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Herein, we report the chemiresistive gas and humidity sensing properties of pristine and nickel-doped tin

oxide (Ni-SnO2) gas sensors prepared by a microwave-assisted wet chemical method. The structural and

optical properties are characterised using X-ray diffraction, scanning electron microscopy, scanning

transmission electron microscopy, ultraviolet spectroscopy, Fourier transform infrared spectroscopy, and

X-ray photoelectron spectroscopy. The structural elucidation and morphology analyses confirm

a particle size of 32–46 nm, tetragonal rutile crystal structure and small cauliflower-type surface

appearance. Nickel doping can tune the structure of NPs and morphology. The tested carbon dioxide

gas and humidity sensing properties reveal a rapid sensing performance with high-to-moderate

sensitivity. Also, the materials favour gas sensing because their sensitivity is enhanced with the increase

in nickel concentration. The sensing results suggest that nickel is a vibrant metal additive to increase the

gas sensitivity of the sensor. However, nickel doping decreases the electron density and increases the

oxygen vacancies. Ultimately, the gas sensor produces highly rapid sensing with a response time of 4 s.

1. Introduction

In the eld of agriculture and biotechnology, the detection and

monitoring of humidity and carbon dioxide are very essential as

they play a crucial role in the greenhouse effect.1,2 Also, they

contribute to climate change. Generally, carbon dioxide mixes

with the open atmosphere and is relevant to the indoor and

outdoor air quality monitoring.3 Furthermore, the presence of

carbon dioxide in the environment is steadily increasing as it is

generated from motor vehicles, industries and other resources,

which are logically responsible for increased global warming.4–6

The industrial revolution is one of the major factors responsible

for increasing the carbon dioxide levels. Thus, the tracking and

control of carbon dioxide is essentially important in food

packaging and breath analysis technologies.7,8 On the other

hand, humidity provides a critical response regarding human

comfort and industry, which further inuences human health,

electrical circuits and manufacturing processes in industry and

agriculture.9 Therefore, smart humidity sensors are needed to

monitor the environment as well as control food preservation

and packaging and in the processes of plantation and weather

prediction.10 Several sensors are available in the market today.

Among these, chemiresistive-type sensors have the ability to

sense humidity and carbon dioxide gas at relatively low

temperatures and under ambient operating conditions. In

particular, nanomaterials demonstrate these chemiresistive

features as they are semiconductors and have various band gap

energies. They can be easily functionalized under a reduced

operating temperature with the features of less power

consumption and easy and safe operation. The distinct char-

acteristic of nanomaterials is their high surface area/volume

ratio, which eventually increases the gas sensitivity of the

sensor.11

SnO2 being an n-type metal oxide is a chemiresistive sensor

because of its large band gap (3.40 eV), d-10 electronic cong-

uration, high reactivity against pollutant gases, moderate

chemical stability, high reactive surface, and quantum

connement.12–14 It has been widely used in oxidation cata-

lysts,15 gas sensors,16 conducting electrodes17 and opto-

electronic devices.18 The electronic structure of tin oxide
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changes in accordance with doping, the inuence of surfactants

and thermal annealing processes.19 Also, the low electrical

resistance of tin oxide favours better electrical conduction in the

process of charge/electron/ion transportation.20 SnO2 has been

considered as the most potent sensor material as far as sensi-

tivity, selectivity and response are concerned.21,22 The doping of

nickel according to its size, oxidation state and concentration in

tin oxide alters the sensitivity and selectivity, and nickel ions

can easily occupy the tin sites because of their close ionic radii:

Ni2+ ¼ 69 nm and Sn2+ ¼ 71 nm. Furthermore, the doping level

decreases the electron density and increases the oxygen vacan-

cies, which elevates the sensitivity greatly.23,24 In the past, the

specic area of SnO2 was found to increase upon the addition of

additives such as Pt, Pd, Co, Fe and Ni. Of these additives, nickel

has been widely employed to enhance the sensing performance

of tin oxide sensors for various target gases.25

In this work, nickel-doped tin oxide (Ni-SnO2) nanoparticles

were successfully synthesized using a microwave-assisted wet

chemical method. The effects of Ni doping on the structural,

morphological and sensing properties of the SnO2 nano-

particles with different concentrations were analysed and their

sensor performance was studied and reported. The Ni-SnO2

sensor showed the highest sensitivity and response for CO2 gas,

where the sensitivity increased with the concentration of Ni

doping because the electron density decreased. On the other

hand, the tested humidity performance also showed an

increasing trend. From the results for the optimization of the

sensor, the nickel-doped tin oxide sensor was found to be an

appropriate material for carbon dioxide gas detection. The

results for the gas sensor are compared to recently reported

results, as shown in Table 1. The literature survey concludes

that the present sensor demonstrates high sensitivity and rapid

detection.

