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 In this paper, a novel strategy with a new growth mechanism for fast and 
large-scale growth of Au long nanowires on high-curvature SiO 2  nanospher-
ical surfaces has been developed. The synthesis includes three steps, i.e., 
amino modifi cation of SiO 2  nanospheres, Au seed loading on aminated SiO 2  
nanospheres and subsequently, Au seed-mediated nanowire growth on SiO 2  
nanospheres. The prepared Au nanowires (Au NWs) (exhibit long length, high 
aspect ratio, and good fl exibility, and can naturally form the dense nanowire 
fi lm, which is promising as a stable conductive electrode. In addition, the 
effect of synthetic conditions such as reactant feeding order, Au seeds 
and SiO 2 @Au seeds on the morphology of Au nanostructures (nanowires, 
nanoteeth, and nanofl owers) has been investigated. It is found that Au seeds 
and high-curvature SiO 2  nanospherical surfaces are necessary conditions 
for the successful preparation of Au NWs and nanowire fi lms. The different 
growth mechanisms for Au NWs and nanoteeth have been proposed and 
discussed. Moreover, the novel nonenzymatic H 2 O 2  sensor based on Au NWs 
exhibits much enhanced performance such as higher sensitivity, stability, and 
selectivity, wider linear range and lower detection limit, compared with that of 
Au nanoparticles-based H 2 O 2  sensor. 

As a typical representative of 1D struc-
tures, Au nanowires (Au NWs) have a 
wide application prospect in nanoelec-
tronics/microelectronics, nanodevices, 
and sensors. [ 11–14 ]  Various methods have 
been employed to fabricate Au NWs such 
as hard template method, [ 15–17 ]  template-
free wet chemical synthesis, [ 18–21 ]  and so 
on. Generally speaking, precise control on 
diameter, length, and assembly of Au NWs 
can be realized by using hard templates 
in spite of disadvantages of low yield, 
high cost, and complicated processes 
during template synthesis and removal. 
In contrast, wet chemical synthesis is an 
important means for the fabrication of 
Au NWs due to its versatility, low cost, 
and mild conditions. However, because 
the wet synthetic system is very complex, 
Au NWs prepared through different syn-
thetic systems may be associated with dif-
ferent growth mechanism. For example, 
ultrathin single-crystalline Au NWs were 
formed via the oriented attachment mech-

anism by Halder and Ravishankar. [ 19 ]  Unique Au wavy NWs had 
been prepared at the air/water interface through attachment 
and cold welding. [ 20 ]  Particularly, novel Au NW forests formed 
on a trumpet shell or fl at Si wafer with a new-type seeded 
growth model that is similar in appearance to classic vapor–
liquid–solid (VLS) growth were realized. [ 21 ]  To date, there still 
remains great signifi cance and challenge to fully understand 
the nanowire growth mechanism in aqueous solution. 

 It is noted that noble metal (Au, Ag, etc) nanowire fi lms are 
emerging as promising substitutes of conventional conductive 
substrates in a wide variety of practical devices such as robust 
fl exible electronics [ 22 ]  and transparent electrodes. [ 12,13,23,24 ]  In 
this regards, the facile large-scale preparation of Au NW fi lms 
with excellent mechanical strength and good conductivity is 
crucial for practical applications. However, the previous NW 
synthetic methods are not favorable with respect to this goal. 
For instance, Au NWs prepared by wet chemical way were usu-
ally in the forms of dispersed state that is hard to form stable 
fi lms. Through the hard template method could produce Au 
NW fi lms directly, the parallel assembly of nanowires might 
cause poor interaction between nanowires and low mechanical 
strength of Au NW fi lms. [ 16 ]  Therefore, new synthetic strategy 
for Au NWs and Au NW fi lms with favored property for 
advanced device construction is highly desired. 
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  1.     Introduction 

 One-dimensional (1D) Au nanomaterials have attracted 
considerable attention in the past decade due to their special 
optical and electrical properties, good biocompatibility, and 
great potentials in biomedicine, catalysis, and sensors. [ 1–14 ]  
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 On the other hand, H 2 O 2  is a byproduct or an intermediate 
product generated from many fundamental biological oxidative 
reactions and important industrial processes. It is important to 
develop simple, rapid, and sensitive methods for H 2 O 2  detec-
tion. At present, a number of H 2 O 2  detection methods have 
been explored. [ 25–31 ]  Among them, the electrochemical tech-
niques have attracted much more attention due to their great 
advantages of low cost, rapid response, simple instrumentation, 
high sensitivity, and selectivity. Especially, typical peroxidase [ 32–35 ]  
or hemoglobin [ 36,37 ] -based enzyme biosensors have been con-
structed for H 2 O 2  measurement. However, their applications 
have been limited by some disadvantages of enzyme, such as 
high cost, instability, easy inactivation, and critical demand 
on the environmental condition. Therefore, many efforts have 
been made to develop new-type nonenzymatic sensors. 

