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Gold nanorods decorated with graphene oxide and multi-walled carbon
nanotubes for trace level voltammetric determination of ascorbic acid
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Abstract
An ultra-sensitive sensor is described for the voltammetric determination of ascorbic acid (AA). A glassy carbon electrode (GCE)
was modified with graphene oxide (GO), multi-walled carbon nanotubes (MWCNTs) and gold nanorods (AuNRs). GO was used
to prevent the aggregation of MWCNTs. The integration of positively charged AuNRs reduces the overpotential and increases the
peak current of AA oxidation. Figures of merit of this sensor, typically operated at a low working potential of 0.036 V (vs. Ag/
AgCl), include a low detection limit (0.85 nM), high sensitivity (7.61 μA·μM−1·cm−2) and two wide linear ranges (from 1 nM to
0.5μMand from 1 μM to 8 mM). The use of GO simplifies themanufacture and results in a highly reproducible and stable sensor.
It was applied to the quantification of AA in spiked serum.
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Introduction

Carbon based material [1–5] and noble metals [3, 6, 7] have
sparked much interest owing to their excellent physical and
chemical properties. However, improvement in sensitivity, lin-
ear ranges and selectivity are still the current analytical chal-
lenges. Carbon nanotubes (CNTs) are the ideal building blocks
for molecular nanoelectronics due to its excellent in-plane con-
ductivity, high surface-to-volume ratios and remarkable me-
chanical properties [8, 9]. However, the poor solubility of
CNTs in solvent, especially in water hinders its further applica-
tion. Therefore, considerable efforts have been focusing on in-
creasing the solubility by functionalizing the surface of CNTs.
However, it needed complex synthesis step and sometimes the

functionalization may change the initial properties of CNTs
[10]. Surprisingly, another carbon nanomaterial, the derivative
of graphene, graphene oxide (GO), have been reported to be
used as surfactant to disperse CNTs. [11–13] After addition of
GO into CNT, reduction reaction was followed to restore the
graphene structure to obtain reduced GO [14, 15]. Reduced GO
is conductive while GO with many oxygen-containing func-
tional groups [16] is nonconductive and can increase the resis-
tance of charge transfer [17]. However, some groups found that
GO showed high electrocatalytic oxidation of some molecules
including AA [18], DA [19], dihydroxybenzene isomers and L-
methionine [20]. Moreover, GO can improve the film-forming
property of modified electrodes due to its own many hydrophil-
ic groups. So, the incorporation of GO with CNT may not only
increase the dispersibility of CNT but also render this hybrid
material as a versatile platform for the electrocatalytic applica-
tions with improved efficiency. Moreover, the preparation pro-
cess is simplified and eco-friendly because any toxic reduc-
tants did not be used. Last but not least, inactivation of cata-
lysts (CNTs) caused by aggregation can be avoided.

On the other hand, gold nanorods (AuNRs) have exhibited
high potential in electrocatalytic detection of small molecules
[21]. The two-dimensional (2D) plane structure of GO can
provide a vast platform for loading various nanoparticles to
construct electrochemical sensors with improved performance
[22, 23]. In this manuscript, instead of reduced GO, GO with
combinat ion of mult i -wal led carbon nanotubes
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(MWCNTs) and AuNRs were used for the detection of
ascorbic acid (AA). GO was added into MWCNTs
aqueous solution to improve the dispersibility via non-
covalent π-stacking interactions. After the glassy carbon
electrode (GCE) was modified with GO and MWCNTs
mixture, positively charged AuNRs was further modi-
fied. A synergistic effect on the electrocatalytic oxidation of
AAwith decreased overpotential and greatly increased sensi-
tivity was successfully achieved.

Experimental

Chemicals

MWCNTswere purchased from Shenzhen Nanotech Port Ltd.,
China (purity >95%). Chloroauric acid hydrate (HAuCl4·
4H2O) and D-(+)-glucose (Glu) anhydrous were acquired from
SinopharmChemical Reagent Co., Ltd. (http://en.reagent.com.
cn/). L-AA (>99.7%) was purchased from Tianjin Ruijin
Special Chemicals Reagent Co., Ltd. (http://www.cndss.net/
company-tianjinshiruijintehuaxuepin656.html). Dopamine
hydrochloride (DA·HCl), L-Glutatione reduced (L-GSH,
>98.0%), hexadecyl trimethyl ammonium bromide
(CTAB, >99.0%) were purchased from Sigma-Aldrich
(www.sigmaaldrich.com) and uric acid (UA) from Alfa
Aesar (https://www.alfa.com/zh-cn/). All other chemicals
were analytical grade and used directly without further
purification. All the solutions were prepared using
ultrapure water (conductivity of 18.25 MΩ·cm).

