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Nanostructured zinc doped tungsten oxide films for antibacterial applications
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Pure and zinc doped tungsten oxide films were deposited on glass substrates at various wt%
of zinc by using the electron beam evaporation method. The scanning electron microscope
(SEM), X-ray photoelectron spectroscopy (XPS), and UV-Vis-NIR double beam
spectrometry techniques were used to assess the properties of pure and zinc doped tungsten
oxide films. From the SEM results, undoped tungsten oxide films exhibited a rice hull type
nanostructure. The zinc doped tungsten oxide films exhibited a spider net structure. The
antibacterial activity of Zn-WOj3 films was studied with Pseudomonas aeruginosa. The zinc
doped WOs films are effectively inhibiting the bacteria’s growth.
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1. Introduction

In the interdisciplinary research area, nanostructured materials play a key role due to its
physical, chemical, electrical and optical properties, and the nanostructure may increase the
performance of any material in technological aspects [1]. Researchers are working for the
preparation of different types of nanostructures to make them more efficient gas sensors and
antibacterial activities. Antibacterial coatings play a key role in biomedical purposes such as medical
devices, surgery tools, human implants, etc. Metal nanoparticles exhibited excellent antibacterial
activities, but to avoid the associated problems with metals as antibacterial material, researchers
focused on metal oxides as antibacterial materials due to its unique properties [2]. The antibacterial
activity of metal oxide has been investigated by various research groups using different materials
such as Cu,0, TiO,, ZnO, SnO,, and WOs3 by various synthesis approaches [3]. Among these metal
oxides, tungsten oxide (WO3) has attracted great interest due to its unique properties such as wide
band gap, photocatalytic activity, good stability against acidic media, and excellent electron
conductivity [4-6]. Pure and doped WOs thin films are prepared using several methods, such as
electron beam evaporation [7], sputtering [8], resistivity heating [9], spray pyrolysis deposition [10],
and spin-coating [11]. In this work, WO3 and Zn-WOs films were prepared by using electron beam
evaporation, and the antibacterial activity of the films was tested against Pseudomonas aeruginosa
by using the pour plate method. To the best of our knowledge, up to now, there is no report on the
electron beam evaporated Zn doped WOj; thin films for antibacterial (Pseudomonas aeruginosa)
applications.
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2. Experimental

Pure tungsten oxide (WOs3) and Zinc-doped tungsten oxide (Zn-WOs) pellets were used to
prepare nanostructured thin films on glass substrates by electron beam evaporation technique. WO3
and Zn-WOs; pellets were prepared using high purity (99.99%) of WO; and Zn powders. The films
were deposited at room temperature and the thicknesses of the films were approximately 260 nm.

2.1. Characterization of WO3 and Zn-WOs nanostructured films

The microstructure was analyzed by scanning electron microscopy (SEM). The chemical
composition was studied using X-ray photoelectron spectroscopy (XPS). The optical properties of
the films were recorded by UV-Vis-NIR double beam spectrometry.

3. Results and discussions

3.1. Microstructure

The SEM images of WO3 and Zn-WOs3 nanostructured films are shown in Fig.1. The WO3
films show the nanoflakes that were uniformly distributed on the surface of the substrate (Fig. 1(a)),
and the continuity of these nanoflakes is increased after doping with 5 wt% of Zn (Fig. 1(b)). This
structure is gradually changed into a spider nest like structure at the films doped with 10 wt% of Zn
(Fig. 1(c)). Beyond this doping concentration, the films exhibited a dense structure (Fig. 1(d)). The
doping of Zn to WOj3 accelerated the surface and interlaminar diffusions of deposited atoms. Hence,
it allows to create a compact structure at higher doping concentration WOs films. From the SEM
results, the microstructure of the WO3 films is highly influenced by the doping concentration of Zn.

Fig. 1. SEM images: (a) WO3 (b) Swt% Zn doped (c) 10wt% Zn doped (d) 15wt% Zn doped WOs3 films.
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3.2. XPS analysis

The chemical states and composition of Zn-WO; nanostructure films were studied using
XPS. Fig.2. shows the chemical states of the Zn doped WOs nanostructured films. The 4f spectrum
of W is shown in Fig. 2 (a) and is presented as a spin-orbit doublet of W4{7/2 and W4{5/2 for the
valance state of W. Two intense peaks are centered at 35.41 eV and 37.53 eV, which correspond to
the W 417/2 and W 4£5/2 doublets, respectively. The obtained values are in good agreement with
the literature of W' in stoichiometric WO; by Navio et al. [13]. Fig. 2(b) shows the O s spectrum,
and a peak is located at 529.2 eV, which is related to the O* peak. Fig. 2(c) shows the Zn 2p
spectrum, which consists of a peak at 1019.9 eV, which corresponds to the binding energies of
Zn2p3/2, and can be attributed to zinc metal.
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Fig. 2. XPS spectra of Zn-WQO3 nanostructure films with a 10wt% Zn doped: (a) W4f, (b) Ols, and (c) Zn 2p.

