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A simple solid-contact ion-selective electrode for determination of dopamine was developed.
The electrode is fabricated with polymeric membranes incorporating heptakis(2,3,6-tri-o-methyl)-�-
cyclodextrin as ionophore and sodium trakis[3,5-bis(trifluoromethyl)phenyl]borate as ionic additive.
Using hydrophobic poly(3-octylthiophene) as solid-contact transducer, the sensor displays a stable
potential response for detection of dopamine in 2 mM HAc-NaAc buffer solution (pH 4.4) within
a wide concentration range of 3�0× 10−5 M–1�0× 10−3 M with a sub-Nernstian slope of 43�8±
0�5 mV/dec. The detection limit calculated as the intersection of the two slope lines is 1�3×10−5 M.
The electrode exhibits good selectivity over inorganic ions, pharmaceutical excipients and ascorbic
acid. In addition, the electrode shows a stable potential response over a wide pH range of 4.0
to 8.5, fast response time (less than 10 s) and excellent repeatability. The proposed electrode has
been successfully applied for direct potentiometric determination of dopamine in pharmaceutical
formulation without pretreatment procedures.

Keywords: Solid Contact, Ion-Selective Electrode, Dopamine, �-Cyclodextrin.

1. INTRODUCTION

Dopamine is known as one of the most important cat-
echolamine neurotransmitters widely distributed in the
mammalian brain and central nervous system. The abnor-
mality of dopamine levels may lead to neurological
disorders, such as parkinsonism and schizophrenia.1�2

Moreover, dopamine hydrochloride, a hydrochloride salt
of dopamine, is generally applied in clinical treatments of
bronchial asthma, cardiac surgery, heart failure, hyperten-
sion and renal failures associated with shock episodes.3

Therefore, a sensitive and selective determination of
dopamine is important not only for diagnostics and patho-
logical research in biological fluids, but also for pharma-
ceutical preparations.
Various techniques have been developed to detect

dopamine, such as capillary electrophoresis,4 high-
performance liquid chromatography,5 spectrophotometry,6

fluorophotometry7 and chemiluminescene.8 However,
these techniques have several disadvantages, such as

∗Corresponding author; E-mail: tjyin@yic.ac.cn

expensive equipment, time-consuming and complex sam-
ple pretreatment. Potentiometry and voltammetric methods
provide a straightforward alternative due to their simplic-
ity and ordinary instruments. However, the challenge for
monitoring the concentration of dopamine using voltam-
metric methods is the interference from other electroac-
tive species, such as ascorbic acid, which has a similar
redox potential to that of dopamine. The electrode sur-
face can be readily fouled by accumulation of products
from oxidation of ascorbic acid. Furthermore, homoge-
neous catalytic oxidation of ascorbic acid by oxidized
dopamine is another major interference. Many electrodes
for voltammetric determination of dopamine have been
fabricated using complex modified procedures to eliminate
the interference of ascorbic acid.9–12 Potentiometric ion-
selective electrodes (ISEs) have attracted much interest for
directly determining a broad range of cations and anions
in clinical, environmental and industrial analysis, due to
their attractive features including simple design, small
size, low energy consumption and low cost. There have
been reported that dopamine can be detected based on the
conventional liquid-contact ion-selective electrodes.13�14
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However, both of them have limitations resulting from
the presence of the inner filling solution, such as the
need to work in a vertical position, evaporation of the
inner solutions and maintenance requirement.15 Coated-
wire ISEs offered a way to eliminate the influence of the
inner solution for detection of dopamine.16 However, the
main drawback of coated-wire ISEs is the poor poten-
tial stability resulting from the formation of a thin aque-
ous layer between electronic conductor and ion-selective
membrane.17 All-solid-state dopamine ion-selective elec-
trode based on conducting polymer polyaniline as ion-
to-electron transducer has been developed to improve
stable potential.18 However, polyaniline as ion-to-electron
transducer suffer from some disadvantages, such as elec-
trochemical side reactions with redox interferences and
high sensitivity to CO2 and O2.

