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ABSTRACT

WO; nanoparticles were synthesized by green method involving the interaction between
ammonium paratungstate precursor and aqueous leaves extract of Spondias mombim. The
effect of calcination temperature and dopant types on the phase types of WO; were examined.
Subsequently, doping of WOj3 with Boron, Aluminium, Phosphorus and Iodine were achieved
via a wet impregnation method to evaluate their influence on the size and shape of WOs. The
characterization was done using HRSEM, BET and XRD The HRSEM micrograph
demonstrated morphological transformation from spherical to thin and thick rods, bamboo-
bundles and platelet-like structure depending on the dopant type and calcination temperature.
The XRD pattern of undoped WO; nanoparticles showed the formation of purely monoclinic
phase at calcination temperature 550°C while mixed phase were noticed in the samples
prepared at other temperatures. The BET analysis showed that as-prepared WO:
nanoparticles doped with B, Al, I and P possessed higher surface area in the order of B-WO;
(399.50 m*/g) > I-WOs (392.50 m’/g) > Al-WO; (388.46 m*/g) > P-WO, (356.76 m*/g) >
undoped WO; (352.49 mzlg). The study demonstrated that temperature influenced the

morphological characteristics of WO; while the four elements played a dual of a dopant as
well as structure-directing agent.
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INTRODUCTION

Tungsten (IV) oxide also known as tungsten trioxide (WO3) is an n-type semiconductor
photocatalyst that contains oxygen and the transition metal tungsten and have drawn much
attention as a functional oxide for various types technological application due to their
moderate band gap and high electric resistivity [1]. Amongst the polymorphs of WO;, that
have attracted attention are the hexagonal (h-WO3) and the monoclinjc (m-WO3). The addition
of trace impurities of metal and non-metals have been reported to alter the morphological
haracleristics and band gap of the WO; nanoparticles thereby enhancing its photocatalytic
‘ormance [2]. Doping of WO3 with metals, metalloids and non-metals have been found as a
J1ble alternative to modify WO; nanostructure for better performance under visible light. In
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Characterization of the prepared nanomaterials
The prepared nanomaterials were characterized for (heir morphologies, ;ﬂllasc :\IH.I'L‘HJFCS and
; : , ! : ' icroscope Zeiss Auriga, X-r
surface areas using High Resolution Scanning Electron Mlu()scnp(,‘ L(IJ l"lgc,N:() ray
v ; M ads Hn-desorplion
diffraction AXS Bruker D8 and Brunauer Emmett Teller N, adsorption rption VA

2400e
3.0. RESULTS AND DISCUSSION

 HRSEM and XRD analysis of WO, nanoparticles synthesised at different

temperatures

The possible morphological transformation of the synthesized WO, at different calcination
temperatures were examined using HRSEM and the micrographs obtained are shown in
Figure 1. XRD analysis was done to investigate the phase nature of the synthesized
matenals at different temperatures.
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Figure 1: HRSEM micrograph of WO; nanoparticles synthesised at (a) 450°C (b)
550°C (c) 650=c(d) 750°C

It can be observed from Figure 1(a) (the HRSEM-images of WO; nanoparticles calcined at
450°C) that the nanoparticles were highly dispersed, agglomerated and spherical in shape
which correspond to the monoclinic phase of WO; with average particle size of 29.5 nm.
For WO; nanoparticle calcined at 550°C, distributed less agglomerated spherical shape
were formed which depict monoclinic polymorphs of WO, with average particle size of
27.8 nm. The formation of less agglomerated spherical shape at 550°C may be ascribed to
the effect on the interfacial energy growth rate coefficient and solubility solution media
which increase nucleation of the nanocluster and more growth in the host of WO,. In the
case of WO, nanoparticles calcined at 650°C, closely packed, dense and purehe‘xagoﬂﬂl
shape were formed with average particle size of 18.7 nm. The formation of pure hexagonal
phase at 650°C was linked to reduction of dielectric constant ; setroctntie re on
among highly charged W®" ions which later became stronger :ltwjll(:czlltez“;il:;l:”;C];:,JrlrS,iZd
open structures as hexagonal [4]. Al 750°C, mixtures of less agglomerate

_ : . d hexagonal and
spherical shape were observed with average particle size 33 4 nm

The formation of

uxed shapes at higher calcination temperature may be attribyteq o S f WO
Sinlering o ,
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i ith different elements
HRSEM analysis of bare and doped WO5 nanoparticles with differen

| doped with different
Figure 3 represents the morphology of the prepared WOj3 nanoparticles dop

elements

Figure 3: HRSEM micrograph of (a) undoped WOs (b) Boron (c) Aluminium (d)
Phopshorus (e) lodine doped WOj; nanoparticles

As shown in Figure 3, less aggregated and well distinct spherical of WO; produced. When
Boron was mixed with WQOs, highly compacted disc-

observed. For Aluminium doped WO,, plate or ring

shape (undoped WOs) was noticed. In the case o

morphology were formed while short and long ro

doped WO;. It is obvious that addition of dj

morphology of WO; nanoparticles. The differenc

dopant vis-a-viz, ionic size and atomic weight [6].
icture directing agent [2,4].

like and hexagonal nanostructures were
like morphology.compared to spherical
f P-WO;, long and thick bamboo-like
d-like Symmetry was formed for lodine
fferent elements largely influenced the
© may be attributed to the nature of the
It appears that as these elements acted as a
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