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TiO2 nanoparticles (NPs) synthesized by using bio-

inspired green method have shown selective low 

temperature gas sensing properties for Cl2 gas. The TiO2 

NPs are characterized for their structures, morphologies, 

and optical studies by various means: X-ray diffraction, 

field emission scanning electron microscopy and UV-

visible spectroscopy respectively. The average 

crystallite-size and band-gap of TiO2 NPs are found to 

be respectively 7.2 nm and 3.3 eV. The TiO2 NPs 

demonstrate good sensitivity towards chlorine (Cl2) gas 

where TiO2 NPs reveals Cl2 gas response of 57 % at 250 

°C operating temperature with response time of 97 s for 

100 ppm concentration. The Cl2 gas sensing properties 

are investigated for lower range 5 ppm to higher range 

400 ppm. In further studies responses of TiO2 as function 

of operating temperature and gas concentration are 

explored in addition to repeatability and stability 

measurements.     
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INTRODUCTION 

 

Over the decades, semiconducting wide band-gap 

metal oxides are being potential materials in various 

areas of applications such as biomedical, water 

purification, solar cells, chemical and biological 

sensors and so on [1-6]. The semiconducting metal 

oxides, such as ZnO [7], SnO2 [8], WO3 [9], NiO [10], 

TiO2 [11] etc., have gained attention among the solid-

state sensors due to their low-costs, eco-friendly 

nature, availability in different dimensions, 

compatibility, and low-power consumption methods. 

The major challenges in gas sensors include fast 

response, low working temperature and good 

selectivity etc. The rapid response of sensor gives 

early warning or message in order to monitor the 

environmental gas presence. The metal oxide-based 

gas sensors working at higher working temperature 

cause for ignition of fire related accidents and also 

consume more energy. They reveal sensing 

characteristic for multiple gases. Hence, it is necessary 

to fabricate sensors having high selectivity towards 

particular gas. The chlorine (Cl2) is one of the 

poisonous gases that can cause health problems upon 

its inhalation. Moreover, also it is highly irritating, 

extremely reactive, destructive to living tissues and 

potentially lethal. Thereby, developing low-

temperature Cl2 gas sensors with good selectivity and 

fast response time is on priority. Till date, titanium 

dioxide (TiO2) has not been much explored for gas 

sensors as there are a few reports available on TiO2-

based gas sensors even though it is non-toxic, 

abundantly available, cheap with excellent electrical 

and optical properties [12]. It is basically an n-type 

semiconducting wide-band gap material of promising 

applications not only in gas detection [13], solar cells, 

self-cleaning glasses, water purification, but also in 

food product industries as it shows potential 

biological activities like anti-fungal. This is because of 

the existence of three phases viz. rutile, anatase and 

brookite with different chemical, electrical, structural 

and optical properties. Further, the gas sensing 

properties can be improved in terms of fast response, 

low-operating temperature and good selectivity by 

decorating noble metal NPs on metal oxide sensor 

surface [14-22].  Several methods have been 

established for TiO2 synthesis such as chemical bath 

deposition [12], sol-gel [23], hydrothermal [24] and so 

on. Researchers also are attracting to develop 

biological methods [25-27], which are basically eco-

friendly and have several advantages over chemical 

methods low synthesis temperature, cost-effective and 

free from chemical reactions that eventually produce 

hazardous waste as by-products.  

 

Present work is novel in terms of both i.e. synthesis of 

TiO2 NPs and Cl2 gas sensor application. Efforts have 

been made to study the selectivity and gas sensing 

properties of TiO2 NPs. For this purpose, in the 

present work, bio-synthesized TiO2 NPs were 

envisaged for gas sensing application. The TiO2 NPs 

were characterized by using standard material 

characterization tools. The gas sensing properties of 

TiO2 NPs were investigated for various gases where 

Cl2 has revealed an optimum performance thereby, 

the Cl2 sensing properties were performed as function 

of operating temperature and gas concentration with 

error limit. The transient responses for both sensors 

were also studied for knowing respective response 

and recovery time values. The repeatability and 

stability tests of both sensor materials were recorded 

and reported.   