19 Conducting polymer
poly(3-octylthiophene) (POT) is one of the most promis-
ing materials as ion-to-electron transducers, because POT
is less electroactive and may not take part in electrochemi-
cal side reactions to the same extent as the highly p-doped
conducting polymers, such as polypyrrole, polyaniline and
poly(3,4-ethylenedioxythiophene).19 Additionally, POT is
highly lipophilic, which may effectively prevent the for-
mation of an internal water layer between the electronic
substrate and the ion-selective membrane.20

Cyclodextrins are a well-known class of natural host
molecules composed of six, seven, or eight glucose
units (���, or �-CD, respectively) which are toroidal in
shape with a hydrophobic inner cavity and a hydrophilic
exterior.21 The structure is favorable for forming the
host-guest inclusion complexes with a variety of suitable
sized guest molecules, such as dopamine.22 It has been
reported that the inclusion of dopamine in �-CD can be
formed with 1:1 stoichiometry through hydrophobic and
hydrogen-bonding interactions. Moreover, the stability of
dopamine-�-CD complex is much better than ascorbic
acid-�-CD complex. Thus, �-CD was used for the detec-
tion dopamine. In addition, to increase the lipophilicity of
�-CD, trimethyl-�-CD was used as ionophore in the poly-
meric membrane based on the three alkyl groups at 2, 3,
6 positions.23

In the present work, a simple solid-contact poly-
mer membrane dopamine ion-selective electrode has
been developed. Hydrophobic conducting polymer poly(3-
octylthiophene) was used as solid contact to eliminate
water layer in order to obtain the stable potential response.
The potential response, selectivity, repeatability and pH
effect of the electrode were investigated in detail.

2. EXPERIMENTAL DETAILS

2.1. Chemicals

High molecular weight poly(vinyl chloride) (PVC),
2-nitrophenyl octyl ether (o-NPOE), sodium trakis[3,5-
bis(trifluoromethyl)phenyl]borate (NaTFPB) and heptakis

(2,3,6-tri-o-methyl)-�-cyclodextrin (trimethyl-�-CD)
were purchased from Fluka AG (Buchs, Switzerland).
Regioregular poly(3-octylthiophene-2,5-diyl) (POT),
dopamine hydrochloride, (±)-epinephrine hydrochloride
and DL-noradrenaline hydrochloride was obtained from
Sigma-Aldrich.
All other chemicals were of analytical reagent grade.

Deionized water (18.2 M� cm specific resistance)
obtained with a Pall Cascada laboratory water system was
used throughout.

2.2. Preparation of Solid-Contact Dopamine
Ion-Selective Electrodes

The membrane components for the solid-contact dopamine
ion-selective electrodes are shown in Table I. The mem-
brane cocktail was prepared by dissolving 360 mg of mem-
brane components in 2 mL of tetrahydrofuran (THF).
The glassy carbon (GC, 3 mm in diameter) electrode

was polished with 0.05 �m alumina slurries, rinsed with
deionized water and then cleaned ultrasonically. POT was
added on the bare and clean GC electrode by drop-casting
20 �L of 3.6 mg/mL solution in chloroform. After chlo-
roform evaporated, 50 �L of the membrane cocktail was
applied on the top of the POT layer and left to dry for
at least 2 h at room temperature. For comparison, coated-
disk dopamine ion-selective electrode was prepared by
directly dropping the ion-selective membrane on the bare
GC electrode. The above-prepared electrodes are denoted
as GC/POT/dopamine-ISE and GC/dopamine-ISE, respec-
tively. For all measurements, the electrodes were con-
ditioned overnight in 2 mM HAc-NaAc buffer solution
(pH 4.4).