 Inspired by the seed-mediated growth of Au NW forest, [ 21 ]  in 
this work, we develop a new strategy and extend the synthesis 
from fl at substrate to high-curvature nanospherical surfaces, 
for fast and large-scale fabrication of long Au NWs and Au NW 
fi lms. A new different seeded growth mechanism where the 
active growth frontier at one end of Au NWs was always next 
to solution, rather than next to substrate in nanowire forest 
case [ 21 ]  or Au catalysts in VLS growth, [ 38–42 ]  has been proposed 
and discussed. The synthetic strategy for Au NWs includes a 
three-step approach, i.e., amine modifi cation of SiO 2  nano-
spheres, Au seed deposition on aminated SiO 2  nanospheres, 
and seeded growth of Au NWs on the surfaces of SiO 2  nano-
spheres with the assistance of 4-mercaptobenzoic acid (MBA). 
The as-prepared Au NWs exhibit long length, high aspect ratio, 
good fl exibility as well as high uniformity, and can naturally 
form a dense fi lm consisting of interdigitated Au NWs owing 
to the fast seeded-growth on the surfaces of SiO 2  nanospheres. 
The H 2 O 2  sensors based on the long Au NW fi lm demonstrate 
enhanced performance, such as higher sensitivity and stability, 
better selectivity, wider linear range, and lower detection limit, 
compared with that of Au nanoparticles-based H 2 O 2  sensor.  

  2.     Results and Discussion 

  Figure    1   shows the synthetic route to the fabrication of long 
Au NWs on SiO 2  nanospheres (SiO 2 @Au NWs). Briefl y, SiO 2  
nanospheres were fi rst modifi ed with amino groups, serving as 
highly curved substrates for deposition of Au seeds and subse-
quent growth of Au NWs (Figure  1 , step I). Then, citrate-capped 
Au seeds (8 nm) were deposited fi rmly on SiO 2  nanospheres 

to form stable core–shell SiO 2 @Au seed composites, due to 
the strong electrostatic interactions between positively charged 
SiO 2  nanospheres and negatively charged Au seeds (Step II). 
Finally, fast growth of Au NWs on Au seed-loaded SiO 2  nano-
spheres was occurred in the presence of MBA when HAuCl 4  
and VC were introduced, leading to the formation of the SiO 2 @
Au NWs (Step III). 

   Figure    2  A shows scanning electron microscope (SEM) image 
of SiO 2 @Au seed composites. It can be seen that the compos-
ites present uniform size and good dispersity, as well as uni-
form deposition of Au seeds on SiO 2  nanospheres. The average 
diameters of SiO 2  nanospheres and Au seeds are about 220 and 
8 nm, respectively, in agreement with these of pristine SiO 2  
nanospheres and freshly prepared Au seeds before the depo-
sition. The long Au NWs growing on SiO 2  nanospheres were 
obtained after a 15-min fast growth mediated by Au seeds, as 
shown in SEM images in Figure  2 B,C. It appears that each 
nanowire has a head at the end close to SiO 2  nanospheres. 
(Figure  2 B inset and Figure S1, Supporting Information). The 
fast radial growth of long Au NWs from SiO 2  nanospheres 
makes nanowires interdigitated. Consequently, the nanowires 
can form a dense fi lm after collection through centrifugation 
(Figure  2 B). Interestingly, almost each SiO 2  nanosphere is 
densely wrapped by Au NWs (inset in Figure  2 B,C). This reveals 
that the growth of Au NWs started from Au seeds of the SiO 2 @
Au seed composites and confi rms an Au seed-mediated growth 
mechanism. From a magnifi ed SEM image of Figure  2 D, 
several single nanowires with their lengths over 2 µm and 
diameters of about 5 nm are observed after sonication, giving a 
high aspect ratio of 400. The corresponding transmission elec-
tron microscopy (TEM) characterizations of Au NWs are shown 
in Figure  2 E–G. The nanowires that show curved shape and 
uniform diameter of 5 nm are still entangled after sonication 
(Figure  2 E). The high-resolution transmission electron micros-
copy (HRTEM) image of a single nanowire (Figure  2 F,G) gives 
clear crystal lattices with d-spacing of 0.235 nm corresponding 
to the (111) planes of face-centered cubic (fcc) gold, indicating 
the nanowires are composed of pure metal Au. This is well con-
sistent with the result of X-ray diffraction (XRD) characteriza-
tion of the Au NWs (Figure S2, Supporting Information). 

