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Abstract
Bimetallic nanostructures can provide distinct and improved physicochemical properties by the
coupling effect of the two metal components, making them promising materials for a variety of
applications. Herein, we report composition-selective fabrication of ordered intermetallic Au–Cu
nanowires (NWs) by two-step chemical vapor transport method and their application to nano-
electrocatalytic glucose detection. Ordered intermetallic Au3Cu and AuCu3 NWs are topotaxially
fabricated by supplying Cu-containing chemicals to pre-synthesized single-crystalline Au NW
arrays. The composition of fabricated Au–Cu NWs can be selected by changing the
concentration of Cu-containing species. Interestingly, Au3Cu NW electrodes show unique
electrocatalytic activity for glucose oxidation, allowing us to detect glucose without interference
from ascorbic acid. Such interference-free detection of glucose is attributed to the synergistic
effect, induced by incorporation of Cu in Au. We anticipate that Au3Cu NWs could show
possibility as efficient nano-size electrochemical glucose sensors and the present fabrication
method can be employed to fabricate valuable ordered intermetallic nanostructures.
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1. Introduction

In the past years, nanostructures have been emerging as a new
class of materials due to their unique and interesting char-
acteristics [1–4]. Bimetallic nanostructures can often provide
distinct and more improved physical and chemical properties
than monometallic nanostructures due to the coupling effect
of the two metal components [5–8]. Specifically, structurally

ordered intermetallic nanostructures with a definite stoichio-
metric composition and an ordered lattice structure can show
dramatically improved magnetic, catalytic, and thermal
properties, making them promising materials for a variety of
applications [9–14]. For example, ordered intermetallic Au–
Cu, Pt–Ti, and Pt–Cu nanomaterials exhibit high catalytic
activity for diverse reactions [12, 15–19]. Moreover, chemi-
cally ordered FePt nanoparticles showed enhancements in
Curie temperature, coercivity, and thermal stability [14].
Ordered intermetallic nanostructures have been extensively

Nanotechnology

Nanotechnology 26 (2015) 245702 (9pp) doi:10.1088/0957-4484/26/24/245702

4 These authors contributed equally to this work.

0957-4484/15/245702+09$33.00 © 2015 IOP Publishing Ltd Printed in the UK1



developed and reported on [20–24]. Since most of the
structures have been synthesized in the solution phase by
employing surfactants, residual surfactants often block the
surface of nanostructures, making it difficult to fully utilize
the physical and chemical properties of the nanostructures
[12, 16, 18]. Recently, Zhuang et al and Abruña et al reported
a one-pot reduction method and an impregnation reduction
method for the synthesis of ordered intermetallic AuCu and
Pt3Co nanoparticles without surfactants, respectively [11, 25].
These nanoparticles showed superior catalytic performance
for the oxygen reduction reaction, indicating superb proper-
ties of surfactant-free ordered intermetallic nanostructures.

Herein, we report vapor-phase synthesis of structurally
ordered intermetallic Au–Cu nanowires (NWs) and their
electrocatalytic performance for glucose oxidation. Single-
crystalline Au3Cu and AuCu3 NWs were topotaxially syn-
thesized by supplying Cu-containing species onto the pre-
synthesized Au NWs, and the compositions of the Au–Cu
NWs were selectively determined by adjusting the con-
centration of the Cu-containing species. Furthermore, as-
synthesized Au3Cu NW electrodes show a newly generated
glucose oxidation current wave, allowing us to detect glucose
selectively even in the presence of ascorbic acid (AA).

The present study highlights the following. First, single-
crystalline Au–Cu NWs that have structurally ordered inter-
metallic nanostructures are, to the best of our knowledge,
synthesized for the first time. Quite importantly, their surfaces
are clean and surfactant-free. Second, Au3Cu NW electrodes
show selective electrocatalytic activity for glucose oxidation
and thus they suggest possible application as an interference-
free electrochemical glucose nano-detector that may probe
glucose concentration in a single cell in real time without cell
damage [26]. Detection of glucose without interference from
AA could help us to develop enzyme-free glucose detection
[27–33]. Third, the present simple synthesis method that
employs a topotaxial transformation can broaden the range of
ordered intermetallic nanostructures. We anticipate that
diverse types of ordered intermetallic nanostructures may
become valuable materials in a variety of research fields.

