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Facile method for fabrication of self-supporting nanoporous gold
electrodes via cyclic voltammetry in ethylene glycol, and their
application to the electrooxidative determination of catechol
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Abstract A method is described for in-situ electrochemical
preparation of nanoporous gold electrodes (np-GEs) via
alloying and dealloying using ethylene glycol (EG) as a sol-
vent. The np-GEs were prepared via cyclic voltammetry from
a gold electrode in the presence of ZnCl2 in EG. Effects of
temperature, number of scan cycles and scan rate were inves-
tigated. It is concluded that the process involves formation of
interfacial elemental zinc and the formation of a gold-zinc
alloy. At a temperature of 120 °C, the alloy is formed already
after the first scan cycle, and ten further cycles do not cause
substantial further changes in the morphology. Changes in the
morphology were corroborated by data on the electroactivity
of the np-GEs. The mechanism of the formation of np-GEs in
EG obviously is different from that in other solvents due to the
superior smoothing ability of EG for electroplating. This re-
sults in more uniform alloy layers and in a more evenly dis-
tributed porous structure. The self-supporting np-GE without
any further modification displays an amperometric response
to catechol (at a working voltage of 420 mV vs. SCE) in the

0.050 to 1.0 mM concentration range, with a detection limit of
1.78 μM (at an S/N of 3), indicating that the np-GE can be
applied to convenient and effective determination of catechol.

Keywords Nanoporous gold . Ethylene glycol . Solvent
effect . Electrochemical alloying and dealloying . Catechol

Introduction

As an important metallic nanomaterial, nanoporous gold has
been used in catalysis [1–3], electrochemical detection [4–6]
and Raman spectroscopy [7, 8]. Its wide applications stimulate
the development of an efficient strategy for the fabrication of
nanoporous gold. At present, dealloying strategies [9–11] are
simpler and more time-saving than template-based methods
[12–14]. Compared with chemical alloying/dealloying, which
needs tedious procedures and high-temperature apparatus
[15], an integrated electrochemical alloying/dealloying is a
better strategy [16]. Nanoporous gold can be obtained at a
relatively low temperature in a short time without using any
hazardous bases or acids [17]. On the basis of the in-situ
strategy, a multicyclic electrochemical alloying/dealloying
process in benzyl alcohol (BA) [18] or dimethyl sulfoxide
(DMSO) [19] at ca. 120 °C was developed to fabricate
nanoporous gold electrode (np-GE). The fabrication processes
can be completed in one pot under mild conditions without
any special protection.

Through the comprehensive analysis, the effects of the
preparation conditions on the alloying/dealloying process
and the morphology of the gold surface varied widely in dif-
ferent solvents. But the corresponding solvent effects were not
clear. In the two solvents, it also needed a long period to obtain
an alloy and an np-GEwith stable morphology. Therefore, it is
necessary to investigate the solvent effect in order to select a
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more suitable solvent to prepare np-GE facilely. Generally, the
solvents suitable for the electrochemical alloying/delloying
fabrication of np-GE should meet the following requirements:
1) the solubility of the compound as the precursor of the de-
posited metal (ZnCl2) should be large enough; 2) the boiling
point of the solvent should be higher than the temperature for
the direct formation of an alloy on the noble substrate (gold
surface); 3) the electrochemical window of the solvent should
be wide enough so as not to interfere the preparation of np-
GE; 4) the solvent should not be sensitive to water and oxygen
so that no special measures are needed for the fabrication
process.

Catechol (CC), which common exists in teas, vegetables
and traditional medicines, is harmful to humans and ani-
mals health [20]. It is imperative to detect catechol conve-
niently and effectively. A large number of electrochemical
biosensors for catechol based on immobilized tyrosinase
have been developed [21, 22]. However, these biosensors
showed relatively poor long-term stability due to the use of
the enzyme. Therefore, nonenzymatic electrochemical sen-
sors with an emphasis put on the development of high-
performance electrode materials attract more attention
[20]. The traditional nanoporous gold leaf was too thin to
be used in electrochemical detection as an independent
electrode directly [18] and it was usually adsorbed on a
glassy carbon electrode for real application. Using electro-
chemical alloying/dealloying method, the nanoporous gold
layer can be formed directly on the surface of a gold wire,
resulting in a so-called self-supporting np-GE and avoiding
some bad influence of the poor contact between the
nanoporous gold leaf and the substrate electrode on the
electron transfer rate. Therefore, the self-supporting np-
GE without any modification is more convenient and ef-
fective for the determination of catechol.