  The synthesis of the long Au NWs can be scaled up. As 
shown in Figure S3 (Supporting Information), the long Au 
NWs are still formed at a high reactant concentration fi ve times 
that of the typical. The Au NWs prepared at this high concentra-
tion also display thin diameter, long length, and high fl exibility. 
Although some Au nanoparticles are coexisted, Au NWs occupy 

 Figure 1.    Schematic illustration of the synthetic route to the preparation of long Au NWs on SiO 2  nanospheres.
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the majority in the product. We think that the Au nanoparti-
cles are formed through a homogeneous nucleation/growth 
process in the solution other than seeded growth on Au seeds. 
Moreover, Au nanoparticles can be removed technically by the 
fi ltration method. Therefore, the proposed synthetic strategy is 
an effective way for the preparation of Au NW on a large scale. 

 The optical properties of the several different samples 
including Au seeds, SiO 2 @Au seeds, Au NWs, and SiO 2 @Au 
NWs were investigated, as shown in  Figure    3  . The absorption 
peaks of the Au seeds, SiO 2 @Au seeds, SiO 2 @Au NWs, and 
Au NWs are centered at 520, 550, 580, and 580 nm, respec-
tively, giving an obvious red shift as indicated by the arrow. 
The absorption peak shift is obviously caused by the different 
structural characteristics of Au nanoseeds and nanowires. [ 9,10 ]  
In addition, the absorption band widening of the samples 
from Au seeds, SiO 2 @Au seeds to Au NWs is observed, which 

is considered to be resulted from the unique surface plasmon 
resonance (SPR) effect of Au. It was reported that the assembly 
of Au nanoparticles at a certain density could lead to plasmon 
resonance coupling and enhanced visible light adsorption. [ 43–45 ]  
Particularly, Au nanoparticles assembled uniformly on the 
surfaces of SiO 2  nanospheres demonstrated novel property 
of temperature-dependent SPR peak shift, which promise the 
application as novel thermometers. [ 45 ]  The absorption spectra 
difference in visible light bands expresses as different optical 
colors of the four samples. As can be seen, the color change 
from red, pink to gray, following the same order of the samples, 
is also demonstrated (inset in Figure  3 ), corresponding well to 
their absorption spectra. 

  It is found that the feeding order of HAuCl 4  and L-ascorbic 
acid (AA) plays a prominent role in determining both the fi nal 
structure of SiO 2 @Au NWs and their growth mechanism. As 
shown in  Figure    4  A, if the synthesis was conducted by adding 
HAuCl 4  prior to AA under otherwise the same conditions, the 
novel core–shell composites consisting of Au nanoteeth array 
on SiO 2  nanospheres were formed. A high-magnifi cation SEM 
image in Figure  4 B reveals that the Au nanoteeth were about 
50 nm in length, which is much shorter than the length of 
Au NWs shown in Figure  2 B. Interestingly, unlike typical long 
Au NWs whose wire shape started from the heads (Au seed) 
(Figure  2 B and Figure S1, Supporting Information), the Au 
nanoteeth seemed to end up with the heads (Figure  4 B). The 
possible mechanism for the formation of Au nanoteeth or 
nanowires on SiO 2  nanospheres by merely changing the feeding 
order of HAuCl4 and AA has been proposed, as demonstrated 
in  Figure    5  . In the typical synthesis, when AA was added fi rst 
into the dispersion solution of the SiO 2 @Au seed compos-
ites, AA molecules were uniformly distributed throughout the 
solution. This provided the equal opportunity, in theory, for AA 
molecules to capture HAuCl 4  molecules to form Au nuclei both 
on Au seeds around SiO 2  nanospheres and in solution. Never-
theless, the nucleation on Au seeds is much preferable in energy 
relative to homogeneous nucleation in solution phase. [ 21 ]  There-
fore, the faster nucleation and nanowire growth at sites of Au 

 Figure 2.    A) SEM image of SiO 2 @Au seed composites. B–D) SEM images of SiO 2 @Au NW composites. E–G) TEM and high-resolution TEM images 
of long Au nanowires.

