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Abstract

In this paper, a simple, rapid, sensitive and accurate electroanalytical method of Basic Brown G (BBG) has been established by polarography
and voltammetry. In ammoniaeammonium chloride (pH 9.1), a sensitive second derivative reduction peak (ip

00) of BBG was found by Linear
Sweep Voltammetry (LSV). The peak potential (Ep) is about �0.67 V (versus SCE). The peak current (ip

00) is proportional to the concentration of
BBG over the range 3.0� 10�8e1.0� 10�4 mol L�1 (r¼ 0.9935e0.9987) and the limit of detection (LOD) is 9.0� 10�9 mol L�1. The recov-
ery of BBG varied from 95.3 to 102% and the relative standard deviation (RSD) was 2.4% (n¼ 10). The method has been expected to achieve
the determination of the concentration of remnants of dyes of wastewater in dye industry. In addition, the supramolecular system of BBG with
cyclodextrins (CDs) has been studied. BBG can form 1:2 (BBG:CD) inclusion complex with a-CD and HP-a-CD, respectively, and 1:1 inclusion
complex with other six CDs. The inclusion constants were calculated and the inclusion ability of different kinds of CDs was compared,
furthermore, the inclusion mechanism is also preliminarily discussed, which provided some valuable information for further application of
BBG and CDs.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Basic Brown G (BBG) (C.I. Basic Brown 1) is one of the
azo dyes and is widely used in dye-printing and textile indus-
try, which is becoming extensively scattered throughout the
environment around manufacturing plants. A number of azo
dyes exhibit genotoxicity and ecotoxicity [1,2] leading to the
need for optimize analytical procedures for their determination
at lower levels. In recent years, several methods [3e5] have
been reported for this purpose, but these methods need expen-
sive equipment or long experimental procedures for the sam-
ple clean up. Polarography and voltammetry are particularly
suitable for this object not only because of their applicability
over an unusually wide concentration range, their low
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investment and low running costs but also their rapidity, sim-
plicity, accuracy and high sensitivity.

There has been a steady growth of interest in supramolec-
ular chemistry. CDs have the peculiar ‘‘interior hydrophobic,
exterior hydrophilic’’ structure forming a 1:1 or 1:2 inclusion
complex with guest molecules, thus the physical, chemical and
biochemical characteristics of guest molecules were modified
[6e8]. To date mainly various methods [9e15] have been used
for the study of inclusion complexes of CDs and guest mole-
cules. However, based on our knowledge, no electrochemical
report on the determination of BBG and supramolecular sys-
tem of BBG with CDs has appeared in the literature.

In this paper, polarography and voltammetry have been
proved to be very convenient techniques for determining the
azo dye at nanomolar levels. The electroanalytical method of
BBG has been established. In 0.1 mol L�1 NH3eNH4Cl (pH
9.1), a sensitive reduction peak of BBG was found by LSV.
The peak potential is about �0.67 V (versus SCE). The peak
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current is proportional to the concentration over the range
3.0� 10�8e1.0� 10�4 mol L�1 (r¼ 0.9935e0.9987) and
LOD is 9.0� 10�9 mol L�1. The recovery of BBG varied
from 95.3 to 102% and RSD was 2.4%, which is fit for the
need of analytical application.

In our research, the interaction of BBG with CDs was in-
vestigated by polarography and voltammetry. The interaction
of BBG with a, b and g-cyclodextrins (a, b and g-CD),
hydroxypropyl-a-cyclodextrin (HP-a-CD), hydroxypropyl-
b-cyclodextrin (HP-b-CD), hydroxypropyl-g-cyclodextrin
(HP-g-CD), tri-o-methyl-b-cyclodextrin (TM-b-CD) and
carboxymethyl-b-cyclodextrin (CM-b-CD) has been studied.