3.3. Optical properties

Figure 3 shows the optical transmittance spectrum of nanostructured WO3 and Zn-WOs
films. The average optical transmittance of the films was around 85% in the visible region. The
optical transmittance decreased after adding zinc to tungsten oxide. However, 15wt%Zn doped WO;
films exhibited higher transmittance than the WO; films, and this may be due to changes in the
microstructural properties of the films.
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Fig. 3. Optical transmittance spectrum of WOz and Zn-WQOj3 nanostructure films.

The estimated value of the bandgap from the intercept on the energy axis of the linear
portion of Tauc plot for WOj3 thin films lies in the range of 3.19 to 3.32¢V. The bandgap was found
to decrease from 3.28 to 3.19¢V from WOj3 to 10wt% of zinc doped WO; films. However, 15wt%
zinc doped WOs films show the highest bandgap of 3.32eV. The present obtained bandgap values
for WO3, 5 wt% Zn-WOs3, 10 wt% Zn-WOs and 15 wt% Zn-WO; are 3.29 €V, 3.26 eV, 3.19 eV and
3.32eV, respectively. The larger band gap observed for the deposited thin films can be attributed to
their amorphous nature [14]. Hendi et al. [15] recorded that the bandgap of WOs3 films decreased
from 3.30 eV to 2.47eV with an increase in the CdTe doping concentration from 0 to 25%.

3.4. Antimicrobial activity

3.4.1. Test organism & growth conditions:

Pseudomonas aeruginosa (MTCC 424) a gram-negative bacterium was obtained from the
Microbial Type Culture Collection, Chandigarh, India. Pseudomonas aeruginosa is cultured under
standard laboratory conditions in LB media at 30°C. The overnight culture was used in this
experiment.

The antimicrobial activity of the nanostructured WO3 and Zn-WO3 was evaluated by the
pour plate method [16] with slight modification by using LB agar media (Hi-media, India), the
microorganisms being tested were grown on LB broth media. Briefly, Pseudomonas aeruginosa (P.
aeruginosa) was grown on LB broth at 30°C overnight, a loop full of the growth was then inoculated
into Mueller Hinton broth (Thermo Scientific) and incubated at 30°C on a rotary shaker until the
turbidity of the growth was equivalent to the density of 0.5 McFarland standard. The microorganism
was then either inoculated (0.25 mL) into molten MHA and poured into petri dishes (pour plate
technique).

The antibacterial properties of the nanostructured WO; and Zn-WO; films are shown in
Fig.4. The antibacterial activity of the WO; and Zn-WO; films was evaluated against P. aeruginosa.
P. aeruginosa is an opportunistic pathogen belongs to gram-negative bacteria which, causes concern
for humanity. The pour plate technique was used to test the antibacterial activity of the WO; based
films. WOs3 and 10wt% Zn-WO; films were used to determine the antibacterial activity. The results
demonstrate that pure WO; films fail to inhibit the growth of bacteria (Fig.4(a)), whereas, 10wt%
Zn-WO; films inhibit the growth of P. aeruginosa (Fig.4(b)). After culture, the bacteria spread
around the plate, except the area of Zn-WQO; coating. The antibacterial activity of WO; films
increases after adding the 10wt% zinc doping to WOs. From this result, we found that Zn-WOs3 has
the potential to be used as an antibacterial coating against P. aeruginosa.
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Fig. 4. Antibacterial properties: (a) WOs; films, (b) 10wt% Zn- WO films, (c) uncultured
WOs films and (d) uncultured 10wt% Zn- WOj films.

4. Conclusions

The spider nest like nanostructured WO3 based films were prepared by the electron beam
evaporation method on glass substrates. From the SEM results, the microstructure of the WO; films
was highly influenced by the doping concentration of Zn. The films nanostructure changed from
nanoflakes to the spider nest like structure after adding the 10wt%Zn to WOs. The addition of Zn
accelerated the diffusion of deposited atoms, consequently, the surface morphology changed. Zn-
doped WOs; films were found to inhibit the growth of tested bacteria. It is observed that the Zn
dopant brings the best result in the antibacterial activity of WOs3 films. The combined use of WO;
based nanostructure films with biology is expected to fabricate significant advances in the field of
antibacterial coatings.
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