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ABSTRACT

Highly ordered nano-porous gold materials were directly fabricated by
dissolution of sacrificial templates of aligned Ag nanowires in a mixture
solution of HAuUCI,. The morphology and crystal structure of the mult-
material swere characterized by scanning electron microscopy (SEM), XPS
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respectively. The highly ordered nano-porous gold consisted of nanotubes
that formed nano-void. The catalytic activity of Ag nanowires and highly
ordered nano-porous gold were studied by N,H, oxidation in agueous
solution. The highly ordered nano-porous gold was expected to show
interesting anisotropic optical and electronic properties, and its hollow
porous structures might find broad potential applicationsin surface plasma

resonance (SPR), catalysis and chemical sensing.
© 2016 Trade Sciencelnc. - INDIA

INTRODUCTION

In recent years, catalysis by gold become anin-
tensively studied topic in research due to its prom-
ising applications in low temperature CO oxida-
tion¥, selective oxidation of methanol™?, oxidation
of akene?, and water gas shift reaction®. Meta
€l ectrodes with nano-porous structure on its surface
possess great advantages in analysis and chemical
reactiond?. If nano-porousmetal films (NPFs) could
be directly formed on the surface of an electrode,
transfer of electronic response from the surface to
the substrate would be much faster than that of an
electrode coated with nano-structured material by
adsorbing method. Electron tomography is a tech-
nique which provides three dimensional (3-D) in-

formation on anano-material scae®®, and has great
potential in life sciences. Nano-porous Metal could
be prepared by metal organic deposition and liquid
crystal template technique’®. Recently, de-alloying
was used to fabricate nano-structured metals by se-
lective dissolution of less noble elements from an
alloy!™.

Template methods are commonly used to fabri-
cate these materials through the replication of po-
rous alumina or liquid-crystal templates®?. These
methods have the advantage of precise control over
the pore size and microstructure periodicity, but nor-
mally result in materials with one-dimensional po-
rosity, such as an array of tubes. It is generally true
that the dominant length scale of the final porous
structureis“burned-in”, and dynamic control of the
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length scaleisvirtually impossible.

The galvanic replacement reaction provides a
simple and effective method for preparation hollow
nanostructures of noblemetalsincludingAu, Pd, and
Pt when Ag nanostructures are used as sacrificial
templates. These hollow nanostructures are enclosed
by continuous or porous walls with a tunable con-
trollable thickness.

Here we present a novel method to fabricate
nano-porous Au. This method involves four steps:
fabrication of Ag nanowires, Au** reacted with Ag
nanowires, dissolved AgCl with NaCl to form Au
nanotubes and used Au nanotubesto form Au nano-
porous materials.

EXPERIMENTAL DETAIL

Apparatus

All the electrochemical experiments were car-
ried out at room temperature in a three-electrode
cell, with Pt wire as counter electrode, Hg/HgO (1M
NaOH) electrode as reference electrode, and car-
bon glass (GC) painting with Au nano-porousor Ag
nanowires asworking electrode, respectively. Volta-
mmetry measurements were conducted by using a
CHI822B e ectrochemical workstation (CHI China).

The surface morphology of theAg nanowiresand
nano-porous Au were characterized with scanning
electron microscopy (JSM- 6701F Japan). X-ray
diffraction (XRD) data from the samples were col-
lected using aRigaku D/MAX 24000 diffractometer
with CuK radiation.

Chemical and reagents

All of the chemica sused inthe experiment were
of analytical grade and without purified. AgNQ,,
HAuCl,, KCI, CH,OH-CH,OH (EG) were pursed
in china. Poly(vinyl Pyrrolidone) (PVP) camefrom
Sigma. All chemicalswere prepared with deionised
water purified via Milli-Q unit. Unless otherwise
stated, all measurements were performed in solu-
tions purged with high pure nitrogen and at room
temperature.

Preparation of Agnanowires
Silver nanowires were synthesized by reducing
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AgNO, with EG in the presence of Pt seeds and
PV P9 (detailed information in supporting informa-
tion). To purify the product, the reaction mixturewas
diluted with water and centrifuged at 6000 rpm for
10 min.

Prepar ation of nano-porousAu materials

The process of fabrication of nano-porous Au
can be explained by the following Progress. First
the Ag nanowires were added into deionized water
containing PVP. Thenamount of HAUCI, solutionwas
added into the above solution (Detailed information
in supporting information). The production was cen-
trifuged and rinsed several time to purify the pro-
duction.

RESULT AND DISCUSSION

Surfacecharacterization of Au nano-porousma-
terials

The morphol ogy of Ag nanowiresand Au nano-
porous materials were examined by SEM observa-
tion. Figure 1a presented the SEM image of theAg
nanowires prepared by the reduction of Agionswith
EG in the presence of PVP and trace amount of
H,PtCl.. These nanowires, reveded a linear mor-
phology with clean surface and several microme-
tersinlength, were used as sacrificed templeto form
Au nano-porous materials. Figure 1b showed high
precision of Ag nanowireswith diameter from 50nm
to 100nm. Figure 1c showed the SEM image of Au
nano-porous materials which had many void on the
surface. Figureld was the high precision SEM im-
age of Au nano-porous materials which showed
many Au nanotubes aggregated into nano-porous
materials. The nano-porous materials had many
highly ordered nanotubes.