2. Experimental section

2.1. Materials

Au lump and CuI powder (99.999%) were purchased from
Sigma-Aldrich. D-(+)-glucose, ʟ-AA, potassium chloride and
potassium ferricyanide(III) were purchased from Sigma.
Sulfuric acid was purchased from Sigma-Aldrich. Sodium
hydroxide was purchased from Junsei Chemical Co., Ltd. A
W tip was purchased from GGB Industries Inc. Conducting
adhesive solution was purchased from Norland Products, Inc.

2.2. Synthesis of Au–Cu NWs

Ordered intermetallic Au–Cu NWs were synthesized in a 1 in
diameter quartz tube by using a horizontal hot-wall furnace
system. First, single-crystalline Au NWs were synthesized by

previously reported method [34]. Briefly, a Au lump in an
alumina boat was placed at the center of heating zone and
5 × 5 mm2 sapphire substrates were placed 5–7 cm away from
the boat to the downstream side. The alumina boat was heated
at 1100–1150 °C for 90 min with 100 sccm Ar flow rate,
maintaining the chamber pressure at 8–15 Torr. Next, CuI
powder in an alumina boat was placed at the center of
upstream zone and as-synthesized Au NWs on sapphire
substrates were placed ∼18 cm away from the boat to the
downstream side (position A of figure 1(a)). The boat was
heated at 460 °C for 20 min with 100 sccm Ar flow rate,
maintaining the chamber pressure at 10 Torr. Finally,

Figure 1. (a) Schematic illustration of the experimental setup for the
synthesis of ordered intermetallic Au–Cu NWs. The setup consists of
a horizontal quartz tube furnace system with two independently
controllable heating zones. Au3Cu and AuCu3 NWs are synthesized
by the reaction between the CuI precursor and Au NW-grown
substrate placed at positions A and B, respectively. 45° tilted-view
SEM images of vertically grown (b), (c) Au, (d), (e) Au3Cu, and (f),
(g) AuCu3 NWs on c-cut sapphire substrates. Insets of (c), (e) and
(g) are top-view SEM images of each NW. Inset scale bars denote
200 nm.
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topotaxially grown Au3Cu NWs were obtained. For the
synthesis of AuCu3 NWs, the same experimental procedure
was carried out except the position of pre-synthesized Au
NWs, ∼5 cm away from CuI powder (position B of
figure 1(a)).

2.3. Fabrication of NW electrodes

Au, Au3Cu, and AuCu3 NW electrodes were fabricated by
using a micromanipulator under optical monitoring (figure S5
in the supporting information) [26]. A W tip equipped to a
micromanipulator closely approached to a NW grown on a
sapphire substrate. By softly touching the NW, the W tip
picked up the NW from the substrate by using van der Waals
attraction. To enhance the conductivity and robustness of NW
electrodes, the junction area of W tip and NW was coated
with a UV curing conducting adhesive solution and then
exposed to UV light for 2 h.