 

 

METHODOLOGY 

 

The biosynthesis method used for the synthesis TiO2 

nanoparticles (NPs) was adopted from our previous 

report Ekar et al. [27]. In a typical biosynthesis 

process, the extract of Ganoderma mushroom was 

prepared by boiling Ganoderma mushroom fine 

powder in 100 ml double distilled water at 85 °C for 15 

min. The extract was filtered and stored as a stock 

solution at 4 °C. The 0.15 M titanium (Ti) precursor 

solution in ethyl alcohol was prepared by using 

titanium tetraisopropoxide. The 5 ml of extract was 

drop-wise added into 50 ml of 0.5 M Ti-precursor 

solution. The as-prepared precipitate was dried and 

annealed at 450 °C for 2 h to obtain TiO2 powder. The 

glass pieces of 2 cm x 6 cm dimensions were used as 

substrates for preparation of sensor film of as-

annealed TiO2 powder by using doctor-blade method. 

The glass substrates were cleaned by using soap 

solution followed by ultrasonication in deionized 

water and ethanol. For making sensor film on pre-

cleaned glass substrate, 0.1 gm/ml concentration of 
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TiO2 powder in deionized water was used in the 

presence of polyvinyl alcohol binder. The resultant as-

prepared film was air-annealed at 200 °C for 2 h in 

order to remove binder. The TiO2 NPs film was 

employed for materials characterizations and gas 

sensing properties measurements by various means. 

The materials characterization of films was done by 

using X-ray diffraction, field emission scanning 

electron microscopy and UV-Visible spectroscopy. To 

study the gas sensing characteristics, two silver 

contacts at 10 mm apart from each other were given 

on the top surface of TiO2 NPs sensor film by using 

commercial silver paste. 

 

The sensor film was mounted onto a heating plate in a 

sealed chamber and measured stabilized resistances 

(Ra) in the air and (Rg) in the presence of target gas. 

The gas response was obtained by using the relation 

(1). 

                                   (1) 

 

The gas sensing properties of TiO2 NPs films were 

obtained by using a computer interfaced home-built 

static gas sensing system. 

 

 

RESULTS AND DISCUSSION 

 

The X-ray diffraction (XRD) pattern of pure TiO2 NPs 

film is shown in figure -1. The presence of diffraction 

peaks in XRD pattern confirm the pyramidal crystal 

structure with anatase phase (JCPDS card no. 21-1272) 

[5, 24, 27] in resultant film. The occurrence of sharp 
 

 

Figure 1. The X-ray diffraction (XRD) pattern of pure 

TiO2 NPs film 

 

Figure2. Field emission scanning electron 

micrographs (FESEM ) of TiO2 NPs films at two 

different magnifications. 

 

diffraction peaks indicates good crystallization and 

involvement of no impurity peaks. It reported that the 

gas sensing properties of sensors based on metal 

oxides are influenced by structural parameters such as 

crystallite-size, texture coefficient (TC), dislocation 

densities [28 - 31] etc. The average value of crystallite 

size obtained from all diffraction peaks by using 

Scherer’s relation is found to be of 7.2 nm. The 

maximum TC value of 1.22 is associated with (101) 

plane, which indicates the preferred growth direction 

of as-prepared TiO2. 

 

The field emission scanning electron micrographs 

(FESEM) of TiO2 NPs films at two different 

magnifications were carried out and are shown in 

figure - 2 (a-b). The nanoparticles (NPs)-like 

morphology of TiO2 is confirmed from FESEM 

images. The energy dispersive spectrum (EDS) of TiO2 

NPs film surface showed the presence of peaks 

corresponding to only Ti and O. This confirms the 

purity of result films. The optical properties of TiO2 

NPs film was investigated by using UV-Visible 

spectroscopy. The UV-visible spectrum of TiO2 NPs 

film is shown in figure -3. The UV absorbance peak 

was observed in ultra-violet region. The optical band 

gap value of TiO2 NPs film was estimated from Tauc 

plot. The Tauc’s relation of photon energy (hv) with 

absorption coefficient (α) is given as [3] in relation (2).                                                  

 (2)                                       

where, Eg = band gap energy,  = absorption 

coefficient, O = constant.  

The value of ‘n’ depends on the type of transition. The 

‘n’ has values 1/2. The Tauc plot is shown as a inset of 

figure - 3. The optical energy band gap energy of TiO2 

NPs film is calculated to be 3.3 eV. 
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Figure 3. UV-visible spectrum of TiO2 NPs film (inset: 

Tauc plot- variation of (h)2 versus photon energy, 

h (eV)) 

 

The TiO2 NPs films were investigated for gas sensing 

properties. Generally, metal oxide gas sensors work at 

higher operating temperatures i.e. ≥ 150 °C. The 

adsorption/desorption of target gas molecules get 

affected due to increasing operating temperature. 

