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ABSTRACT

Development of reliable and stable process for synthesis of nanowiresis
animportant step in the field of application on nanotechnol ogy. One of the
options to achieve this objective is to use chemical process such as
solvothermal method. Silver nanowires have been successfully synthe-
sized by reducing silver nitrate (AgNO,) with ethylene glycol (EG) in the
presence of Trioctyl phosphine oxide (TOPO) as the capping agent at
120°C for 2 hrs. Electron microscopy, X-ray diffraction, and absorption
spectra have been used to investigate the products, and the mechanismis
proposed to interpret the controlled synthesis of silver nanowires. The
results indicate that this approach provides a versatile route to prepare
silver nanowires with controllable diameters. The formation of nano prod-
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ucts by this method is rapid, simple and stable.
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INTRODUCTION

Nanoparticles are being viewed as fundamental
building blocksof nanotechnol ogy. Themost important
and distinct propertiesisthat they exhibit larger surface
areato volumeratio. Advancesover the past two de-
cades have been revealing that silver nanoparticles
(NPs) possessuniqueoptical, electrical and catalytic
properties®d. They have many actual and potential
gpplicationsin surface-enhanced Raman spectroscopy,
metd-enhanced fluorescence, € ectrochemigtry, micro-
electronics and can serve as building blocks of
nanodevices®®. During the past few yearsthefield of
silver NPs preparation has witnessed tremendous
growth in synthetic sophistication and depth of charac-
terization. Many techniquesof slver NPssynthesshave

been reported, such asthechemical reduction of silver
ionsinreversemicelles”, intwo-phasewater—oil sys-
tems(Brust—Schiffrin technique)®9, inwater solutiong*®
and in the presence of shape-controlling capping
agents¥. Different gpproaches have been used to syn-
thesize silver nanowires. The template-directed ap-
proaches were the most effective and widely used.
Macroporous membranes*?, mesoporous material g%,
carbon nanotubes*¥l, DNA channels*®, organic
nanotubes arrays*® and silicagel9'" have been used
asphysicd templatesto guidethegrowth of nanowires.
Though above-menti oned methods can ensureagood
control over morphology of final productsand alow
obtaining metal nanowireswith high aspect ratios, the
additiona removad of thesephysicd templatesmay com-
plicate the synthetic procedures and limit the scale at
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which material scan be synthesized.

The purpose of this paper isto describe afacile
way for synthesis of silver nanowires through the
solvotherma method by reducingsilver nitrate (AgNO,)
with ethylene glycol (EG) and using TOPO asan ad-
sorption agent and characterized herein.

MATERIALSAND METHODS

Preparation

All chemicalswereof anadar grade commercialy
available and used without further purification. Ina
typical synthesis procedure, 20 mL EG was added
with 0.5 M TOPO and then stirred vigorously. This
mixed solution wasinjected drop by drop using asy-
ringeinto 20 mL of amagnetically stirred EG solution
of AgNQ, (0.1 M). The solution becamewine. After-
ward, the solution was put into a25 mL Teflon-lined
autoclavetube. Thistube was seal ed and maintained
a 120°C for 2 hrs, followed by natural cooling to room
temperature. The productswere washed with acetone
and then with water to remove most of the EG and
TOPO. During thewashing process, the suspension
was centrifuged at 6000 rpm for 20 min to make sure
that most of the productstaken from thereaction were
recovered. Then they were dispersed in deionized
water for further characterization.

