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A B S T R A C T   

Among the primary alcohols, ethanol is referred to as a heavy chemical due to its many appli-
cations in a variety of industries. Detection of primary alcohols can be deployed as a non-invasive 
method in medical diagnosis and safety measures in food processing companies. Zirconium 
disulphide is a novel 2D layered material with exotic features when in mono or few layers, which 
include fast electron transport, high carrier mobility and sizeable band gap. ZrS2 and PANI were 
fabricated using liquid exfoliation and chemical polymerization methods respectively. Func-
tionalization of the conducting polyaniline with ZrS2 was done using facile sonication process. 
The sensor showed good sensitivities (43%, 58% and 104%) which were estimated from slopes of 
the linear fitted plots with fast response-recovery times of 8 s and 27 s (111 ppm); 12 s and 130 s 
(77 ppm); and 58 s and 88 s (58 ppm). Good reproducibility at three repeated measurements 
(111 ppm, 77 ppm and 58 ppm) was also observed for methanol, ethanol, and isopropanol va-
pours respectively. Meanwhile, the sensor displayed more linearity and sensitivity towards iso-
propanol compared to methanol and ethanol. The sensor showed good performance even at RH 
values close to 100% making it a potential alcohol breath analyser.   

1. Introduction 

It is about sixteen decades now ever since the existence of polyaniline (PANI); however, its conductive nature was only discovered 
just four decades ago. Polyaniline as a conducting organic polymer has found a great application in sensors (chemical and biological) 
due to its ease of production, environmental stability, and reversible redox chemistry [1,2]. PANI is commonly fabricated using two 
methods: electrochemical polymerization and chemical polymerization. Moreover, the chemical polymerization method is commonly 
deployed in gas sensing applications since it can be easily tailored to fabricate nanostructures and various morphologies compared to 
the other methods. 

1D dimensional PANI such as nanofibers, nanowires and nanorods are the mostly fabricated morphologies using aniline (monomer) 
and ammonium persulphate (APS) which plays the role of an oxidant in acidic media. The protonation of the polyaniline is very 
essential; this is the means in which PANI turns out to be electrically conductive. PANI is utilized in chemical sensing to serve as a 
replacement for metal oxide semiconducting nanomaterials. It offers the advantages of low cost, ease of fabrication, tunable 
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conductivity, high porosity, and sensitivity at room temperature (RT). However, PANI based sensors have few demerits such as poor 
response time, poor selectivity, low reproducibility, and poor stability. To counter these drawbacks, nanocomposites of polyaniline 
with 2D materials, carbon materials and metals have been used and they reportedly improved the response time and stability of PANI 
based sensors. Hence, proffering a solution to these demerits is very essential by using novel nanomaterials with proper attributes for 
chemical sensing [1,2]. 

Functionalization of PANI with transition metal dichalcogenides (TMDCs) to enhance the sensor attributes arising from synergetic 
effects has been reported in literature. More research has been reported on group VI TMDCs compared to groups V and IV TMDCs. 
Generally, few published works are available on group IV TMDCs despite theoretical findings showing these nanomaterials as pos-
sessing astonishing properties. For instance, in relation to chemical sensing application, it was speculated that TiS2 has more active 
sites for gas absorption than MoS2 owing to crystal structure and bonding that exist between the metal and the sulphur atoms [3]. It 
was also predicted that monolayer ZrS2 will be suitable for gas sensing. The author also reported that a defect ZrS2 with S-vacancies 
will behave as a better sensor compared to ZrS2 with no defect [4]. Few works were reported on pristine TiS2, and its nanocomposite 
with conducting polymers in literature for chemical sensing, therefore more extensive research is very paramount. In terms of sensor, 
ZrS2 has only been demonstrated as an optical coupled plasmon waveguide resonance (CPWR) sensor but not as a chemiresistive sensor 
[5]. 