The results indicate that BBG can form 1:2 inclusion
complexes with a-CD and HP-a-CD, respectively, and 1:1
inclusion complexes with other six CDs. Their inclusion con-
stants were calculated according to the literature [16e18] and
the inclusion capacity of different CDs was compared. The
inclusive ability of a-CD with BBG is the strongest, yet the
inclusive ability of g-CD is the weakest among the parent
CDs. Modified a, b and g-CDs exhibit stronger inclusive
ability than their parent CDs. Therefore, the supramolecular
data have provided information for the further application of
CDs and BBG.

2. Experimental

2.1. Reagents and apparatus

Basic Brown G was purchased from Jinzhou of Hebei Prov-
ince Chemical dyes Factory in China. Stock solution of
1.0� 10�3 mol L�1 BBG was prepared by dissolving BBG
directly in doubly distilled water. a-CD, b-CD and TM-b-CD
(MW¼ 1427) were obtained from Sigma Chem. Co. g-CD,
HP-a-CD (MW¼ 1180), HP-b-CD (MW¼ 1380) and HP-
g-CD (MW¼ 1580) were purchased from Aldrich Chem.
Co. CM-b-CD was synthesized. All the CDs were accepted
for use without further purification and 1.0� 10�2 mol L�1

CDs were prepared. Other reagents used were of analytical
reagent grade and distilled water was used throughout.

A BAS-100A electrochemical analyzer (USA) with a PAR
303 electrode system (USA) serving as the working electrode
was used. A saturated calomel electrode was used as reference
electrode and a platinum wire as an auxiliary electrode. All the
voltammograms were drawn with a DMP-40 digital platter. A
JP-303 polarographic analyzer with three-electrode system
(Chengdu Instrument Factory, China) was used for the quanti-
tative analysis of BBG.

2.2. General procedure

To a dry10-ml volumetric flask, 1.0 ml of 0.1 mol L�1

NH3eNH4Cl (pH 9.1) buffer solution was added. Appropriate
amounts of BBG working solutions were added and the solu-
tions were diluted to final volume with distilled water.

If the inclusion constants were measured, solutions were
added in the following order: 1.0 ml of 0.1 mol L�1 NH3e
NH4Cl (pH 9.1) buffer solution, 1.0 ml of 1.0� 10�3 mol L�1
BBG and an appropriate amount of 0.01 mol L�1 CDs, then
dilute the solutions to final volume with distilled water shake
them thoroughly and allow equilibrating at room temperature
for 40 min.

The peak current (ip
00) was recorded in the potential range

from �0.4 to �1.0 V (versus SCE). Under the same condi-
tions, the peak current (i 00p0

) of the blank solution with CD
was obtained and then the difference in peak current�

Di 00p ¼ i 00p0
� i 00p

�
was used to study the inclusion complex

of BBG and CDs.

3. Results and discussion

3.1. Eelectroanalytical method of BBG

3.1.1. Choice of supporting electrolyte
The effect of the supporting electrolyte on the peak current,

e.g. acetic acidesodium acetate buffer (pH 5.0), sodium chlo-
ride solution (pH 7.0), phosphate buffer (pH 7.26), and ammo-
niaeammonium chloride buffer (pH 8e10.7), was examined.
The experimental results show that a reduction peak is ob-
tained for BBG in all the cases. However, this peak is more
clear and sensitive in 0.1 mol L�1 ammoniaeammonium
chloride buffer solution, so 0.1 mol L�1 NH3eNH4Cl buffer
solution was selected as the supporting electrolyte. In the
above-given buffer, a well-defined linear-sweep second deriv-
ative peak was obtained at �0.67 V (versus SCE) (Fig. 1).

3.1.2. Characteristic of reduction peak current of BBG
The effect of scan rate (v) on the peak current (ip

00) was in-
vestigated to elucidate the electrode reaction of BBG. When
the concentrations of BBG are 5.0� 10�6, 1.0� 10�5 and
1.0� 10�4 mol L�1, respectively, the peak current is propor-
tional to the square root of scan rate v1/2. The correlation co-
efficients of ip

00ev1/2 are greater than those of ip
00ev, indicating

that the peak current of BBG is controlled by diffusion.
In addition, a repetitive cyclic voltammogram of BBG in

