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Abstract 

Metal chalcogenides (MC), such as copper sulfide (Cu2S), have attracted significant interest among researchers 

due to their use in solar cells, gas sensing technology, and energy storage devices. Previous studies have 

explored the deposition of MC thin films employing physical or chemical methods. These approaches typically 

utilize a variety of precursors. However, single source precursor (SSPs) complexes offer advantages due to their 

simplified pathways for the MC synthesis. Hence, this works reports the synthesis of copper sulfide thin films 

(Cu2S) from an experimental SSPs copper complex based on organochalcogenophosphorus ligand. The films 

were processed via Aerosol Assisted Chemical Vapor Deposition (AACVD) at 400 ºC and 450 ºC. SEM of the 

films demonstrated granular- or sheet-like morphology when deposited at 400 ºC or 450 ºC, respectively. EDX 

indicated a Cu/S ratio of 2 (anal. calc. for Cu2S: Cu 39.9 and S 20.1 at%; found Cu 41.3 and S 20.6 at%). XRD 

results shows the films are crystalline and consistent with a tetragonal phase of Cu2S (ICDD card nº 04-024-

2237). Light activated test upon NO2 showed better responses for the Cu2S deposited at 450 ºC as compared to 

those deposited at 400 ºC. 
 

Keywords: Copper Sulfide, Single Source Precursor, AACVD, Gas Sensors. 
 

1. Introduction 

Binary chalcogenide materials like SnS/Se, Cu2S, ZnS and CdS/Se/Te have attracted the attention specially due 

to their optoelectronic and thermoelectric properties [1-3]. Previous studies have shown copper sulfides CuxS 

(0<x<2) as industrially significant materials due to their abundance, low cost, and a high performance at 

relatively elevated temperatures, which facilitate their uses in electronics [4], catalysis [5], photovoltaics [6], 

and energy storage [7], among other. Extensive research has also been performed on the use of these materials 

in the field of gas sensors, in order to detect and measure toxic, explosive, and volatile gases such as NO2, NH3, 

H2S, CO2, and several volatile organic compounds (VOCs) [8]. As examples, D Wang et al. demonstrated the 

selectivity performance of CuS flower-like sensor for ethanol gas against other interfering gases (methanol, 

dichloromethane, hexane and benzene) at low relatively temperature (170 ºC) and confirmed the stability of the 

sensor [9]. Additionally, Abhay and Ramphal showed that CuxS serve as sensor material for the detection of 

NH3 molecules at room temperature [10]. 

In the state-of-the-art, different methods have been explored to deposit copper sulfide films including spray-
pyrolysis [11], electrodeposition [12], chemical bath deposition [13], hydrothermal [14] and aerosol assisted 

chemical vapor deposition (AACVD) [15]. These approaches typically utilize a variety of precursors; among 

them single source precursor (SSPs) complexes, which offer advantages due to their simplified pathways for 

the metal chalcogenides synthesis. Indeed, SSPs complexes have been employed for the AACVD synthesis of 

copper sulphides, for instance dithiocarbamate [Cu(S2CNR2)2]2 [16] and 

bis(piperidinedithiocarbamato)copper(II) [Cu(Ppdtc)2]2 [17] with both SSPs having shown to successfully lead  

different structures and morphologies of CuxS at temperatures between 350ºC and 450ºC. Despite the adequacy 

of such a SPPs for AACVD, there is still a number of other organic ligands that can give rise to AACVD copper 

sulfide films with unexplored characteristics. Therefore, the motivation for investigating new copper complexes 

based on organochalcogenophosphorus ligands, such as the tetraethyldiphosphine disulfide (Et4P2S2). Thus, the 

present report discusses the AACVD of copper sulfide (Cu2S) thin films using the experimental 

[Cu(Et4P2S2)Cl]2 complex, and their structural, morphological, and gas sensing properties upon NO2 as function 

of their deposition temperature.  
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2. Experimental procedure 

2.1 Deposition of copper sulfide (Cu2S) thin films by AACVD 

Copper sulfide films were deposited using the AACVD system reported early [18]. A schematic illustration of 

this system is displayed in Figure 1. Firstly, four silicon substrates (5 mm × 5 mm) were thoroughly cleaned by 

sonication in isopropanol for 10 min and dried under nitrogen to remove any possible contamination before 

placing them inside the AACVD reactor heated at the desire temperature (for this study, either 400 °C and 

450 °C). Subsequently, we dissolved (in a two-necked round-bottom flask of 100 mL) 80 mg of the 

[Cu(Et4P2S2)Cl]2 complex in 10 ml of acetonitrile. An ultrasonic atomizer operating at 1.6 MHz was employed 

to transform the solution into fine aerosol droplets that were carried to the hot-wall reactor by a nitrogen flow 

of 200 sccm. The time to completely transport the solution into the reactor took typically one hour. 