 Figure 3.    UV-vis-NIR absorption spectra of a) Au seeds, b) SiO 2 @Au 
seeds, c) SiO 2 @Au NWs, d) Au NWs. Inset: photographs of the four 
samples. The dotted line arrows the gradual red shift of absorption peaks 
for the four samples.
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seeds were proceeded, leading to rapid depletion of Au sources 
(such as HAuCl 4  and Au nuclei) and producing a concentra-
tion gradient of Au nuclei from solution to SiO 2  nanospheres. 
Driven by the concentration gradient, Au nuclei formed in solu-
tion were diffused to the growth frontier of primary Au NWs 
on SiO 2  nanospheres, resulting in the long Au NWs after the 
seeded growth process. In contrast, in the second case, when 
HAuCl4 was added fi rst, HAuCl 4  molecules were prone to be 
enriched on the surfaces of the SiO 2 @Au seed composites, 
due to their strong interactions with mercapto groups from 
MBA molecules that were covalently modifi ed to Au seeds. The 
enrichment gave rise to a higher local concentration of HAuCl 4  
in the region around SiO 2  nanospheres than in the solution. 
Accordingly, after AA was introduced, the 
burst nucleation on Au seeds was occurred 
and led to the formation of a large number 
of Au nuclei around SiO 2  nanospheres. At 
a given reactant concentration of HAuCl 4 , 
more nuclei with more nucleation sites imply 
insuffi cient Au source for forming long Au 
NWs. As a consequence, short Au nanoteeth 
other than long nanowires were formed after 
the localized seeded growth. 

   There are possibly two different seed-medi-
ated growth mechanisms responsible for the 
formation of Au NWs and Au nanoteeth, as 
shown in  Figure    6  . Although in both cases 
Au seeds worked as active nucleation sites 
to initiate seeded anisotropic growth on SiO 2  
nanospheres, the underlying growth mecha-
nisms were totally different. For Au NWs 
through the diffusion growth approach, as 
discussed in the above paragraph, Au nuclei 
formed in the solution were diffused to and 

nucleated at Au seeds on SiO 2  nanospheres, promoting the 
seeded growth of nanowires. During the whole growth process, 
Au seeds at one end of nanowires were immobilized on the sur-
faces of SiO 2  nanospheres, while the moving growth frontiers 
at another end were always pointed out to solution (Figure  6 A). 
This is because the spatial positions of the growth frontier are 
easier accessible for Au nuclei diffusing from solution, com-
pared with that of Au–SiO 2  interfaces at another end of the 
nanowires. For Au nanoteeth with the localized growth, the Au 
nuclei were mainly concentrated around the SiO 2 @Au seeds 
(Figure  6 B1). The high-concentration Au nuclei facilitated the 
nucleation and growth of nanowires at Au–SiO 2  interfaces. As a 
consequence, the favorable growth with growth frontiers always 
next to SiO 2  nanospheres was occurred, as shown in Figure  6 B2. 
We noted that the same growth mechanism under similar 
experimental conditions (feeding order: HAuCl4+AA) had been 
reasonably explained, which was ascribed to the effect of ligand 
binding. [ 21 ]  It is noteworthy that the new growth mechanism for 
the typical nanowires in this work is distinct from these for Au 
NW forest where the growth frontier always next to substrate [ 21 ]  
and well-known VLS growth where the growth frontier always 
next to catalyst. [ 38–42 ]  Our proposition based on the diffusion 
growth and localized growth models provides a new perspec-
tive to fully and deeply understand the seed-mediated growth 
mechanism of Au NWs. 

  In addition, SiO 2  nanospheres and Au seeds are also key 
factors necessary for the preparation of Au NWs. As shown in 
Figure  4 C, when the synthesis was conducted by direct reduc-
tion of HAuCl 4  using AA in the absence of the SiO 2 @Au seed 
composites, only dispersed Au nanoparticles were obtained 
with the size of approximately 20 nm. To further investigate the 
independent effect of Au seeds, the SiO 2 @Au seed composite 
solution was replaced by Au seed solution with other conditions 
being typical. It was found that Au nanofl owers consisting of 
several Au nanoparticles were generated in such a synthetic 
system without SiO 2  nanospheres (Figure  4 D). Apparently, 
the nucleation of several Au nuclei on one Au seed and subse-
quent unlimited free growth of Au nuclei around Au seeds are 

 Figure 5.    Schematic illustration of the proposed mechanism for the synthesis of SiO 2 @Au 
composites.