NH3eNH4Cl (pH 9.1) solution at an HMDE was examined:
the cathodic peak potential Epc

¼ �0:67 V and no anodic

Fig. 1. Linear sweep second derivative voltammogram of

1.0� 10�4 mol L�1BBG in 0.1 mol L�1NH3eNH4Cl buffer solution (pH 9.1).
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peak. It demonstrates that the reduction of BBG is an irrevers-
ible process. The repetitive cyclic voltammogram shows that
the cathodic peak current decreases in the second cycle and
reaches a constant value, which means that the peak current
has adsorption behavior. The first derivative curve shows
that the height of down branch is greater than that of up
branch, which also means that the peak current has adsorption
behavior. All of the above given matter indicates that the peak
current of BBG not only is controlled by diffusion but also has
adsorption behavior in the experiment.

3.1.3. Analytical application of BBG
In the presence of 0.1 mol L�1 NH3eNH4Cl (pH 9.1)

buffer solution different concentrations of BBG were added
and then carried out the experiment by method 2.2. The depen-
dence of ip

00 on the concentration of BBG was investigated by
LSV. There is a good linear relationship between the second
derivative reduction peak height and concentration of BBG
in the range of 3.0� 10�8e1.0� 10�4 mol L�1. The result
is shown in Table 1.

The LOD is 9.0� 10�9 mol L�1. The precision of the de-
termination of BBG is excellent, and at a concentration of
2.0� 10�6 mol L�1, the RSD was 2.4% (n¼ 10).

The content of artificial synthesis sample of BBG was
5.0� 10�5 mol L�1, in which standard solutions of different
concentrations of BBG were added and the contents were de-
termined by method 2.2. The results of recovery studies are
listed in Table 2. The recovery of BBG varied from 95.3 to
102%. The mean recovery of BBG is 98.5%. It can be seen
that BBG in synthesis samples can be determined with satis-
factory results.

The interference of 16 foreign substances such as acid dyes,
basic dyes and reactive dyes was tested with
1.0� 10�4 mol L�1 BBG. It is found that small amount of
dyes have little effect on the determination of BBG. Only
few dye interfere with the assay of BBG.

3.2. Supramolecular system of Basic Brown G
with cyclodextrins

3.2.1. Optimization of experimental conditions

3.2.1.1. Effects of pH value and buffer. The pH of buffer
greatly affects the formation of complex between BBG and
CDs. The concentrations of BBG and CD were fixed at
1.0� 10�4 mol L�1 and 2.0� 10�3 mol L�1, respectively.
The NH3eNH4Cl buffer solutions of different pH values
were selected as supporting electrolyte to determine the

Table 1

The relationship between ip
00 and concentration in different quantity grades

Range of concentration (mol L�1) Linear equation r

3.0� 10�8e1.0� 10�7 ip
00 ¼ 0.2974 Cþ 1.027 0.9985

1.0� 10�7e1.0� 10�6 ip
00 ¼ 3.764 Cþ 1.002 0.9980

1.0� 10�6e1.0� 10�5 ip
00 ¼ 42.28 Cþ 42.47 0.9987

1.0� 10�5e1.0� 10�4 ip
00 ¼ 217.2 Cþ 141.7 0.9935
formation of supramolecular complex. The result shows Dip
00

primarily increased and then decreased with the increasing
of pH value and it reached its maximum at pH 9.1, so pH
9.1 was chosen as the optimal pH.

Experiments indicate that different buffers also have effect
on the system. Among the tested buffers, such as NH3e
NH4Cl, Na2HPO4eKH2PO4, NaCl and HAceNaAc, NH3e
NH4Cl buffer is suitable for the study of supramolecular
system.

In the final 10 ml solution, different amounts of buffer so-
lution, which were varied from 0.5 to 3.0 ml, also had effects
on the system. Dip

00 gave maximum when adding 1.5 ml buffer
solution, so 1.5 ml NH3eNH4Cl is selected as the reaction
buffer.

