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Abstract. Electropolymerization is a useful method to modify electrode for improving selectivity,
sengitivity and strong adherenceto electrode surface. In this paper, we prepared polydopamine (PDA),
poly-para-aminobenzoic acid (PABA) and PDA/PABA composite membrane on a glassy carbon
electrode (GCE) using cyclic voltammetry. The composite membrane was electrochemically
degraded to form a porous polydopamine membrane (PPM) on the GCE. The porosity of the PPM
was examined using anionic redox couple of ferricyanide/ferrocyanide. PPM modified electrodes
were able to give better voltammetric responses for dopamine (DA) oxidation than the single PDA
and PABA modified ones.

Introduction

It is reported that para-aminobenzoic acid (p-ABA) could be easily electropolymerized on various
substrate materias to form poly-para-aminobenzoic acid (PABA) films with good chemical and
mechanical stability [1-3]. Since the amino group is an important functional group in PABA that
undergoes oxidation on the el ectrode surface, the modification of the electrode surface is supposed to
increase the senditivity of it [4,5]. However, eectrochemical synthesis of PDA/PABA blend
membranes followed by electrochemical degradation to produce porous polydopamine membranes
(PPM) has not been reported yet asfar as we know. This basicinformation is useful and important for
us to explore the fundamental characteristics of PDA/polymer blend membranes and to further
optimize their performances for diverse potential applications in water treatment, bioseparation and
blood purification [6].

Dopamine (DA) is an important catecholamine neurotransmitter compound that has been paid
much attention recently. It plays a significant role in the function of the central nervous, renal,
hormonal and cardiovascular system [7]. Trace level measurement of DA has been a long-standing
goal since the concentration change is associated with various diseases and disorders, such as
Parkinson’s disease, Alzheimer’s disease, Huntington’s disease, epilepsy, pheochromocytoma and
neuro- blastoma[8]. It isimportant to monitor DA sensitively and selectively not only for biomedical
chemistry and neurochemistry research but aso for diagnostic and pathological purpose[9]. Different
methods have been used for the determination of DA such as spectrophotometry [10], fluorescence
method [11,12], electrochemiluminescence [13,14], high performance liquid chromatography
(HPLC) [15,16], capillary electrophoresis [17], molecular imprinting polymer [18-20],
complementary metal oxide semiconductor (CMQOS) capacitive sensors [21,22],
photoel ectrochemical sensors [23,24] and electrochemical method [25-27]. Among the modified
electrodes, polymer modified electrodes (PMES) prepared by e ectropolymerization have been drawn
extensive attention due to their high selectivity, sensitivity and strong adherence to electrode surface
[28,29].
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Experimental

Materials and apparatus. Dopamine (DA) hydrochloride, para-aminobenzoic acid (p-ABA),
potassium ferricyanide, NaoHPO,4- 12H,0, NaH,PO,4-2H,0, and other reagents were obtained from
Sinopharm Chemical Reagent Co. Ltd. (Shanghai, China). All other reagents were of at lease
analytical-reagent grade and were dissolved in doubly distilled water (DDW). A phosphate buffer
solution (PBS) was made of 0.1 M Na,HPO, and 0.1 M NaH,PO, and adjusted to pH=7 either using
NaOH (0.1 M) or HCI (0.1 M). All cyclic voltametry (CV) experiments were performed on a LK 2005
electrochemical workstation (Lanlike Company, Tianjin, China). A conventional three-electrode
system was applied. The working, the auxiliary, and the reference electrodes were modified glassy
carbon electrode (GCE, diameter: 3 mm), platinum plate, and saturated calomel electrode (SCE),
respectively.

Electropolymerization of membranes. Prior to experiment, a GCE with the diameter of 3.0 mm
was polished with diamond paste and ultrasonic cleaned sequentially in acetone, NaOH (1.0 M),
HNO; (1:1, v/v) and doubly distilled water. polydopamine (PDA), poly-para-aminobenzoic acid
(PABA) PABA, and PDA-PABA composite membranes were prepared by cycling the electrode
potential between —0.60 and +1.00 V (vs. SCE), 25 CV scans at the scan rate of 50mV- s *in 0.1 M
PBS containing 6 mM DA, 6 mM p-ABA, and 3mM DA + 3 mM p-ABA, respectively.