 Figure 4.    SEM and TEM images of various Au nanostructures prepared 
under different synthetic conditions. A,B) SiO 2 @Au nanoteeth synthesized 
by the feeding order of HAuCl 4 +AA; C) TEM image of Au nanoparticles 
synthesized without SiO 2 @Au seeds; D) TEM image of Au nanofl owers 
synthesized without SiO 2  nanospheres.
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the possible reason for the formation of these Au nanofl owers. 
Therefore, based on the data obtained above, the results can 
be briefl y summarized here. i) Au seeds served as active and 
effective nucleation sites for the seeded growth of different Au 
nanostructures, namely Au NWs, nanoteeth, or nanofl owers, 
depending on the density of Au nucleation sites as well as 
whether employing SiO 2  nanospheres. ii) SiO 2  nanospheres 
provided highly curved substrates with limit space for the 
growth of radially arrayed 1D nanostructures such as Au NWs 
and nanoteeth. In this strategy, the preparation of the SiO 2 @
Au seed composites with uniform and stable deposition of Au 
seeds is crucial for subsequent growth of 1D Au nanostruc-
tures. It is point out that the deposition of Au seeds and the 
growth of Au NWs on high-curvature surfaces of SiO 2  nano-
spheres make the strategy more challengeable. 

 The electrocatalytic activity of Au NWs was evaluated by 
cyclic voltammetry (CV) and amperometric methods.  Figure    7  A 
shows the CV responses of the Au NWs modifi ed glassy carbon 
(GC) electrode in the presence (2 × 10 −   M ) and absence of H 2 O 2  
in 0.1 M phosphate buffer saline (PBS, pH 7.0) solution. After 
H 2 O 2  was injected into the PBS solution, the reduction current 
increased greatly (Figure  7 A, curve a), which was quite dif-
ferent from the system without H 2 O 2  (Figure  7 A, curve b). This 
result identifi es the excellent catalytic performance of Au NWs 
towards to the reduction of H 2 O 2 . 

  This prominent catalytic activity was used to build the bio-
sensor for the detection of H 2 O 2  using chronoamperometry. The 
current–time (i–t) curves of different electrodes were compared 
under the same experimental conditions with successive addi-
tions of 0.5 × 10 −3  M H 2 O 2  into the stirred N 2 -saturated 0.1 M 
PBS at −0.6 V. The typical Au NWs and Au nanoparticles were 
used to modify the GC electrodes (GCE), respectively, and 
their electrocatalytic activities towards the reduction of H 2 O 2  
were studied and compared with that of the GCE, as shown 
in Figure  7 B. It is clear that the Au NWs/GCE displays the 

highest current density response. Figure 
S4 (Supporting Information) shows the 
calibration lines of different electrodes based 
on reduction current response in the pres-
ence of H 2 O 2 . One can see that the slope 
and linear relationship of the Au NWs/GCE 
are higher than the others, demonstrating 
the higher sensitivity and stability for H 2 O 2  
detection. 

 Figure  7 C displays the typical ampero-
metric responses of the Au NWs/GCE on suc-
cessive injection of different concentrations of 
H 2 O 2  into the stirred N 2 -saturated PBS under 
the applied potential of −0.6 V. It is obvious 
that the continuous reduction current jumps 
and the current response increases rapidly 
to reach a steady-state value when H 2 O 2  was 
successively added into the PBS solution. 
Figure S5 (Supporting Information) shows 
the calibration line with related parameters 
of Au NWs/GCE based on reduction current 
response in the presence of H 2 O 2 . The cur-
rent response was proportional to the H 2 O 2  
concentration in the range of 0.05 × 10 −3  

to 22.65 × 10 −3   M  with a correlation coeffi cient of 0.99959. The 
detection limit was calculated to be 0.03 × 10 −3   M  ( S / N  = 3). 