Apparatus and instruments

Cyclic voltammetry (CV), differential pulse voltammetry
(DPV) and electrochemical impedance spectroscopy (EIS)
were recorded in a CHI-660C electrochemical workstation
(CH Instrument, Shanghai, China, http://www.chinstr.com/).
A conventional three-electrode system consists of anAg/AgCl
electrode as a reference, a Pt wire as auxiliary electrode and a
modified GCE (3 mm in diameter) as working electrode. The
surface morphologies of composites electrode were observed
on a high resolution field emission scanning electron micros-
copy (FESEM, SU 8010, Hitachi, Japan, http://www.hitachi.
com.cn/). The morphologies of MWCNTs, GO and AuNRs
were conducted on the transmission electron microscopy
(TEM, JEM-1230, JEOL, https://www.enfsolar.com/
directory/equipment/21516/jeol) at an acceleration voltage of
100 kV. A UV2550 Spectrometer (Shimadzu, Japan, https://
www.shimadzu.com.cn/) was used to obtain the absorption
spectra of AuNRs. Raman spectra were performed using a
Horiba spectrometer (LabRAM HR Evolution, Japan, http://
www.horiba.com/cn/) set to an excitation wavelength of
532 nm.

Preparation of graphene oxide (GO) and gold
nanorods (AuNRs)

Graphite oxide was prepared by the Hummers’ method
[24].

AuNRs were prepared by seeded growth method with
moderate modification [25, 26] (detailed synthesis procedure
was described in Electronic Supporting Material).

Construction of the sensors

Firstly, mixture of 1.0 mg·mL−1 MWCNTs and 1.0 mg·mL−1

GO aqueous solution was ultrasonically treated for several
hours to obtainMWCNT/GO suspension. Prior tomodification,
GCE was sequentially polished with 1.0 μm, 0.3 μm and
0.05 μm Al2O3 powder to a mirror finish, followed by
ultrasonication in ethanol and ultrapure water for 1.0 min, re-
spectively. After the GCE was dried under a nitrogen stream,
5 μL of prepared MWCNT/GO suspension was directly
dropped onto the GCE and then dried at 50 °C to assemble a
MWCNT/GO layer on the GCE surface. Then 3 μL of AuNRs
solution were directly added on the surface of MWCNT/GO
and dried at 80 °C. The dropping of 3 μL AuNRs and drying
were repeated it for 3 times to obtain homogeneous and ade-
quate covering. The prepared modified GCE is named as
MWCNT/GO/AuNR/GCE. CV (−0.2 ~ 0.6 V) and DPV
(−0.3 ~ 0.4 V, amplitude of 50 mV, pulse period of 0.5 s, pulse
width of 0.2 s) were performed in 0.1 M phosphate buffered
saline (including 0.1 M NaCl, pH 7.4) containing different con-
centration of AA or other small molecules. Each CV or DPV
experiment was repeated in triplicate, and the error bars indicat-
ed the calculated standard deviation. EIS was performed in an
electrolyte solution of 5 mM [Fe(CN)6]

4−/3− containing 0.1 M
KCl at the frequency range from 0.01 Hz to 100 kHz with
amplitude of 5 mV. Init E was open circuit potential given by
instrument. For real sample analysis, prior to the measurements,
1 mL of fresh human serum was mixed with 50 mL of phos-
phate buffered saline (pH 7.4) and used without any additional
treatment. Then, known amount of standard AA (100 μM,
0.1 μM and 0.001 μM) was directly added into the above di-
luted real samples, respectively. DPVwas performed at a work-
ing potential of 0.036 V (vs. Ag/AgCl). According to the cur-
rent value, detected concentration can be found from the linear
regression equations. From the detected concentration and the
added standard concentration, recovery rate was calculated.

