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ABSTRACT

The Template synthesis of Tungsten oxide nanorods by calcination of
Phosphotungtstic acid (HPW) on aluminamembrane template is described.
The nanorodswere characterized by electron microscopic analyses, Raman,
IR and X-ray diffraction techniques. SEM, TEM and AFM imagesreveal the
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hollow structures and vertically aligned features of the nanotubes and the
phase structure of the WO, was proved by X-ray diffraction. In addition, it
is observed that the cycle ability of the nanorods is superior to that of bulk
materials, which implies that the morphology has an influence on the elec-

trochemical performancesof the material.
© 2007 Trade ScienceInc. - INDIA

INTRODUCTION

Thereisgreat interest in the synthesis of one-di-
mensiona nanostructured materia sbecause of itspo-
tential applicationsin many areas. M etal-oxide semi-
conductors such asWO,, TiO,, and ZnO and SnO,
arewiddy usedin sensors, having high detection ability
and stability*3. These transition metal oxides have
drawn much attention from scientistsin recent years
becausethey are applied as e ectrochromic materials.
Thelir potentid gpplicationsinclude several technologi-
cal areas. Tungsten meta, tungsten oxidesand tung-
statesrepresent afascinating class of materials. Tung-
sten wires/filamentsarewidely used astipsfor field
emission andtipsfor scanning tunneling microscopy!.

Therichstructurd chemistry of tungsten oxidesencom-
passesamultitude of interesting compoundsand awide
spectrum of tungstic acids and different WO, phases.
Tungsten oxideisanimportant functiona material. In
recent years, avariety of nanometer-scaled structures
of tungsten oxide have been devel oped. These nano
structures have demonstrated promising properties. To
date, WO, hasbeen one of the most extensively stud-
ied materia sfor its Electrochromic, photochromicand
thermo chromic propertiesfor useindevices, such as
information displays, sensor devicesand smart Win-
dows. Inaddition, WO, hasahigh potential for usein
electrochemical devices, such asrechargeablelithium
batteries, owingtoitsrich chemical intercaation reac-
tivity. Theoxidesof transition metal tungsten have at-
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tracted constant research interest for the past few de-
cadesduetotheir wide applicability asgas sensorsfor
SO, andH,S>9, asexcdllent field emitters(specifically
W 0, and as photo anodes in photochemical
cdllg8. Inaddition, WOx haved so found uniqueappli-
cationin electro chromic devicesdueto their excellent
voltage-modulated optical properties®. Tungsten
oxide(WO,) isan n-type semiconductor with areported
band gap of about 2.6-2.8eV1*%, Theintrinsic conduc-
tivity arisesfromits non-stoichiometric composition-
giving risetoadonor level formed by oxygen vacancy
defect inthelattice. Sincetungsten hasmany oxidation
sates,i.e, 2, 3,4, 5and 6, the tungsten compound can
existin many forms. For instance, thetypica forms of
tungsten oxides aretungsten(V 1) oxide(WQO,, lemon
yellow appearance) and tungsten(lV) oxide(WO,,
brown and blue appearance)*. Such electronic prop-
ertiesmakethetungsten oxides suitablefor various ap-
plications such asel ectrochromic™, photochromici*¥,
photocatal yst™¥, and gas sensorg*>*"., Various meth-
odsincluding chemical vapour deposition*®, electro-
chemical deposition*?, |aser vaporization®-2Y have
been used to preparetungsten oxidethinfilms. In con-
ventiona WO, thinfilmswith nanoscae-sized grains,
the eectrical conductionismainly controlled by free
carrier transport across the grain boundaries. So the
synthesis of mono crystalline tungsten oxideas nano
wiresor nanorodsisof great interest. Inthepast years,
Zhu et d 12 produced amicrometer scaletree-likestruc-
ture by heating atungstenfoil, partly covered by SIO,
inAr amaosphereat 1600°C. Thesenanostructureswere
composed by monoclinicW ,O,, nanoneedlesand .,
nanoparticles. Nanorods of severa oxidesincluding
WO, havebeen prepared by templating on acid-treated
carbon nanotubes®!. By heating WS, in oxygen, fibers
of W ,0,, were produced with a pine-treelike struc-
ture®l. Mixtures of WO, and WO, with nanorods
structure were obtained by Koltypin et a . viaamor-
phoustungsten oxide nanoparticles. Li et a.? have
synthesized WO, nanobeltsand nanorodsviaphysica
vapour deposition processwhere the nanostructures
weredeposited on siliciumwafersmaintained at 600°C.
Recently Liu et al.[?” reported on the preparation of
tungsten oxide nanowiresthrough avgpour-solid growth
process by heating atungsten wirepartially wrapped
with boron oxide at 1200°C and Shingayaet a . pre-
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pared by oxidation at high temperature well-oriented
WOx nanorods on a(0. 01)W surface.