 L-ascorbic acid, uric acid (UA), and glucose are the most 
commonly existing interference species in the physiological 
environment. The anti-interference effect of the sensor towards 
AA, UA, and glucose was evaluated in order to investigate the 
selectivity of the unique non-enzymatic sensor. Figure  7 D 
reveals the amperometric responses of Au NWs/GCE upon suc-
cessive addition of 0.1 × 10 −3   M  H 2 O 2 , 0.5 × 10 −3  M UA, AA, 
and glucose, and 0.1 × 10 −3  M H 2 O 2  (three times) into N 2 -satu-
rated PBS solution (0.1 M, pH 7.0). The electrochemical signals 
responding to the four additions of H 2 O 2  are basically identical. 
While the responses caused by high concentrations of UA, AA, 
and glucose could be negligible, suggesting a high selectivity of 
the Au NWs/GCE for H 2 O 2  detection. In addition, the sensing 
performance towards H 2 O 2  of the three electrodes was also 
tested in the presence of fetal bovine serum (FBS), as shown in 
Figure S6 (Supporting Information). FBS was added in the same 
order with a total volume up to 3 mL in each testing system. The 
response curves are not so regular relative to those obtained in 
pure buffer systems due possible to the existence of FBS. We can 
see that the Au NWs/GCE delivers the best performance among 
the three electrodes (Figure S6, Supporting Information). There-
fore, it is expected that this novel Au NW-based non-enzymatic 
sensor can be introduced to the selective detection of H 2 O 2  in 
the presence of these common physiological materials.  

  3.     Conclusion 

 In summary, a novel strategy with the new growth 
mechanism for the large-scale fabrication of Au NWs has been 
developed, which involves controlled amine modifi cation of 
SiO 2  nanospheres, Au seed loading on SiO 2  nanospheres, and 
subsequent seeded growth of Au NWs. The as-prepared Au 

 Figure 6.    Schematic illustration of the proposed Au seed-mediated growth mechanisms for Au 
nanowires and nanoteeth.
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NWs show long length, high aspect ratio, and good fl exibility 
and can naturally form the dense and stable fi lms. The new 
growth mechanism for the Au NWs has been proposed and dis-
cussed in comparison with that for Au nanoteeth and reported 
Au NW forest as well as well-known VLS growth. It is found 
that SiO 2  nanospheres and Au seeds, which offer high-curva-
ture limited surface and mediate the seeded growth, respec-
tively, are critical conditions for the formation of Au NWs, while 
the feeding order of the reactants (HAuCl 4  and AA) determines 
the fi nal 1D Au structure and the related growth mechanisms. 
The Au NWs exhibit a prominent catalytic effect toward the 
reduction of H 2 O 2  and have been used to develop nonenzy-
matic H 2 O 2  sensor. The sensor exhibited advantages including 
fast response, wide linear range, good selectivity, long-term 
stability, and reproducibility. This demonstrates that Au NWs 
are expected to be a potential material for the nonenzymatic 
detection of H 2 O 2 . In addition, the synthetic strategy stressing 
the key factors of high-curvature substrate and seed-mediated 
growth for the preparation of long Au NWs and stable nanowire 
fi lms may be applicable as a promising general method to other 
metal systems. These related investigations are under way.  

  4.     Experimental Section 
  Materials  :  Tetraethylorthosilicate (TEOS), 3-aminopropyltriethoxysilane 

(APTES), MBA, UA, NaH 2 PO 4,  and Na 2 HPO 4  were achieved from 

Aladdin. AA and NH 3 .H 2 O were purchased from Alfa Aesar. Sodium 
Citrate was obtained from Sigma–Aldrich. The other reagents were 
achieved from Beijing Sinopharm Chemical Reagents Company 
(Beijing, China). All of the reagents were of analytical grade and 
used as received. Water used for solution preparation was deionized 
(resistivity >18 MΩ cm). 

  Deposition of Au Nanoseeds on SiO 2  Nanospheres (SiO 2 @Au seeds)  :  
First, silica nanospheres ( d  = 220 nm) were synthesized by the Störber 
method [ 46 ]  and used as curved substrate for Au seed deposition and 
nanowire growth. To ensure effective and stable Au seed deposition, the 
surfaces of spheres were functionalized with amino groups using APTES 
before use. The gold seeds ( d  = 8 nm) were prepared by the reduction of 
HAuCl 4  (0.3 × 10 −3   M ) using borohydride (0.2 × 10 −3   M ) in the presence of 
sodium citrate (1.0 × 10 −3   M ). [ 47 ]  To prepared SiO 2 @Au seed composites, 
1 mL of 12 mg L −1  aminated SiO 2  nanospheres was dispersed in 20 mL 
ethanol, followed by the dropwise addition of 60 mL Au seed solution. 
After stirring for 12 h, the composites were centrifuged at 8500 rpm, 
washed for three times, and stocked in 25 mL water. 