Results and discussion

Choice of materials

As demonstrated in the introduction, various kinds of
nanomaterials have been applied to detect small molecules
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by electrocatalysis [1–7, 14, 27–31]. CNTs were selected be-
cause it owns excellent conductivity, large specific surface
area and electrocatalytic performance. The MWCNT/GO/
AuNR nanocomposites modified GCE was prepared by a de-
position process. GO, a unique two-dimensional (2D) hexag-
onal lattice structure, has many ionizable edge groups such as
-OH, -COOH on its surface, having excellent water dispersity
and chemical stability. Moreover, it has a lot of hydrophilic
groups and the film-forming property of modified electrodes
can be improved. Some literatures have reported the zeta po-
tential value of GO, which was negative in the pH range 2–10
[32, 33]. It can be used as surfactant to disperse CNTs [11–13],
which can prevent the aggregation of CNTs and improve the
electrocatalytic performance of CNTs. Moreover, the 2D
plane structure of GO can load various nanoparticles to con-
struct electrochemical sensors with improved performance
[22, 23]. After CNT/GO dispersion was dropped onto the
surface of GCE, positively charged AuNRs with high conduc-
tivity and electrocatalytic performance were added on the sur-
face of CNT/GO composites. CNT/GO/AuNR nanohybrid
modified GCE was prepared due to the high affinity of nega-
tively CNT/GO and AuNRs, leading to synergistically elec-
trocatalytic response to AA oxidation. Although gold nano-
particles also own good electrocatalytic activity, AuNRs were
selected here due to the electrostatic loading of it to the surface
of CNT/GO composites with opposite charges. Moreover,
AuNRs possess high surface area with efficient mass
transport characteristics and favourable biocompatibility
[21]. The sensitivity and selectivity of the electrochem-
ical sensors thus can be further improved.

Characterization of prepared AuNRs

Since AuNRs can improve both of electrical conductivity and
signal amplification for electrochemical detection of small
molecules. The successful synthesis of AuNRs is a key factor
for the prepared sensor. First, UV-visible spectra was used to
confirm the formation of AuNRs. As shown in Fig. 1a, an
absorption peak centered at 527.5 nm exhibited the formation

of gold seed nanoparticles, which is the characteristic surface
plasmon resonance absorption of seed nanoparticles. After
AgNO3 was introduced to the gold solution which is prepared
via the reduction of HAuCl4 with AA, the seed solution was
added to the Au+ stock solution in the presence of CTAB. A
new plasmon band at 779 nm appeared (Fig. 1b), demonstrat-
ing the formation of AuNRs. From TEM images, the aspect
ratio about 2.2 of AuNRs (calculated from 300 AuNRs) with a
small fraction of the spherical nanoparticles was observed
(Fig. 1c).

Characterization of prepared MWCNT/GO/AuNR
nanohybrid

The morphologies of MWCNTs andMWCNT/GO dispersion
were observed by TEM. As shown in Fig. 2a, b, intertangling
MWCNTs with the average diameter of 10–20 nm (calculated
from 150 MWCNTs) and well-dispersed MWCNTs between
GO sheets for MWCNT/GO were observed. Moreover, the
successful modification of the GCE was confirmed by
FESEM studies (Fig. 2c, d, and e). Figure 2c represents the
modified GCE by MWCNTs, and intertangling, inhomoge-
neous, and aggregated structure can be observed. For
MWCNT/GO modified GCE, uniform modification can be
found without obvious aggregation (Fig. 2d). For MWCNT/
GO/AuNR modified GCE, an unclear interface can be ob-
served due to a large amount of precipitated CTAB used in
the preparation of AuNRs (Fig. 2e).

Raman spectra of MWCNTs (1), MWCNT/GO (2),
MWCNT/GO with 5 μL AuNRs (3) and 10 μL AuNRs (4)
are shown in Fig. 2f. Raman spectra of MWCNTs show two
obvious bands at 1593 cm−1 and 1348 cm−1, which are attrib-
uted to theGmode (a Raman-allowed phonon high-frequency
mode) and D mode (a disordered-induced peak) [34]. The IG/
ID ratios change for different samples, which are 0.94 for
MWCNT, 0.89 for MWCNT/GO, 0.72 for MWCNT/GO/
AuNR (5 μL), 0.69 for MWCNT/GO/AuNR (10 μL), dem-
onstrating the increase of the denominator D-band. IG/ID ratio
decreases due to addition of GO and attachment of AuNRs on

Fig. 1 The UV-Vis spectra of gold nanoparticles (a), AuNRs (b), and TEM images for prepared AuNRs (c). The inset of A is brown gold nanoparticles,
and inset of B is blue-purple AuNRs
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the surface of the MWCNT/GO, confirming the successful
modification of the GCE by MWCNT/GO/AuNR composite.