It has been found that ethylene glycol has strong ability to
dissolve large amount of ZnCl2 (as high as 2.0 M ZnCl2 at
room temperature), high boiling point (197.3 °C), wide elec-
trochemical window (−2.0~2.0 V vs. Zn) and oxygen/water-
tolerant properties. In addition, similar to the poly(ethylene
glycol) [23], ethylene glycol, which is also a smoothing agent
for electroplating, has been used in electrodeposition process
[24, 25]. This property of ethylene glycol may facilitate for-
mation of a uniform alloy layer and thus well-distributed po-
rous structure in a short time. From this new perspective,
ethylene glycol is used to dissolve ZnCl2 as electrolyte in
this work, and the solvent effect on the electrochemical
alloying/dealloying process and the morphology of np-
GE are investigated through the detailed research of the
effects of the temperature, the scan cycle and the scan rate.
A self-supporting np-GE with high electroactive area is
obtained. The electrocatalytic activity of the prepared np-
GE towards the oxidation of catechol is also studied and a
catechol electrochemical sensor is obtained.

Experimental

Reagents and instruments

Ethylene glycol (A. R.), ZnCl2 (A. R.), 4-aminothiophenol (4-
ATP, A. R.) and catechol (A. R.) were purchased from
Sinopharm Chemical Reagent Co. Ltd. (Shanghai, China,
www.reagent.com.cn). Gold wire with 99.999 % purity (0.
5 mm in diameter), Zn wire and Zn plate were provided by
Tianjin Aidahengsheng Technology Co. Ltd. (Tianjin, China,
www.tjaida.cn). ZnCl2/ethylene glycol solution was prepared
by dissolving anhydrous ZnCl2 in ethylene glycol at room
temperature. All other reagents were of analytical grade and
used as received. Triply distilled water (18.25 MΩ cm) was
used throughout the experiments.

All the electrochemical experiments were performed on a
CHI 630C Electrochemical Analyzer (Chenhua Instrument
Co., Ltd., Shanghai, China, www.instrument.com.cn). The
surface morphologies of np-GEs were characterized with a
JEOL JSM-6700F field emission scanning electron microsco-
py (SEM) and the element composition were analyzed with an
Oxford INCA x-sight energy-dispersive X-ray spectrometer
(EDS).

Electrochemical preparation of np-GE

The electrochemical fabrication of np-GEs was carried out in
the ZnCl2/ethylene glycol in one pot without deaerating and
special caution. The three-electrode system was composed of
a working electrode (Au wire), a counter electrode (Zn plate)
and a reference electrode (Zn wire). Prior to use, the Au wire
was pretreated as follows: firstly, it was immersed in the fresh-
ly prepared Piranha solution (3:1 H2SO4 98 % : H2O2 25 %)
for 5 min; secondly, the resulting wire was polished with
500 nm and 50 nm alumina slurry on chamois leather; finally,
the polished wire was sequentially cleaned in an ultrasonic
cleaner with acetone, ethanol and triply distilled water for
5 min, respectively. The geometric area of the gold electrode
exposed to the electrolyte was 1.77 mm2. The CV scan range
was −0.8~1.6 V (vs. Zn). When the electrochemical process
was over, the gold electrode was taken out and cleaned quick-
ly with ethylene glycol, ethanol and triply-distilled water re-
spectively. Finally, the gold electrode was dried in air.