Characterization

The UV-vis absorbance spectra were recorded
using a Shimadzu UV-1800 spectrophotometer (Ja-
pan), and 1mm path length quartz cuvetteswere used
for themeasurement of visible spectra. Theelectronic
imageswere made on Hitachi S-4500 SEM analyzer.
Fourier transforminfrared (FTIR) spectroscopy was
performed usingaNicolet IR-200instrument (Thermo
Scientific, USA). Infrared spectraof synthesized sil-
ver NPsin therange of 400-4000cm™ wererecorded
at 100 scans per spectrum and a 4cm? resolution.
Sampleswere dispersed in spectroscopically grade
potassium bromide and compressed into pellets. X-
ray diffraction was carried out on a Philips
diffractometer of ‘X’pert company with nano
chromatized using Cu Ko radiation at astep of 0.02°
(20) at room temperature. The background was sub-
tracted with thelinear interpol ation method.
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RESULTSAND DISCUSSION

A dropwise addition of ethyleneglycol-TOPOto
slver nitrate solution resulted intheimmediate change
in color from light brown to dark. The latter corre-
sponded tothesiIver colloid.

To further confirm the structure of the obtained
nanowires, typical XRD patternsof theproductstaken
with abigger quantity of thedried sampleand shownin
Figure 1. The patternsindicate the presence of three
diffraction peaks, which agreed well with the (111),
(200) and (220) diffractionsof face centered cubic sil-
ver (JCPDSFileNo. 04-0783 fromASTM). Thedi-
ameter of the nanowiresiscal culated by using Debye-
Scherer’s formula and it was found as 9.99nm. The
fina product isall composed of metalicslver, indicat-
ing that the high purity of fcc silver could be prepared
by sol ution-phase method.
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Figurel: XRD pattern for silver nanowiresin ethylene glycol

Optical characterization of silver nanowires

TheSEM imageof synthesized Slver nanowireswas
showninFigure2 and clearly indicatesthat theforma-
tion of uniform sized silver nanowires. Theband gap
energy ismeasured with the hel p of absorption spectra
and agraph of a2 versus hv were plotted (Figure 3).
Theextrapolation of thestraight lineto o> =0 givesthe
vaueof theband gap energy of prepared materiad sand
obtained as0.095ev. Thisshowsthat theformation of
nano slver wiressamplein theethyleneglycol medium
isggnificant and reved sthat thesizeof theslver wireis
innano. Fromtheabsorption spectra, itisa so observed
that thesilver surface plasmon resonance band occurs
at 214 nm and steadily increasesinintensity asafunc-
tion of time of reaction without any shift in the peak
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wavelength. Similar results have been observed by
Mukhergeeet.al™ and Gonzal o et.al™™.

Figure2: SEM imagesof silver nanowire

FT-IR absorption spectra (Figure 4) show the na-
ture of the particle through different absorption peaks
of varioussamples. Thestretching frequency of N-Ois
observed at above 1385 cnm. The characteristic ab-
sorption peak of silver isobserved at 413.21cm?in
ethyleneglycol medium. Thisisconfirmedby thechanges
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Figure 3: Absorption spectrafor silver nanowiresin ethyl-
eneglycol
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inthe peek shift of thes Iver nitrateand silver nanowires
appeared inthe ethylene glycol medium. Inthisregard,
the mechanism of solvothermal process seemsto be
similar tothat of the polyol process demonstrated for
thesynthesisof highly crystalline nanowiresfrom 11 to
V semi-conductorsand silicon21,
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Figured: FT-IR spectraof silver nanowiresin ethyleneglycol

CONCLUSION

Insummary, the present work showsthat thesilver
nanowireswere synthesized using the TOPO-mediated
solvothermal process. The capping agentshavetheca-
pability of effective covering and stabilizethe newly
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formed nanowires. Theface centered cubic structure
and use of TOPO with aproper concentration; both
play animportant rolein confining thegrowth of silver
nanowiresto the 1D mode. Silver nanowireswith a
uniform diameter of 9.99 nm wereobtained. Theend-
to-end assembliesof silver nanorodswereformed dur-
ing the reaction process, and the obvious spacing be-
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tweentwo straight sllver nanorodswould gradudly dis-
appear and probably befilled with silver atoms. This
method can be used to select the appropriate sol vent
for the preparation of silver nanowireswith desired as-
pect ratio, indicating preferentia potentia for applica:
tionsin fabricating future nanoel ectronic devices.
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