3.2.1.2. Effect of BBG concentration. The BBG concentration
varied from 5.0� 10�5 mol L�1 to 5.0� 10�4 mol L�1. The
effect was studied with 2.0� 10�3 mol L�1 CD and the result
shows that Dip

00 reached maximum at 4.5� 10�4 mol L�1 and
remains constant with increasing concentration of BBG. When
BBG concentration is more than 2.0� 10�4 mol L�1, the re-
duction peak had a split for the sake of adsorption behavior
at Hg electrode. Therefore, 1.0� 10�4 mol L�1 BBG was em-
ployed for further experiment.

3.2.1.3. Reaction time and stability. The reaction between
BBG and CDs occurs rapidly at room temperature within
35 min and remains constant for 2 h at least. Therefore, the

Table 2

Determination results of recovery test of artificial synthesis sample

Samples Added (mol L�1) Found (mol L�1) Recovery (%)

1 2.0� 10�5 1.93� 10�5 96.5

2 3.0� 10�5 2.86� 10�5 95.3

3 4.0� 10�5 3.93� 10�5 98.3

4 5.0� 10�5 5.01� 10�5 100.2

5 6.0� 10�5 6.12� 10�5 102

Fig. 2. Linear sweep voltammogram of 1.0� 10�4 mol L�1BBG in the ab-

sence of CDs (1) and presence of 2.0� 10�3 mol L�1CDs: (2) HP-a-CD;

(3) HP-b-CD; (4) HP-g-CD.
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system allowed to equilibrate for 40 min gives ample time to
measure the samples.

3.2.1.4. Optimization of instrument conditions. The scan rate
and the dropping mercury static period of the instrument
were studied in the paper. The peak current of the supramolec-
ular was increased with the increase of scan rate in the range
from 100 to 800 mV s�1 and reached maximum and stability
at 400 mV s�1. The dropping mercury static period was also
optimized and selected at 11 s.

3.2.2. Electrochemistry behavior of BBGeCD
inclusion complexes

Under the optimized condition, upon addition of different
CDs to an aqueous BBG in 0.1 mol L�1 NH3eNH4Cl (pH
9.1) buffer solution (Fig. 2) a decrease in the peak current
and negative shift in the peak potential are observed for
BBG. The remarkable changes mean that electrochemically
non-active complex BBGeCD is formed. The negative shift
in the peak potential shows that the reduced form of the dye
molecule is more strongly bound in the cavity of CD than in

y = 0.0108x + 30612 
R2 = 0.996
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Fig. 3. The plot 1/ip
00 versus 1/C2

[HP-a-CD].

the oxidized form. The decreasing peak current is attributed
to the formation of BBGeCD inclusion, which results in the
decrease of equilibrium concentration of BBG in solution.
The plots of ip versus v1/2 are linear both in the absence and
presence of CD, indicating that the electron transfer process
involves diffusing species.

3.2.3. Determination of stoichiometry and inclusion
constant

The conformation of inclusion complexes results the de-
crease of the ip and the negative shift of the Ep (Fig. 2). The
change in peak currents and shift in peak potentials as the con-
centration of CD increases can be used to evaluate the inclu-
sion constants if the formation and dissociation of the
inclusion complex are fast enough to maintain equilibrium.

The stoichiometry and inclusion constants are estimated us-
ing the formula reported by Li and coworkers [16e18] in this
paper. If BBGeCDn is not electrochemically active, it is as-
sumed that the decreasing value of the peak current is propor-
tional to the concentration of BBGeCDn inclusion complexes:
according to the formula given by Refs. [16e18], 1/Dip¼
1/Dimaxþ 1/{bDimax� 1/[CD]n}, where Dip stands for the
peak current of BBGeCD supramolecule, Dipmax

is the peak

y = 9.1262x + 17573 
R2 = 0.997
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Table 3

The inclusion constants of BBG with eight CDs

CDs a-CD HP-a-CD b-CD HP-b-CD TM-b-CD CM-b-CD g-CD HP-g-CD

n 1:2 1:2 1:1 1:1 1:1 1:1 1:1 1:1

b (L mol�1) 8.2� 105 2.8� 106 2.1� 103 1.8� 104 5.2� 103 1.3� 103 1.9� 103 9.5� 104
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current in case of complete BBG complexing, [CD] is the con-
centration of the CD, b is the condition formation constant and
n is the inclusion ratio.