Electrochemical characterization and measurements

The electrochemical characterization of np-GEwas performed
in a three-electrode cell composing a working electrode (a
smooth gold electrode and np-GEs), a Pt wire counter elec-
trode and a saturated calomel electrode (SCE) reference elec-
trode. The working electrode used in cyclic voltammetric
(CV) and amperometric measurements for catechol was a
smooth gold electrode or an np-GE prepared after ten CV
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cycles at 10 mV s−1 at 120 °C. Prior to the measurements, the
smooth gold electrode and the np-GEs were cleaned via re-
peated scan in 0.5MH2SO4 solution until reproductive curves
were obtained. All the measurements were carried out at ca.
30 °C.

Spectroscopic characterization of np-GE

The np-GE prepared after ten CV cycles at 10 mV s−1 at
120 °C was first immersed into a 0.1 mM 4-ATP ethanolic
solution for 12 h to construct a self-assembled monolayer. It
was then washed thoroughly with ethanol to remove unbound
molecules and blown dry with high purity nitrogen. Surface-
enhanced Raman scattering (SERS) spectra were recorded on
anOceanOptics QE65000 spectrometer. The excitation wave-
length was 785 nm, the laser power was 100mW, the diameter
of the laser spot is 1 μm, and the integration time was 1 s. The
spectroscopic characterization was carried out at ca. 30 °C.

Results and discussion

Electrochemical alloying and dealloying of gold electrode

Figure 1 shows the second CV curve of a polished gold elec-
trode in ZnCl2/ethylene glycol at 120 °C. When the potential
moved from +1.6 V toward −0.8 V, it was observed that the
Zn(II) began to reduce at ca. 0 Vand the gold surface became
silver gradually, indicating that Zn was deposited on the gold
electrode. During the reverse scan, the electrodeposition of Zn
continued until 0 V. From 0 Vonward, the deposited Zn began
to be oxidized (dissolved). It was observed that the electrode
surface changed gradually from silver to light red-brown

(Fig. S1 in Electronic Supplementary Material, ESM). It can
be seen that during the subsequent anodic scan, there are two
anodic peaks (a1 and a2) at +0.6 V and +1.0 V, which are
assigned to the oxidation of the bulk Zn and the Zn in alloy,
respectively [18]. These results indicate that the gold electrode
did undergo an alloying/dealloying process. The SEM images
of the gold electrode before undergoing the alloying/
dealloying process (the inset a in Fig. 1) and the gold electrode
obtained after two cycles at 120 °C (the inset b in Fig. 1) show
that a porous surface is formed. The formation of the porous
structure can be explained with the model described by
Erlebacher [26].When the Zn atoms was selectively dissolved
from the outermost alloy layer, the residual Au atoms diffused
along the alloy/electrolyte interface and agglomerated into
Au-rich islands, exposing the new alloy to the electrolyte. In
the process of the continuous dissolution of Zn atoms and the
diffusion of the Au atoms, these islands grew to the intercon-
nected porous structure gradually. It was important to note that
the Zn was deposited and dissolved at a changing potential
when CV method was used. It was seen from the two anodic
peaks (Fig. 1) that excess Zn was deposited on the gold sur-
face. So the same amount of alloy was formed in the same
time at the same temperature even if the different potential was
applied. It was found from the formation mechanism that the
dissolution of the inner Zn was more difficult than that of the
outer Zn. With the potential shifted positively, the deposited
Zn was oxidized gradually from outside to inside and the
diffusion time of the Au atoms was prolonged, facilitating
the formation of the porous structure.

Solvent effect on the fabrication and morphology
of np-GE reflected by some factors

It is reported that the surface morphology of the resulting np-
GE is correlated with the amount of Au-Zn alloy, which de-
pends on the amount of the deposited Zn [17–19]. To under-
stand the solvent effect and its related mechanism during the
alloying/dealloying process in ZnCl2/ethylene glycol, it is
necessary to investigate the effect of the experiment parame-
ters that directly influence the amount of the deposited Zn and
thus the alloy.