  Growth of Long Au NWs on SiO 2  Nanospheres (SiO 2 @Au NWs)  :  The 
SiO 2 @Au seed composites were dispersed in a water–ethanol (3:1, v/v) 
mixed solution. Then, 0.66 mL of 10 × 10 −3   M  MBA was added with 
stirring. Subsequently, 0.1 mL of 0.492 M AA and 0.405 mL of 50 × 10 −3   M  
chloroauric acid (HAuCl 4 ) were added in turn. After 15 min, the product 
was collected using the centrifuge method, washed by ethanol for one 
time and by water for three times. Au NW fi lm was prepared after readily 
removing silica nanospheres by NaOH solution. 

  Characterization  :  The morphology was characterized using a SEM 
(Hitachi S4800, 3 kV) and HRTEM (JEM 2011, 200 kV). The UV–vis 
spectra of the samples were recorded on a UV–vis spectrometer 
(Varian Cary 500). The crystal structure was determined by XRD using 
a D/max2550VB3+/PC X-ray diffractometer with Cu Ka radiation with a 

 Figure 7.    A) CVs of the Au NWs/GCE in N 2  saturated 0.1 M PBS solution (pH 7.0) containing 2 × 10 −3   M  H 2 O 2  (curve a) and 0 × 10 −3   M  (curve b). Scan 
rate: 50 mV s −1 . B) Steady-state current time responses of a) Au NWs/GCE, b) Au NPs/GCE, and c) GCE to the successive injection of 0.5 × 10 −3   M  
H 2 O 2  into stirred N 2 -saturated PBS solution (0.1 M, pH 7.0) at −0.6 V vs SCE. C) Typical amperometric current responses of the Au NWs/GC electrode 
on successive addition of H 2 O 2  (0.05 × 10 −3 , 0.1 × 10 −3 , 0.2 × 10 −3 , 0.5 × 10 −3 , 0.75 × 10 −3 , 1.0 × 10 −3 , 1.25 × 10 −3 , 1.5 × 10 −3 , 1.75 × 10 −3 , 2.0 × 10 −3 , 
2.25 × 10 −3 , 2.5 × 10 −3 , 2.75 × 10 −3 , 3.0 × 10 −3   M ) into stirred N 2 -saturated PBS solution (0.1 M, pH 7.0) at −0.6 V vs SCE. Inset is the magnifi ed current 
responses corresponding to the fi rst four additions of H 2 O 2 . D) The current response of the Au NWs/GC electrode on addition of 0.1 × 10 −3   M  H 2 O 2 , 
0.5 × 10 −3   M  (AA, UA, CA and glucose) into stirred N 2 -saturated PBS solution (0.1 M, pH 7.0) at −0.6 V vs SCE.
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1.5418 °A wavelength. A beam voltage of 40 kV and a 100 mA current 
beam were used. The electrochemical measurements were carried out 
on a CHI 660E (Chenhua, China) at room temperature. A saturated 
calomel electrode (SCE) was used as the reference electrode for all the 
electrochemical tests. A Pt electrode was used as the counter electrode 
and a GC or Au NWs (or Au NPs)-modifi ed GC electrode was used as 
the working electrode. The nitrogen-saturated 0.1 M PBS was used as 
the supporting electrolyte during the measurement of H 2 O 2 . 

  Preparation of Au NW/GC and Au NP/GC Electrode  :  The GC electrode 
was carefully polished with 0.05 µm alumina powder, followed by 
successive sonication in ethanol and water for 5 min, and dried in the air. 
Then, the GC electrode was tested in 0.5 × 10 −3   M  K 3 Fe(CN) 6 /0.2 M KCl 
solution by cycling its potential between −0.2 and 0.6 V (vs SCE). While the 
electric potential difference was between 65 and 85 mV, the GC electrode 
was washed with water and reserved. Then, 10 µL of the condensed 
Au NWs (or Au NPs) solution was dropped onto the GC electrode 
and dried in an oven at 55 °C for 10 min. Finally, 10 µL of 0.05 wt% 
Nafi on (Aldrich) was dropped onto the modifi ed electrode to form a 
protective layer. The prepared electrode was defi ned as GC/Au NWs (or 
GC/Au NPs).  
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