2. Experimental method

Pristine SnO2 and Ni-SnO2 nanoparticle sensors were synthe-

sized via a microwave-irradiation wet chemical method. Tin

chloride (II, 99.995%) and nickel chloride (II, 99.995%) analyt-

ical grade salts were chosen for preparing the precursor solu-

tion in de-ionized water as a solvent. The as-obtained precursor

solution was stirred for 2 h with each precursor solution of

unique color. The nickel precursor solution (green) and the tin

precursor solution (milky white) were mixed together and the

solution revealed a slight change in the color, which was again

stirred for 2 h. Once the solution reached pH 11, the addition of

NaOH was stopped. The NaOH solvent acted as a precipitating

agent, forming nanoparticles via nucleation. The solution was

rigorously cleaned and used to extract the impurities and

inorganic contaminants if there were any. The solution was

rigorously dried in a microwave oven for 30 min. During

microwave irradiation, a reaction took place, with the solution

turning milky white and then, a black powder product was ob-

tained. The dried powder was prepared via ball/physical milling

for 2 h and air-annealed at 400 �C for 4 h.

2.1 Measurement details

The structure analysis of pristine SnO2 and Ni-SnO2 NPs was

carried out using a PAN analytical X'Pert PRO powder X-ray

diffractometer. The surface morphology was observed through

scanning electron microscopy (Raith 150TWO Electron beam

lithography system) and scanning transmission electron

microscopy (FEI 200kV Titan Themis S-TEM). The Fourier

transform infrared (FTIR) band transition was observed using

an FT/IR-4600 model. For the optical properties, JASCO V-770

and JASCO FP8300 uorescence spectrophotometers were

utilized. The binding energies were obtained from the X-ray

photoelectron spectroscopy (Kratos AXIS Nova) measure-

ments. Humidity measurements were performed by placing the

Ni-SnO2 sensor in a thermo-stabilized box consisting of

a computerized humidity sprayer and a fan, allowing different

levels of humidity. The gas inuence measurements were per-

formed through a controlled temperature box that allowed

insertion of the test gases on demand.

3. Results and discussion

Fig. 1 presents the XRD patterns of pristine SnO2 and Ni-SnO2

NPs obtained at different concentrations of Ni. The emissions

of all the reection planes were attributed to the tetragonal

rutile structure. The diffraction angles showed small deviation

only aer Ni doping, suggesting that the tetragonal rutile

structure of SnO2 could not be rebuilt aer Ni doping. NPs

presented the (110), (101), (200), (211), (220), (310) and (301)

prime reection peaks, which were free from impurity peaks.21

The average �32 (�5) nm particle size, calculated using the

Scherrer formula, did not substantially change as nickel doping

intercepted the particle growth and caused lattice distortion,

which increased the oxygen vacancies.26 Also, the full width at

half maximum values of SnO2 increased with the Ni-doping

Table 1 Comparison of the Ni-SnO2 sensor with some recently reported CO2 sensors

S. no. Materials Gas Gas concentration Operating temperature Response Sensitivity Ref.

1 BaTiO3 CO2 10 000 ppm 550 �C — 1.25 1

2 Ca-ZnO CO2 5000 ppm 300 �C 120 s 10 6

3 CoAl2O4 CO2 100 ppm 400 �C 46 s 0.43 62

4 SnO2 CO2 5000 ppm 279 �C 180 s 48 63
5 La2O3 CO2 350 ppm 321 �C 105 s 65 2

6 Pd-La2O3 CO2 500 ppm 250 �C 50 s 28 64

7 Ni-SnO2 CO2 100 ppm 275 �C 04 s 73.29 Present work

This journal is © The Royal Society of Chemistry 2020 RSC Adv., 2020, 10, 3796–3804 | 3797
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level as there was a charge imbalance between tin and nickel

ions, which occurred via electron holes during the air-annealing

process, and this, in general, causes oxygen vacancies in

materials.20,27 Thus, the particle size decreased. Ni doping

caused a minor lattice distortion with the introduction of

microstrain as by virtue of their similar ionic radii, the Ni (125

pm) ions can easily occupy the Sn (118 pm) sites.23 Overall, Ni-

SnO2 NPs remained as a tetragonal rutile phase structure. In

addition to this, the decreased d-spacing aer Ni doping was

due to the slight difference in the ionic radii, suggesting the

deviation of the diffraction angles at the relatively lower side

and the incorporation of Ni in the SnO2 lattice. The particle

sizes are listed in Table 2.

