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Abstract 

 

Metal oxide nanoparticles with tunable size and shape are of significant interest since these features allow 

tailoring their performance, functionality, and efficiency. Doping of metal oxide nanoparticles with metal 

cations proved to be an effective strategy for tailoring their electrical, optical, and microstructural 

properties.  In this study, tungsten oxide (WO3) nanoparticles doped with selenium (Se) and lanthanum 

(La) catalysts were produced with a preferential nanocube morphology by arc discharge method. Se and 

La catalysts were introduced into the tungsten (W) electrode acting as an anode, and the arc-discharge was 

generated between two W electrodes in a deionized water medium. Structural and morphological features 

of the as-synthesized nanostructures were investigated by performing scanning electron microscopy 

(SEM) and transmission electron microscopy (TEM) analyses. Morphological analyses revealed that the 

resultant nanoparticles exhibited nanocube morphology with size ranges of 10 to 50 nm. X-ray diffraction 

(XRD) results proved the existence of highly crystalline monoclinic WO3 as an abundant structure. We 

confidently believe that the arc-discharge method can be utilized to produce various types of 

nanostructures with tunable size and shape by tailoring process parameters, including the type of dopant. 
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1. Introduction 

 

Metal oxide nanostructures constitute a significant area 

of interest within the field of nanotechnology due to 

their crucial role in the development of smart devices 

and functional materials. Recently, numerous research 

endeavors have focused on the development of metal 

oxide nanoparticles and their engineering applications 

such as solar cells and gas sensors. Tungsten oxide 

(WOx) plays a pivotal role in the development of 

nanotechnology-based applications due to its different 

levels of oxidation [1]. This makes it a valuable metal 

oxide, allowing a wide range of applications such as 

bio-molecule sensors [2], solar cells [3], waste-water 

treatment [4], electrochromic [3] and photochromic 

applications [3].  

 

Among other types of WOx, tungsten (VI) oxide (WO3) 

is a non-toxic n-type semiconductor (2.6-3.7 eV), which 

is utilized as a functional layer in smart devices and 

functional materials [5]. WO3 nanoparticles are obtained 

in various morphologies including nanowire [6], 

nanorod [7], nanoflake [8], and nanotube [9]. The 

variety of these morphologies can be achieved by 

introducing various metal catalysts in the synthesis 

medium such as Cu [10], Sn [11], Mn [12], and La [13]. 

It is now well established that chemical and physical 

performance of metal oxide nanostructures such as 

electrical and thermal conductivities are primarily 

governed by their size and morphology [13]. Cubic 

shaped nanoparticles can be specifically utilized in 

biomedical applications [14] due to their higher surface 

area allowing for the surface modification with bio-

functional groups [15]. 
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Doping metal oxide nanoparticles during their synthesis 

with metal cations could likely have an enormous 

impact on desired physical and chemical features. Se 

and La, which are the rare earth elements, are utilized as 

dopants to tailor desired properties of various 

nanostructures [16]. While Se doping has been 

specifically used to improve electrocatalytic 

performance of carbon-based nanostructures [17], La is 

mainly utilized as a phase stabilizer or to increase the 

photocatalytic efficiency [18].  

 

There are various production methods introduced in the 

literature for WO3 nanoparticles such as hydrothermal 

[19], sol-gel [20], thermal decomposition [3], and arc 

discharge [21]. Arc discharge submerged in a liquid 

medium has become an effective process to synthesize 

various types of nanoparticles due to its significant 

advantages such as large-scale synthesis, simple and 

cost-effectiveness [22]. This facile method can be 

effectuated with a dc power supply and an open vessel 

full of a liquid medium without a need of vacuum 

media, furnace, and reacted gases such as argon, 

nitrogen, helium or hydrogen compared with any other 

well-known methods [22]. Production of nanoparticles 

such as fullerene [23], carbon nanotube (CNT) [24], 

carbon nano-onion [25], ZnO [26] and Cd(OH)2 [22] 

was realized by arc discharge method. Moreover, 

various liquid environments including deionized water, 

liquid nitrogen, and mineral water were adopted. 

 

So far, however, there has been little discussion about 

the morphology control of WO3 nanostructures during 

synthesis. In this study, we discuss the production and 

characterization of WO3 nanoparticles with a nanocube 

morphology using selenium and lanthanum as metal 

catalysts. We have prepared WO3 nanostructures by the 

arc discharge method in deionized water which aids to 

oxidize the tungsten particles and form tungsten oxide. 

Structural and morphological properties of WO3 

nanostructures were examined.  

  

2. Materials and Methods 

 

All the chemicals were of analytical grade and used as 

received without further purification. W rods with a 12 

mm diameter (99.99%) were used as anode and cathode 

electrodes and purchased from Alfa Aesar. Cathode 

electrode weighed 98 grams. Se and La powders with 

high purity (-200 mesh, 99.999%) were also supplied by 

Alfa Aesar. Deionized water was used throughout. 

 

WO3 nanostructures were synthesized using an arc-

discharge apparatus as shown in Figure 1. Three 

identical holes with a diameter of 3 mm and depth of 5 

mm were drilled on the anode electrode and 0.2 g of Se 

and La catalyst mixture (50:50 wt%) was  filled into the 

holes. After submerging the apparatus into the deionized 

water, the anode electrode was adjusted with a control 

screw up to initiate the arc current. During this contact, 

the arc current provided by a direct current (DC) power 

supply was applied as 50 A. This current value is 

obtained from several experimental studies and it is the 

ideal current value for producing large amounts and 

optimal dimensions of metal oxide nanoparticles [22]. 