Membrane degradation by CV in KOH solution. The electrosynthesized PDA, PABA and
PDA+PABA filmswere electrochemically degraded by cycling the potential between —0.60 and 1.20
V (vs. SCE), 2 CV scans in 0.05 M KOH solution at the scan rate of 80 mV- s * to produce porous
polydopamine membranes (PPM) on the GCE.

Characterization of the membrane. Electrochemical characterizations were also made by the
CV technique. A CV cycle was redlized between -0.80 and 0.80 V (vs. SCE), at a scan rate of 20
mV- s*. For these experiments, the electrolyte is a solution of potassium hexacyanoferrate trihydrate
a 3mM (Sigma Aldrich) containing potassium chloride (0.10 M). A glassy carbon plate el ectrode of
surface area 1.0 cm® was utilized for elecrodeposition/electrodegradation and used for X-ray
photoel ectron spectroscopy (XPS) measurements samples. XPS measurements were performed on a
Perkin EImer PHI-5600 system (USA) with monochromatic Al Ka (hv = 1486.71 eV) X-ray radiation
(15 kV and 10 mA) and hemispherical electron energy analyzer. All XPS spectra were corrected
according tothe C 1slineat 284.6 eV.

Electrochemical measurements for selective detection DA. Standard solution of DA and AA
were prepared using DDW as solvent and stored under 4 °C. Electrochemica analysis of DA on the
modified electrodeswas carried out in 0.10 M PBS containing acertain amount of DA. The CV cycles
were realized between -0.6 and 0.6 V (vs. SCE), at ascan rate of 50 mV- s. After each measurement,
the modified electrode was polished and washed with water and scanned in blank PBS until the
electrochemical signals of DA were disappeared.

Results and discussion

Electropolymerization of membranes. Fig. 1 showsthe cyclic voltammograms of electrosynthesis
of PDA-PABA filmsin 0.1 M PBS containingmM DA + 3 mM PABA at ascan rate of 50 mV- s,
25 scan cycles. The heights of all current peaks decreased cycle-by-cycle, which suggested the
formation of acompact and insulating film which progressively covered the electrode surface, leading
to the suppression of the voltammetric response.
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Fig. 1. Cyclic voltammograms for the electropolymerization of 3 mM dopamine +
3mM p-ABA (C)ina0.1 M PBS (pH 7.0) on aGCE. Scanrate: 50 mV- s *;
number of scan cycles: 25. Number of cycles: al,b4,c7,d 12, e 25.

Characterization of electrochemical degraded of membranes. Membranes of PDA+PABA
deposited by electrochemistry are degraded by cyclic voltammetry in a solution of potassium
hydroxide. The degradation was performed by two cycling the potential between —0.60 and 1.20V (vs.
SCE) in 0.05 M KOH solution. After degradation, a characterization by voltammetry is made in the

presence of a potassium hexacyanoferrate trihydrate (3 mM) solution containing potassium chloride
(0.10M).
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Fig. 2. Cyclic voltammograms of 5 mM K3Fe(CN)g/K 4Fe(CN)g in deoxygenated
0.10 M KCI supporting electrolyte, recorded at bare GCE (black line ),
PDA+PABA/GCE (red line),PPM/GCE (blueline).

Fig. 2 presents the characterizations of cyclic voltammogramswith the Fe(CN)e> /Fe(CN)s* redox
activity at a bare GCE as a reference object. A couple of typical redox peaks of hexacyanoferrate
appears on the bare GCE (black curve). The the couple of redox peaks of hexacyanoferrate at
degraded PABA/GCE isamost recover that at the bare GCE, which revealsthat the PABA membrane
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was almost fully degraded by electrochemical cyclinginthe KOH solution. Aswe can seefrom Fig. 2,
a compact layer at the surface of the working electrode impeding the access of the redox couple of
ferricyanide/ferrocyanide to the electrode (red curve). However, an obvious current increase appears
when using the degraded PPM/GCE under same experimental conditions. Although the modified
layer insulatesthe GCE to alarge extent, the redox peak current can still be seen in the voltammogram
((blue curve). This may result from the cavities caused by the electrochemical degradation of PABA
to form some channels for hexacyanoferrate to arrive at the electrode surface. Certainly, the peak
currents clearly are smaller than those at the bare GCE. These results are accordant with XPS
observation as described in Fig. 3 asfollows.

