Electrochimica Acta 360 (2020) 137016

journal homepage: www.elsevier.com/locate/electacta

Contents lists available at ScienceDirect

Electrochimica Acta

Three-dimensional hierarchical mesoporous carbon for regenerative n
electrochemical dopamine sensor ot

Shuyuan Wang?®P, Peng Guo?, Guanshui Ma?, Jing Wei®P, Zhenyu Wang?, Li Cui?, Lili Sun?,

Aiying Wang P

aKey Laboratory of Marine Materials and Related Technologies, Zhejiang Key Laboratory of Marine Materials and Protective Technologies, Ningbo Institute of
Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China

b Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing 100049, China

¢Ningbo Institute of Industrial Technology, Chinese Academy of Sciences, Ningbo 315201, China

ARTICLE INFO

ABSTRACT

Article history:

Received 3 June 2020

Revised 21 July 2020

Accepted 23 August 2020
Available online 26 August 2020

Keywords:

Hierarchical porous carbon
Electrochemical sensor
Dopamine

Ultrasonic

Atomic bond

The detection of dopamine (DA) based on electrochemical sensor is of great importance to human dis-
eases diagnosis and treatment. However, such sensors usually faced with the performance deterioration
due to serious dopamine fouling. Herein, we fabricated a three-dimensional (3D) porous carbon sheet
with hierarchical ordered mesopores by a facile dual-template method, the integrated electrochemical
sensor was further discussed in terms of the evolution of porous structure. Results showed that the hier-
archical porous structure would provide more mass transport channels and larger active area, resulting in
higher sensitivity. In particular, the 3D framework could withstand strong ultrasound cleaning and main-
tained the superior electrochemical properties with high repeatability after the ultrasonic cleaning for
dopamine fouling. The integrated sensor based on 3D porous carbon with high sp? content presented the
excellent performance toward DA detection with wide linear range from 800 nM to 400 uM, low detec-
tion limit of 100 nM as well as good selectivity to routine interference substances. It can be said that the
constructed 3D hierarchical mesoporous carbon provides the great potential to be a promising material
for DA electrochemical sensing platform construction.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

Dopamine(DA), a catecholamine neurotransmitter, which makes
great sense to cardiovascular, renal, hormonal functions and hu-
man central nervous system [1]. Abnormal of dopamine level is
related to the development of many diseases, such as Parkinson’s
disease, Alzheimer’s disease, schizophrenia, hypertension and heart
failure [2,3]. Therefore, the accurate determination of DA is sig-
nificant to diagnosis, treatment and prevention of diseases [4,5].
So far, several analytical methods for DA have been developed,
including gas chromatography-mass spectrometry [6], chemilumi-
nescence [7], colorimetry [8], electrochemical analysis [9,10], spec-
trophotometry [11], electrophoresis [12], electrochemical and high-
performance liquid chromatography [13]. These detection technolo-
gies have their own advantages and are suitable for different appli-
cation scenarios. In particular, the electrochemical analysis has at-

* Corresponding author. Highlights
E-mail address: aywang@nimte.ac.cn (A. Wang).

https://doi.org/10.1016/j.electacta.2020.137016
0013-4686/© 2020 Elsevier Ltd. All rights reserved.

tracted a lot of attention in DA sensing field, due to easy handling,
fast response, inexpensive tools and high sensitivity [14,15].

In electrochemical analysis, the performance of sensors often
depends on its electrode material. Owning to the special proper-
ties of wide potential window, chemical inertness, good conductiv-
ity and biocompatibility [16,17], carbon nano-materials have been
widely used in the construction of DA electrochemical sensors
[18], such as graphene [19-21], graphene oxide [22], carbon nan-
otubes (CNT) [23], Cgp [24], hollow carbon sphere [25] and porous
carbon [26,27]. Particularly, porous carbon is an attractive branch
of carbon nano-materials with appealing characteristics including
three dimension (3D) structure, stable framework, tunable pore
size, large specific area, abundant sources, low toxicity and chem-
ical stability [28,29]. Hierarchical porous carbon combined pores
of diverse sizes, among which macropores enhanced the diffu-
sion, mesopores promoted mass transfer and micropores increased
specific area [30], improving DA sensing performance synergisti-
cally. Dong et al. prepared hierarchical porous carbon with meso-
pores and macropores through pyrolysis of sodium citrate and fur-
ther the porous carbon powders were modified on glassy carbon
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electrode (GCE), which showed more active sites, faster electron
transfer rate, and better electro-catalytical properties to DA detec-
tion than conventional GCE [31]. Likewise, Liu et al. fabricated a
GCE sensor modified by ordered mesoporous carbon which was
prepared by hard-template method, and the sensor showed excel-
lent sensitivity and selectivity for electrochemical sensing of DA
[32]. Hence, hierarchical porous carbons were proved to be a po-
tential material for constructing highly sensitive electrochemical
platform of DA.