ZrS2 is a novel 2D layered material with exotic features when in mono or few layers, which include fast electron transport, high 
carrier mobility and sizeable band gap. The material is environmentally friendly, has good thermodynamic stability, very abundant in 
the earth’s crust unlike rare earth metals which are not cost effective and very limited in nature [4,6]. There are weak van der Waals 
forces that exist in between the layers and covalent bonds within the material. It also possesses outstanding electronic properties and a 
large specific surface area owing to high surface to volume-ratio. ZrS2 nanomaterials is highly sought after due to its application in 
solar cells, field effect transistors (FETs), thermoelectric devices, photo detectors, fiber lasers, optics, sensors, tribology, electode 
materials and catalysis [7]. Kishoro et al. was the first to report on chemical sensing of group IVB TMDCs in which TiS2 was 
demonstrated for the sensing of O2 and N2 at a temperature of 50 ◦C. The sensor displayed a short response time but a very slow 
recovery time [8]. Shokouh et al. reported a fascinating recovery with an ultra-fast time of 2 s and response time of 60 s for ethanol 
sensing by a nanohybrid of TiS2 and polyvinyl polymer (PVP) [3]. However, though a fast recovery time was achieved which is a great 
improvement for TMDCSs sensor but the response time of 1 min still needed to be improved. Manjunata et al. reported on the good 
sensitivity, rapid response time and recovery time demonstrated by nanohybrid of tantalum disulphide and polyaniline (PANI/TaS2) 
for humidity sensing [9]. Sakhuja et al. investigated TiS2 nanosheets towards H2S and O2 at room temperature. The sensor showed high 
sensitivity of 111.8%, quick response-recovery times of 19.7 and 48 s respectively towards 4 ppm of H2S [10]. Shaukat et al. recently 
reported on ZrSe2 towards humidity with a range of 15–80% RH. The sensor displayed good sensitivity of 68 KΩ, fast 
response-recovery times, good reproducibility, and good stability [11]. Recently, Sharma et al. observed response and recovery times 
of 72 and 175 s respectively at room temperature by TiS2 sheets toward ammonia vapour [12]. Extensive investigation has been 
undertaken on NH3 and NO2 vapour sensing based on TMDC sensors such as MoS2, MoSe2, WS2, WSe2, SnS2 and SnSe2, however, very 
few reports are available on alcohols and acetone vapour sensing [13–18]. There is still much to be investigated on group IVB TMDCs 
on sensing of VOCs especially alcohols. Shokouh et al. only reported on ethanol vapour, while the reproducibility and linear response 
of the sensor were not mentioned [3]. 

This current work demonstrates the fabrication of a low-cost sensor of zirconium disulphide and polyaniline nanocomposite, and its 
application for sensing chemical vapours at RT for the first time. The sensor demonstrates good linearity, quick sensitivity, fast 
response-recovery times, and reproducibility towards alcohol vapours. 

1.1. Chemicals and materials 

Zirconium disulphide [99%, ZrS2, C.C. Imelmann (pty) ltd], isopropyl alcohol [99%, IPA, MK Chemicals], ammonium persulphate 
[99.9%, APS, Sigma-Aldrich], aniline [99.9%, Sigma-Aldrich] HCl 32% [Associated chemical enterprises] were used as received 
without further purification. A mortar and pestle, a PS-20A sonicator bath with a power of 100 W. 

Fig. 1. (a) Schematic diagram depicting the synthesis of PANI. (b) Exfoliation of bulk crystal of zirconium disulphide.  
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2. Methods 

2.1. Synthesis of PANI 

The method described by Masemola et al. was used for the synthesis. In a typical synthesis, as shown in Fig. 1(a), 1.50 g of 
ammonium persulphate (APS) and 1 mL of aniline were dissolved in two separate 250 mL beakers containing 25 mL of HCl [19]. The 
aqueous solution of APS was slowly transferred into the second beaker containing aniline with constant stirring of the solution and 
reaction maintained at about 0 ◦C. This is very essential as the reaction is very exothermic, it may lead to decomposition of the 
polyaniline polymer formed. After a few minutes, the reaction went to completion and the green PANI precipitate was obtained by 
filtration. PANI was then washed with a solution of 1 M HCl to remove any unreacted aniline followed by multiple washing with 
distilled water. Finally, the polymer was dried in an oven at a temperature of 40 ◦C. 