If BBG and CD form a complex BBGeCDn, then let ip
00

replaces ip and that is to say, when n is 1, 2, 3,., respectively,
the plots of 1/Dip

00 versus 1/[CD]n give some curves. The value
of n is the inclusion ratio when the curve becomes straight line
and the value of b is intercept versus slope. From above formula,
the slope equals to 1/bDimax and y-intercept equals to 1/Dimax

and b was obtained from the ratio of the y-intercept to the slope.
In our study, 1:2 complexes are formed between BBG and

a-CD, HP-a-CD, respectively. The plot of 1/Dip
00 versus

1/[CD]2 of a-CD and HP-a-CD exhibited good linearity
(Fig. 3) which verifies the 1:2 complexation stoichiometry.
Plot of 1/Dip

00 versus 1/[CD]1 and other six CDs gave good lin-
earity which verifies the 1:1 complexation stoichiometry
(Fig. 4). Our experimental results are listed in Table 3.

3.2.4. Discussion of interaction mechanism
It is generally believed that dipoleedipole, electrostatic,

van der Waals forces, hydrogen bond, hydrophobic interaction
and the release of distortion energy of CD ring upon guest
binding cooperatively govern the stability of inclusion com-
plex [19].

From Table 3, it can be seen that modified a, b and g-CDs
exhibit stronger inclusive ability than their parent CDs imply-
ing that the cavity of the modified CDs provide a better
protective microenvironment. Strong inclusive ability can be
understood from the fact that the substitution by hydroxy-
propyl and tri-methyl groups leads to the enlargement of the
bigger opening of parent CD cavity and the contraction of
the smaller opening, and destroys the strong hydrogen bond
network, which makes it easier for guest molecules to gain ac-
cess to modified CDs cavity and to have bigger inclusion con-
stants. It was in good agreement with the results obtained in
the Ref. [19], so strong inclusion complex by modified
b-CD is supposed to be applied more extensively.

Fig. 5. The structure of inclusion complex BBG with a-CD or HP-a-CD.

Fig. 6. The structure of inclusion complex BBG with b-CD or g-CD.
The inclusive ability of a-CD with BBG is the strongest
among the three parent CDs. This is because the cavity of
a-CD has the best size match to the benzene ring of
BBG, which is consistent with the Ref. [20], so that it
can most effectively include BBG molecule. However, the
cavity of b-CD and g-CD is too big and couldn’t match
to the size of benzene ring, so the inclusive ability is
weak. This is indicating that major factors affecting inclu-
sive ability are size matching between CDs and guest and
the hydrophobicity of the guest molecule.

Through the research of inclusion complex of BBG with
a-CD or HP-a-CD, it can be estimated that the benzene
ring part with group eNH2 of BBG molecule entered the
hydrophobic cavity of a-CD or HP-a-CD and hydrophilic
group eNH2 should be out of the cavity. While according
to the stoichiometry of the inclusion complex of BBG with
b-CD and g-CD, the benzene ring part no substitute group
with BBG molecule should enter the hydrophobic cavity of
b-CD or g-CD. The possible inclusion complexes could be
seen from Figs. 5 and 6.

4. Conclusion

An electroanalytical method has been established for the
determination of BBG at lower level. The experimental results
have shown that this method could be used for the BBG anal-
ysis, which is sensitive, rapid, simple and accurate. Polarogra-
phy and voltammetry have demonstrated the inclusion
interaction between BBG and CDs. BBG can form inclusion
complex with eight CDs. Modified a, b and g-CDs exhibit
stronger inclusive ability than their parent CDs. The inclusive
ability of a-CD with BBG is the strongest, yet the inclusive
ability of g-CD is the weakest among the parent CDs. Further-
more, the application of polarography and voltammetry for the
study on the inclusion interaction of supramolecular system
was proved to be available, easy to perform and less time
consuming.
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