Fig. 2a–c highlight the SEM images of the pristine SnO2 and

Ni-SnO2 surfaces at different Ni-doping levels. The surface of

pristine SnO2 is like brick stone; aer Ni doping, it changes to

a cauliower type. This indicated that the morphology of the Ni-

doped SnO2 NPs signicantly changed. Pristine nanoparticles

had no interesting morphology, but the dened shape of

a cauliower structure with a ne gap was observed due to the

addition of nickel, which enabled the target gas to simply

penetrate through the ne gap, yielding a high resistance

change in sensor analysis. Fig. 3a–f show the STEM images of

pristine SnO2 and Ni-SnO2 NPs, where the brick stone-like

surface of high-surface-energy pristine sample is observed.

The surface energy was reduced due to Ni doping and the

particles showed a few needles in addition to chain formation.

However, nickel acted as an energy barrier and this energy

barrier reduced the surface energy, leading to good crystalliza-

tion. The selected area electron diffraction patterns of the Ni-

SnO2 nanoparticles afford a continuous ring pattern without

additional diffraction spots, suggesting the nanocrystalline

feature of Ni-SnO2.

To verify the presence of chemical elements, XPS analysis

was carried out for pristine SnO2 and Ni-SnO2 NPs. The binding

energies of the O 1s peak of oxygen are centred at 528.94, 529.07

and 529.96 eV (Fig. 4). From the binding energies of O 1s, a shi

in the position of a small peak due to the doping of nickel ions

was conrmed.28,29 The increase in binding energy is associated

with OH in the oxygen-decient regions.30 Also, it causes O2�

adsorption on the surface of the sensor and increases oxygen

adsorption as a result of nickel doping, which would eventually

enhance the gas-sensing performance.30,31 In Fig. 4, the XPS

spectrum of tin shows similar peaks. The binding energies of Sn

in pristine SnO2 NPs were compared with the binding energies

of Ni-SnO2 NPs. From this comparison, the obtained binding

energies of Ni-SnO2 showed an extremely small shi due to

oxygen deciencies caused by nickel doping.32,33 The binding

energies of Ni 2p3/2 were 852.76 and 858.58 eV for a concentra-

tion of x¼ 0.2 and 853.03 and 858.81 eV for a concentration of x

¼ 0.4 with a small peak shi. These results suggest that nickel

ions can be doped into the tin lattice without structural

deviation.34,35

Fig. 5a–c display the FTIR transmittance spectra of Ni-SnO2

NPs containing different concentrations of nickel. The trans-

mittance spectra of NPs present changes in the position and

shape of the IR bands with respect to the concentration, sug-

gesting the incorporation of nickel in the SnO2 lattice. The IR

band at 450 cm�1 can be assigned to the O–Sn–O antisymmetric

stretching vibrations and that at 693 cm�1 can be assigned to

the symmetric stretching vibrations.36 The IR band at around

1380–1647 cm�1 is due to the C–O bonds.37 The O–H stretching

of water molecules contributed to bands at 2558–3465 cm�1.38

Fig. 1 XRD patterns of pristine SnO2 and Ni-SnO2 NPs.

Table 2 XRD and sensing parameters of pristine and nickel-doped tin oxide nanoparticles

Material Ni-SnO2 CO2 gas sensor Humidity sensor

Concentration

Particle size

(nm) Res. time (s) Rec. time (s)

Sensitivity

(Rg/Ra) Res. time (s) Rec. time (s) Sensitivity

SnO2 (x ¼ 0.0) 46.70 29 40 62.31 41 68 81.98

Ni-SnO2 (x ¼ 0.2) 32.17 21 24 71.53 49 71 78.11

Ni-SnO2 (x ¼ 0.4) 42.32 04 13 73.29 54 84 72.03
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Pristine SnO2 NPs contributed to IR bands and these were

compared to that of Ni-SnO2, where a shi in the IR band as

a result of the particle size and shape change was evidenced by

nickel substitution. Due to the variation in bond length on

nickel doping, the band shi extended the position of the IR

band towards a higher wavenumber. The intensities of the IR

bands increased due to the increase in the nickel doping level,

which decreased the particle size due to the high surface area

and the continuous adsorption of water molecules from the

atmosphere.39 In all the samples, the IR bands related to the

O–H bonds suggested the presence of active sites, fast adsorp-

tion and surface modication.