However, fouling usually pose a threat to the DA electrochem-
ical analysis [33]. Since DA molecular is easy to oxidize, it would
polymerize and form insulating film adhering on the electrode sur-
face, which often cause diminishing in electrode response [34,35].
Palomaki et al. researched the DA fouling effect and observed
polydopamine granules on electrode surfaces, which decreased the
electrode active area and led to the passivation of the electrodes,
especially at neutral and alkaline pH [36,37]. In order to eliminate
the stubborn DA pollutants and regenerate the electrode after de-
tection process, ultrasonic cleaning was considered strongly as an
alternative strategy [38]. Normally, a porous carbon electrochemi-
cal sensor was fabricated by drop-casting method in which porous
carbon was made into powder and distributed on the surface of
commercial electrodes (such as GCE) and then dried [17,28,32,39-
42]. However, this kind of porous carbon modified electrode could
not be effectively cleaned, because the porous carbon and elec-
trode substrate were combined by Van der Waals forces, which
performed as a kind of weak interface bonding [38]. Although
addition of Nafion could improve the interfacial combination to
some extent [43], it also caused the problem of lower conductiv-
ity. Therefore, the overall 3D porous carbon was expected to over-
come this problem through ultrasonic cleaning owning to its sta-
ble framework. And it is attractive to fabricate a DA electrochemi-
cal sensing platform, which could avoid the interface problem and
meanwhile own the advantages of 3D hierarchical porous carbon
structure.

In this work, an overall 3D hierarchical porous carbon electrode
was fabricated, which could withstand ultrasonic cleaning, for elec-
trochemical analysis of DA detection. Hierarchical macropores and
ordered mesopores have been constructed through dual-template
method with polyethylene terephthalate (PET) fibric as hard tem-
plate and triblock polymer F127 as soft template, respectively. In-
stead of using drop-casting method, this sensor was directly fabri-
cated by an overall porous carbon sheet so that the weak combi-
nation could be avoided. The sensing performance and supersonic
stability of this electrode were evaluated in terms of the evolution
of hierarchical porous structure.

2. Experiment
2.1. Reagents and materials

PET non-woven fabrics were purchased from Dongguan
Jialianda Non-woven Cloth Co. Ltd., China. Reagents in this exper-
iment were all analytical grade and all the solutions were pre-
pared in deionized water. Phenol, formaldehyde solution (37 wt%
in H,0), Tetrahydrofuran (THF), Pluronic® F-127, P-toluenesulfonic
acid and NaOH were obtained from Sigma-Aldrich. Ks[Fe(CN)g]
was purchased from RHAWN. Hexaammineruthenium (III) chlo-
ride was bought from Energy Chemical. Chloroform (CHCl3), Uric
acid (UA), KH,PO4, NaCl, MgSO4, KCl and Glucose were pur-
chased from Sinopharm Chemical Reagent Co. Ltd., China. Na,HPO4
and Dopamine hydrochloride were obtained from Aladdin Reagent
(Shanghai) Co., Ltd., China. Phosphate buffer solution (PBS) at
pH=7.0 were mixed by 0.1 M KH,PO4, 0.1 M Na,HPO4 and 0.1 M
NacCl.