Exfoliation of ZrS2 
The method of synthesis was adopted from Li et al. the bulk sample of about 1.00 g was ground for about 2 h and 5.00 mg of the 

sample was transferred to a vial. A volume of 12 mL of IPA was introduced and the vial was covered and wrapped with parafilm. The 
solution was then transferred to a bath sonicator and sonicated for 24 h [20]. The temperature was maintained at about 25 ◦C by 
introducing ice cubes into the bath sonicator at regular intervals. The set-up of the reaction is shown in Fig. 1(b). After exfoliation, the 
resulting solution was centrifuged at 2000 rpm for 30 min to separate the exfoliated from the unexfoliated sample. The supernatant 
was collected and centrifuged for 15 min at 1500 rpm. The low speed of centrifugation is needed to effectively separate the exfoliated 
and non-exfoliated nanomaterials. From the inset in Fig. 1(b), it can be observed that the bulk sample was pecan brown before grinding 
and the colour changed to light brown during grinding in ambient environment; this may be ascribed to possible slight oxidation of the 
sample. The exfoliated nanosheets of ZrS2 dispersion in IPA produced a homogeneous solution with good dispersion of yellow 
colouration. 

PANI and ZrS2 (PANI-ZrS2) nanocomposite. 
A nanocomposite of PANI and zirconium disulphide was fabricated by introducing 5.00 mg of ZrS2 into a vial containing 95.00 mg 

of polyaniline in IPA; the vial was sealed and wrapped with parafilm. The vial was sonicated for 24 h after which the resulting solution 
was filtered, and the product dried at room temperature. 

Sensor fabrication. 
The PANI-ZrS2 based sensor was prepared on a printed circuit board (PCB) FR4 substrate. Interdigitated electrodes were patterned 

on the rectangular shaped PCB consisting of electroless nickel immersion gold electrodes of 18 pairs with a length of 7.9 mm and a 
space of 0.1 mm between each electrode. The sensing film was prepared by drop casting 15 μL of the film that was prepared by 
sonicating 5.00 mg of nanocomposite of PANI-ZrS2 in 500 μL of methanol for 10 min. 

Gas sensing measurements. 
All electrical measurements were conducted at RT. An LCR-6300 10 Hz− 300 KHz precision LCR meter coupled to a computer. The 

frequency and voltage were set at 10 KHz and 1.00 V respectively. The system was allowed to stand for a few minutes before any 
measurements were done. The set-up for gas sensing is shown in Fig. 2 below. 

The vapour sensing experiment was conducted at RT; the response values were recorded using a data logger (LCR). The vapour 

Fig. 2. Schematic diagram of the gas sensing set-up.  
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sensing properties were explored by injecting a measured volume of anhydrous alcohol (methanol) into a closed glass chamber (5 L) 
via a glass syringe. The concentration of the methanol vapour in the test chamber can be evaluated in ppm by using the following 
equation: 

C=
224ρTVs
273MV

x100 (1)  

here C represents concentration of methanol vapour (ppm), ρ is the density of the solvent (gML− 1), T is the temperature in Kelvin, Vs is 
the volume of the solvent, M is the molecular weight of the solvent. The following concentrations were obtained 111, 222, 333, 444 
and 555 ppm which correspond to 1–5 μL injections with the syringe. The response of the sensor is obtained as S= (Ra-Rg)/Ra x 100, 
where Ra and Rg represented resistance in air and methanol vapour respectively. The duration involved by a sensor to complete 90% of 
the resistance change is known as response/recovery time. The sensor measurements were also conducted for ethanol and isopropanol 
vapour. The sensor was exposed to methanol vapour at various concentrations. To ensure the vapour reaches saturation point upon 
injection of the gas, the sensor was allowed to interact with the analyte gas for 300 s for proper adsorption and 200 s for the desorption 
of the vapour (recovery). The same procedure was conducted for ethanol and isopropanol. 