To understand the impact of nickel doping on the optical

properties of SnO2 at various concentrations, the UV-Vis

absorption and photoluminescence spectra were recorded

(Fig. 6a). Upon nickel doping, the absorption band of SnO2 was

deduced. In particular, due to photo-excitation, the absorption

band at 300 nm shied to 291 nm for Ni-SnO2.
40 Also, the

absorption spectra showed an ultra-violet cut-off around 275–

325 nm. With photo-excitation, the energy of the atoms was

lied to a certain level by the absorption of photons of

a particular wavelength. In this case, the energy of the atoms

decreased due to Ni doping as the excited electrons attained

transition from the valence band to the conduction band.

Fig. 2 (a) SEM images of pristine SnO2 and (b and c) Ni-SnO2 NPs.

Fig. 3 (a and b) STEM images of pristine SnO2 and (c–f) Ni-SnO2 NPs.

This journal is © The Royal Society of Chemistry 2020 RSC Adv., 2020, 10, 3796–3804 | 3799
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Usually, the absorption spectrum of wide-band materials

depends on oxygen deciencies, surface roughness and impu-

rities. In addition, the absorption decreased with the increase in

the nickel concentration. The optical energy band gap obtained

from the diffuse reectance spectra using the Kubelka–Munk

function F(R) is as follows:41

FðRÞ ¼
ð1� RÞ2

2R
(1)

Here, R describes the percentage of reectance. The optical

energy band gaps of the Ni-SnO2 sensors were determined by

[F(R) � hn]2 versus the incident photon energy and the extrap-

olated linear part of [F(R) � hn] 2 to 0. The band gap energies of

all the Ni-SnO2 sensors are shown in Fig. 6b. The band gap

energy of SnO2 increased on Ni doping from 3.99 to 4.22 eV,

which could be due to the particle size change.20 The charge

transition between nickel and tin and the modication of the

electronic structure could lead to an increase in the band gap

energy of SnO2.
30,42 Photoluminescence is a powerful tool to

explore the optical properties of NPs. Fig. 6c presents the pho-

toluminescence spectra of pristine SnO2 and Ni-SnO2 NPs. The

excitation wavelength of each spectrum was 300 nm. From

Fig. 6c, a strong emission at 345 nm and weak emissions at 447,

515 and 547 nm are noted. The strong emission at�345 nmwas

due to the recombination of the band-to-acceptor and donor–

acceptor pairs and a direct recombination of the conduction

electrons in the 4p band and holes in the oxygen 2p valence

band.43 The emission at 477 nm is weak due to the electron

energy transition from tin vacancies to interstitial sites, the so-

called surface defects. The weak emissions at 515 and 547 nm

belonged to green emissions originating from the oxygen

vacancies. Also, the emissions of all NPs were in the visible

region. The intensity of the photoluminescence spectra

increased due to the increase in the nickel concentration and it

was directly related to the oxygen vacancies.30 Furthermore, the

oxygen vacancies increased due to the increase in the intensity

of the spectra. In particular, the intensity of the

Fig. 4 (a and b) XPS spectra of pristine SnO2 and (c–h) Ni-SnO2 NPs.

Fig. 5 (a–c) FT-IR spectra of pristine and Ni-SnO2 NPs.
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photoluminescence spectra was high for nickel at a concentra-

tion of x ¼ 0.2, which was due to the charge transition between

the tin and nickel atoms.