2.2. Sample preparation

The phenol-formaldehyde resol was prepared by formaldehyde
solution and phenol in the presence of NaOH as catalyst accord-
ing to previous publication [44]. After 3.06 g phenol was added
and melted in a three-mouth flask at 45 °C, 0.65 g NaOH solu-
tion (30 wt%) was dropped into phenol and stirred for 10 mins.
Then 5.25 g of formaldehyde solution (37 wt% in H,0) was grad-
ually instilled in the solution and reaction went on for 2 h at
75 °C in nitrogen atmosphere. After the solution cooling down
to room temperature, 0.62 g P-toluenesulfonic acid was added to
adjust the solution pH to 7. Next, a rotation evaporation process
was carried on to remove water from the as prepared precur-
sor. Then the precursor was dissolved in the mixture of THF and
CHCl3 (THF: CHCl3=1:1 wt), in which NaOH was removed by suc-
tion filtration through a PTFE filter (0.4 wm). After another rota-
tion evaporation step, the precursor was dissolved in ethanol with
a concentration of 20 wt%, and the resol solution was successfully
prepared.

The hierarchical porous carbon was prepared as follow. Frist,
PET non-woven fabrics were washed by deionized water and dried
in oven, then they were immersed for 12 h in the solution mixed
by 5.0 g phenol-formaldehyde resol solution (20 wt% in ethanol)
and 11.5 g F127 solution (F127 dissolved in10.0 g ethanol). After
that, an evaporation self-assembly process was performed with the
container lid opened, followed by polymerization heat treatment
at 120 °C for 12 h. Pyrolysis process was conducted in argon atmo-
sphere of 100 sccm flow rate with a programmed heat treatment,
in which the temperature was first increased from room tempera-
ture to 350 °C for 3 h, then increased to 600 °C for 1 min and 900
°C for 1 hour.

The working electrode for dopamine detection was fabricated as
follow. First, the porous carbon sheet was cut into 1.2 cm x 1.2 cm
pieces and connected by copper wire pasted by Ag paint with a
PET sheet as substrate. Then, the edges and joints were covered by
silicone resin with an active window of 1 cm x 1 cm area left.

2.3. Characterization

The morphology of material were characterized by scanning
electron microscopy (SEM) (Verios G4 UC, Thermo scientific, USA
and QUANTA 250 FEG, FEI, USA) and a transmission electron mi-
croscope (TEM) (Tecnai F20, FEI, USA). Porous carbon sample was
characterized by Raman spectra (InVia Reflex, Renishaw, UK) with
a 532 nm exciting wavelength. The surface chemical properties
were investigated by fourier transform infrared spectroscopy (FTIR)
(Nicolet 6700, Thermo, USA). Small-angle X-ray scattering (SAXS)
pattern was collected on X-ray powder diffractometer (D8 AD-
VANCE DAVINCI, Bruker, Germany) using a Cu K, X-ray source
(A = 0.154 nm) at 40 kV and 40 mA. N, adsorption-desorption
isotherms were carried out by a gas adsorption analyzer (Autosorb
iQ, Quantachrome, USA) at 77.35 K. The pore size distribution
was calculated from the adsorption isotherms with Barrett-Joyner-
Halenda (BJH) method. Electrochemical measurements were con-
ducted with an electrochemical workstation (CHI840D, CH Instru-
ments, China) in a conventional three-electrode electrochemical
cell system, which consisted of an Ag/AgCl (KCI saturated) as ref-
erence electrode, a platinum plate as auxiliary electrode and the
porous carbon electrodes as working electrodes, respectively. Be-
fore test, the porous carbon electrodes were thoroughly rinsed in
deionized water and then dried in the oven at 30 °C. The solutions
were bubbled with argon gas for at least 15 mins to deoxygenate
before test and blanked with argon flow during test to avoid DA
self-polymerization. All the experiments were carried out at room
temperature (25 °C).
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Fig. 1. Scheme of mesoporous carbon formation (a); SEM image of pristine PET fibric (b) and mesoporous carbon (c), insert is the corresponding optical photo; TEM image
of mesoporous carbon viewed from [110] (d) and [100] (e) direction. SAXS pattern of mesoporous carbon (f); FT-IR spectrum of pristine PET and mesoporous carbon (g);

Raman shift of mesoporous carbon (h).