2.2. Characterization 

Powder X-ray diffraction (PXRD) analysis was performed using a Bruker D2 phaser (D2-205530) diffractometer with Cu Kα1 ra-
diation (λ = 1.54060 Å) at 30 kV and 10 mA. Transmission electron microscopy (TEM) (Jeol JEM-2100F 200 kV) was used to analyse 
the morphology of the a-synthesized PANI and nanocomposite of PANI-ZrS2. The surface area and porosity were measured using 
Micromeritics RS232 and porosity analyzer instrument. The surface area measurements were performed via N2 adsorption/desorption 
and calculated by the Brunauer Emmett and Teller (BET) analysis method. 

3. Results and discussion 

3.1. XRD analysis 

Fig. 3 shows the XRD crystallographic structure of the PANI-ZrS2 nanocomposite. Fig. 3(a) shows the XRD pattern of PANI with only 
one peak as shown with diffraction peak at 20.32◦ which corresponds to (020) crystal plane of PANI in its emeraldine salt form [21]. 
Fig. 3(b) shows the ZrS2 pattern matches hexagonal ZrS2 indexed to JCPDS card of 010605262. The following diffraction peaks: 15.45, 
28.57, 32.34, 42.10, 50.25, 55.8 and 60.94◦ which correspond to the (001), (100), (101), (102), (110), (103), and (201) planes of ZrS2 
were identified. However, as seen in Fig. 3(c) the nanocomposite peaks seem more crystalline than unmodified ZrS2 and pristine PANI. 
In addition, more peaks were observed at about 25.56, 46.25 and 52.68 which correspond to crystal planes of ZrS2 at (003), (111) and 
(202) while the peak at 67.58◦ correspond to PANI at (200) in its emeraldine salt form. The diffraction peak at about 35.20 is ascribed 
to the oxide of zirconium due to possible oxidation of ZrS2 in ambient environment and diffraction peaks at about 28.40 and 44.00◦ are 
ascribed to peaks of ZrS3 which is most likely formed during formation of ZrS2 by chemical vapour transport [7,22]. 

3.1.1. TEM analysis 
The TEM micrographs show the morphologies of the pristine PANI, untreated ZrS2 and PANI-ZrS2 nanocomposite. The pristine 

Fig. 3. (a) XRD pattern of PANI. (b) XRD pattern of ZrS2 and (c) XRD pattern of PANI-ZrS2 nanocomposite.  
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PANI and untreated ZrS2 as well as its nanocomposite all exist in layers of nanosheets as shown in Figs. 4(a,b) and 5(a–d), so it is quite 
difficult to distinguish between the two nanosheets, however, the dark stains represent nanosheets of ZrS2 in PANI nanosheets. Several 
authors have reported on 1D PANI for different applications such as gas sensing and supercapacitors compared to 2D dimensional 
PANI. 

3.1.2. BET analysis 
Figs. 6(a) and 7(a) show nitrogen adsorption-desorption isotherms of PANI-ZrS2 and PANI respectively; and 6(b) and 7(b) show 

pore-size distributions of PANI-ZrS2 and PANI respectively. A steady increase in the volume of N2 absorbed and desorbed can be 
noticed at about relative pressure of 0.82–0.98 nm for the nanocomposite of PANI-ZrS2 and pristine PANI, these represent type IV 
isotherm [23]. The surface area of PANI increased from 27.87 m2/g to 28.95 m2/g with the nanocomposite and Barrett Joyner-Halenda 
(BJH) method was used to determine pore size distribution (PSD), the pore size increased from 0.18 to 0.19. These show that the 
nanocomposite is microporous as well as pristine PANI. The improvement in the surface area and small pore size of the PANI-ZrS2, 
shows it contain a plethora absorption sites to improve the interactions that exist with volatile organic molecules and the sensor. 

