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ABSTRACT 
Monoclinic cobalt (Co) doped tungsten trioxide (WO3) nanoparticles were prepared by facile precipitation process, and 
are successfully used as prominent sensing material for room temperature ammonia (NH3) gas detection. XRD, SEM, 
XPS and PL studies were employed to analyze the structural, morphological, surface chemistry and optical properties of 
the prepared samples, respectively. The gas sensing measurements disclose that, the sensor fabricated based on Co doped 
WO3 nanoparticles exhibit superior selectivity and sensitivity towards NH3 gas (S=1692 for 200 ppm, room 
temperature) with quick response and recovery times of 53 s and 109 s, respectively.  
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1. INTRODUCTION  
As a result of modern industrialization, various pollutants 
are exposed and degrade the quality of air. To address 
this issue, many investigations on nanotechnology have 
been carried out to monitor such lethal exposures. It is 
worth mentioning that, WO3 is one of the most 
attractive nanomaterials owing to their vast technological 
applications in various fields such as gas sensing [1], 
elctrochromism [2], optoelectronics [3], photoelectro-
chemical water splitting [4] and photocatalysis [5]. NH3 is 
one such major air pollutant and its higher concentration 
level in the environment causes deleterious health effects 
such as irritation of eyes and throat, and even damages 
the lungs [6, 7]. Moreover, detection of NH3 at its trace 
level is of great interest for industries because it affects 
the health and performance of workers and causes 
corrosion of instruments [8, 9]. Therefore, an efficient 
and robust detection approach of ammonia exposure in 
real time and in situ is desirable.                
In our previous work [10], we have prepared pure WO3 

nanoparticles via one-step precipitation technique with 
optimal thermal treatment (823 K) and reported their 
NH3 sensing properties at room temperature. However, 
the contribution of pure WO3 towards NH3 sensing is 
limited to some degree. Therefore, various potential 
approaches like doping were employed to improve the 

gas sensing behaviour of WO3 nanostructures. It is well 
accepted that, appropriate metal ions doping into WO3 
nanostructure is one of the favourable approaches to 
enhance the gas sensing properties of WO3. For instance, 
Yu et al. [11] have prepared CuO doped WO3 nanocubes 
for H2S detection. Chaudhari et al. [12] have reported the 
hydrogen sensing properties of TiO2:WO3 nanocrys-
tallites. Bai et al. [13] investigated the NO2 sensing 
characteristics of WO3-SnO2 nanocomposites and 
obtained the maximum sensitivity of 186 to 200 ppm of 
NO2 at 200˚C. WO3/graphene nanostructures were used 
as NO2 sensor, which exhibit higher sensitivity than that 
of undoped WO3 sample [14].                       
These nano-sensors greatly contribute in many real time 
applications like smart fertilizers, food inspection, 
nanoelectro mechanical systems, environmental moni-
toring and automotive emission monitoring [15-17]. In 
this context, we prepare Co doped WO3 nanoparticles 
and investigate their NH3 sensing behavior at room 
temperature. The P-type transition metal Co is assumed 
to be the suitable dopant for WO3 owing to its relatively 
similar ionic radius (0.72 Å for Co2+)  to W ions (0.62 Å 
for W6+) [18]. Invitingly, Co doped WO3 samples 
exhibited a high selective behaviour towards NH3 gas and 
explored a prompt response, which is twelve times 
greater than that of pure one.  
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2. EXPERIMENTAL 
2.1. Material and Methods 
Sodium tungstate dihydrate (Na2WO4•2H2O), calcium 
chloride dihydrate (CaCl2•2H2O) and cobalt chloride 
hexahydrate (CoCl2•6H2O) were procured from Sigma-
Aldrich and used as received. De-ionized water (DI, 
Millipore, USA) was used as solvent in experimental 
solutions and Conc. nitric acid (HNO3, Emplura, India) 
acted as precipitation medium. The precipitation 
procedure was carried out to prepare pure and Co doped 
WO3 nanoparticles as demonstrated in our previous 
study [10]. 
 