2.4. Instrumentation

Scanning electron microscope (SEM) images were taken on a
Phillips XL30S and Nova 230. Transmission electron
microscopy (TEM) and high-resolution TEM (HRTEM)
images, selected-area electron diffraction (SAED) patterns,
and energy-dispersive x-ray spectroscopy (EDS) spectra were
taken on a JEOL JEM-2100F operated at 200 kV. For the
TEM analysis, as-synthesized NWs were dispersed in ethanol,
and then a drop of the solution was drop-evaporated onto a
carbon film-coated molybdenum TEM grid. The x-ray dif-
fraction (XRD) patterns of the specimen were recorded on a
Rigaku D/max-rc (12 kW) diffractometer operated at 30 kV
and 60 mA with filtered CuKα radiation. Electrochemical
measurements were carried out by using a CHI 660D elec-
trochemical workstation (CH instruments, USA) in a three-
electrode cell. The working electrodes were as-prepared NW
electrodes and a Pt wire was used as the counter electrode. An
Ag/AgCl (3 M NaCl) electrode was employed as the refer-
ence electrode and sodium hydroxide was used as electro-
lytes. The potential scan was taken from 0.3 to 0.7 V (versus
Ag/AgCl) at a scan rate of 100 mV s−1. All solutions were
prepared in a 100 mM NaOH with triply distilled water and
saturated with nitrogen gas for 10 min before electrochemical
measurements. Assuming NWs as pseudo-cylindrical shape,
the geometric area was calculated with diameter of NWs from
SEM image. The measured current was normalized to the
geometric area of the working electrode.

3. Results and discussion

3.1. Synthesis of structurally ordered intermetallic Au–Cu NWs

Ordered intermetallic Au–Cu NWs were synthesized through
a two-step chemical vapor transport (CVT) method using a
hot-wall quartz tube furnace system. First, single-crystalline
Au NWs were epitaxially grown on a c-cut sapphire substrate
[34]. Second, ordered intermetallic Au–Cu NWs were topo-
taxially fabricated by supplying Cu-containing chemicals to

Figure 2. (a) Low-resolution TEM images, (b) HRTEM images of
the pink square in (a), (c) FFT patterns of (b), (d) SAED patterns, (e)
EDS line profiles of ordered intermetallic of Au3Cu; (f)–(j) those of
AuCu3 NWs. Both NWs have an fcc crystal structure with a [110]
growth direction. HRTEM images are obtained from the green
square in (f). Diffraction spots such as {100} and {110} peaks
marked by yellow circles in (c), (d), (h) and (i) clearly indicate the
formation of ordered intermetallic structures, not alloy structures, for
both Au3Cu and AuCu3. Au (yellow lines) and Cu (green lines)
atoms are uniformly distributed in both NWs with a stoichiometry of
Au:Cu∼ 73:27 and 23:77 in (e) and (j), respectively, further
demonstrating formation of ordered intermetallic Au3Cu and AuCu3
NWs, respectively. Insets of (a), (f) are the schematics of crystal
structure for Au3Cu and AuCu3, respectively.
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as-synthesized Au NWs (figure 1(a)). The composition of
Au–Cu NWs can be controlled by adjusting the position of
Au NW-grown substrate in a quartz tube. Au3Cu NWs were
obtained by placing Au NW-grown substrate ∼18 cm from
the CuI precursor (position A of figure 1(a)). AuCu3 NWs
were synthesized by placing Au NW-grown substrate ∼5 cm
from the CuI precursor (position B of figure 1(a)). All other
reaction conditions, including CuI heating temperature,
pressure, and carrier gas flow rate, were kept the same.
Figures 1(b)–(g) displays SEM images of synthesized NWs.
Figures 1(b) and (c) show vertically grown Au NWs on a c-
cut sapphire substrate. Single-crystalline Au NWs have a half-
octahedral tip and rhombic cross-section (inset of figure 1(c))
with clear facets and extremely smooth surfaces. Figures 1(d)
and (e) illustrate Au3Cu NWs synthesized at position A.
Ordered intermetallic Au3Cu NWs retain a rhombic cross-
section (inset of figure 1(e)) but have rough surfaces.
Figures 1(f) and (g) show AuCu3 NWs synthesized at position
B. Unlike Au and Au3Cu NWs, the cross-section of AuCu3
NWs is rectangular (inset of figure 1(g)).