Temperature

Figure 2 shows the second CV curves of a polished gold
electrode in ZnCl2/ethylene glycol at different temperatures.
For the electroreduction of Zn(II), the cathodic current in-
creases with the increase of the temperature due to the lower
viscosity and the higher conductivity of the electrolyte at
higher temperatures [27]. Therefore, more Zn was deposited
on the gold electrode in the same time. For the
electrooxidation of Zn, only one anodic peak was observed
at temperatures below 70 °C. This peak can be ascribed to the
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Fig. 1 The second CV curve of a polished gold electrode in ZnCl2/
ethylene glycol at 120 °C. Inset: SEM image of the gold electrode
before (a) and after (b) two cycles of alloying/dealloying in ZnCl2/
ethylene glycol at 120 °C. Scan rate: 10 mV s−1. [ZnCl2]=1.5 M
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stripping peak of Zn [17–19]. At 70 °C, a new small peak
appeared to the right of the main peak (see the amplified curve
in Fig. 2b). This shoulder peak is due to the anodic stripping of
Zn in the alloy, and its occurrence implies formation of Au-Zn
alloy at 70 °C. According to the comparison of the fabrication
temperature listed in Table S1 (ESM), this temperature was
comparable to that in ZnCl2/DMSO system, but much lower
than that in ZnCl2/BA system. Further increase of the temper-
ature made the anodic peak current in the alloy more pro-
nounced, which means that more Au-Zn alloy was formed
due to the easier interdiffusion between Au atoms and Zn
atoms at higher temperatures.

It’s worth mentioning that the anodic peak potential of Zn
at low temperatures was close to that of Zn in the alloy at high
temperatures. The unique smoothing ability of ethylene glycol
should be responsible for the phenomenon. At lower temper-
atures, the amount of Zn deposited on the gold electrode was
less and the deposited Zn became a thin layer with the help of
ethylene glycol. The property of the interfacial Zn (deposited
Zn at low temperatures) was very similar to that of the Zn in
the alloy, resulting in their similar anodic peak potential. As
the temperature increased, the amount of deposited Zn in-
creased, and this true bulk Zn can be oxidized more easily
than the interfacial Zn and Zn in the alloy. Therefore, the
anodic peak potential of bulk Zn was more negative than the

interfacial Zn and Zn in the alloy. The oxidation of Zn in
several forms also led to a wider anodic peak at high temper-
atures. The phenomena described above were not observed in
ZnCl2/BA and ZnCl2/DMSO systems. These results indicate
that the solvent has an obvious effect on the fabrication pro-
cess of np-GE.

SEM was used to characterize the surface morpholo-
gy of the resulting electrodes at different temperatures.
Figure 3 shows the SEM images of the electrode after
ten CV cycles at different temperatures. It is seen a very
smooth surface of the resulting gold electrode at 30 °C
(Fig. 3a) and 50 °C (Fig. 3b), indicating Au-Zn alloy
wasn’t formed under these conditions. When the temper-
ature increased to 70 °C (Fig. 3c), some shallow cracks
resulting from the alloying/dealloying process occur on
the gold surface. This result confirms that the aforemen-
tioned shoulder peak in the CV curve is the anodic peak
of Zn in the alloy. With the further increase of the tem-
perature (from Fig. 3d to Fig. 3f), the pores become
larger and the ligaments become thinner, indicating the
formation of more obvious bicontinuous structures,
which was found at the np-GE obtained in BA but not
found at the np-GE obtained in DMSO (Table S1). A
color change of the resulting gold electrode, from gold-
en at low temperatures (<50 °C) to dark red-brown at
high temperatures, also supports the formation of
nanoporous structures. So the temperature is a critical
factor affecting the morphology. Higher temperature fa-
cilitated the dissolution of Zn atoms and the agglomer-
ation of Au atoms, which were the two important factors
for the formation of the bicontinuous structures [27].
The EDS spectrum (Fig. 3g) demonstrated less Zn
(3.28 at.%) was remained due to the stronger coordina-
tion between Zn(II) and the oxygen-rich ethylene glycol
[18, 28], facilitating the dissolution of the Zn atoms and
the formation of the bicontinuous porous structure. The
corresponding cross-sectional image of the resulting np-
GE is shown in Fig. S2 (ESM). Moreover, the unifor-
mity of the np-GE was characterized via the SERS tech-
nique. As shown in Fig. S3 (ESM), the present
bicontinuous np-GE obtained at 120 °C is uniform on
a micrometer scale, indicating it is a good substrate for
SERS application.