3. Result and discussion
3.1. Characteristics of 3D structured hierarchical porous carbon

Fig. 1a illustrated the fabrication progress and the formation
mechanism of the 3D porous carbon in this work. First, phenolic
resin film and F127 hollow micelle adhered to PET fabrics, which
was driven by evaporation-induced self-assembly due to the am-
phiphilic properties of triblock polymers F127. Then, the 3D carbon
skeleton with abundant hollow cylindrical macropores and ordered
mesopores were formed after a carbonization process, where the
PET fibers and F127 were easy to decompose while phenolic resin
were thermosetting. The morphology of pristine PET fibric and the
as prepared porous carbon were studied by SEM and TEM analysis
with typical result shown in Fig. 1b-e. The pristine PET non-woven
fibric was a flat sheet (insert of Fig. 1b) which consist of crosslink-
ing PET fibers with abundant macropores (Fig. 1b). From the insert
of Fig. 1c, we can see the as prepared porous carbon maintained
the shape of PET fabrics. As was shown in Fig. 1c, an overall porous
carbon network made up of cross-linked fibers was observed, in
which messes of cylindrical macropores with the diameter from
10 um to 15 um were formed because of PET fibers decompo-
sition. Further, detailed structure was observed in TEM image. As
was shown in Fig. 1d and Fig. 1e, large domains of highly ordered
stripe-like arrays along [110] direction and the ordered hexago-
nally arranged pores along [100] direction were visible, indicating
a well-developed typical 2D hexagonal mesoporous structure. Ac-
cording to the TEM image, the pore size and the hole pitch were
estimated to be 3-5 nm and 10.1 nm, respectively. The small-angle
X-ray scattering (SAXS) also confirmed the mesoporous structure.

In Fig. 1f, an intense diffraction peak and two very weak peaks
appeared with 26 range from 0.5° to 3°, which was attribute to
[100], [110], [200] reflection, respectively, indicating the well reg-
ularity of hexagonal space group (p6mm) [45,46]. The Interplanar
crystal spacing dqgp value could be calculated by Bragg equation
digo = A/2sinf and the unit cell parameter ag was calculated by
ag = 2dq99/+/3 [47]. According to calculation, the unit cell param-
eter ag was 10.1 nm, which was in good agreement with TEM re-
sults.

The chemical composition of porous carbon was also investi-
gated by FT-IR and Raman spectrum. FT-IR showed the evolution
of functional group from PET fabrics to porous carbon. In Fig. 1g,
several characteristic peaks were observed on the PET spectrum:
the peak at 1247 cm~! caused by the vibration of the ester group,
the peak of 1470 ~ 1350 cm~! originated from the ethylene gly-
col fragment and the peak at 1717 cm~! due to the stretching
vibration of the ester carbonyl group [44]. While on the spec-
trum of porous carbon, those corresponding peaks disappeared,
since these oxygen-containing groups were easily to break and de-
compose during pyrolysis. Raman spectrum of porous carbon was
shown in Fig. 1h, in which there were two typical peaks at 1346.6
cm~! and 1595.3 cm~! corresponding to the D and G band, indi-
cating a typical structure of amorphous carbon [48]. The high Ip/Ig
of 3.14 indicated the high content of plane and lattice edges as well
as well as high sp? cluster content, which could increase the sur-
face reactivity and electron transport of porous carbon [49].

To further study the pore size and distribution of porous car-
bon, nitrogen absorption-desorption isotherms were analyzed at
77.35 K. As shown in Fig. 2a, the isotherm shape of F127 added
porous carbon was close to type-IV curve [50] which showed
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Fig. 2. N, adsorption/desorption isotherms (a) and the pore size distributions (b) of F127 added and no F127 added porous carbon.

much higher nitrogen adsorption capacity than the one with-
out F127 added. The surface area increased from 18.14 m2g-! to
58.25 m2g~! with the addition of F127, which was calculated by
Brunner—Emmet—Teller (BET) model [51]. Furthermore, the pore
size distributions were calculated from absorption branch using
the BJH model as was shown in Fig. 2b. Compared to the porous
carbon without F127 added, the F127 added one showed a large
number of uniform mesopores at 4.4 nm, suggesting the well-
developed mesopores. Therefore, a large number of mesopores was
constructed with the addition of triblock copolymers F127. In order
to address the role of high surface area, the electrochemical active
area of porous carbon electrode and GCE were calculated by CV
curves in 10 mM K3[Fe(CN)g] solution according to the Randles-
Sevick equation [52]: ip = 268, 600 n3ADICv3. In Fig. S2, porous
carbon electrode showed much higher current signal than GCE.
Correspondingly, the electrochemical active area of porous carbon
electrode (1.295 cm?) obviously exceeded that of GCE (0.189 cm?),
implying that the high active area would be one of the reasons for
signal enhancement.