Electrochemical properties of MWCNT/GO/AuNR/GCE

Interfacial properties of the surface-modified electrodes were
studied by EIS. The charge-transfer resistance (Rct) at the
electrode surface is equal to the diameter of semicircle.

Figure 3a shows the impedance spectra of the bare GCE (a),
MWCNT/GO /AuNR/GCE (b), MWCNT/GCE (c) and
MWCNT/GO/GCE (d) in 5 mM K3Fe(CN)6 and K4Fe(CN)6
containing 0.1 M KCl. It can be seen that the semicircle of the
bare GCE is larger, indicating a greater resistance between the
electrolyte and electrode. MWCNTs modified GCE exhibits a
small diameter, suggesting a faster electron-transfer rate and
lower Rct due to the excellent conductivity of MWCNTs. By

Fig. 3 a EIS curves of bare GCE (a), MWCNT/GO/AuNR/GCE (b),
MWCNT/GCE (c), MWCNT/GO/GCE (d) in 5 mM K3Fe(CN)6 and
K4Fe(CN)6 containing 0.1 M KCl. b CVs of (a) bare GCE, (b)

MWCNT/GCE, (c) MWCNT/GO/GCE and (d) MWCNT/GO/AuNR/
GCE containing 8 mM AA in phosphate buffer (including 0.1 M NaCl,
pH 7.4) at temperature 55 °C (scan rate of 100 mV s−1)

Fig. 2 TEM images for MWCNTs (a) and MWCNT/GO (b). FESEM
images for MWCNTs modified GCE (c), MWCNT/GO modified GCE
(d), and MWCNT/GO/AuNR modified GCE (e). Raman spectra (f) of

MWCNTs (1), MWCNT/GO (2), MWCNT/GO with 5 μL AuNRs (3)
and 10 μLAuNRs (4)
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contrast, MWCNT/GO modified GCE exhibits a little bigger
semicircle than that of MWCNTs modified GCE due to the
insulating property of GO and the electrostatic repulsion of
negatively charged GO and Fe(CN)6

3−/Fe(CN)6
2−. Similar re-

sults have been reported previously [35]. At last, MWCNT/
GO/AuNR modified electrode exhibits the minimum Rct due
to the synergistic interaction of MWCNT/GO and conductive

AuNRs. In addition, positively charged AuNRs decrease the
electrostatic repulsion between the modified electrode
and redox probe. Furthermore, the active surface area
of all electrodes can be found by CV at different scan
rates using 5.0 mM K3Fe(CN)6 as a probe (data not
shown). According to the Randles-Sevcik equation, the
average electroactive areas of GCE, MWCNT/GCE,

Fig. 5 DPVof MWCNT/GO/AuNR/GCE for different concentrations of
AA from 1 nM to 0.5 μM (curve a to curve f) (a), and 1 μM to 8 mM
(curve g to curve o) (c) in phosphate buffer (including 0.1 M NaCl,

pH 7.4) at temperature 55 °C. Plot of peak current versus AA
concentration from 1 nM to 0.5 μM (b), and 1 μM to 8 mM (d) at
working potential of 0.036 V (vs. Ag/AgCl)

Fig. 4 a CVs of theMWCNT/GO/AuNR/GCE in phosphate buffered saline (pH 7.4) with 8 mMAA at different scan rates (50, 100, 150, 200, 250, 300
and 350 mV s−1). b The variation of the oxidation peak currents vs. scan rate
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GO/GCE, MWCNT/GO/GCE, and MWCNT/GO/AuNR
/GCE were calculated to be 0.0700, 0.123, 0.137, and
0.189 cm2, respectively. The results above suggest that
AuNRs integrated with MWCNT/GO hybrid yielded a higher
electroactive area.

Moreover, the electrochemical properties of various elec-
trodes were studied using CV from −0.20 to 0.60 V in the
presence of 8 mM AA in 0.1 mol·L−1 phosphate buffered
saline at pH 7.4. It can be found from Fig. 3b that bare GCE
only had weak response signal with a big overpotential to AA.
MWCNTs modified GCE showed an increased oxidation
peak current and obviously decreased overpotential because
MWCNTs exhibit excellent electrical conductivity and good
electrocatalytic performance toward AA. Compared with
MWCNTs modified GCE, MWCNT/GO modified GCE
showed a little larger current response and negatively shifted
oxidation potential. By contrast, when MWCNT/GO/AuNR/
GCE was used to detect AA at the same concentration, the
biggest oxidation peak current and the greatly decreased
overpotertial was found (from 0.399 V for bare GCE to
0.11 V for MWCNT/GO/AuNR/GCE). It indicates that GO/
MWCNT/AuNR possesses outstanding electrocatalytic

activities to AA in phosphate buffer. The reason is that the
synergistic action of well-dispersed MWCNT/GO with large
specific surface area and AuNRs with outstanding electrical
conductivity and electrocatalytic performance.