Scan cycle

Fig. S4 (ESM) shows the CVs of a polished gold elec-
trode in ZnCl2/ethylene glycol at 120 °C under different
number of cycles. An anodic peak at +0.95~1.05 V was
observed during the first cycle (Fig. S4a), indicating the
electrode had completed a whole alloying/dealloying pro-
cess. This anodic peak potential was more positive than
that of the bulk Zn and the peak had been confirmed to
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Fig. 2 a The second CV curves of a polished gold electrode in ZnCl2/
ethylene glycol at different temperatures. b Amplified curves in a from +
0.85 V to +1.25 V. Scan rate: 10 mV s−1. [ZnCl2]=1.5 M
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be ascribed to the oxidation of the Zn in the alloy in the
previous works [17–19], revealing the formation of the
Au-Zn alloy. The corresponding SEM image (Fig. S5a,
ESM) shows a coarse surface of gold with a few small
and shallow pores due to the short time. After two cy-
cles, the anodic peak current of Zn in the alloy increases
and the peak become broader (+0.90~1.10 V), indicating

the formation of more Au-Zn alloy. The corresponding
SEM image (Fig. S5b) shows a more obvious porous
structure. During the subsequent CV scans, the anodic
peak currents of Zn in the alloy are almost the same
(Fig. S4b), but the pores become deeper and the liga-
ments become thinner (Fig. S5c). After ten cycles, the
morphology of the resulting gold surface remains almost

Fig. 3 SEM images of the
resulting gold electrode after ten
cycles of alloying/dealloying in
ZnCl2/ethylene glycol at different
temperatures (a-f: 30, 50, 70, 90,
110 and 120 °C). g EDS spectrum
of the surface of np-GE obtained
at 120 °C. Scan rate: 10 mV s−1.
[ZnCl2]=1.5 M
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unchanged (from Fig. S5d to Fig. S5f, ESM), indicating
the steady-state of the alloying/dealloying reaction.

The present results are quite different from those in ZnCl2/
BA or ZnCl2/DMSO system, where the anodic peak of Zn in
the alloy began to appear after five cycles [18] or ten cycles
[19] and a well-structured np-GE was obtained after 30 cycles
[18] or twenty cycles [19]. The comparison of the fewest scan
cycle needed for the initial formation of alloy and the respec-
tive final scan cycle for np-GE fabrication was listed in
Table S1. It follows that in the present system the time needed
for the formation of np-GE is greatly reduced in ethylene
glycol. This should be attributed to the smoothing role of
ethylene glycol. During the electrodeposition, the formation
of the complex (Zn(EG)x

2+) and its adsorption on the gold
surface via the lone pair electrons of ethylene glycol [23]
reduced the rate of Zn nucleation and avoided the formation
of bulky Zn crystal on the gold surface. As a result, a uniform
Zn layer (Fig. S6, ESM) and alloy layer were obtained, which
in turn facilitated the interdiffusion between Zn atoms and Au
atoms.

Scan rate

Fig. S7 (ESM) shows the variation of CV curves of a polished
gold electrode with the number of scan cycles at a given scan
rate at 120 °C. Compared with a scan rate of 10 mV s−1

(Fig. S4), the charge for Zn reduction decreased obviously at
20 and 30 mV s−1. This indicates that less Zn is deposited on
the gold surface in a relatively short time. The increase of the
scan rate also shortened the interdiffusion time between Au
and deposited Zn, leading to less alloy formed. As seen from
the corresponding SEM images of the gold surface after ten
cycles, there are no bicontinuous porous structures (Fig. S8a
and Fig. S8b, ESM). With the further increase of the scan rate,
more cycles are needed for the appearance of the anodic peak
current of Zn in the alloy (from the second cycle at 40 mV s−1

(Fig. S7c) to the fifth cycle at 80mV s−1 (Fig. S7d)). The SEM
images show less pores as well as smaller pores (Fig. S8c and
Fig. S8d) at higher scan rates.