2.2. Synthesis of pure WO3 nanoparticles 
In a typical synthesis, 1.2 mM of Na2WO4•2H2O and 2 
mM of CaCl2•2H2O were obtained using 100 ml of de-
ionized water and are considered as precursor. These 
solutions were mixed well (~900 rpm) using a magnetic 
stirrer for ¾ h. Thereafter a white precipitate (CaWO4) 
was obtained and washed several times with ethanol, 
acetone and distilled water. Then the precipitate was 
heated using a hot air oven at 60˚C for 16 h, 
subsequently the substance was soaked in 50 ml of conc. 
HNO3 for 48 h. After the completion of soaking process, 
the substance was filtered and cleansed many times with 
ethanol, acetone and distilled water. At last, the 
substance was placed in muffle furnace and thermally 
treated at 823 K for 2 h resulting in pure WO3 
nanoparticles. 

 
2.3. Preparation of Co doped WO3 nanoparticles 
For the synthesis of Co doped WO3 nanoparticles, 0.01 
M of 100 ml CoCl2•6H2O aqueous solution was added in 
to the 0.99 M of 100 ml precipitation precursor 
(CaWO4) solution. These solutions were transferred in 
to a beaker and stirred vigorously for 45 minutes. 
Thereafter, the settled substance was filtered, washed, 
dried and soaked in conc. HNO3 as described earlier in 
section 2.2. Then the precipitate was calcined at 823 K 
to acquire Co doped WO3 nanoparticles. The same 
procedure was adopted to synthesis 3 mol% and 5 mol% 
of Co doped WO3 samples. The WO3 nanoparticles 
prepared using 0 mol.%, 1 mol.%, 3 mol.%, and 5 
mol.% of Co addition were denoted as WC0, WC1, 
WC3 and WC5 respectively. The concentration of Co 
dopant was determined using molarity relation as given 
in Eq. (1). 
Weight= (Molarity x Molarity weight x Volume)/ 1000                                                                                          

…..1 

2.4. Characterization techniques 
The XRD patterns obtained from Panalytical Xpert-pro 
Diffractometer was used to analyze the crystal structure 
of the prepared samples. The SEM (ZEISS-SEM) and 
TEM (TEM-Hitachi H-9500) images unfold the infor-
mation about the surface morphology of the synthesized 
samples. To disclose the elemental composition of the 
synthesized nanoparticles, EDAX (Bruker) analysis was 
employed. FTIR (Perkin-Elmer Spectrum Two, USA) 
and XPS (Thermo Fisher Scientific Inc., K Alpha, USA) 
spectra were employed to determine the vibrational 
modes and surface chemistry of the samples. The 
presence of defect states in the samples were identified 
through PL (Varian Cary Eclipse, USA) investigations. 
Brunauer-Emmett-Teller (BET) analysis was employed to 
estimate the surface area of the samples (Nova 3200, 
Quantachrome Instrument Corporation, USA). The 
samples were outgassed at 150˚C for 3 h prior to the 
BET analysis. 
 
2.5. Sensor design and testing 
A customized gas sensing arrangement was used to 
evaluate the sensing characteristics of the synthesized 
samples as explained in our previous work [10]. For 
designing a sensing element the samples were mixed with 
certain amount of isopropyl alcohol (IPA), then 
dropcasted on a glass plate (1.5 cm x 1 cm). The glass 
substrate is connected to a power source which provides 
a D.C. potential of 10 V through a pair of copper 
electrodes. All the room temperature gas sensing 
properties of the samples have been measured using an 
evaporation chamber of 1 L with a computer controlled 
high resistance Keithley electrometer (6517B, USA). The 
sensing response towards different target gases was 
calculated using the relation given in Eq. (2).    

a

g

R
S=

R
 (Ra >> Rg)                                              …..2 

Where Ra and Rg are the sensor resistances in air and 
target gas, respectively. 
 