A Cs

CH, C-NH,

L COf1s
w0 /00

" B:N1s

c=0 | ] \WAY:
C-0,CN ’ AR

OH

Intensity / a.u
T T
~
o
=
T

Intensity / a.u.
Intensity / a.u.

| ! !

1 1 Il 1 1 1 1 Il Il Il 1
302 304 396 398 400 402 404 406 408 410 56 528 530 532 53 5% 538
Binding energy / eV

276 2;8 2£I30 2;&2 Zé4 2;6 258 2;30 2;2 2é4 29

Binding energy / eV Binding energy / eV
Fig. 3. High-resolution X PS spectraof C 1s, N 1s, and O 1sregions for aporous
polydopamine membrane.

Fig. 3 shows XPS measurements provided chemical state information of the PPM and
representative high-resolution spectra of the C 1s, N 1s, and O 1sregions. Deconvolution of the C 1s
signa in Fig. 3(A) shows three peaks assigned to CHx/C—-NH2, C-O/C—N, and C=0 species [30].
Fig.3(B) shows the three components of N 1s peak corresponding to imino groups (=N-R, 398.5 V),
substituted amines (R-NH-R or indole groups, 399.8 eV), and amine groups (R—-NH2, 401.7 eV) [31].
The peak positions and relative amount of N 1s components in PPM resembles those of the synthetic
PDA film on silica wafer [32]. In Fig. 3(C), the O 1s spectrum of PPM is deconvoluted into three
components of OH- at 529.2 eV, C=0 at 531.1 eV, and C—O at 533.3 eV, which are consistent with
those of C 1s[33].

Electrochemical behavior of DA and AA at the modified electrodes. The PPM/GCE was then
taken as a possible application for DA sensing in pH 7.0 PBS. The cyclic voltammogram of 10 uM
DA (Fig.4 A) exhibited a pair of redox peaks, attributed to the electron-transfer reaction of
dopamine/dopaminechrome [3]. At bare GCE (curve a), very small peak currents were obtained. The
PDA/GCE (curve b) and PABA/GCE (curve c¢) showed some electrocatalysis of DA by increasing
oxidation currents. The proposed PPM/GCE (curve d) showed the largest peak currents in
comparison with the other electrodes. The improved oxidation reaction of DA a PPM/GCE was
interpreted due to the possible recognition mechanisms. First, the adsorption in the effective
micro-cavities structure. Secondly, the randomly distribution and high density of oxygen groups of
the PPM enable the interaction with -NH; and -OH groups in DA through electrostatic interaction
and/or hydrogen bonding [34].

The electrochemical performance of an important anionic interference, 100 uM AA, using the
proposed electrodes were further evaluated. AsshowninFig.4 (B), at bare GCE (curve @), amoderate
oxidation peak current at about -0.05 V was observed. The PDA/GCE (curve b) showed small
oxidation currents at about 0.10 V. The highest oxidation current was observed at PABA/GCE (curve
C). Thisindicates that the single modification by PDA or PABA could not eliminate interference of
AA. As a comparison, the electrochemical activity of AA is very weak at the PPM/GCE (curve d).
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The results demonstrate that co-deposition of PDA/PABA membrane followed by electrochemically
degradation is effective in lowering the interference from AA.
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Fig. 4. (A) CVsof 10 uM DA in pH 7.0 PBS based on bare GCE (a
black)), PDA/GCE (b: red), PABA/GCE (c: green) and PPM/GCE
(d:blue); (B) CVsof 20 uM AA based on bare GCE (a: black), PDA/GCE
(b: red%, PABA/GCE (c: green) and PPM/GCE (d: blue) Scan rate: 50
mV- s-.

Stability and reusability of the PPM/GCE. For a DA level of 10 uM, the relative standard
deviation of 20 successive measurements CV response was 3.3%. When not used, the PPM/GCE was
stored in 0.1 M PBS (pH 7). No obvious change in the anodic peak current of DA was observed after
two weeks at room temperature, indicating that the PPM was very stable.

Conclusions

A new type of eectrochemical sensor for determination of DA based on porous polydopamine
membrane modified glassy carbon electrode has been proposed in this work. The porous
polydopamine membrane was formed by electrically polymerizing PDA and PABA composite and
then gradually electrochemicaly degrading PABA. Results show that porous polydopamine
membrane can inhibit both AA and UA electrochemical activity. Moreover, the structure of the
porous polydopamine membrane maintains along stability for measurements and storage.
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