2.3. Potentiometric Measurements

The potentiometric measurements were carried out at room
temperature using a CHI660C electrochemical workstation
(Shanghai Chenhua Apparatus Co.) with a double junc-
tion electrode as reference electrode in the galvanic cell:
Hg/Hg2Cl2 (saturated KCl solution)/0.1 M LiOAc�sample
solution�ISE membrane/POT/GC. The ion activities were
calculated by the modified Debye-Hückel equation: log
� = −0�511Z2 [�1/2/�1+ 1�5 �1/2	− 0�2 �], where � is
the ionic strength and Z is the valence.24

2.4. Electrochemical Impedance Spectroscopy

Electrochemical impedance spectroscopy (EIS) was per-
formed with a conventional three-electrode system com-
prising a solid-contact working electrode, a platinum wire
auxiliary electrode and an Ag/AgCl (3 M KCl) reference
electrode at the open-circuit potential in the frequency
range from 100 kHz–10 mHz by using a sinusoidal exci-
tation signal. An excitation amplitude of 100 mV was
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Table I. Membrane compositions of three different solid-contact dopamine ion-selective electrodes.

Electrode type Ionophore (1.0 wt%) Ion additives (1.0 wt%) Plasticizer (65.3–66.0 wt%) Immobilized matrix (32.7–33.0 wt%)

A Trimethyl-�-CD NPOE PVC
B NaTFPB NPOE PVC
C Trimethyl-�-CD NaTFPB NPOE PVC

applied for the GC/dopamine-ISE and GC/POT/dopamine-
ISE electrodes in order to enhance the signal/noise ratio in
2 mM HAc-NaAc buffer solution (pH 4.4).

3. RESULTS AND DISCUSSION

3.1. Potentiometric Response of the Solid-Contact
Dopamine Ion-Selective Electrode

The influence of the membrane composition on the poten-
tial response of solid-contact dopamine ion-selective elec-
trodes was investigated and the results are shown in
Table II. It can be seen that the potential response of elec-
trode B with the ionic additive is much better than that
of electrode A with the ionophore alone, which is due to
the fact that the addition of lipophilic salts or ionic addi-
tive can decrease the membrane resistance, reduce anion
interference, improve the response slope and selectivity
of the electrodes.25 Electrode C with both trimethyl-�-CD
and the ion exchanger shows a wider linear range and a
lower detection limit than the other types of the electrodes.
Figure 1 shows the calibration curve of electrode C in
the linear range of 3�0× 10−5 M–1�0× 10−3 M in 2 mM
HAc-NaAc buffer solution (pH 4.4) with a sub-Nernstian
slope of 43.8 mV/dec. The detection limit calculated as the
intersection of the two slope lines is 1�3×10−5 M, which
was much lower than that of other reported potentiometric
dopamine sensors.18�26 The electrode C also shows a short
response time (less than 10 s, see inset of Fig. 1). In addi-
tion, the electrode C exhibits good repeatability with less
than 5% relative standard deviation (n = 5) when succes-
sively measured the alternating potential response between
a blank solution and 10−4 M dopamine using the same
electrode.
The long-term response behavior of the electrode C is

shown in Figure 2. Between measurements the electrode
was kept in the 2 mM HAc-NaAc buffer solution (pH 4.4).
It was found that the loss of the detection limit was less

Table II. General characteristics of the solid-contact dopamine ion-selective electrodes.

Electrode type

Parameter A B C

Slope (mV/dec) 12�3±0�2 44�2±0�6 43�8±0�5
Linear range (mol/L) 6�0×10−4−1�0×10−3 5�0×10−5−1�0×10−3 3�0×10−5−1�0×10−3

Detection limita (mol/L) (1�9±0�1)×10−4 (1�8±0�2	×10−5 (1�3±0�2	×10−5

Response time (s) <10 <10 <10
Linear correlation coefficient (R) (n= 3) 0�9992±0�0003 0�9981±0�0008 0�9973±0�0005

Note: aThe detection limit was calculated from the intersection of two extrapolated segments of the calibration curve.