3.1.3. Gas sensing by PANI-ZrS2 nanocomposite 
TMDCs and PANI sensors generally can sense chemical/gas vapours at room temperature, this gives them an advantage over metal 

oxide sensors that often require temperature that exceed RT [24]. Operating a sensor at elevated temperature may lead to structural 
changes in the sensing material whose effects are instability and response disparity. PANI is an n-type chemiresistive sensor. PANI 
chains are made up of two structural units; a reduced [B–NH–B–NH] and oxidized [B–N = Q = N] repeating units, where B and Q 
represent benzenoid and quinoid rings respectively. Swelling of PANI is likely possible being a polymer with a rigid backbone. When a 
reducing chemical vapour such as alcohols is introduced to a PANI sensor, the reducing chemical donates an electron to the polymer 
matrix, which leads to an increase in the resistance of the sensor due to change in the concentration of the sensing material holes. 
Whereas when oxidizing gases like NH3, NO2, H2S and I2 are injected, deprotonation of PANI occurs hence, the increase in resistance of 
the sensor. On exposure of the sensor to dry air, the opposite mechanism which is protonation of PANI occurs [25,26]. There is change 
in conductance upon an increase in vapour concentration. PANI and its substituted derivatives have been reported to be sensitive to 
first to fourth members of primary alcohols and heptanol vapours. Small chain alcohol result into a decrease in electrical resistance, 
however the reverse is the case with long chain alcohol. With ethanol, the doping or oxidation state remains the same and hence has 
negligible impact on the conductivity of PANI. Swelling of PANI backbones is very possible with ethanol therefore, there is an increase 
in the electrical resistance of the sensor. Fig. 8 shows the schematic representation of the sensing mechanism of PANI-ZrS2 to ethanol 
vapour. Incorporating ZrS2 with PANI provides a synergistic effect by improving the features of PANI sensor and enhancing the 
sensitivity of the sensor or boost its selectivity or both. ZrS2 nanosheets integration with PANI, forms n-p heterojunction with a 
depletion layer. A change in depletion region will take place upon adsorption of gases by the nanocomposite [26]. 

Primary alcohol sensing properties. 
Fig. 9 (a) depicts a static response curve of methanol vapour at room temperature in 45% RH to 111 ppm of methanol. A good signal 

with relatively weak noise to methanol vapour can be deduced from the response curve. It took about 400 s for the sensor to attain 
saturation time upon exposure to the analyte. A total recovery of the sensor on exposure to air is also noticed. Two adsorption stages 
were observed towards methanol vapour at 111 ppm. The response and recovery times were extrapolated from the graph to be 8 s and 
27 s respectively. 

Fig. 10 (a) shows the dynamic response curves of PANI and PANI-ZrS2 sensors toward methanol vapour at different concentrations 
(111–555 ppm) at room temperature (RT) in 47% RH with exposure time of 300 s in vapour and 200 s in air. 

Fig. 10 (b) shows response curves of the nanocomposite measured at different methanol concentrations (111–444 ppm). Mea-
surements were conducted from low vapour concentration to high vapour concentration and vice versa. Both PANI and PANI-ZrS2 
sensors show a rise in response with increase in vapour concentration as seen in Fig. 10 (a). The PANI-ZrS2 sensor showed significant 
improvement compared to the PANI sensor response up to 9 folds due to the close interface that existed between the PANI and ZrS2. 
The enhanced response is due to synergistic effect. 