The compositions and structures of Au–Cu NWs were
characterized by TEM analyses. Figures 2(a) and (f) show
low-resolution TEM images of Au3Cu and AuCu3 NWs,
respectively. HRTEM images of figures 2(b) and (g) are
obtained from the pink square in figure 2(a) and the green
square in figure 2(f), respectively. HRTEM images, fast
Fourier transform (FFT), and SAED patterns in figures 2(b)–
(d) verify that Au3Cu NWs have a face-centered cubic (fcc)
crystal structure with a [110] growth direction, the same as
Au NWs. AuCu3 NWs also have an fcc crystal structure and a
[110] growth direction (figures 2(g)–(i)). The schematics of
crystal structure for Au3Cu and AuCu3 are exhibited in insets
of figures 2(a) and (f), respectively. Both Au3Cu and AuCu3
NWs clearly show lattice fringes in HRTEM images and spot
diffractions in SAED patterns, demonstrating single-crystal-
linity. Most importantly, the {110} peaks in the FFT and
SAED patterns of figures 2(c) and (d) (marked by yellow
circles) clearly indicate the formation of ordered intermetallic
Au3Cu structures. Likewise, the {100} and {110} peaks in
figures 2(h) and (i) (indicated by yellow circles) obviously
show the formation of ordered intermetallic structures for
AuCu3 NWs [24]. Elemental line profile analyses by EDS
found that Au and Cu atoms are uniformly distributed in both
NWs with a stoichiometry of Au:Cu =∼73:27 and 23:77,
respectively (figures 2(e) and (j)), further confirming suc-
cessful formation of ordered intermetallic Au3Cu and AuCu3
NWs, respectively. This growth method could be extended to
nanoplates. When Cu-containing chemicals are supplied to
the single-crystalline Au nanoplates, grown on an m-cut
sapphire substrate using this CVT method, ordered inter-
metallic Au3Cu and AuCu3 nanoplates are synthesized
(figures S1 and S2 in the supporting information).

Figure 3 displays the XRD spectra of Au, Au3Cu and
AuCu3 NWs, indicating that all peaks correspond to the
reflections of fcc Au (JCPDS #65-8601), Au3Cu (JCPDS #00-
034-1302), and AuCu3 phase (JCPDS #35-1357). The peaks
of (111), (200), and (220) in Au, Au3Cu and AuCu3 NWs are
gradually shifted to higher 2 theta values with increasing Cu

atomic ratio of NWs. The XRD spectra of Au3Cu and AuCu3
NWs are also in good agreement with previously reported
Au3Cu nanocubes and AuCu3 particles [18, 24].

When we use CuI as a precursor in the synthesis of
ordered intermetallic Au–Cu NWs, the following gas-phase
reactions can take place [35]

↔3CuI(g) Cu I (g),3 3

↔ +2CuI(g) 2Cu(g) I (g),2

↔2Cu(g) Cu (g).2

Most of the Cu-containing species appearing in this
reaction, including CuI, Cu3I3, Cu, and Cu2, can supply Cu
atoms either by direct collision or collision induced dis-
sociation to Au NWs. The resultant Cu atoms can diffuse into
Au NWs and form Au–Cu NWs [36]. Synthesis of Au3Cu or
AuCu3 NWs can be selected by adjusting the position of Au
NW-grown substrate in a quartz tube furnace system. This
selectivity is attributed to the concentration variance of the
Cu-containing species along the quartz tube as our previous
result of location-dependent selective synthesis [37]. The
concentration of Cu-containing species generally decreases
gradually from the upstream zone to the downstream zone,
leading to the formation of Au3Cu and AuCu3 NWs in
positions A and B, respectively.