The samples were characterized by XRD, EDX, and SEM. The gas sensing properties of the microsensors were 

examined in a continuous gas flow systems equipped with calibrated gas bottles and mass flows to control the 

concentration of NO2 (1, 3, 5 ppm) diluted in dry air. The system was also equipped with a chamber containing 

the microsensors and an UV-LED (365 nm) to excite the Cu2S film and perform the photoactivated gas sensing 

tests at room temperature (25ºC).  

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1. The schematic illustration of aerosol assisted chemical vapour deposition (AACVD) technique. 

3. Results and discussion 

The AACVD of [Cu(Et4P2S2)Cl]2 at 400 ºC and 450 ºC led to the deposition of black (at 400ºC) and brownish 

(at 400ºC) uniform films over the silicon tiles. The process was repeated several times for the two deposition 

temperatures studied finding good reproducibility of the results. The implementation of this process over silicon 

micromachined platforms for the fabrication of gas microsensor also lead to similar film characteristics. The 

sections below discuss the XRD, SEM, EDX recorded on the films and gas sensing results registered by the 

microsensors. 

3.1 Thin film characterization  

XRD analysis of the films deposited at 400 °C and 450 °C displayed patterns associated to a tetragonal phase 

of Cu2S (ICDD card nº 04-024-2237), with a minor presence of phosphorus contamination reacting with the 

copper to form Cu2P7 phase (ICDD card nº 01-076-1189) (see Figure 2). For the sample obtained at 450ºC, an 

intense diffraction at 33º theta coming from the silicon substrate was also observed. EDX analysis also 

corroborated the formation of Cu2S, indicating a Cu/S ratio of 2 (anal. calc. for Cu2S: Cu 39.9 and S 20.1 at%; 

found Cu 41.3 and S 20.6 at%). Further analysis by SEM demonstrated the formation of granular- or sheet-like 

morphology films for the samples deposited at 400 ºC or 450 ºC, respectively (see Figure 3). Films with particle-

like morphology, show small particles with size ranging from 60 nm to 100 nm, and agglomerated particles 

reaching around 400 nm. Further images of the cross-section of these films revealed a thickness of 1.3 µm. In 

contrast, the films with sheet-like morphology, displayed non-oriented and non-uniform sheet shapes with 

varied sizes between 3 to 10 µm. The cross section of these films showed a thickness between 20-22 µm. 

 

 

Outlet 
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Figure 2.  X-ray diffraction patterns of Cu2S films deposited on Si substrates at 400°C and 450°C. The 

diffraction peaks in the data can be indexed to tetragonal Cu2S and Cu2P7 phases, with only the peaks of greatly 

intensity marked by a start (*) and at symbol (@), respectively. 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. SEM images of Cu2S thin films deposited at 400 ºC (left) and 450 ºC (right) on Si substrates. 

3.2 Gas sensing properties 

The Cu2S based microsensors showed sensitivity to NO2 under UV-light illumination. Specifically, results 

demonstrated that after the injection of NO2 gas into the chamber, the electrical resistance of the particle and 

flake-like films increases significantly and proportionally to the gas concentration. This indicates an interaction 

of the NO2 molecules with the Cu2S surface. The tests showed the sensors exhibit stable and repeatable 

responses. Notably, the sensors based on flake structures demonstrated the highest responses to NO2, most 

likely due to their greater surface area to volume ratio, as compared to the sensors based on films with particle-

like morphology. The responses also showed to be reversible for both type of samples, registering faster 

response times for the flakes (60 s, for 5 ppm of NO2) than for the particles (80 s, for 5 ppm of NO2). A summary 

of these results is presented in Figure 4. 

 

 
 

 

 

 

 

 

 

 

 

 
 

Figure 4. Light activated response of Cu2S particle and flake based-sensors toward different concentration of 

NO2 gas. 
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4. Conclusion  

In summary, our study shows that the [Cu(Et4P2S2)Cl]2 complex acted as an effective single-source precursor 

for depositing Cu2S films by AACVD technique. We found that the morphology of the resulting copper sulfide 

films strongly depends on the deposition temperature, with particles-like morphologies occurring at 400 ºC and 

flakes-like morphologies at 450 ºC. Evaluation, at room temperature, of the NO2 response of the Cu2S-based 

sensors activated by UV-LED indicate that flake-like sensors exhibit higher responses to this gas as well as 

faster response times (60 s) compared to particle-like sensors (80 s). 
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