In the case of electrodes in contact with each other, the 

anode electrode consumes and the temperature during 

arc-discharge also rises up to 5000°K [23]. The arc 

discharge was continued for almost 4 min, and the 

discharge voltage was measured by a multimeter to 

achieve a stable arc. Following, the produced particles 

were allowed to rest in the reaction vessel at room 

temperature for 24 h. After, the collected particles are 

washed with deionized water and dried under vacuum at 

40°C for 24 h. 

 

 
 

Figure 1. Schematic view of the arc-discharge 

apparatus [22] 

 

The crystal structure, particle sizes and morphologies of 

the produced nanoparticles were determined by means 

of X-ray diffraction (XRD), Fourier transform infrared 

(FTIR), scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM). XRD analysis 

was performed by Shimadzu XRD-6000 X-ray 

diffractometer using Cu Ka (k = 0.15418 nm) radiation 

at 40 kV and 30 mA ranging from 2 to 80° at a scanning 

rate of 2°/ min. FTIR spectra were recorded by a Perkin-

Elmer 1725 instrument. Morphological properties of 

nanoparticles were analyzed by using JEOL / JSM-

6335F-EDS SEM, JEOL 2100 HRTEM (at 300 kV). 

 

3. Results and Discussion 

 

The XRD pattern of as-synthesized particles produced 

by the arc discharge method are given in Figure 2a. The 

XRD pattern shows the coexistence of three phases 

including monoclinic WO3 (m-WO3), α-W and β-W. 

The lattice structure parameters of m-WO3 are shown as 

a=0.7297 nm, b=0.7539 nm and c=0.7688 nm (JCPDS: 

43-1035). The disordered characteristics of m-WO3 

phase indicates almost amorphous phase. It can be seen 

from the XRD pattern that WO3 nanoparticles exhibit 

preferential orientation in the (002), (020) and (200) 

directions. Wang et al. reported the formation of cubic 
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m-WO3 nanoparticles exhibiting similar preferential 

orientation [27]. The calculated Scherrer crystallites size 

of m-WO3 phase (i.e. crystalline coherent domains) is 

about 16.5 nm. The sharp and strong peaks on the XRD 

patterns allow the determination of the purity and 

dimensions of the produced nanostructures [28]. In 

addition, the dominant crystalline phases as the α-W and 

β-W are also detectable on the XRD pattern. The α-W 

presents a lattice parameter a = 0.3166 nm, close to the 

standard value of a = 0.31648 nm (JCPDS 04-0806), 

and Scherrer crystallites size of 44.5 nm. The lattice 

parameter of the β-W phase is a= 0.504 nm, comparable 

to the standard value of 0.505 nm (JCPDS 47-1319); the 

Scherrer crystallites size is 47 nm, in the same range as 

the main α-W phase. We confidently believe that α-W 

and β-W phases are formed due to insufficient oxygen 

in the aqueous medium during forming of the m-WO3 

nanoparticles. Accordingly, similar results can be seen 

in the EDS spectrum (Figure 2b). As a result of the EDS 

analysis, there were no different atoms in the structure 

and the desired purity was achieved. 

 

 

 
 

Figure 2. a) XRD patterns of Se-La containing 

monoclinic WO3 nanocubes b) EDS spectrum showing 

tungsten, oxygen, selenium and lanthanum contained in 

WO3 nanocubes. 

 

Figure 3 shows SEM images of WO3 nanoparticles 

settled at the bottom of the reaction vessel as produced 

by arc discharge in deionized water with an arc current 

of 50 A. It is seen that WO3 nanoparticles are 

agglomerated with an average size of 10-50 nm. 

 
 

Figure 3. SEM images of WO3 nanocubes 

 

TEM and high resolution TEM images of the WO3 

nanoparticles are shown in Figure 4. In Figure 4a, it is 

seen that the WO3 nanoparticles are preferably exhibit 

cubic morphology. It can also be measured that the 

average dimensions of these cube structures are between 

10 and 50 nm as confirmed by SEM analysis. The 

lattice spacing from the high resolution TEM image is 

measured at approximately 0.37 nm (Figure 4b inset). 

This value indicates that the monoclinic structure of the 

WO3 with good crystallinity [28]. 

 

 
 

 
 

Figure 4. TEM images of WO3 nanocubes. The scale in 

the pictures is 100 nm, 50 nm and 10 nm respectively. 

a) 

b) 
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The produced WO3 nanoparticles were further analyzed 

by Fourier transform infrared (FTIR) spectroscopy and 

shown in Figure 5. In the WO3 crystal, the IR band of 

the O-W-O bond is generally between 600 and 900 cm
-1

 

[29]. In addition, the other peak in the IR spectrum 

(1650 cm
-1

) shows H-O stretching [29]. 

 

 
 

Figure 5. FTIR spectrum of the WO3 nanocubes 

 

4. Conclusion 

 

In this study, Se and La catalysts were added and WO3 

nanocubes were produced by the arc discharge method 

in the deionized water environment. With this method, a 

large amount of homogeneous distribution allows the 

production of nanocubes. XRD, SEM, EDS, TEM and 

FTIR analyzed the crystalline and morphological 

structure of the WO3 nanocubes with catalyst addition. 

XRD analysis shows that Se and La are involved in this 

production and WO3 nanocubes have a monoclinic 

crystal structure. While these nanocubes are seen with 

TEM images, where the dimensions are between 10-50 

nm, the high surface-to-volume ratio provides an 

important advantage in applications. 
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