Figure 3. XRD spectra of (a) Au, (b) Au3Cu, and (c) AuCu3 NWs.
The XRD patterns indicate that all peaks correspond to the
reflections of Au (JCPDS #65-8601), Au3Cu (JCPDS #00-034-
1302), and AuCu3 phase (JCPDS #35-1357), respectively. The peaks
from sapphire substrate are marked by asterisk.
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The cross-sectional shape of ordered intermetallic AuCu3
NWs differs from those of Au and Au3Cu NWs (figure 1).
When we carried out annealing in the absence of CuI pre-
cursor (figure S3 in the supporting information), Au NWs
retained original rhombic cross-section and well-defined facet
at both positions. Thus the cross-section change in AuCu3
NW is not due to the annealing effect, but seems to be rather
due to compositional change. When Au NWs are transformed
into ordered intermetallic AuCu3 NWs, Au atoms at the center
of the faces in an fcc unit cell of Au are substituted with Cu
atoms [24]. The lattice constant of AuCu3 is 3.76 Å, which is
closer to that of Cu (3.61 Å) than that of Au (4.08 Å). Note
that the atomic radius of Au (1.74 Å) is significantly larger
than that of Cu (1.45 Å). Ordered intermetallic Au3Cu crystal
with Au and Cu atoms at the center of the surface and each
corner, respectively, has a lattice constant of 4.04 Å, which is
quite close to that of Au [18]. In our previous result for the
topotaxial synthesis of Au–Ag NWs [38], they form the alloy
over a full range of composition (from 0 to 100%), not
forming an intermetallic compound, which can be ascribed to
very similar atomic radii of Au and Ag. It seems that such
similar atomic radii also kept the same cross-section of the
Au–Ag alloy NW [38]. In contrast, Au–Cu NWs exhibit
several alloy-intermetallic transformations over the composi-
tion range according to phase diagram for Au–Cu system,
which can be attributed to the significant size difference. Such
a distinct lattice constant change by incorporation of a sig-
nificant number of Cu atoms into Au NWs may have induced
the cross-sectional shape modification of AuCu3 NWs. The
rough surfaces of Au3Cu and AuCu3 NWs are most likely
caused by the etching effect of I2 produced from the CuI
precursor [35, 39].

To explore the formation mechanism of ordered inter-
metallic Au–Cu NWs, we investigated the EDS line profiles
of Au–Cu NWs as we varied reaction time. Figures 4(a)–(e)
display the EDS line profile results of Au–Cu NWs at reaction
times of 0, 1, 3, 5, and 10 min, respectively. The NWs were
synthesized at position B. A reaction time of 0 min means that
the reaction was stopped immediately after the temperature of
the upstream zone reached 460 °C. Figure 4(f) displays a plot
of the Cu atomic composition in Au–Cu NWs versus the
reaction time based on figures 4(a)–(e). The data represent the
mean plus standard deviation from three measurements,
overlapped with an exponentially fitted curve (blue curve in
figure 4(f)). The Cu composition of the Au–Cu NWs was
40% at 0 min and gradually increased to 52, 68, 70, and 77%
at 1, 3, 5, and 10 min, respectively. This graph illustrates that
the Cu composition increases rapidly at an initial stage of the
reaction, slows down after 3 min, and is saturated after
10 min.

It should be noted that the radial distribution of Cu atoms
in the NW changes with the reaction time. At 0 min, Cu atoms
are uniformly distributed over the whole volume of a NW
(figure 4(a)). At 1, 3, and 5 min, more Cu atoms are located
near the NW surface (figures 4(b)–(d)). At 10 min, Cu atoms
are well spread over the whole NW (figure 4(e)). This dis-
tribution can be explained by the difference between the
supply rate of Cu atoms onto the original Au NW and the

diffusion rate of Cu atoms into the Au NW. In the beginning
(0 min), the supply rate of Cu atoms increases slowly with
time and could be comparable to the internal diffusion rate. At
1 and 3 min, the supply rate of Cu atoms would get faster than
the internal diffusion rate. Hence, Cu atoms are located near
the NW surface. After the reaction time of 10 min, a stable
and homogeneous AuCu3 NW is formed by atomic rearran-
gement through internal diffusion. Based upon this observa-
tion, we deduce that a high surface area of Au NWs, a
sufficient supply of Cu atoms, and enough thermal energy for
atomic reordering enable the fast transformation from Au
NWs to ordered intermetallic Au–Cu NWs [36, 40].

Additionally, the crystal stability and oxidation tendency
of ordered intermetallic AuCu3 NWs were tested. After being
stored under ambient conditions at room temperature for 20
days, TEM analyses (figure S4 in the supporting information)
reveal that no detectable copper oxide layer was formed, and
the crystal structure was well maintained, indicating that the
ordered intermetallic AuCu3 NWs are fairly resistant to oxi-
dation for 20 days. Alloying Cu with other metals can prevent
Cu2O surface island growth, thus exhibiting stabilizing effect
against oxidation compared pure Cu [41].