3. RESULTS AND DISCUSSION 
3.1. Surface morphology, crystal structure and 

elemental analysis 
Fig. 1 (a-d) depicts the SEM images of the prepared 
nanoparticles. Tightly packed cluster like morphology has 
been observed for WC0 sample. The post calcination 
(823 K) treatment of tungstite compound can eliminate 
the internal H2O molecules and W=O permits for the 
layers to join through the oxygen atoms to stack together 
resulting in closely assembled nanostructures [19]. 
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Randomly aggregated with spherical nanogranular 
morphology of Co doped WO3 samples was obtained and 
the grains were distributed homogeneously throughout 
the surface. Co doping led to crystal defects in the host 
lattice which may suppress the grain growth of 
nanoparticles. TEM images of WC0 and WC3 samples 
were displayed in fig. 2 (a, b); as we can see all the 
samples were composed of nearly spherical nanometer 
size aggregates with a good dispersibility. It is also 
observed from TEM studies that the particle size was 
reduced with the increase of Co dopant concentration. 

The polycrystalline nature of the WC0 and WC3 samples 
is confirmed by SAED diffraction patterns as shown in 
inset of fig. 2 (a, b). XRD patterns of the synthesized 
samples were displayed in Fig. 3. Three major diffraction 
peaks (002), (020) and (200) were obtained in all 
samples, and the preferential growth was observed along 
(002) plane. Moreover, all the observed peaks were 
matched well with the JCPDS card #043-1035, which 
confirms the monoclinic crystal structure of the prepared 
nanoparticles. 

 

 
 

Fig. 1: SEM images of (a) pure and (b-d) Co doped WO3 nanoparticles 
 

 
 

Fig. 2: TEM images of (a) WC0 (b) WC3 and (inset) SAED diffraction patterns 
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Invitingly, no additional peaks related to Co or any 
impurities were found suggesting that the successful 
incorporation of Co ions in to the host lattice. The mean 
crystallite size of the samples can be determined using 
Debye-Scherrer formula as given in Eq. (3).       
Mean crystallite size (D) = Kλ / βcosθ  --- (3)       
Where K = Scherrer constant, λ = wavelength (1.5406 
Å), β = full width at half–maximum and θ = Bragg 
angle. After introducing Co dopants the intensity of 
XRD peaks were diminished further and the mean 
crystallite size was observed to be decrease from 36.02 
to 33.63 nm as displayed in table 1. This decreasing 
trend may be due to the introduction of Co dopants, 
which may cause lattice distortion and more strain in the 
host material. 
EDAX spectra were employed to examine the elemental 
composition of the synthesized nanoparticles as depicted 
in Fig. 4. It is observed from fig. 4 (a) the WC0 sample 
contains W and O elements only, which indicates the  

formation of WO3 without any contaminants. 
Moreover, the pattern discloses that the prepared WO3 

sample has a composition of W-12.37 at-% and O-
87.63 at-%. Fig. 4 (b) shows the EDAX spectrum of 
WC3 nanoparticles, which confirms the incorporation 
of Co atom with the host (WO3) sample. 
It also indicates that, the WN3 sample mainly consists of 
W, O, and Co elements with a composition of 10.81 at 
-%, 86.62 at-% and 2.57 at-% respectively. These 
results found evidence for the formation of Co doped 
WO3 nanoparticles. 
 
Table 1: Results obtained from XRD studies 

Sample 2θ 
(002) 

FWHM 
(deg.) 

Crystallite 
size (nm) 

WC0 23.0231 0.22498 36.02 
WC1 23.1730 0.22665 35.76 
WC3 23.2731 0.23687 34.23 
WC5 23.3731 0.24114 33.63 

 

 
 

Fig. 3: XRD patterns of the prepared samples 
 

 
 

Fig. 4: EDAX spectra of (a) WC0 and (b) WC3 samples 
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3.2. FTIR studies 
FTIR spectra of pure and Co doped WO3 samples were 
displayed in fig. 5. The broad bands found at 550 to 
1050 cm-1 is associated with the O-W-O stretching 
vibrational mode [20]. The bending modes of O-H 
groups were located at 1385 cm-1 and 1619 cm-1 [21]. 
Another broad band cited at 3300-3600 cm-1 is linked 
with the stretching modes of O-H groups [20, 21]. 
These vibrational peaks were slightly shifted to higher 
wave number as a consequence of Co doping. It is also 
observed that, there is no additional peak related to Co 
or any other impurities have been found. Therefore, it is 
evident from FTIR spectra that the Co ions were 
successfully doped in to the WO3 crystal structure. 
 