Fig. S7 also shows that the broad anodic peak of Zn men-
tioned above splits gradually as the scan rate increases. This
interesting phenomenon can be explained as follows. At
higher scan rates (>20 mV s−1), less Zn was deposited on
the gold surface, and therefore the interfacial Zn predominated
and its anodic peak became more obvious accordingly. As a
result, the anodic peak of the bulk Zn (ca. +0.6 V) was sepa-
rated from that of the interfacial Zn (ca. +0.9 V). To further
illustrate the effect of the amount of deposited Zn on the
change of the anodic peak of the bulk Zn and interfacial Zn,
the effect of the ZnCl2 concentration on the alloying/
dealloying process was also investigated at 10 mV s−1.
Fig. S9 (ESM) shows the second CV curve of a polished gold
electrode in ethylene glycol containing different

concentrations of ZnCl2 at 120 °C. With the increase of the
ZnCl2 concentration, more Zn was deposited on the gold sur-
face, resulting in the relative increase of the percentage of the
bulk Zn and the relative decrease of the percentage of the
interfacial Zn. As expected, the oxidation of the bulk Zn did
become more and more obvious (from curves a to c). This
novel phenomenon was not observed in ZnCl2/BA and
ZnCl2/DMSO systems. Obviously, this is due to the smooth-
ing role of ethylene glycol for electrodeposition. It follows
that different solvents have different effects on the behavior
of the electrochemical alloying/dealloying and thus the mor-
phology of the resulting np-GE.

Electroactive area of np-GE

The electroactive area of np-GE is an important aspect of
electrode materials for its real application. For quantitative
characterization of the electroactive area of np-GEs prepared
under different conditions, the CV curves of the np-GEs were
recorded in 0.5 M H2SO4 solution. Figure 4 shows a well-
defined cathodic peak at ca. +0.9 V (vs. SCE), which results
from the electrochemical reduction of gold oxide that was
formed during the anodic scan [29]. All the np-GEs have a
similar CV curve except the peak current (not shown here).
The roughness factor (Rf), which is proportional to the
electroactive area for a fixed geometric area, is estimated here
based on the charge for the reduction of gold oxide [30] (a
constant of 386 μC cm−2 is used here to convert the charge to
the surface area). The Rf values of np-GEs fabricated under
different conditions are listed in Table S2 (ESM). It is seen that
with the increase of the temperature, the electroactive area of
the np-GEs increases markedly, further confirming that higher
temperature favors for the alloy formation (the interdiffusion
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between Au and Zn atoms). With the increase of the scan rate,
the electroactive area of the np-GEs decreased markedly, es-
pecially from 10 mV s−1 to 20 mV s−1, which corroborates the
change of their SEM images (Fig. S8). As for scan cycles, a
similar scan cycle dependent morphology change was ob-
served (Fig. S5). It is worth a mention that the electroactive
area of the gold electrode is obviously increased after only a
few scan cycles, which was not observed in other solvents,
further confirming that it is more effective to fabricate np-GE
in ethylene glycol. Table S2 also shows that the Rf of the np-
GEs fabricated after 10, 20 and 30 CV cycles of alloying/
dealloying in ZnCl2/ethylene glycol is almost the same, fur-
ther demonstrating that an np-GE with a high surface area can
be obtained in a short time. In addition, the comparison of the
Rf values of np-GEs fabricated in different solvents was listed
in Table S3 (ESM). It can be seen that under the similar con-
ditions, the Rf value of np-GE obtained in ethylene glycol was
much bigger than that in other two solvents, indicating its

better electroanalytical potential. It follows that ethylene gly-
col is a more suitable solvent for np-GE fabrication via CV
technique.