3.2. Electrocatalytic activity of Au–Cu NW electrode

In order to investigate the electrochemical properties of Au,
Au3Cu and AuCu3 NWs, we fabricated NW electrodes and
measured cyclic voltammetry [26]. Figure 5(a) shows SEM
image of as-prepared NW electrode attached on W tip.
Figure 5(b) presents cyclic voltammograms (CVs) of Au
(green curve), Au3Cu (pink curve) and AuCu3 (blue curve)
NW electrodes in a 50 mM H2SO4. In CVs of ordered
intermetallic Au3Cu and AuCu3 NW electrodes, weak peaks
appear between 0.1 and 0.3 V, corresponding to the oxidation
of copper, and typical anodic and cathodic peaks for Au oxide
formation and its reduction are observed. Figure 5(c) presents
CVs of Au3Cu NW electrode in 20 mM K3Fe(CN)6 with or
without 0.1 M KCl as supporting electrolyte. In both solu-
tions, ordered intermetallic Au3Cu NW electrode shows sig-
moidal-shaped curves, indicating steady-state voltammetric
response at Au3Cu NW electrode. Even in the absence of
supporting electrolyte, well-defined voltammetric curve was
observed with similar half-wave potential (E1/2) value, indi-
cating that there was almost no effect of the Ohmic resistance.
Because of such unique properties of NW electrode, Au3Cu
NW electrode can be applied in resistive media as well as
electrolyte solution.

We explored electrooxidation properties of glucose on
the ordered intermetallic Au–Cu NW electrodes. For enzyme-
free glucose detection, it is critically important to distinguish
glucose from the interfering species such as AA, uric acid,
dopamine, fructose, sucrose, etc in blood. Among them AA
and uric acid cause main interference in glucose detection
because both are easily oxidized. Particularly, while AA is
less contained than uric acid about 5 times in blood, AA is
considered as more serious interfering species due to higher
oxidation reactivity. Moreover, although the AA level
(∼0.1 mM) in blood is much lower than glucose level
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(3–8 mM), the oxidation current wave from AA is comparable
to that from glucose at high potentials where the glucose
oxidation starts, inducing detection error [42, 43]. Therefore,
it is vital to selectively detect glucose in the potential range
where AA is not oxidized. In many cases, the electrooxidation
of organic molecules is clearly observed mainly in the reverse
cathodic scan of CVs [44, 45]. This is because the poison
often formed in the low potential is eliminated by oxidation in
the high potential. In this experiment, the oxidation peak of
glucose is barely observed in the anodic scan but clearly
observed in the reverse cathodic scan after the electrode is
oxidized up to 0.7 V at both the Au and Au3Cu NW elec-
trodes. The AuCu3 NW is excluded from glucose detection
because it became gradually thinner during the electro-
chemical measurements and its electrochemical properties
changed.

Figure 6 shows reverse cathodic scans (−0.3–0.3 V) of
CVs from Au and Au3Cu NW electrodes in a 100 mM NaOH
solution containing 4.0 mM glucose and/or 0.1 mM AA. In
the reverse cathodic scans of a Au NW electrode, the anodic
current peaks of glucose and AA appear at 0.03 and 0.02 V,
respectively (red and green curves of figure 6(a)). Because the
peak positions are overlapped, the electrochemical signals
from glucose and AA are not distinguishable at a Au NW
electrode. Figure 6(b) illustrates electrocatalytic activity of a
Au3Cu NW electrode for the oxidation of glucose and AA.
Quite importantly, the oxidation current waves of glucose and
AA show different behavior. While AA shows an oxidation
peak at 0.02 V (green curve), glucose has additional distinct
wave at −0.16 V marked by a pink arrow in figure 6(b) in
addition to the strong peak at 0.03 V (red curve). Since the
additional current wave for the glucose oxidation is observed