3.3. XPS studies 
To study the surface elements and their corresponding 
ionic states, XPS analysis was employed as shown in Fig. 
6. The XPS survey scan spectra of pure and Co doped 
WO3 samples exhibit that all the significant peaks could 
be attributed to W and O elements as depicted in Fig. 6 
(a). In addition, an impurity related peak is observed in 
WC3 sample, which could be assigned to Co 2p 
(encircled). Fig. 6 (b) shows the XPS core level W4f 
spectra indicating the appearance of two characteristic 
peaks related to W4f7/2 and W4f5/2, which demonstrates 
that the W elements are exist in the sample with W6+ 
valence state [22]. Moreover, the W4f peaks of WC3 
sample were slightly shifted towards lower binding 
energy, which may be due to the effect of Co addition. 
The core level XPS spectrum of Co 2p for WC3 sample 
showing two peaks related to Co 2p1/2 and Co 2p3/2 as 

shown in fig. 6 (c). This result explored that Co ions 
with ionic state of +2 were effectively doped with WO3 

host material [20]. Fig. 6 (d) exhibits the O1s spectra of 
WC0 and WC3 nanoparticles. The O1s spectra have 
been deconvoluted in to three peaks such as lattice 
oxygen species (OL), oxygen vacancies (OV) and 
chemisorbed oxygen species (OC). These peaks were 
slightly displaced to lower binding energy suggesting the 
defective nature of the prepared nanoparticles [23]. 
 
3.4. PL spectra investigations 
PL spectra of pure and Co doped WO3 samples were 
shown in fig. 7. The peak observed at 412 nm is usually 
assigned to the recombination of free excitons and is 
identified as near band edge emission (NBE). The peak 
cited at 445 nm belongs to the rapid electron hole pair 
separation [24]. The blue emission peak is found at 490 
nm and is designated to oxygen vacancies associated 
with interstitial defects in the band gap for its electron 
transition [24]. The particle size and morphology play 
crucial role in the variation of PL intensities of the 
synthesized samples. 
When introducing Co dopants, the NBE and the defects 
related peaks were decreased significantly. This lower 
PL intensity of Co doped nanoparticles may imply the 
lower recombination rate of photo generated electrons 
and holes. This phenomenon may be due to higher 
defect densities under visible light irradiation. These 
defects can significantly improve the gas sensing 
properties of the synthesized nanoparticles. Similar 
observations have been reported in the existing 
literature [25]. 

 

 
 

Fig. 5: FTIR spectra of pure and Co doped WO3 samples 
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Fig. 6: (a) Survey scan spectra of WC0 and WC3 nanoparticles (b) W4f spectra (c) Co 2p core level XPS 
spectra (d) O 1s spectra of WC0 and WC3 samples. 
 

 
 

Fig. 7: Room temperature PL spectra of pure and Co doped WO3 samples 
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3.5. Gas sensing characteristics 
Selectivity of the synthesized nanoparticles was 
examined in the presence of 200 ppm of different gases 
such as ammonia, acetone, acetaldehyde, ethanol, 
formaldehyde, n-butanol, toluene and xylene at room 
temperature as shown in fig. 8. It is observed that all the 
samples exhibited high selective nature towards NH3 gas 
and are little sensitive to other gases. This selective NH3 
response behaviour might be due to the following 
factors, (i) the lowest kinetic diameter, smaller bond 
dissociation enthalpy and ionization energy would make 
the NH3 gas favorable for enhanced surface interactions 
[26], (ii) the lone pair of electrons obtained from the 
dissociation of H-N bond in NH3 could have facilitated 
the gas-solid interaction [27, 28]. It is also inferred from 
selectivity studies that, the gas sensing response of WO3 
was further improved with Co doping and the 
maximum sensitivity was observed at WC3 sample 
(S=1692 for 200 ppm of NH3) which is 12 times greater 
than that of WC0 (S=139 for 200 ppm of NH3). Hence, 
the WC3 sample is chosen for further gas sensing 
investigations. 
Fig. 9 (a) depicts the transient resistance response of the 
WC3 sensor towards 5-200 ppm of NH3 gas at room 
temperature. Interestingly, the WC3 sensor exhibited 
superior sensitivity to NH3 gas and its response values 
are 14 and 39, respectively on the exposure of 5 and 10 
ppm NH3, indicating the remarkable sensing behaviour 
of the sensor even at lower concentrations. The 
increasing trend of WC3 sensor towards various ppm 

