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1. Summary

A novel approach for synthesizing zinc sulfide (ZnS) nanostructures via aerosol-assisted chemical vapor 
deposition (AACVD) technique is developed. These ZnS structures are characterized and tested upon 
a series of gases, demonstrating optical responses to ethanol at room temperature (RT).

Keywords: Optical sensor, ZnS nanostructures, Ethanol, AACVD

2. Background and motivation
Metal sulfide (MS) materials have gained signifi-
cant attention for gas sensing applications due 
to their tunable optoelectronic properties, high 
surface reactivity, and capability to function at 
room temperature [1,2]. Among these materials, 
zinc sulfide (ZnS) stands out with its wide 
bandgap (3.5 - 3.7 eV), chemical stability, and 
exceptional optical properties [3]. These charac-
teristics make ZnS not only an excellent candi-
date for conventional resistive gas sensors but 
also a promising material for alternative optical 
sensing techniques, particularly due to its poten-
tial to operate effectively at room temperature 
(RT). Despite these advantages the use of ZnS 
in optical gas sensors has been scarcely re-
ported in the literature. Additionally, the synthe-
sis of ZnS structures via AACVD remains largely 
unexplored. To address these gaps, this study 
presents a novel route for synthesizing ZnS 
structures using the AACVD technique, and 
evaluates their performance as optical gas 
sensors at RT.

3. Results and discussion
3.1. Films characterization

ZnS nanostructures were successfully deposited 
on silicon substrates at 450 ºC using a mixture of 
ZnCl2 and Et4P2S2 ligands via the AACVD tech-
nique. 

X-ray diffraction (XRD) analysis confirmed the
crystalline nature of the material, with diffraction
peaks corresponding to the cubic phase (ICDD
card no. 01-086-8934) and a preferred orienta-
tion along the [111] direction (Figure 1).

Top-view and cross-sectional SEM images of the 
ZnS nanostructures revealed leaf-like morphol-
ogy with an approximate length of 600 nm (Fig-
ure 2).

Figure 1. XRD pattern of ZnS deposited on Si sub-
strates by AACVD at 450 ºC.

Figure 2. (a) Top view and (b) cross-sectional SEM 
images of ZnS structures deposited on Si substrates 
by AACVD at 450 ºC.
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The surface of the nanostructures was examined 
using XPS analysis, as shown in Figure 3. The 
survey scan of the ZnS films identifies the main 
elements (Zn 2p and S 2p) present in the film,
with minor phosphorus contamination attributed 
to the ligand Et4P2S2.

Figure 3. XPS survey scan of ZnS structures depos-
ited on Si substrates by AACVD at 450 ºC. 

3.2. Gas sensing test 

ZnS structures were deposited onto ITO/glass 
substrates and evaluated as gas-sensors to-
wards ethanol, acetone, and ethylene at room 
temperature in dry air. The measurements were 
performed under illumination from a light source 
covering a wavelength range of 200–1100 nm, 
and the response was recorded as the transmit-
tance intensity.

The sensor demonstrated a significant response 
in the 355–380 nm wavelength range, showing a 
noticeable change in intensity upon exposure to 
60 ppm of ethanol (Figure 4.a)., while displaying 
negligible sensitivity to acetone (Figure 4.b).
Moreover, no detectable response was ob-
served for 20 ppm of ethylene (Figure 4.c).
These findings highlight the sensor’s sensitivity 
and selectivity toward ethanol.

This study demonstrate that ZnS can optically 
sense ethanol at RT offering a significant ad-
vantage in terms of power consumption. Unlike 
earlier approaches that relied on electrical re-
sistance measurements, which required high op-
erating temperatures or additional functionaliza-
tion with catalytic nanoparticles like gold [4].

Figure 4. Typical optical responses recorded on the
ZnS nanostructure to (a) ethanol, (b) acetone, and (c)
ethylene at RT. The purple bars represent the periods 
of gas injection and its concentration.
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