Fig. S1 displayed the repeatability nature of the PANI-ZrS2 film sensor to 111 ppm methanol vapour at RT with three repetitive 
response-recovery curves. The sensor showed a clear response-recovery output and stable three repetitive response-recovery curves for 

Fig. 4. (a) TEM image of PANI. (b) TEM image of ZrS2 nanosheets.  
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methanol vapour sensing. 
The time-dependent response and recovery curves of PANI-ZrS2 to ethanol at 77 ppm and 385 ppm is depicted by Fig. 11(a). The 

sensor response to 77 ppm ethanol vapour had a longer saturation time (>600 s) while 385 ppm vapour concentration had a lesser 
saturation time (<600 s). The sensor displayed a two - stage adsorption towards ethanol vapour which is shown by a rapid adsorption 
within the 180 s: thereafter a moderate adsorption at about saturation time of 600 s. This may be ascribed to possible defects of ZrS2 or 
PANI or both resulting to differing affinity for ethanol vapour by the sensor giving rise to incremental saturation. Similar observation 
was reported by Mutuma et al. where untreated hollow carbon spheres resulted in two adsorption stages towards ammonia vapour 
[27]. The response and recovery times were extrapolated from the graph to be 83 s and 44 s respectively to 385 ppm of ethanol vapour. 

Fig. 11(b) depicts dynamic response curves of PANI and PANI-ZrS2 sensors toward ethanol vapour at varying concentrations 
(77–385 ppm) at RT in 45% RH with exposure time of 300 s and 200 s in gas and air respectively. Both sensors produced an increase in 

Fig. 5. (a) TEM image of PANI-ZrS2 nanocomposite at 200 nm. (b) TEM image of PANI-ZrS2 nanocomposite at 100 nm. (c) TEM image of PANI-ZrS2 
nanocomposite at 50 nm. (d) TEM image of PANI-ZrS2 nanocomposite at 20 nm. 

Fig. 6. (a) Nitrogen adsorption-desorption isotherm for PANI-ZrS2. (b) BJH pore size distributions of PANI-ZrS2.  
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response with increase in vapour concentration introduced. The PANI-ZrS2 nanocomposite amplified the performance of the sensor to 
ethanol vapour sensing characteristics in comparison to pristine PANI. 

The reproducibility of a sensor is a very paramount factor, as this determines the reliability of the chemical sensor for practical 
purposes. Fig. S2 depicts the reproducibility nature of the PANI-ZrS2 film sensor to 77 ppm ethanol vapour at RT with three repetitive 
response-recovery curves. The sensor demonstrated a clear response-recovery output and stable three repetitive response-recovery 
curves for ethanol vapour sensing. 

Fig. 12 (a) depicts a static response curve of isopropanol vapour at room temperature in 45% RH to 58 ppm of isopropanol vapour. 
A good signal with relatively weak noise to isopropanol vapour can be obtained from the response curve. It took about 675 s for the 
sensor to attain saturation time upon exposure to the analyte. A total recovery of the sensor on exposure to air is also noticed, the 
response and recovery times were extrapolated from the graph to be 58 s and 88 s respectively. 

Fig. 12(b) depicts the dynamic response curves of PANI and PANI-ZrS2 sensors towards isopropanol vapour at distinct concen-
trations (58–289 ppm) at RT in 45% RH with exposure time of 300 s in gas and 200 s in air. 

Fig. S3 depicts the reproducibility of the sensor to 58 ppm isopropanol vapour at RT with three repetitive response-recovery curves. 
The sensor demonstrated a clear response-recovery output and stable three repetitive response-recovery curves for isopropanol vapour 

Fig. 7. (a) Nitrogen adsorption-desorption isotherm for PANI. (b) BJH pore size distributions of PANI.  

Fig. 8. Schematic illustration of sensing mechanism of PANI-ZrS2.  
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Fig. 9. Static response of PANI-ZrS2 towards methanol vapour at RT.  

Fig. 10. (a) Dynamic response curves of PANI-ZrS2 towards methanol vapour at RT (b) Response curves of the PANI-ZrS2 sensor taken under various 
methanol vapour concentration. 