level of ammonia, acetaldehyde and formaldehyde gases 
were displayed in fig. 9 (b). Moreover, the sensor 
shows a notable response to acetaldehyde (S=54, 200 
ppm) and formaldehyde (S=30, 200 ppm) gases at room 
temperature. In order to explore the linear response 
trend, the WC3 sensor was investigated in the range 5-
1100 ppm of NH3 as shown fig. 10 (a). The sensor 
showed an excellent linear response up to 1000 ppm 
and reached the saturation point at 1100 ppm. This may 
be due to the coverage of active sites by NH3 molecules. 
In addition, the lower detection limit of the sensor was 
found to be 1.5 ppm of NH3. The response and 
recovery times of WC3 sensor for a single cycle of 200 
ppm NH3 were estimated to be 53 s and 109 s 
respectively, as displayed in fig. 10 (b). 
Three successive measures on resistance changes were 
conducted to disclose the repeatable behaviour of WC3 
sensor in the presence of 200 ppm NH3 as shown in Fig. 
10 (c). It can be observed that, the sensor showed a 
good repeatability for three consecutive evaluation 
cycles. The long-term stability is a significant parameter 
of gas sensors, which determines the accuracy of 
detection. Therefore, the long-term stability of WC3 
sensor to 200 ppm NH3 was measured for fifty days in 
the interval of ten days as depicted in fig. 10 (d). 
Invitingly, the WC3 sensor exhibited a remarkable 
sensitivity to NH3 gas even after 50 days, and the 
sensing response values are just changing around 1659, 
indicating the excellent stable behaviour of the sensor to 
detect NH3 gas at room temperature. 

 

 
 

Fig. 8: Selectivity studies of WC0, WC1, WC3 and WC5 samples towards 200 ppm of different gases 
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Fig. 9: (a) Transient resistance response trend of WC3 sample towards 5–200 ppm of NH3 gas   (b) 
Increasing trend of WC3 sample against NH3, (inset) acetaldehyde and formaldehyde gases 
 

 
 
Fig. 10: (a) Linear response trend of WC3 nanoparticles against 5-1100 ppm of NH3 gas (b) Response and 
recovery times of WC3 sample towards 200ppm of NH3 (c) Repeatable behaviour (3 cycles) and (d) 
Stability of WC3 sample towards 200ppm of NH3 gas 
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3.5.1. Sensing mechanism 
As is known to all, the gas sensing mechanism of n-type 
semiconducting metal oxide based sensors depend on 
temperature and surface functionality such as reaction 
between chemisorbed oxygen and target gas. In the 
absence of NH3 environment, n-type WO3 nanoparticles 
were reacted with atmospheric oxygen species (O2, 
below 100˚C) and chemisorbed in the form of 

2
O

-  on 

the surface by capturing the electrons from the 
conduction band (CB) of WO3, which in-turn increased 
the width of the depletion region (Eq. (4)). The greater 
this space charge region, the larger will be obstruction 
on the movement of electrons resulting in higher 
resistance (Ra) of the nanoparticles [27, 28]. Under a 
reducing gas environment like NH3, the target gas 
interacted with the surface chemisorbed 

2
O

-

 
species 

resulting in the release of captured electrons onto the 
surface and are transferred back to the CB of WO3. This 
led to decrease the width of depletion region and also 
reduced the resistance of the WO3 thereby attaining the 
steady state resistance (Rg) of the material [27, 28]. The 
NH3 gas sensing mechanism of WO3 material is given in 
Eq. (5) [10]:     
           

 

               