However, the study on nanoscaed WO, materials
isstill initsinfancy duetolack of suitable preparation
method. In the present work, wereport anovel route
for templatesynthesisof crystaline WO, nanorods. Our
work on thetungsten oxide tubular structuresfeatured
alow cost and an easy manipul ation technique. Inthe
fabrication, no catayst wasinvolved and only arough
vacuumwasrequired.

EXPERIMENTAL

Materials

All the chemicalsused were of analytical grade.
Phosphotungstic acid(Sisco Research Laboratories,
India), dichloromethane and concentrated HF(Merck)
wereused. Aluminatemplate membraneswere obtained
fromWhamanAnoporeFlters. Anodiscduminamem-
braneswithapores ze of 200nm and thicknessof 60um
were purchased from Whatman(catalog no. 6809-
6022; Maidstone, U.K.).

Synthesisof Tungsten oxide nanorods.

10g of Phosphotungtstic acid(H,PW_,0,) was
stirred ina30ml of methanol solution. Theresulting
colloidd suspensionwasinfiltrated into the membrane
under vacuum by wetting method. The same proce-
durewasrepeated 1 to 8 times. The upper surface of
the membrane was then polished gently by sand pa-
per(2500 grit) and dried at 368K for 1 h. Theforma
tion of WO, nanorodsinside auminatemplate(WQO, /
AAOQ) wasfurther achieved by programmed tempera-
turethermal decomposition from 95to 500°Cmin? and
finaly cacinated at 873K for 3hinair. Theremova of
the AAO template was performed by dissolving alu-
minatemplatein 10%(v/v) HF. TheWO, nanorod prod-
uct waswashed with acopiousamount of deionized
water, to removetheresidual HF and dried at 393 K.

Char acterization methods

The scanning el ectron micrographswere obtained
after theremoval of aluminatemplate usingaJEOL
JSM -840 modd, working at 15keV. For transmission
€l ectron microscopi ¢ studies, the nanorods dispersed
in ethanol were placed on the copper grid and theim-
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Figurel: () SEM Micrograph of theWO, nanorod and (b)
AFM micrograph of thenanorod
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Figure2: (a) TEM Micrograph of theWO, nanorod and (b)
EDS patter n of nanor od
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Figure3: FT-IR Spectrum of the (a) Calcined HPW (b)
Bulk WO, and (c) WO,nanor ods

ageswereobtained using Phillips420 modd, operating
at 120keV. The nanorods were sonicated in acetone
for 20 minutes and then dropped on cleaned Si sub-
strates. Next theAFM imaging was performed inair
usingaNanoscopelllA atomicforcemicroscope (Digi-
tal Instruments, St. Barbara, CA) operated in contact
mode.

The X-ray diffraction patternswere obtained on a
PhilipsPW1820 diffractometer with CuK (154178 A)
radiation. The WO, nanorods placedin glass capillary
tubeswereused for recording Raman spectrum a room
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temperaturewith 514.5nm excitation in backscattered
modeusing Bruker FRA106 FT-Ramaningtrument. The
IR spectrum wasrecorded with Perkin-Elmer (L-710)
Spectrophotometer.

Electr ochemical measur ements

The catalyst was el ectrochemically characterized
by cyclic voltammetry(CV) using an €l ectrochemical
andyzer(Bioandyticd Sciences, BAS100). A common
three-electrode electrochemical cell wasused for the
measurements. The counter and reference el ectrodes
wereaplatinum plate(5cm?) and asaturated Ag/AgCl
electroderespectively. The CV experimentswere per-
formed using 1M H_SO, solution at ascan rate of 50
mV/s. All the solutionswere prepared by using ultra
purewater (Millipore, 18MQ). Theelectrolyteswere
degassed with nitrogen before carrying out the el ectro-
chemical measurements.