Fig. 11. (a)Typical response and recovery curves of PANI-ZrS2 sensor to ethanol at 77 ppm and 385 ppm respectively. (b) Dynamic response and 
recovery curves of PANI-ZrS2 towards ethanol vapour at RT. 
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sensing. 
Fig. 13 (a) shows the sensitivity of the PANI-ZrS2 sensor to different alcohol vapours. The sensitivity was extrapolated from their 

linear fitted plots (Fig. 13(b)). The response of the sensor to isopropanol is about a multiple of two compared to ethanol and had least 
sensitivity to methanol vapour. This is may be ascribed to the difference in their binding energy to the sensor [18]. The sensitivity to 
methanol, ethanol and isopropanol was calculated from the slope of their linear fitted graphs in Fig. 13(b) as 43%, 58% and 104% 
respectively. Functionalization of PANI with ZrS2 could be a good promoter for development of sensors with an enhanced performance 
at room temperature. 

Table 1 shows the performance of PANI-ZrS2 sensor compared to other TMDCs and their nanocomposite for VOCs sensing and RH 
with good sensitivity and rapid response time while pure ZrS2 in this work manifested poor conductivity and has resulted in no 
response to VOCs at room temperature. This may be due to fact that the ZrS2 nanosheets used in this work have many layers. 

3.1.4. Relative humidity 
Relative humidity is another important factor which can affect the performance of a sensor, it either causes a rise or decline in 

response. This factor normally affects sensors at RT. The relative humidity of the sensor was conducted for methanol and ethanol 
vapours at RT as shown in Fig. 14 (a) and (b). The effect of humidity on methanol sensor was maximum at 64%; while for ethanol 
vapour at a pronounced humidity of 75% the sensor behaviour changed from p-type to n-type and maximum response was observed at 
96%. Factors such as type of analyte, temperature, humidity affects the behaviour of a sensor. 

4. Conclusion 

Group IVB TMDCs have exotic properties, which make them suitable for chemical sensing. The nanocomposite demonstrated good 
sensing of primary alcohols at RT. The sensor displayed more sensitivity towards isopropanol compared to methanol and ethanol. The 
behaviour of the sensor changed from p-type to n-type on exposure to ethanol vapour at elevated relative humidity. The sensor also 
showed good response to low concentrations (7.7 ppm, 11 ppm, 5.8 ppm) which correspond to methanol, and ethanol, isopropanol 
respectively. The sensor may find application in industrial and medical purposes. The sensor displayed good sensitivity, reproduc-
ibility, rapid response, and recovery times towards alcohols. The sensitivity and selectivity of the sensor may be improved at room 

Fig. 12. (a) Static response and recovery curves of PANI-ZrS2 sensor to isopropanol vapour at RT. (b) Dynamic response and recovery curves of 
PANI-ZrS2 towards isopropanol vapour at RT. 

Fig. 13. (a) Comparison of PANI-ZrS2 sensor towards methanol, ethanol, and isopropanol vapour at RT. (b) Normalized response of the PANI-ZrS2 
sensor towards methanol, ethanol, and isopropanol. 
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temperature by electrospinning of PANI-ZrS2 nanocomposite to produce nanofibers of high specific surface area. 
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Table 1 
Group IVB TMDCs and TMDCs nanocomposite with polymers for VOCs and RH sensing.  

T ◦C Gas (ppm) Sensitivity (%) Response time (s) Recovery time (s) References 

RT 
RT 

H2O 
NH3 

97 
75.6 

36 
– 

49 
– 

[8] 
[28]<

RT C2H5OH (2) 6800 60 2 [3] 
RT H2S (4) 111.8 19.75 48 [10] 
RT H2O – – – [11] 
RT NH3  72 175 [12] 
RT C2H5OH (385) 52 83 44 This work 

CH3OH (555) 43 78 69 
C3H7OH (58) 104 44 88  

Fig. 14. Response of PANI-ZrS2 towards (a) 111 ppm of methanol vapour; (b) 77 ppm of ethanol vapour under different humidity conditions at 33, 
46,58, 64 and 76% for methanol and at 33, 51, 58, 75 and 96% for ethanol. 
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