3.2. Ultrasonic stability of porous carbon electrode

The ultrasonic resistance of the porous carbon electrode was
evaluated. The electrochemical performance and structure changes
of this porous carbon electrode were compared before and after
a designed long-term ultrasonic cleaning simulation. The electro-
chemical performance was measured by cyclic voltammetry (CV)
curves, which was performed with the addition of 10 mM potas-
sium ferricyanide (K3[Fe(CN)g]) in 1 M HCI solution with the scan
rate ranging from 20 mV/s to 200 mV/s. At the beginning, a new
porous carbon electrode was tested shown in Fig. 3a and Fig. 3b.
The oxidation and reduction peak current density were all in-
creased with scan rate shown in Fig. 3a. Furthermore, the peak
current density showed a linear relationship with the square root
of scan rates (shown in Fig. 3b), which indicated that the chemi-
cal reaction was controlled by diffusion process [53]. Then, an ul-
trasonic bath was conducted in deionized water to test the long-
term resistance of porous carbon electrode for 10 min, 30 min,
60 min, 120 min and 200 min at the power of 200 w. As shown
in Fig. 3¢, slightly changes were observed in the CV curves after
different ultrasonic time, which were nearly negligible with only
1.37% difference of peak density shown in the magnified view of
oxidation peak current position (Fig. 3d). Even after 200 min ul-
trasonic bath, the CV curves still maintained high degree of simi-
larity in graphical shape compared to that of origin electrode (see
Fig. 3e). Fig. 3f revealed the linear growth of peak current den-
sity with the square root of scan rates, which showed good sta-
bility after 200 min ultrasonic cleaning. To further investigate the

ultrasonic stability of porous carbon, the micro structure was char-
acterized by SEM and TEM. From the scanning electron microscope
image shown in Fig. S1a, a porous structure formed by cross-linked
carbonized fibers was obtained, in which the fibers still remained
intact and showed almost no difference from the porous struc-
ture before ultrasonic. At the nanoscale, the mesopores were found
to keep the same morphology as the pristine porous structure in
TEM image shown in Fig.S1b. The above pictures proposed that the
porous structure was stable enough to withstand 200 min ultra-
sound and the surface structure kept stable, which played a signif-
icant role in electrode reaction. Therefore, the as prepared porous
carbon material has the potential to become an effective electrode
material in electrochemical sensing platform for biofouling regents
such as dopamine.