Electrocatalytic activity of the np-GE for catechol
oxidation

To explore the electrocatalytic activity of the self-supporting
np-GE fabricated after ten scan cycles at a scan rate of
10 mV s−1 at 120 °C via CV, the electrochemical measure-
ments were carried out for catechol oxidation. Figure 5a
shows the CV grams of a smooth gold electrode and the np-
GE in the absence and presence of 0.1 mM catechol in phos-
phate buffer solution (0.1 M, pH 3.0). It can be seen that the
oxidation peak potential of catechol at the np-GE (+0.42 V) is
more negative than that at the smooth electrode (ca. +0.7 V).
Moreover, the oxidation peak current is much bigger at the np-
GE, indicating its good electrocatalytic activity for catechol
oxidation. This enhanced electron transfer feature should be
due to the high specific surface area and a large amount of
catalytic sites of np-GE [2].

Figure 5b shows a typical amperometric response of the
smooth gold electrode (red line) at +0.7 V and the np-GE
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(black line) at +0.42 Von the successive addition of 0.05 mM
catechol. With the addition of catechol into the stirring solu-
tion, the np-GE responded rapidly and a maximum steady-
state current was achieved within 10 s. Under the same con-
ditions, however, the response was hardly observed at the
smooth electrode. The calibration curve of catechol at the
np-GE (see inset in Fig. 5b) shows a good linear line over a
catechol concentration range of 0.05~1.0 mM with the detec-
tion limit of 1.78 μM (S/N=3). The figures of merit of some
existing electrochemical methods for catechol determination
were listed in Table S4 (ESM). As is shown, the most mate-
rials for catechol detection are enzymes, nanoparticles and
nanosheets, which are not self-supporting and are usually
immobilized on substrate electrodes. The self-supporting np-
GEwithout any modification can detect catechol conveniently
and effectively.

Stability, reproducibility and anti-interference

In order to evaluate the operational stability of the present
catechol sensor, the amperometric response persistence of
the np-GE to catechol (0.1mM) was investigated in phosphate
buffer (pH 3.0) at +0.42 V. As shown in Fig. 6a, the response
current is increased rapidly with the addition of catechol and
the current is retained about 95.7 % of the initial current at
2000 s. The response current of the sensor to catechol was
measured every 3 days and the relative standard deviation
(RSD) of the sequential determinations was 3.7 %. Fifty days
later, the sensor retained 93.1 % of the initial current. An RSD
value of 4.8 % in the amperometric response to 0.1 mM cat-
echol was obtained under the same conditions for five np-GEs
prepared in the same way. All the above results indicated that
the present catechol sensor had good stability and
reproducibility.

The anti-interferential ability of the np-GE was investigat-
ed via amperometry for evaluating the potential application of
the catechol sensor in real detection. Figure 6b shows the
response current of the sensor to catechol and the interferences
at +0.42 V in the stirred phosphate buffer (pH 3.0). With each
addition of catechol (0.1, 0.05 and 0.1 mM), the sensor
responded rapidly. However, the addition of 0.01 mM resor-
cinol (RS), hydroquinone (HQ), o-phenylenediamine (OPD)
and ascorbate acid (AA) didn’t cause obvious current re-
sponse. These results indicated that the present np-GE had
good selectivity to catechol.

Conclusions

A self-supporting np-GE was first prepared in ZnCl2/ethylene
glycol via CV. It was found over the tested range, higher
temperature, more scan cycles and slower scan rate favored
for the formation of bicontinuous porous structure. Due to the

smoothing role of ethylene glycol in electroplating, the evo-
lution mechanism of np-GE in ethylene glycol was found to
be different from that in other solvents. In ethylene glycol, the
interfacial Zn was readily formed on the gold surface, which
favors for the formation of Au-Zn alloy. It was found that at
120 °C, Au-Zn alloy can be formed only after one cycle and
ten cycles later, the morphology of the resulting np-GE
remained almost unchanged. These changes in morphology
were confirmed by the quantitative characterization of the
electroactive area of the resulting np-GEs prepared under dif-
ferent conditions. It is the smoothing role of ethylene glycol in
electroplating that contributes to the formation of uniform
alloy layer and thus the well-distributed porous structure.
The self-supporting np-GEwithout any modification has good
electrocatalytic activity for catechol oxidation. The present
study helps to understand the solvent effects and their related
mechanism during np-GE fabrication. It is also helpful for the
selection of more suitable solvents to fabricate np-GE using
electrochemical alloying/dealloying strategy.
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