Fig. 1. Calibration curve obtained with the electrode C in 2 mM HAc-
NaAc buffer solution (pH 4.4). Inset: Time traces of potential response
of electrode C. Concentrations of dopamine (a)–(h): 10−6, 10−5, 3×10−5,
6×10−5, 10−4, 3×10−4, 6×10−4 and 10−3 M.

than 0.5 orders of magnitude of activity values after a
period of 18 days and the slope of the electrode above
6×10−5 M dopamine was slightly changed.

3.2. Selectivity

The selectivity of the electrode B and C was performed
by using separate solution method (SSM) to eliminate the
influence of the inherent sensitivity limit on the response
toward discriminated ions.27 Figure 3 shows the poten-
tiometric selectivity coefficients (logKPOT

DA�J ) of the elec-
trodes B and C from main inorganic cations present in
biological fluids and two other catecholamines (adrenaline
and noradrenaline) having similar chemical structures to
dopamine. It has been found that the selectivity coeffi-
cients of electrode C are better than that of electrode
B, which is attributed to the host-guest effect between
trimethyl-�-CD and dopamine through hydrophobic and
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Fig. 2. Long-term response behavior of the electrode C in 2 mM HAc-
NaAc buffer solution (pH 4.4).

hydrogen-bonding interactions. Figure 3 also shows that
the selectivity of the electrodes to adrenaline is worse than
that to noradrenaline. This is due to the fact that adrenaline
has a methyl (–CH3) group on the nitrogen atom, which
may enhance the lipophilicity and favor the incorporation
in the polymeric membrane. In addition, pharmaceutical
excipients and diluents commonly used in drug formula-
tion (e.g., glucose, lactose and maltose) at concentrations
as high as 500-fold molar excess over dopamine concen-
tration did not interference. Moreover, the interference of
ascorbic acid was also investigated using the proposed
electrode. The potential response hardly changed during
the addition of ascorbic acid. The reason is that dopamine
(pKa = 9�07)28 is in the cationic form, while ascorbic acid
(pKa = 4�10)22 exists in the anionic form in 2 mM HAc-
NaAc buffer solution (pH 4.4), and the lipophilic anionic
additive can effectively reduce anion interference. There-
fore, according to the simple mechanism, dopamine can be
efficiently detected using the solid-contact cation-selective
electrode without the interference of ascorbic acid.

Fig. 3. Potentiometric selectivity coefficients (logKPOT
DA�J ) of the elec-

trodes B and C determined by separate solution method (SSM).

Fig. 4. Effect of pH on the potential responses of 10−4 and 6×10−4 M
dopamine.

3.3. Effect of pH

The effect of pH on the potential response of the elec-
trode C was estimated in 10−3 M NaNO3 with a constant
ionic strength. The pH of the solution was adjusted using
HNO3 or NaOH. The results of the pH-potential profile
for 10−4 and 6×10−4 M dopamine using the electrode C
are shown in Figure 4. It can be seen that the potential
response remains almost constant over a wide pH range of
4.0 to 8.5. However, at pH < 4�0, the potential response
decreases, probably due to the interference from protons
ions.

3.4. Impedance of the Solid-Contact Dopamine
Ion-Selective Electrode

Coated-wire ion-selective electrodes, which were fab-
ricated by directly dropping ion-selective membranes
on electronic electrodes, suffer from the long-term
potential drift resulting from the high charge-transfer
resistance and low double-layer capacitance at the
blocked interface between the electronic conductor and
ion-selective membrane.29 Therefore, it’s necessary to
characterize the interfacial properties of the solid-contact
ion-selective electrodes in order to obtain stable potential
response. Here, electrochemical impedance spectroscopy
was used to probe the interfacial characterizations of the
GC/dopamine-ISE and GC/POT/dopamine-ISE.30 Figure 5
shows the impedance spectra of the GC/dopamine-ISE
and GC/POT/dopamine-ISE in 2 mM HAc-NaAc buffer
solution (pH 4.4). It can be seen that compared with the
GC/dopamine-ISE electrode, the GC/POT/dopamine-ISE
electrode exhibits higher low-frequency capacitance and
lower charge-transfer resistance because of POT as solid-
contact transducer, which is characteristic for “unblocked”
interface. The phenomenon is favorable to obtain the sta-
ble potential response of the solid-contact dopamine ion-
selective electrode.