Fig. 7a–c demonstrate the quick response of the SnO2 and Ni-

SnO2 sensors for CO2 gas from 0 to 200 ppm. To gain a rst

insight into the electrical behaviour of the pristine SnO2 and Ni-

SnO2 sensors, the resistance change of the sensor with respect

to various operating temperatures, i.e., 100–400 �C was

measured in dry air. An increase in resistance with respect to

the operating temperature was observed in all sensors, which

was adopted for stabilizing the resistance (Ra).
1,44 The decrease

in the sensor resistance (Rg) of the Ni-SnO2 sensor on exposure

to CO2 was evidenced. Both the resistance values, i.e., Ra and Rg

increased with the Ni-doping level. However, the sensitivity was

very resistive due to the decrease in conductivity. Also, the

resistance values of the sensor in air and gas decreased with the

increase in the operating temperature as the band gap of the

sensor increased with the increase in nickel concentration; this

suggested that electrons get sufficient thermal energy to excite

from the valence band to the conduction band, thus continu-

ously decreasing the resistance.45 The sensor conrmed rapid

detection of the gas with an ultra-fast response time (Fig. 7c).

The response times of the pristine SnO2 and Ni-SnO2 sensors

were 29, 21 and 04 s, whereas the recovery time values were 40,

24 and 13 s. Both the response time and recovery time

decreased with the increase in the Ni-doping level, which could

be the result of a faster reaction between CO2 and the chem-

isorbed oxygen molecules.46

Fig. 8a–c demonstrate the sensitivity of the pristine SnO2 and

Ni-SnO2 sensors obtained at various Ni-doping levels versus the

concentration of the CO2 gas, time and operating temperature.

The sensitivity of the pristine SnO2 and Ni-SnO2 sensors

increased with the increase in the CO2 gas concentration. Here,

oxygen vacancies play a leading role in sensitivity estimation as

they increase with the increase in gas concentration, which

increases the sensitivity.47,48 Fig. 8b demonstrates the sensitivity

curves with respect to time. From this gure, it can be seen that

the sensitivity of the Ni-SnO2 sensors increases with the nickel-

doping level, suggesting a moderate repeatability signature.13,49

The sensitivity of the pristine SnO2 and Ni-SnO2 sensors with

the operating temperature increased and then decreased

(Fig. 8c). Initially, the sensitivity increased up to 275 �C and then

decreased, which depended on the adsorption and desorption

of gas molecules on the sensor surface. In this case, the

Fig. 6 (a) Absorption, (b) band gap energy and (c) photoluminescence spectra of pristine SnO2 and Ni-SnO2 NPs.

Fig. 7 (a and b) Resistance of pristine SnO2 and Ni-SnO2 sensors in air and gas versus temperatures. (c) Dynamic response of pristine SnO2 and

Ni-SnO2 sensors.
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sensitivity might be controlled through adsorption from 100 to

275 �C, whereas desorption started from 275–400 �C. At

a particular temperature, adsorption and desorption were equal

and the equilibrium position was reached.2,50 In the present

case, the optimum sensing temperature of the pristine SnO2

and Ni-SnO2 sensors for CO2 gas was 275 �C. The sensitivity

varied from 62 to 73.29 and the maximum sensitivity with a 4 s

response time was obtained when x ¼ 0.4 for 100 ppm CO2 gas,

which was comparable with other values reported recently

(Table 1).

The fabricated pristine SnO2 and Ni-SnO2 sensors were

basically chemiresistive, where the sensor resistance was

controlled by the CO2 gas molecules and the chemisorbed

oxygen molecules. The free electrons from the sensor surface

were arrested using the adsorbed oxygen molecules and then

converted to oxygen anions, such as O2 or O�, as follows:51

O2(gas) 4 O2(ads) (2)

O2(ads) + e� 4 O2(ads)
� (3)

O2(ads)
� + e� 4 2O(ads)

� (4)

The adsorption of oxygen molecules was inuenced by the

operating temperature. Also, the oxygen vacancies played

a leading role at the chemisorption sites under the inuence of

oxygen. The concern oxygen molecules were adsorbed on the

sensor surface by a chemisorption process. During adsorption,

bonding occurred between the chemisorbed oxygen and the

surface of the sensor. Also, weak bonding was observed at a low

operating temperature with a low response. However, a strong

bond produced at higher operating temperatures allows

a higher response under the inuence of a gas.52 Carbonate ions

were formed during the exposure of the CO2 gas to the SnO2 and

Ni-SnO2 sensors, and the adsorbed gas molecules could act as

acceptors as per the following reaction:53

2CO2(gas) + 2O2(ads)
�
/ 2CO3(gas)

� + O2
� (5)

The resistance returned to its original value due to the

removal of carbon dioxide gas, whereas the oxygen molecules

(air) were adsorbed on the surface of the sensor again.54

Fig. 9a–c demonstrate the humidity sensing response of the

pristine SnO2 and Ni-SnO2 sensors measured at room temper-

ature (27 �C). The humidity measurement was implemented in

the range of 0–100% RH. The resistance of the sensor changed

in accordance with the humidity (Fig. 7a). Here, the resistance

to humidity increased with the Ni-doping level, suggesting that

the sensor response occurred in a good manner with respect to

humidity. Fig. 9b demonstrates the sensitivity of the sensor in

accordance with the humidity. From this gure, the sensitivity

of each sensor can be seen to have improved with the humidity.

