constant was
determined to be 4.99× 102 L mol−1.

Assuming that DQC and�-CD formed a 1:2 complex, the
following expression can be written as:

S+ 2�-CD←→ (�-CD)2–S

The formation constant of the complex (K′) is given by:

K′ = [(�-CD)2–S]

[�-CD]2[S]

If [CD] � [(�-CD)2–S]� [�-CD–S], then the following
expression is obtained:

1

(F − F0)
= 1

[(F∞ − F0)K′C�−CD
2]
+ 1

(F∞ − F0)

When making a plot of 1/(F − F0) against 1/[�-CD]2, no
linear relationship can be observed (Fig. 8), which indicated
t
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Table 4
Effect of interference (tolerance error±5.0%)

Tolerance ratio in mass Interference

3000 K+, Na+, Cl−
2500 Ca2+, Mg2+, Zn2+, glucose
2000 Fe3+, PO3−

4 , polyethylene glycol, tryptophan
1000 Boracic acid, sucrose, gelatin, casein
600 Merhyl cellulose, sodium carboxymethyl-

celluose, starch
500 Mannitol, sorbitol, gum acacia power, glycin
300 Lactose, sodium acetate

increases. The fact that�S◦ is a small negative value may be
attributed to the two reverse course: when DQC molecules
are included into the cavities of�-CD, some water molecules
are released, which leads to the increase of entropy. The net
result of the two reverse courses is that the entropy of the
system decreases slightly.

3.8. Analytical characteristics

Based on the increase of the fluorescence intensity of
DQC, a flow injection spectrofluorimetric method for the de-
termination of DQC in bulk aqueous solution in the pres-
ence of�-CD was developed. Under the optimum experi-
mental conditions, there was a linear relationship between
the fluorescence intensity and the concentration of DQC in
the range of 0.0412–30.0�g mL−1 with a correlation coeffi-
cient of 0.9982. The regression equation was�F = 24.532 +
26.227C (�g mL−1). The detection limit, as defined by IU-
PAC [24], was determined to be 12.3 ng mL−1 according to
formula ofC = KS◦/S, where the value ofK was taken as 3,
the standard deviation was 0.108 obtained from a series of
11 reagent blanks, andSwas the slope of the standard curve.
The relative standard deviation (R.S.D.) was 2.4% obtained
from a series of 11 standards each containing 2.00�g mL−1

of DQC. Compared with the methods HPLC and GC, the
proposed method has advantages such as high sensitivity and
w
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hat the composition of the complex is not 1:2.

.7.2. Inclusion complex thermodynamics
The thermodynamic parameters, standard free en

�G◦), enthalpy (�H◦) and entropy (�S◦) for inclusion com
lex of DQC with�-CD were obtained from the van’t Ho
quation: lnK = −�H◦/RT+ �S◦/R (Fig. 9). The�H◦ and
S◦of the complex formation were calculated from the sl
nd intercept by plotting lnK versus 1/T and�G◦ was ob-

ained according to the equation:�G◦ = �H◦ − T�S◦. The
esults were shown inTable 2. As can be seen, when the te
erature increases from 283 to 323 K, the�H◦ is negative

ndicating that the complex dissociates when the temper

able 3
nalytical characteristics compared with HLPC and GC

HPLC[3] CE [5] The proposed metho

inear range 5–25�g mL−1 2.5–12.5�g mL−1 0.041–30.0�g mL−1

OD 1.5�g mL−1 2�g mL−1 12.3 ng mL−1
ide linear range (Table 3).

.9. Effect of interference

Before the proposed flow injection spectrofluorimr
ethod was applied to real samples, the influence of the
only used tablet excipients and the main composition

erum on the determination of 2.00�g mL−1 DQC was stud
ed. A 1600-fold mass excess of them over 2.00�g mL−1

QC was tested first. If interference occurred, the ratio
educed progressively until the interference ceased. Th
erion for interference was fixed at a±5.0% variation o

able 5
etermination of DQC in capsules (n = 5,P = 95%)

harmaceutical preparations DQC tablets
able claim (mg tablet−1) 0.2500
he proposed method (mg tablet−1) 0.2506± 0.0013
.S.D. (%) 0.42
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Table 6
The recoveries of the determination of DQC in tablets

Sample no. Sample content (�g mL−1) DQC added (�g mL−1) DQC found (�g mL−1) Recovery (%)

1 10.04 10.00 19.89 99
2 5.05 5.00 10.12 101
3 2.82 3.00 5.56 96
4 0.83 1.50 2.43 104

Table 7
Determination of DQC in serum (n = 5,P = 95%)

Sample no. DQC added (�g mL−1) DQC found (�g mL−1) Recovery (%) R.S.D. (%)

1 5.00 4.87±0.08 97 1.3
10.00 10.15±0.16 101 1.2
20.00 19.94±0.15 100 0.60

2 5.00 5.13±0.21 103 3.3
10.00 9.78±0.18 98 1.5
20.00 19.13±0.32 96 1.3

Sample 1 serum was not deproteinized with acetonitrile; sample 2 serum was deproteinized with acetonitrile.

the average fluorescence intensity calculated for the estab-
lished level of DQC. The results were shown inTable 4
and it was obvious that the determination was free from
the interference of the usual excipients and compositions of
serum.

4. Applications

4.1. Determination of DQC in tablets

Ten tablets were weighed precisely in order to obtain
the average mass of each tablet. The tablets samples of
DQC content in tablets were satisfactorily determined follow-
ing the proposed flow injection spectrofluorimetric method.
The results are shown inTable 5. As can be seen, re-
sults obtained by the proposed method agree with the lable
claim.

To evaluate the extraction procedures and the accuracy of
the method, a recovery assay was performed. The recoveries
of DQC added to different concentration sample solutions
were shown inTable 6. It can be seen that the recoveries
were 96–104% and did not beyond the recommended limits
of within ±5% of the indicated amount.

4
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a

5. Conclusion

Based on the enhancement of the fluorescence intensity
of DQC, a flow injection sepctrofluoremetric method for the
determination of DQC in bulk aqueous solution in the pres-
ence of�-CD was developed. The supramolecular interac-
tion of dequalinium chloride (DQC) and�-cyclodextrin has
been studied by flow injection spectrofluorimetry. The re-
sults showed that�-CD reacted with DQC to form a 1:1
host:guest complex with an apparent association constant of
4.99× 102 L mol−1.
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