4 Sensor Letters 11, 1–6, 2013
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Fig. 5. Impedance spectra of the GC/dopamine-ISE (hollow circle) and
GC/POT/dopamine-ISE (solid circle) electrodes in 2 mM HAc-NaAc
buffer solution (pH 4.4) at the open-circuit potential. Frequency range,
0.1–100 kHz; Excitation amplitude, 100 mV.

Table III. Recovery for the determination of dopamine in pharmaceuti-
cal preparations using the solid-contact dopamine ion-selective electrode.

Dopamine hydrochloride injectiona

Sample Added (mg/L) Foundb (mg/L) Recovery (%)

1 9�5 9�7±0�6 102.1
2 19�0 18�8±0�2 98.9
3 95�0 93�1±1�6 98.0

Note: aWuhan Jiuan Pharmaceutical Co., Ltd., China. b. Mean of three determina-
tions ± standard deviation.

3.5. Analytical Applications

To test the feasibility of the solid-contact dopamine ion-
selective electrode, injections of dopamine hydrochloride
in a commercially available preparation were detected
using direct potentiometry. Dopamine hydrochloride injec-
tion was diluted with 2 mM HAc-NaAc buffer solution
(pH 4.4) to satisfy the concentration of analyte within
the range of calibration curve. As shown in Table III, the
results obtained by the proposed sensors are in good agree-
ment with the claimed contents and the favorable recover-
ies are obtained.

4. CONCLUSIONS

A simple solid-contact polymer membrane ion-selective
electrode for detection of dopamine has been successfully
developed. The electrode shows a stable sub-Nernstian
characteristic in 2 mM HAc-NaAc buffer solution (pH 4.4)
within a wide concentration range of 3�0×10−5 M–1�0×
10−3 M dopamine with a slope of 43�8±0�5 mV/dec and
the practical detection limit is 1�3×10−5 M. The electrode
has a fast response time (less than 10 s), excellent repeata-
bility and good selectivity over inorganic ions, pharmaceu-
tical excipients and ascorbic acid. Moreover, the electrode

displays a stable potential response over a wide pH range
of 4.0 to 8.5. The electrode has been successfully applied
to direct determination of dopamine in pharmaceutical for-
mulation without pretreatment procedures. The proposed
electrode provides a simple, fast, accurate and precise
method for detection of dopamine. Additionally, the use
of the solid-contact ion-selective electrode is more durable
and easier to miniaturize, as compared to the conventional
liquid-contact ion-selective electrodes.

Acknowledgments: This work was financially sup-
ported by the Outstanding Youth Natural Science Foun-
dation of Shandong Province (JQ200814), the National
Natural Science Foundation of China (20977073) and
the Taishan Scholar Program of Shandong Province
(TS20081159).

References and Notes

1. R. F. Thompson, The Brain: A Neuroscience Primer, W. H. Freeman
and Company (1993).

2. P. Revest and A. Longstaff, Molecular Neuroscience, Taylor &
Francis (1998).

3. J. J. B. Nevado, J. M. L. Gallego, and P. B. Laguna, Anal. Chim.
Acta 300, 293 (1995).

4. Y. S. Zhao, S. L. Zhao, J. M. Huang, and F. G. Ye, Talanta 85, 2650
(2011).

5. P. Kumarathasan and R. Vincent, J. Chromatogr. A 987, 349
(2003).

6. L. Guo, Y. Zhang, and Q. M. Li, Anal. Sci. 25, 1451 (2009).
7. H. Y. Wang, Y. Sun, and B. Tang, Talanta 57, 899 (2002).
8. X. D. Xu, H. M. Shi, L. Ma, W. Kang, and S. Li, Luminescence