Optimization of method

The following parameters were optimized: (a) sample pH val-
ue; (b) temperature. Respective data and Figures are given in
the Electronic Supporting Material. In short, the following
experimental conditions were found to give best results: (a)
Best sample pH value: 7.4; (b) Optimal temperature: 55 °C.

The effect of scan rate

Figure 4a shows the CVs of the GO/MWCNT/AuNR modi-
fied GCE in the presence of 8 mMAA at various scan rates at
55 °C in 0.1 M phosphate buffer (including 0.1 M NaCl,
pH 7.4). The oxidation peaks current increased with increased
scan rates from 50 mV s−1 to 350 mV s−1. The anodic peak
current is proportional to the scan rate and the linear equation
is Ip (μA) = (0.1434 ± 0.0021) V (mV s−1) + (20.9975 ±

Fig. 6 DPVof MWCNT/GO/AuNR/GCE for different concentrations of
AA from 0.1 μM to 10 μM (curve a to curve g) (a), and 10 μM to 8 mM
(curve h to curve o) (c) in 0.1 M phosphate buffer (including 0.1 MNaCl,

pH 7.4) at room temperature. Plot of peak current versus AA
concentration from 0.1 μM to 10 μM (b), and 10 μM to 8 mM (d) at
working potential of 0.086 V (vs. Ag/AgCl)
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0.5091) (R = 0.999) (Fig. 4b). The result indicates that it is a
typical adsorption-controlled reaction in the process of elec-
trochemical oxidation of AA on MWCNT/GO/AuNR modi-
fied GCE surface. In addition, the linear relationship of the
oxidation peak potential of AA (Ep) with the natural
logarithm of scan rates (Inv) is revealed in Fig. S2 in
Electronic Supporting Material. The electron transfer
number and the heterogeneous electron transfer rate
constant can be calculated to be 2.25 and 0.82 s−1, re-
spectively (Electronic Supporting Material). It indicates
that the electrode process of AA at the hybrid modified elec-
trode is not completely irreversible. The very small reduction
peak appeared on CV of AA at MWCNT/GO/AuNR/GCE
(Fig. 3b) confirms this point.

The determination of AA with MWCNT/GO/AuNR/GCE

In order to estimate the sensitivity of the presented sensor for
the detection of AA, DPV was adopted to study peak current
dependence on the concentration of AA. As can be seen from
Fig. 5a, c, the oxidation peak currents increased when the
concentration of AA increased. The oxidation peak current
is linear with the concentration of AA in the lower (1 nM to
0.5 μM) and higher (1 μM to 8 mM) range at a low working
potential of 0.036 V (vs. Ag/AgCl) (Fig. 5b, d). There are two
good linear ranges with high correlation coefficient (the
respective linear regression equations and correlation
coefficient are shown in Fig. 5b, d). Avery low detection limit
0.85 nMwas calculated at a signal-to-noise ratio of 3 based on

Fig. 7 a CVs recorded on the MWCNT/GO/AuNR/GCE in phosphate
buffer (including 0.1 M NaCl, pH 7.4) at temperature 55 °C with 8 mM
AA, UA, DA, Glu, or GSH. b Influence of addition of 1 × 10−6 M UA,
DA, GSH or Glu on the oxidation peak current of AA with the same
concentration at working potential of 0.036 V (vs. Ag/AgCl) by DPV. c
Influence of addition of 3, 6 and 10mMGlu on the oxidation peak current

of 1 × 10−6MAA at working potential of 0.036 V (vs. Ag/AgCl) byDPV.
d Influence of addition of 0.22, 0.3 and 0.4 mMUAon the oxidation peak
current of 1 × 10−6 M AA at working potential of 0.036 V (vs. Ag/AgCl)
by DPV. Error bars show the standard deviation of three independent
measurements

Table 1 Results for
determination of AA
in human serum

Sample Added (μM) Found (μM) Recovery (%) RSD (%)(n = 3)