Figure 4. EDS line profiles of Au–Cu NWs prepared at reaction times of (a) 0, (b) 1, (c) 3, (d) 5, and (e) 10 min. (f) Plot of the Cu atomic ratio
in Au–Cu NWs versus reaction time. The data represent the mean plus the standard deviation from three measurements, and the exponentially
fitted curve is also presented (blue curve).
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only at the Au3Cu NW electrode, it can be used for selective
detection of glucose. In the mixture of glucose and AA, the
current wave at −0.16 V is not affected by AA (blue curve).
This selective oxidation current peak allows interference-free
detection of glucose. The newly generated current wave is
attributed to the synergistic effect of Au and Cu atoms in
intermetallic Au3Cu NW that has a different surface structure
from Au NW [46, 47].

Figure 7 compares the calibration plots for glucose
detection of Au and Au3Cu NW electrodes. The current
density data for CVs were obtained at −0.16 V. The CVs of
Au NW electrodes show little current wave at this potential

Figure 5. Electrochemical properties of NW electrodes. (a) SEM
image of a NW electrode attached on W tip. (b) CVs of Au (green
curve), Au3Cu (pink curve) and AuCu3 (blue curve) NW electrodes
in a 50 mM H2SO4 at a scan rate of 50 mV s−1. (c) CVs of Au3Cu
NW electrode in 20 mM K3Fe(CN)6 with or without 0.1 M KCl as
supporting electrolyte at a scan rate of 2 mV s−1.

Figure 6. Reverse cathodic scans of CVs at (a) Au and (b) Au3Cu
NW electrodes in a 100 mM NaOH solution containing 4.0 mM
glucose, 0.1 mM AA, and both glucose and AA. The scan rate is
100 mV s−1.

Figure 7. Background-subtracted calibration plots for glucose
detection using Au (blue squares) and Au3Cu NW (pink circles)
electrodes in a 100 mM NaOH solution containing 0, 2.0, 4.0, 6.0,
and 8.0 mM glucose. The data represent the mean plus the standard
deviation from three measurements.
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(blue squares). In contrast, the current densities of Au3Cu NW
electrodes increase with increasing concentration of glucose
(pink circles), suggesting that quantitative and interference-
free detection of glucose is feasible. In addition to inter-
ference-free detection of glucose, extremely small size of
Au3Cu NW electrodes can make them superb glucose probes
for tiny biological systems such as cells. By employing these
Au3Cu NW electrodes, cellular glucose concentration can be
directly monitored in real time.

4. Conclusions

Ordered intermetallic Au–Cu NWs were successfully syn-
thesized via topotaxial transformation in gas phase. Pre-syn-
thesized Au NWs were transformed into Au3Cu and AuCu3
NWs by supplying Cu-containing species. The compositions
of Au–Cu NWs could be selected by adjusting the position of
Au NW-grown substrates that react with Cu atoms. The sin-
gle-crystalline nature of Au NWs was preserved after the
transformation into Au3Cu and AuCu3 NWs. This simple
topotaxial transformation method is a novel way to synthesize
ordered intermetallic nanostructures without using surfac-
tants. Because the electrochemical catalytic behavior of
nanostructures can vary significantly with the atomic
arrangement and surface conditions, ordered intermetallic
NWs with an ultraclean surface may provide novel electro-
catalytic properties [36, 48]. The present Au3Cu NW elec-
trodes show an additional current wave for glucose oxidation
at −0.16 V, enabling selective glucose detection without the
interference by AA. We propose that the ordered intermetallic
Au–Cu NWs could be quite valuable for monitoring glucose
levels in a single cell and can be further employed in diverse
electrocatalysis in a microsystem.

Supporting information
TEM analysis of ordered intermetallic Au3Cu and AuCu3

nanoplates (figures S1 and S2). SEM images of the annealed
Au NWs in the absence of CuI precursor (figure S3). TEM
analysis for the oxidation resistant property of the AuCu3
NWs (figure S4). Schematic of fabrication process for indi-
vidual NW electrode (figure S5).
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