26, 93 (2011).
9. T. Selvaraju and R. Ramaraj, J. Appl. Electrochem. 33, 759 (2003).
10. D. Caschera, F. Federici, D. Zane, F. Focanti, A. Curulli, and

G. Padeletti, J. Nanop. Res. 11, 1925 (2009).
11. A. Doménech, H. García, M. T. Doménech-Carbó, and M. S.

Galletero, Anal. Chem. 74, 562 (2001).
12. A. Domenech, P. Navarro, V. J. Aran, B. Muro, N. Montoya, and

E. Garcia-Espana, Analyst 135, 1449 (2010).
13. A. M. Othman, N. M. H. Rizka, and M. S. El-Shahawi, Anal. Sci.

20, 651 (2004).
14. R. Saijo, S. Tsunekawa, H. Murakami, N. Shirai, S.-I. Ikeda, and

K. Odashima, Bioorg. Med. Chem. Lett. 17, 767 (2007).
15. A. Michalska, A. Konopka, and M. Maj-Zurawska, Anal. Chem.

75, 141 (2002).
16. J. L. F. C. Lima and M. C. B. S. M. Montenegro, Microchim. Acta

131, 187 (1999).
17. M. Fibbioli, W. E. Morf, M. Badertscher, N. F. de Rooij, and

E. Pretsch, Electroanalysis 12, 1286 (2000).
18. N. Kholoshenko, S. Ryasenskii, and I. Gorelov, Pharma. Chem. J.

40, 334 (2006).
19. J. Bobacka, A. Ivaska, and A. Lewenstam, Chem. Rev. 108, 329

(2008).
20. J.-P. Veder, R. De Marco, G. Clarke, R. Chester, A. Nelson,

K. Prince, E. Pretsch, and E. Bakker, Anal. Chem. 80, 6731
(2008).

21. M. V. Rekharsky and Y. Inoue, Chem. Rev. 98, 1875 (1998).
22. M. Palomar-Pardavé, G. Alarcón-Ángeles, M. Ramírez-Silva,

M. Romero-Romo, A. Rojas-Hernández, and S. Corona-Avendaño,
J. Inclusion Phenom. Macrocyclic. Chem. 69, 91 (2011).

23. J. Ding and W. Qin, Chem. Comm. 971 (2009).

Sensor Letters 11, 1–6, 2013 5

lenovo
删划线

lenovo
替换文本
polymeric

lenovo
删划线

lenovo
替换文本
W. H. Freeman & Co., New York (1993).

lenovo
删划线

lenovo
替换文本
Taylor & Francis Ltd., United Kingdom (1998).

lenovo
插入号
45, 

lenovo
删划线

lenovo
替换文本
Polymeric



R
E
S
E
A
R
C
H

A
R
T
IC

L
E

Potentiometric Determination of Dopamine Using a Solid-Contact Polymer Membrane Ion-Selective Electrode Yin and Qin

24. S. Kamata, A. Bhale, Y. Fukunaga, and H. Murata, Anal. Chem.
60, 2464 (1988).

25. U. Schaller, E. Bakker, U. E. Spichiger, and E. Pretsch, Anal. Chem.
66, 391 (1994).

26. M. Pesavento, G. D’Agostino, R. Biesuz, G. Alberti, and
A. Profumo, Electroanalysis 24, 813 (2012).

27. E. Bakker, J. Electrochem. Soc. 143, L83 (1996).

28. S. Corona-Avendaño, G. Alarcón-Angeles, G. A. Rosquete-Pina,
A. Rojas-Hernández, A. Gutierrez, M. T. Ramírez-Silva, M. Romero-
Romo, and M. Palomar-Pardavé, J. Phys. Chem. B 111, 1640
(2007).

29. J. Bobacka, Anal. Chem. 71, 4932 (1999).
30. E. Jaworska, A. Kisiel, K. Maksymiuk, and A. Michalska, Anal.

Chem. 83, 438 (2010).

6 Sensor Letters 11, 1–6, 2013

lenovo
删划线

lenovo
替换文本
Polymeric