Here, the sensitivity of the pristine SnO2 sensor was high

compared to that of the Ni-SnO2 sensor. Notably, the sensitivity

of the sensor to humidity decreased aer Ni doping with the

increase in the elemental concentration (Ni); this can be used to

support the use of thematerial as a gas sensor (CO2) because the

sensitivity to gas increases with the increase in the elemental

concentration (Ni). Also, their sensitivity followed a descending

order with Ni doping. Usually, humidity changes the sensitivity

of metal-oxide-based sensors. In this case, the carbon dioxide

gas molecules adsorbed on the surface of the sensor previously,

thus limiting the availability of the active sites for the adsorp-

tion of water molecules. As a consequence of the limited active

sites, the sensitivity was reduced since the active sites are used

for gas sensing.6,55 Although, the pristine SnO2 sensor surface

could hold water vapour for a long duration during the exposure

to humidity, which resulted in high sensitivity, the Ni-SnO2

sensor failed to hold water vapour for a long duration under

humidity, thus reducing the sensitivity.56 On further increasing

Ni doping, the surface of the sensor failed to hold water vapour

again, thus decreasing the overall sensitivity.56 Fig. 9c demon-

strates the response time and recovery time performance of the

pristine SnO2 and Ni-SnO2 sensors, where a fast response and

quite long recovery to humidity are noted. The response time

and recovery time of the pristine and Ni-SnO2 sensors were 41,

49, 54 and 68, 71, 84 s, respectively, due to Ni doping. The

response time for adsorption and the recovery time for

desorption were relatively longer.57 Moreover, in each case, the

Fig. 8 Sensitivity change of pristine SnO2 and Ni-SnO2 sensors with (a) gas concentration, (b) time and (c) temperature.
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response time was lower than the recovery time because of the

fact that the adsorption could be faster than the desorption of

adsorbed water molecules.58,59 The gure presents the repeat-

ability curves for all the sensors, which signify their good

sensing ability for humidity. The humidity sensing mechanism

was based on a Grotthuss chain reaction. Humidity sensing was

characterized by the change in resistance in accordance with

the humidity. Initially, a few water vapour molecules could

chemically adsorb on the surface of the sensor, yielding

hydroxyl groups on the sensor surface.60 The surface hydroxyl

groups underwent hydrogen bonding with the physisorption of

water molecules; the primary adsorbed layer was then localized

using hydrogen bonds to the hydroxyl group and hydronium

ions were produced due to the proton transfer from the hydroxyl

groups to the water molecules. More water molecules formed

a liquid network similar to a chain-type network.61 Also, the

hydrogen ions increased with the increase in the moisture

content. Thus, the hydrogen ions easily moved to the liquid

network, which produced a change in resistance in accordance

with the variation in humidity.

In summary, the fabricated sensor played a dual role in gas

and humidity sensing. In accordance with sensitivity, the sensor

was favourable for gas sensing as the sensitivity increased with

the increase in the Ni-doping level, whereas it decreased under

humidity tests.

4. Conclusion

Pristine SnO2 and Ni-SnO2 sensors were successfully prepared

using a simple microwave-assisted wet chemical method. This

method resulted in a tiny cauliower-type surface of the sensor.

XRD analysis conrmed a particle size of 32–42 nm and chain of

particles, as seen in the STEM measurement. XPS analysis

conrmed the purity of samples and oxygen deciencies. In the

sensing studies, the sensitivity was enhanced with respect to the

concentration and the optimum sensing temperature was

275 �C. The pristine SnO2 sensor showed a high response for

humidity, which decreased with the increase in the Ni-doping

level. The fabricated sensor worked for CO2 gas as well as

humidity. From the sensing results, the Ni-SnO2 sensors are

promising materials for effective CO2 sensing applications as

the Ni-SnO2 sensors exhibit high sensitivity with rapid

detection.
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