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INTRODUCTION

Tungsten (IV) oxide also known as tun

gsten trioxide (WO3) is an n-type
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 WQj, that
have attracted attention are the hexagonal (h-W0O3) and the monoclinic (m-WO,). The addition
of trace impurities of metal and non-metals have been reported to alter the morphological
charactenistics and band gap of the WO, nanoparticles thereby enhancing its photocatalytic
performance [2]. Doping of WO; with metals, metalloids and non-metals have been found as a
feasible alternative to modify WO, nanostructure for better performance under visible | ght. In
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2.0 MATERIALS AND METHODS

Materials

Ammonium tungsten hydrate, Aluminium oxide, Boric acid, Ammonium phosphate,
Ammonium lodine were supplied by Sigma Aldrich and used without any further
purification. Fresh leaves of Spondias mombin (Plum Hog) were randomly collected from
Bida, Niger State, washed, sun dried in the open air for a week, and crushed to a fine powder

using a mechanical blender.
Green Synthesis of undoped and mono doped WO3 nanoparticles

About one hundred grams (10 g) of the dried leaves powder of Spondias mombin Was mixed
with 50 mL of distilled water and extracted under reflux condition at 80°C. After 2 hours, the
aqueous leaf extract was obtained by filtration. 90 mL of 0.06 M of tungsten precursor was
mixed with 10 mL of leaf extracts. The pH of the mixture was not adjusted however stirred
on a magnetic stirrer with a stirring speed of 500 rpm at 80°C for 3 hours. The WO;
nanoparticle was centrifuged and washed severally with distilled water. The separated sample
was oven dried at 100°C for 3 hours and further calcined at different temperatures of 450°C,
350°C, 650°C and 750°C for 2 hours in muffle furnace. For Fhe preparation of B-doped
WO, Al doped-WOs p-doped WO; and I-doped WOs, nanopaﬂlgles; 20.mL each _Of 0.1 M
Boric acid, Aluminium oxide, Ammonium phosphate nd Ammonium lodide was mixed with
25 g of the prepared WO; and stirred on @ magnetic stirrer at 500_rpm for 3 hoqu fo@lo.wed
by centrifugation at 1000 _rpm for 15 minutes and thereafter the residue \yas:iled V\l/:th d1:t111ed
Water. Separated sample was oven dried at 100°C for 3 hours and calcined at the optimum

te .
Mperature of 550°C in furnace for 2 hours.
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Characterization of the prepared nanomaterials

The prepared nanomaterials were characterized for their morphologies, Phase structures apq
surfa}Ze areas using High Resolution Scanning Electron chroscopg Zeiss Auriga, X-ray
diffraction AXS Bruker D8 and Brunauer Emmett Teller N, adsorption-desorption NQy A

2400e
3.0. RESULTS AND DISCUSSION

e HRSEM and XRD analysis of WO3 nanoparticles synthesised at different

temperatures

The possible morphological transformation of the synthesized WO at.different Calcingtion
temperatures were examined using HRSEM and the micrographs obtained are S.hOWTI i
Figure 1. XRD analysis was done to investigate the phase nature of the synthesized
materials at different temperatures.
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Figure 1: HRSEM micrograph of WO; nanoparticles synthesised at (a) 450°C (b)
550°C (c) 650°¢(d) 750°C

It can be observed from Figure 1(a) (the HRSEM-images of WOj5 nanoparticles calcined at
4500C) that the nanoparticles were highly dispersed, agglomerated and spherical in shape
which cérrespond to the monoclinic phase of WO; with average particle size of 29.5 nm.
For WO3 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 purehexagonal
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 and electrostatic repulsion
among highly charged W ions which later became stronger and created more and formed
open structures as hexagonal [4]. At 750°C, mixtures of less agglomerated hexagonal and
spherical shape were observed with average particle size 33.4 nm. The formation of
mixed shapes at higher calcination temperature may be attributed to sintering of WO;

G R A o e oL
i, eirach U b sl e LR

596

Scanned with CamScanner



t higher temperat is i
Ocrystals a perature. This implies that tem i m
_ ) temperatu -
morpholog;cal changes from spherical to hexagonal shape [5] ’ e erement e

-~
NS 2 s .
0000 83'[7\5 E/M/: S
25000' |T l‘i T T H .l / T
AT h i 't
_JUA A St A
3 20000 [T o d
2 15000
5 | !
£ o MNA.,J\.
10000 sl
5000 1 |
0- L}\_AMM—MJ_,—\ a
Lf T T T .
20 40 () 80 '

0 100

2 thetha (degree)

Figure 2: XRD poattern of WO; prepared at different temperatures (a) 450°C (b) 550°C
(¢)650°C (d) 750°C ,

At450°C (fig 2 (), sharp and intense peaks with crystal planes (002), (020), (200) and (202)
were observed at bragg angle 2 thetha value of 23.13°, 24.00°, 24.56° and 28.12°
respectively, which correspond to monoclinic phase of WO; and the average crystalline size
was calculated to be 18.3 nm according to Debye Scherrer equation [6]. Similar, trend was
observed for WO3 nanoparticle  calcined at 550°C with an average particle size of 17.3 nm.
The XRD pattern of WOj3 nanoparticle produced at 650°C revealed characteristic strong but
small peaks at 2 thetha values of 23.13°, 24.00°, 24.56°, 28.12°, 14.59°, 28.14°, 28.59° and
45.00° which correspond to the following crystal planes of (002), (020), (200), (110), (101),
(202), (101) and (112) respectively. These peaks matched with the pattern of hexagonal phase
of WO; and have average crystalline size of 12.3 nm. The XRD pattern observed at 750°C
revealed sharp peaks which correspond to (100), (002), (020), (110), (101), (202), (220),
(112) and (221) crystal plane at bragg angle 2 thetha value of 14.59°, 23.13°, 24.00°, 28.14°,
28.59°, 28.12°, 34.20°, 42.00° and 50.01°. These peaks match properly with monoclinic and
hexagonal phase of WO; and have average crystalline size of 18.9 nm. It should be
mentioned that pure phase of monoclinic WO; were formed at 450°C and 550°C formed with
average crystalline size of 17.3 nm and 18.32 nm respectively with the latter having smaller
Size of (17.3 nm) than the former (18.2 nm) This means that the optimum temperature to

Sythesis pure monoclinic phase of WO3 nanoparticle based on size is 550°C.
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HRSEM analysis of bare and doped WOj nanoparticles with different elements

Figure 3 I‘C[)l‘CSCI]lS the mor phology of the prepar ed W 03 nan()pal [iCleS (]()ped With dlffer t
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Figure 3: HRSEM micrograph of (a) undo

ped WO; (b) Boron (c) Aluminium (d)
Phopshorus (e) Iodine doped WO; nanoparticl

€S

As shown in Figure 3, less aggregated and well distinct spherical of WO; produced. When
Boron was mixed with WOs;, highly compacted disc-like and hexagonal nanostructures were
observed. For Aluminium doped WOs,, plate or ring like morphology-compared to spherical
shape (undoped WOs) was noticed. In the case of P-WO;, long and thick bamboo-like
morphology were formed while short and long rod-like symmetry was formed for Iodine
doped WO;. It is obvious that addition of different elements largely influenced the
morphology of WOj3; nanoparticles. The difference may be attributed to the nature of the

dopant vis-a-viz, ionic size and atomic weight [6]. It appears that as these elements acted as a
structure directing agent [2,4].
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ﬁarf WO 352.49 2.13
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