M echanism of Au nano-porousmaterials

The galvanic displacement reaction has been
employed to synthesi ze nano-porous materialswith
Ag nanowires assacrificial templates. Synthesizing
nano-porousAu materials with high surface, which
is necessary to improve the catalyst activity™.
Herein, the driving force of the galvanic replace-
ment reaction comesfrom the reduction potential gap
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Figure 1 : (a) SEM image of the Ag nanowires used as sacrificed template;(b) High solution of Ag nanowires; (c)

SEM image of the Au nano-porous materials; (d) High solution of Au nano-porous materials

between the metallic precursor (such asAuCl ,/Au)
and Ag'/Agredox. Most importantly, heating the so-
[ution to 100°C during the galvanic replacement is
very necessary for obtai ning nano-porous material.

The mechanism of Au nano-porous fabrication
through displacement reaction can be described as
follow. First when Ag nanowires reacted with
HAUCI, in boiling water. The Ag nanowires were
covered by Auwhich wasreduced by Ag nanowires.
Then the Ag nanowires totally changed into AgCl.
When solid NaCl was added to above production,
the AgCl was dissolved in saturated concentration
of NaCl solution. The above production changed to
Au nanotubes. After washed with pure water and
centrifuged, the solution was dropped on the glass
carbon electrode. The nanotubesresembled to nano-
porous materials with water evaporation which has
thelowest energy.

XRD of Ag nanowiresand Au nano-porousmate-
rials

The XRD pattern of the nano-porousAuisshown
in Figure 2. Peaks consistent with the face-centered
cubic (fcc) expected for Au are clearly observed,
whereas those marked with * are assigned to the
AgCl which was residua in the nano-porous Au.
The four peaks (20 = 38.1, 44.3, 64.5 and 77.4) in
XRD patterns (in Figure 2) could beindexed to (111),
(200), (220), and (311) reflection lines of a face-
centered cubic crystal of silver*2,

UV-visspectral analysisof Ag nanowiresand Au
nano-porousmaterials

We could & so conveniently monitor the galvanic
replacement reaction between silver nanowires and
the HAUCI , solution by UV-vis spectral analysisfor
nanostructures made of gold or silver often exhibit
distinctive peaks in the UV-vis spectral. Figure 3
shows the extinction spectrarecorded from aqueous
dispersions of silver nanowires and the nano-po-
rous Au after the Ag nanowires had been reacted
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Figure 2 : X-ray powder diffraction patterns of the Ag nanowires and Au nano-porous materials
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Figure 3 : UV-vi image of Ag nanowires and Au nano-porous materials

with HAUCI, and treated with NaCl solution. From
the Figure 3a, the peak located at 400nm isthetypi-
cal behavior of Ag nano material™. After the Ag
nanowires reacted with HAuCI , treated with NaCl
and purified with water, the peak located at 400nm
(specific feature of Ag nanowires) disappeared and
anew weak peak appeared located at 600nm, which
was typical peak of Au nano-porous materialg4.
Theexperimental datafurther conformed that theAg
nanowires had been changed into Au nanomaterials.

XPSanalysisof Ag hanoprousmaterials

In order to study the nano-porousAu, X PS meth-
ods was performed to identify and characterize the
nano-porous Au as shown in Figure 4, two XPS
bands appeared at 84 and 88eV, corresponding to
theAu signal, respectively, which demonstrated the
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formation of Au(0) state. The peaks of Ag were con-
firmed to Ag*, which was residual AgCl in Au fab-
rication through displacement, which has been
proved by XRD.

Electrocatalytic activity of Ag nanowiresand Au
nano-porousmaterialsfor N,H, oxidation

Cyclic voltammogram N,H, Oxidation on Ag
nanowires modified el ectrode and Au nano-porous
modified electrode are compared in Figure 5. Both
electrode show asimilar feature: an oxidation peak
in the forward scan corresponding to the NH, oxi-
dation on the electrode. While there no backward
peak appears, which means N,H, reaction on elec-
trode is irresistible reaction. The current of N_H,
oxidation on Ag nanowires modified electrode is
1.46mA whichis1.2timehigher than that of Au nano-
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Figure 4 : XPS image of Au nano-porous materials: (a)

survey image of Au nano-porous materials;(b) Ag 3d

image of Au nano-porous;(c) Au 4f image of Au nano-po-

rous materials
porous electrode. The present results indicate that

Ag nanowires have higher activity than Au nano-
porous. However the Ag electrodeis easy poisoned
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Figure 5 : Cyclic voltammetry of N,H, oxidation on Ag

nanowires modified GC electrode and Au nano-porous
materials modified GC electrode

which limits its application®. Moreover the Ag
electrochemical window is so narrow which con-
finesits widely application. From the figure, it can
be clearly seen that the potentia of N,H, oxidation
on Au nano-porous electrode is more negative than
that on Ag nanowires electrode. Negative potential
meansthat N,H, oxidation on Au nano-porous €l ec-
trodeismuch easier than that on Ag nanowires el ec-
trode, which giveagreat potential in sensor or cata-
lyst. Thelow current of Au nonaporous may be con-
tributed to some AgCI residual in Au nano-porous
materials which has been proved in XRD and XPS
methods. The AgCl materials have little catalytic
activity to N_H, oxidation which suppresses the
electrocatal ytic activity of Au nano-porous materi-
as.

CONCLUSION

We use anovel method to form Au nano-porous
material. The material has high ordered structure
which hashighly ordered nanotubes heap up together.
TheAu nano-porouswith particular structure shows
aconsiderablecatalytic for N,H, oxidation. Aunano-
porous with high order may have great potential in
catalyst, sensor and so on.
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