Prepar ation of working electrode

Glassy carbon (GC) (BASElectrode, 0.07cn?) was
polished to amirror finish with 0.05um aluminasus-
pensions before each experiment and thisserved asan
underlying substrate of theworking el ectrode. In order
to preparethe composite e ectrode, thenanorodswere
dispersed ultrasonically in water at aconcentration of
1mg mi* and 20ul aiquot wastransferred onto apol-
ished glassy carbon substrate. After the evaporation of
water, theresulting thin catalyst film was covered with
5-wt% Nafion solution. Then the electrodewasdried
at 353K and used asthe working el ectrode.

RESULTSAND DISCUSSION

The morphology of tungsten oxide nanorodswas
sudied with SEM, AFM, transmission el ectron micros-
copy (TEM) imageson aPhilipsCM 12/STEM instru-
ment. The scanning  ectron microscopy (SEM) image
presented infigure 1(a) showstherod like morphol ogy
of the product. Further theAFM image confirmsthe
rod likemorphology infigure 1(b) which representslow
magnification. Themorphol ogy of the nanorodscan be
confirmed with TEM micrograph showninfigure2(a).
Thedimens onsof thenanorodswerematched withthe
outer diameter of thetemplate used. The diameter of
the nanorodswas found to be around 200nm.
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Figure4: Raman spectrum of the WO, nanor ods
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Figure5: XRD patternsof (a) HPW and (b) WO, nanor ods

The composition of the nanorodswasinvestigated
using an energy dispersion spectroscopy (EDS). Figure
2(b) shows EDS of the WO, nanorods. EDSandysis
indicatesthat the nanorods are mainly composed of W
and O (the Cu signa comesfromthe TEM grids). No
evidenceof impuritieswasdetected inthe WO, nanorods,

The FT-IR spectraof WO, nanorodsrecorded in
theregion 400-3500cm are showninfigure 3. The
broad band from 1000cm* to 500cm'* correspondsto
theW-O vibrationa mode. It hasbeenwidely reported
that HPW with Keggin structures givessevera strong,
typical IR bandsat ca. 1079cm(stretching frequency
of P-O of the central PO, tetrahedron), 983cmr(ter-
mina bandsfor W=0intheexterior WO, octahedron),
889 cm™ and 805 cm*(bandsfor theW-O,-W and W-
O_-W bridge, respectively).

The raman spectra of WO, nanorods exhibiting
bandsat ~717 and 808cm*areshown infigure4. These
bandsagree closdy to thewave numbersof the stron-
gest modes of monoclinic-WO,. Thebandsat 703 and
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Figure6: Cyclicvoltammogramsfor (a) Bulk WO, and
(b) WO, nanorodsin 1M H_SO, at scanrateof 50mV s at
298K

813cn? correspond to the stretching modes of the
WQ,5#4, The XRD pattern for the as-synthesized
tungsten oxide nanorodsand Phosphotungsticacid are
giveninfigure5(a,b) respectively. Thediffraction pesks
and the peak intengities of thetungsten oxide nanorods
areingood agreement with thediffraction pesksof crys-
tallinemonoclinic phase of WO,[%34,

The electrochemical behavior of bulk WO, and
WO, nanorodswerestudiedin 1M H_SO, asshownin
figure 6. The cyclic voltammogram showsan anodic
peak current at -0.07V and itisdueto theformation of
tungsten bronzesby hydrogenintercdation in thetung-
stentrioxide. The electrochemical responsedueto W
iIsseen at -0.1V in theforward scan, which matches
with the peak reportedin literature®. Further, the sta-
bility of tungsten trioxidesin sulphuricacid mediumwas
evaluated by carrying out the cyclic voltammetry by
repesting voltammetric cyclesin 1M H_SO,. Aninitia
decreasein current was observed and after few cycles
the peak current remained the same even after 50 cycles
andthis confrimsthe stability of WO, nanorodsin sul-
furicacid medium.
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CONCLUSIONS

In summary, asimpletempl ate synthesis method
has been described for preparing WO, nanorodsby a
direct cacination of Phosphotungtsticacid(HPW) inthe
channelsof theduminatemplate. Thesize of nanorods
isaround 200nm which matcheswith the diameter of
thetemplate used. The Tungsten oxide nanorodswith
controlled morphology and composition have been
achieved. Themorphol ogy of thedigned nanostructures
was verified by SEM, AFM and TEM. It was found
that WO, nanorods exhibit higher electrochemical ac-
tivity and stability compared to bulk WO,
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