Optimization of operating temperature of present 

sensor is essential.  

 
Figure 4. The variation of sensor response at different 

operating temperatures for TiO2 NPs film at 100 ppm 

of Cl2 target gas (Top) and sensor response for TiO2 

NPs film at 100 ppm for different test gases. 

The sensors were studied for Cl2 (keeping 100 ppm) at 

various operating temperatures (figure – 4 top). It was 

observed that the TiO2 NPs film reveals highest Cl2 

response of 57 % at 250 °C operating temperature.  

Involvement of oxygen vacancies, which act as 

defects, is responsible for an n-type semiconducting 

behaviour of TiO2. Hence, electrons are the majority 

charge carriers in conduction band. The basis for 

sensor working is the change of its resistance on the 

exposure of the target gas. The resistance of TiO2 NPs 

sensor film is increased after Cl2 gas exposure. A 

typical Cl2 gas sensing mechanism has been explained 

for ‘n’ type metal oxide semiconductor gas sensor by 

Navale et al. [32].  

 

These sensors are further employed to check their 

responses for various gases besides Cl2 such as NH3, 

H2S, CO2, NO2. The figure – 4 (bottom) gives the 

sensor response for TiO2 NPs film at 100 ppm for 

different test gases: NH3, H2S, CO2, NO2 and Cl2. It is 

observed that present sensors have good selectivity 

towards Cl2 gas. The transient Cl2 gas responses for 

TiO2 NPs film sensors are also studied. As the Cl2 gas 

injected in testing system, the target gas molecules 

diffuse through air and gets adsorbed onto the sensor 

surface for catalytic sensing reaction with time. As the 

time progresses, this sensor shows response in 

increasing order till saturation or equilibrium level for 

given concentration of target gas is achieved. At 

saturation level, sensor shows constant response. After 

gas testing system opened to an external atmosphere, 

the target gas molecules start desorbing and 

corresponding sensor response also decreases. The 

time taken by sensor to reach 90% of change in 

response or resistance value for given concentration of 

target gas is nothing but the response time. Similarly, 

recovery time can be also recorded. The response time 

value for TiO2 NPs film sensor is recorded to be 97 s. 

The recovery time value for TiO2 NPs film sensor is 

found to be 56 s.  

 

The repeatability and transient gas response studies 

for TiO2 NPs films are also studied. The good 

repeataiblities are observed for TiO2 NPs film sensor 

at 100 ppm concentration of Cl2 target gas.  

 

The Cl2 concentration effect on the gas response and 

stability for TiO2 NPs film sensor was performed. The 
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figure – 5 (top) gives the variation of TiO2 NPs film 

sensor response at different concentration (ppm) of Cl2 

target gas. The Cl2 gas concentration was varied from 

5 to 400 ppm for both the sensors. It is observed that 

both the sensors show lower gas response for less 

concentration of Cl2 gas. As concentration of Cl2 

increases the corresponding responses are also 

increased.  

 

Figure 5. Variation of TiO2 NPs film sensor response 

at different concentration (ppm) of Cl2 target gas (top) 

and variation of TiO2 NPs film sensor response at 100 

ppm of Cl2 target gas at different time intervals 

(bottom) 

 

The response to maximum Cl2 gas concentration is 

restricted by available area of sensor surface. As 

sensor surface area is limited, the sensor gets saturated 

meaning shows constant response for higher gas 

concentration.The stability of sensors was confirmed 

after periodic time interval. The figure – 5 (bottom) 

gives the variation TiO2 NPs film sensor response for 

100 ppm concentration of Cl2 target gas at different 

time interval. It is observed that sensor shows good 

stability. All gas sensing studies were performed 

several times with good repeatability and stability 

with standard. 

 

 

CONCLUSION 

 

In summary, bio-synthesized TiO2 NPs film sensors 

are characterized for their structures and 

morphologies and investigated for gas sensing 

properties. The sensors show good selectivity towards 

Cl2 gas sensing. The TiO2 sensor shows highest Cl2 gas 

response of 57 % for 100 ppm at 250 °C operating 

temperature. The response and recovery times for 

TiO2 NPs film sensor are found to be 97 s and 56 s 

respectively. The lower Cl2 detection is observed at 5 

ppm concentration whereas, for higher concentration 

at 400 ppm. The present sensors highlight good 

repeatability and stability for Cl2 sensing. Bio-

synthesis of TiO2 is economical method and is an easy 

way for developing commercial gas sensors.  
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