Compared to bare WO3, the improved sensing 
behaviour of Co doped WO3 nanoparticles was probably 
due to several factors, which involves but is not limited 
to the following; (i) It is well known fact that, the P-
type nature of Co2+ ions can provide specific adsorption  

sites in the WO3 host matrix. Also, the optimal addition 
of Co dopant (3 mol.%) improves the surface catalytic 
effects like adsorption of more oxygen ions by the 
sensing surface, which consecutively increases the 
negatively charged oxygen ions that are utilized by 
ammonia for further oxidation. Therefore, the potential 
barrier of the sample may be lowered and in-turn 
prompt sensing reaction is ensured. (ii) The Co2+ metal 
ions were permitted to displace towards the O2 vacancy 
from the coordinate center and this may develop crystal 
defects in the host lattice (as explained in sections 3.3 
and 3.4). Due to large strain energies, these defects are 
designated as active sites for adsorption of NH3 and O2. 
(iii) The Co doped WO3 nanoparticles might have 
enhanced the inner grain interactions with target gas and 
thus the width of the space charge region has been 
changed (decrease) significantly.                                                        
Fig. 11 depicts the specific surface area measurements of 
WC0 and WC3 samples using N2 adsorption-desorption 
isotherms. It is observed that there is no significant 
difference in BET surface area between two sensors. It 
could be inferred that BET surface area was not a crucial 
factor leading to different sensing responses between 
WC0 and WC3 sensors. This result confirms that the 
addition of Co dopants had an obvious effect on 
improving the gas sensing properties of the WO3 
sensor. However, the sensing response of WC5 sample 
was decreased abruptly, which may be attributed to 
reduction in the number of active sites in the sample. 
This increasing-maximum-decreasing trend may be 
associated with the excess content of Co dopants which 
inhibits the sensing properties of the sensor [29]. 

 

 
 

Fig. 11: N2 adsorption / desorption isotherms of (a) WC0 and (b) WC3 samples 



 

                                                                 Parasuraman et al., J Adv Sci Res, 2021; 12 (2): 331-341                                                             340                     

Journal of Advanced Scientific Research, 2021; 12 (2): May-2021 

4. CONCLUSION 
In summary, pure and Co doped WO3 nanoparticles 
were successfully synthesized by simple precipitation 
route. Characterization studies revealed the polycrys-
talline monoclinic phase of the prepared samples and the 
average crystallite size was decreased slightly upon Co 
addition. The Co doping plays a crucial role in 
improving the gas sensing properties of the WO3 
material and the optimal performance was achieved at 3 
mol. % of Co addition (WC3). The gas sensing investi-
gations corroborate that, the WC3 sensor exhibits 
remarkable sensitivity (S=1692 for 200 ppm NH3, 

room temperature) with faster response and recovery 
times of 53 s and 109 s respectively. Higher catalytic 
activity and large number of active sites played an 
important role in improving the sensing properties. 
Also, the WC3 sensor shows excellent figure of merits 
such as larger active detection range, good repeatability 
and long-term stability to NH3 gas. Thus the reported 
sensor could be a promising candidate for monitoring 
NH3 gas at room temperature. To highlight this study, 
NH3 sensing performance of WC3 sensor in the present 
work is compared with those available reports [30-34]. 

 
Table 2: Comparison of NH3 sensing performances of various gas sensors 

Synthesis 
Technique 

Dopant 
Material 

Sensing 
Response 

Concentration 
(ppm) 

Response 
time (s) 

Recovery 
time (s) 

Operating      
Temperature (K) Ref. 

Spray pyrolysis Cd (2 at.%) 5b 100 30 53 473 [30] 
Spray pyrolysis Cu (20 wt.%) 3.4a 50 30 14 303 [31] 

Calcination 
(powder) Ga (10 at.%) 2b 18 - - 723 [32] 

Spray pyrolysis Na (1 M) 1.7a 500 - - 673 [33] 
Hydrolysis Ag (3 mol.%) 25.1a 10 150 600 303 [34] 

Precipitation Co (3 mol.%) 1692a 200 53 109 303 This work 
a a g

g a

a b
100

R (R -R )
S= S

R R
= ×   ,
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