The resistance to DA contamination of porous carbon electrode
was investigated by CV method and FTIR spectrum. At first, the CV
curves were measured in 0.1 M PBS (pH=7) with DA concentration
of 50 uM, 100 uM, 150 uM, 200 uM, 250 uM and 300 uM at
the scan rate of 100 mV/s. From the CV curves shown in Fig. 4a,
the oxidation peaks showed up at a potential of 0.25 V due to
DA oxidation and the peak current increased with the increasing
of dopamine concentration. In order to simulate the DA fouling
condition, this electrode was immersed in 1 mM DA solution for
5 min after the first round of CV test. Then, another series of CV
curves were carried out at the same condition as previous one.
From Fig. 4b, the current density of fouled electrode decreased
obviously compared to that of the pristine one, because DA was
easy to stick on the electrode surface and form into insulation film
which reduced effective reaction area of DA oxidation [54]. To keep
the measurement results accurate, dopamine fouling should be re-
moved. To remove DA contamination from the electrode surface,
a 5-min ultrasonic clean was conducted in deionized water to the
fouled electrode. After ultrasonic (Fig. 4c), CV curves showed al-
most the same shape as the origin one, which revealed good re-
covery. In Fig. 4d, CV curves of the origin electrode, DA fouled
electrode and electrode after ultrasonic cleaning were tested in
300 uM DA solution. Compared with the original sensor, the cur-
rent peak of DA fouled one decreased by 49.2%, while the sensor
after 5-min ultrasonic cleaning exhibit almost the same level (only
0.4% in current change) as before. The linear relationship between
oxidation peak and DA concentration was summarized in Fig. 4e,
in which the linear regression equation of the origin electrode, DA
fouled electrode and ultrasonic cleaned electrode were expressed
as ipa (uA/cm?) = 235.38802 + 0.58031C (uM) (R? = 0.996)
(equ.l), ipa (uA/cm?) = 112.15449 + 0.30591C (uM) (R? = 0.993)
(equ.2), ipa (uA/cm?) = 236.51618 + 0.57075C (uM) (R? = 0.996)
(equ.3), respectively. The slope and intercept of equ.2 and equ.l
were significantly different, while the slope and intercept of equ.3
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and equ.l showed no significant difference, which confirmed the
outstanding recovery of detection performance again. To identify
the DA contamination and cleaning effect of the electrode surface,
FTIR of the origin, fouled and ultrasonic cleaned electrode material
surface were measured (shown in Fig. 4f). According to the FTIR
spectroscopy, the fingerprints characteristic peaks of dopamine dis-
played on the DA fouled electrode surface compared to the ori-
gin one, which appeared at 1286 cm™! and 1500 cm™, indicating
the DA fouling was stick on electrode surface after 5-min immerse
in 1 mM DA solution [38]. However, after 5-min ultrasonic bath
in DI water, DA characteristic peaks disappeared, manifesting that
dopamine contamination has been fully eliminated, which was the
main reason for the recovery of DA detection ability. The rebirth of
DA detection property illustrated that this porous carbon could be
an ideal material for detection of fouling reagent DA and ultrasonic
cleaning provided an effective way to clean up dopamine contam-
ination and make the electrode regenerated.

2.3. Performance of DA detection

The performance of porous carbon electrode for DA detection
was explored by differential pulse voltammetry (DPV) method in
0.1 M PBS (pH=7). Fig. 5a showed the DPV curves of different
DA concentration, in which the anodic peak current showed up
at 0.19 V and increased with DA level, ranging from 100 nM to
400 pM. Fig. 5b illustrated the relationship between peak current
and DA concentration, in which the peak current was linear to DA
concentration from 800 nM to 400 M, with the linear regression
equation represented as ip, (uAfcm?) = —0.24165 + 0.92134C
(uM) (RZ = 0.998). Therefore, the linear range of DA sensing
is 800 nM to 400 uM and the sensitivity is 0.92 wA/(cm2.uM)
revealed from the equation slope. Another important parameter
was detection limit, which could be demonstrated as 100 nM.
Table 1 showed the performance comparison of DA electrochem-
ical sensing between our sensor and other active DA sensors.
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Table 1

DA Concentration (uM)

Performance comparison of DA electrochemical sensing between this sensor and other active DA sensors.

Electrode Methods LOD(uM)  Linear range(uM)  ref
GO/GCE DPV 0.27 1.0-15 [32]
SWCNT/PET DPV 0.51 1.5-30 [23]
Au/RGO/GCE DPV 14 6.8-41 [55]
graphene nano-sheets (GNSs) DPV 0.6 4-52 [56]
RGO/PAMAM/MWCNT/AuNP/GCE ~ DPV 3.3 10-320 [57]
Graphene nanobelts/GCE amperometry  0.58 2.0-202 [58]
3D N, P-doped carbon DPV 0.6 2-200 [59]
N-rGO/GCE DPV 0.41 0.5-150 [60]
N-doped graphene/GCE DPV 0.25 0.5-170 [61]
3D PC DPV 0.1 0.8-400 This work
Compared with other carbon-based DA sensors, such as To investigate the DA selectivity of porous carbon electrode,

graphene/GCE, graphene oxide/GCE and CNT electrode, this
porous carbon sensor showed lower detection limit and wider lin-
ear range. Thanks to the large surface area and good mass transfer
ability, the porous carbon electrode showed good sensitivity to DA,
which was qualified for constructing DA detection platform.

chronoamperometry was conducted in 0.1 M phosphate buffer so-
lution (pH=7.0) at a given potential of 0.225 V. Possible interfer-
ence substances such as ascorbic acid (AA), uric acid (UA), glucose
(Glu), KCl, MgSO,4 and NaCl were added to simulate the interfer-
ences. The concentrations of AA, UA and Glu-were set as 1 mM,
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Fig. 6. Chronoamperometry responses of porous carbon electrode in 0.1 M PBS at
0.225 V with addition of DA, NaCl, MgS04, KCI, Glu, UA and AA.