Diluted serum 100 91.59 91.59 1.98

0.1 0.10625 106.25 3.50

0.001 0.001014 101.40 1.03
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the linear range at lower concentrations. It is superior to other
reported sensors for AA detection (Table S1 in Electronic
Supporting Material). And also the linear range of the modi-
fied electrode is wider or comparable to the range reported.
The sensitivity for the determination of AA is found to be
7.61 μA·μM−1·cm−2 (based on the linear range from 1 nM
to 0.5 μM). Considering the convenience of application, the
demonstrated sensor for the detection of AAwas conducted at
room temperate (Fig. 6). Twowider liner ranges (from 0.1 μM
to 10 μM (Fig. 6b) and from 10 μM to 8 mM (Fig. 6d)) at a
working potential of 0.086 V (vs. Ag/AgCl) were also found.
The calculated sensitivity is as high as 2.97 μA·μM−1·cm−2

and the detection limit is 87 nM (based on the linear range
from 0.1 μM to 10 μM). It can be found that the overall
electrocatalytic performance at room temperature is better or
comparative than most of reported sensors for AA detection
(Table S1 in Electronic Supporting Material).

Selectivity of sensor

AA analysis is generally interfered by UA, DA, Glu and GSH,
so we choose these electroactive compounds to assess the
selectivity performance of MWCNT/GO/AuNR/GCE. The
electrochemical behaviors of different small molecules were
demonstrated by CV at a concentration of 8 mM (Fig. 7a).
Compared with AA, the detected interferential substances
possess a large difference on oxidation potential, and Glu
shows no obvious signal in phosphate buffer (including
0.1 M NaCl, pH 7.4). Figure 7b shows the influence of addi-
tion of 1 × 10−6MUA,DA, GSH orGlu on the oxidation peak
current of AAwith the same concentration at working poten-
tial of 0.036 V (vs. Ag/AgCl) by DPV. It can be found that all
added small molecules have no obvious effect on the
current of AA. Moreover, even if the concentration of
Glu is higher than 3 mM (Fig. 7c) or UA higher than
0.22 mM (Fig. 7d), the oxidation peak current of ascor-
bic acid was not affected obviously. The results indicate ex-
cellent selectivity of the prepared nanohybrid modified GCE
for AA detection.

Real sample analysis

In order to investigate the practical application of the
nanohybrid modified GCE, electrochemical determination of
AA in biological sample such as human serum, was per-
formed. The human serum was first diluted with phosphate
buffer (including 0.1 M NaCl, pH 7.4), and known amount of
standard AA (100 μM, 0.1 μM and 0.001 μM) was added
into the diluted real samples, respectively and recovery
rate was monitored. The results were demonstrated in
Table 1. As can been seen, the recoveries ranged from
91.59%~101.40% with a relative standard deviation
(RSD) of <3.50% (n = 3), exhibiting a promising

application ofMWCNT/GO/AuNR/GCE in the determination
of AA in real samples.

Reproducibility and stability

In order to estimate the reproducibility of the sensor, three
different electrodes were modified with MWCNT/GO/
AuNR and used to detect AA with different concentration
(Fig. 6b, d). We can found that the sensor exhibits excellent
reproducibility for different modified GCE. Then stability was
challenged using the modified electrode for different time.
The current values were investigated at 5 μM AA every
2 days. After 9 days, the current response maintains about
93.68% of its initial current response and the RSD of the
oxidation peak currents is 3.51%. Therefore, the sensor has a
better stability and reproducibility for the detection of AA.

From above results and discussions, the sensor demon-
strates excellent electrocatalytic performance at 55 °C.
If it works at room temperature, the electrocatalytic per-
formance declines. However, two wider linear range,
lower detection limit and higher sensitivity are still promising
for real application.

Conclusion

Herein, a sensing interface based on MWCNTs, GO and
AuNRs is described that possesses a favorable electrocatalytic
performance for AA. Unlike reported before, GO was used to
disperse MWCNTs without subsequent reduction step.
Positively charged AuNRs was dropped onto the MWCNT/
GOmodified GCE to produce synergistic action of MWCNT/
GO and AuNRs. However, the method requires a working
temperature of 55 °C. This is a disadvantage and restricts the
applicability of the method in routine analysis although the
electrocatalytical performance is still good at room tempera-
ture. On MWCNT/GO/AuNR modified GCE surface, AA
oxidation underwent an adsorption-controlled reaction and
shows poor reversibility. Despite these limitations, this work
may have some reference value for assembling various
nanomaterials onto the surface the MWCNT/GO film
for wider applications such as in electrocatalysis and
electroanalysis.
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