Table 2
Reproducibility of porous carbon electrodes.

Electrode number 1 2 3 4 5 6

Current density (uA/cm?) 22.02 21.62 22.28 22.23 23.19 22.72
Average current density (uAfcm?) 22.34
RSD 2.46%

50 uM and 5 mM, respectively, which corresponded to the max-
imum physiological concentrations of AA and UA in the human
brain and normal level of Glu-in human blood [62-67]. And the
concentrations of K*, Mg2* and Nat were set according to the
typical level in human serum [68,69]. As illustrated in Fig. 6, an
obvious amperometric response showed up when 200 ©M DA was
added, while no significant amperometric signal appeared with the
addition of 140 mM NaCl, 1T mM MgSO4, 5 mM KCI, 5 mM Glu,
50 utM UA and 1 mM AA, even the concentrations of interfering
molecular were several times higher than DA. And the current in-
creased again when 200 ©M DA was added once more, thus sug-
gesting that the as prepared porous carbon electrode showed ex-
cellent selectivity towards DA electrochemical detection. DPV mea-
surements were also performed for the main interferences AA, UA
and Glu. As was shown in Fig.S8, the peak current signal for DA
(0.2 mM) was much stronger than that of AA (1 mM) and UA
(50 uM), even AA concentration was 5 times higher than that of
DA. And almost no signal was found in Glu-solution, even the con-
centration of Glu (5 mM) was 25 times higher than that of DA. The
current changes in DA and interferences hybrid solutions were cal-
culated to be 2.8% decrease for AA, 4.9% decrease for UA and 0.9%
increase for Glu, respectively, which were quite slight and within
acceptable range.

2.4. Stability, reproducibility and repeatability

The stability of the porous carbon electrode was tested during a
period of storing in 0.1 M PBS solution (pH= 7.0) at room temper-
ature (25 °C) for 12 days by measuring the DPV current of 50 uM
DA. At the 12th day, it still retained 96.8% of its initial current
signal (Fig.S7), which implied good stability of the porous carbon
electrode. Six porous carbon electrodes were fabricated and their
DPV current responses to 50 uM DA were investigated, in which
the relative standard deviation (RSD) was 2.46% (Fig.S9a, Table 2),
demonstrating the excellent reproducibility. The repeatability was

Table 3
Repeatability of porous carbon electrodes.

Sample number 1 2 3 4 5 6

Current density (uA/cm?) 22.56 22.57 2248 22.48 22.14 22.81
Average current density (1A/cm?) 22.51
RSD 0.97%

evaluated by measuring the DPV current signals to 50 uM DA of
six independent solutions as was shown in Fig.S9b and Table 3.
The RSD was 0.97% for the electrode implying reliable sensor per-
formances.

4. Conclusion

In summary, a 3D hierarchical porous carbon sheet was syn-
thetized through dual-template strategy with PET fibric and tri-
block polymer F127 as hard and soft template, respectively. A hier-
archical porous structure with macropores and ordered mesopores
as well as the high sp? content were characterized. Then an elec-
trochemical sensor for DA was established by overall porous car-
bon sheet. Instead of using drop-casting method, this porous car-
bon sensor was constructed by overall 3D framework, exhibiting
good ultrasonic stability even after 200-min ultrasonic cleaning.
According to the ultrasonic simulation experiment, 5-min ultra-
sonic cleaning process could fully eliminate dopamine pollutants
on sensor surface and enable good recovery of DA oxidation abil-
ity. Such a porous carbon sensor exhibited excellent performance
in electrochemical sensing to DA with a wide linear range from
800 nM to 400 uM, low detection limit of 100 nM and good se-
lectivity to routine interference substances. Therefore, the excellent
sensing performance and the good recovery toward DA detection
manifest that the porous carbon sensor is promising in electro-
chemical detection platform construction of DA.
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