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Abstract

In the present work, effect of different volume percentages (vol %) of Ni doped TiO; thin films
on structural, microstructural, electrical, optical and humidity sensing properties were investigated. The
pristine TiO2 and Ni doped TiO: thin films were synthesized for different vo/% of Ni dopants such as 1
vol%, 2 vol% and 4 vol%. onto the glass substrate using spray pyrolysis technique. Structural properties
of synthesized sample showed polycrystalline anatase tetragonal phase with dominant (101) peak.
Electrical resistance of the samples also decreased with increase in dopant concentration. Temperature
coefficient of resistance and activation energy shows strong correlation with dopant concentration. The
optical band gap of the samples also decreased with rise in Ni dopant vo/% up to 2, but further rise in
concentration it increased for 4 vol%. The maximum humidity sensitivity of 89% was observed for the

sample with 2 vo/% of Ni doped TiO2 with low response time of 64 s.
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Introduction

Metal oxide nanomaterials are widely used due to significant properties like high mechanical stress, high
dielectric constants, tuneable structure, easily synthesized and abundant in nature [1]. Titanium dioxide
(TiO2) is one of the extensively studied compound from this group due to significant material properties
for the application in dye-sensitized solar cell [2], photocatalyst [3], microwave absorption [4], and
variety of sensors [5]. Due to the high hydrophilicity and chemical stability, TiO> were usually studied
as humidity sensor application [6]. TiO2 nanomaterials with different shapes and structures like nano-
rods [7], nanoparticles [8], nano-flowers [8], nano-wires [8], nanotubes [9], nanocubes [10], nanobelts
[11] etc., have been synthesized to increase the surface area of the material for improved detection of
water molecules.

In literature, various physicals and chemical methods have been introduced to synthesize the TiO>
nanostructures [ 12]. The various chemical methods have been used to deposit pristine TiO», metal doped
Ti0O2 and metal oxide composite TiO2 such as sol-gel, hydrothermal, SILAR, chemical bath deposition,
spray pyrolysis etc., Among this spray pyrolysis technique is largely studied due to its simplicity, easy
handling, multi-composite film deposition ability along with low-cost synthesis of thin films with a
larger surface area.

In the present paper, a modified spray pyrolysis technique has been used, as it offers a precise
control on various synthesis parameters like substrate temperature, air to fluid flow rate (AFR), substrate
to nozzle distance, atmosphere, precursor concentration, film thickness etc. [13]. Increase in the available
adsorption sites have improved the sensor response and thus various metal ions were doped into pristine
materials. Transition metal ions or their oxides are used as a dopant into pristine TiO> as their ionic radii
are comparable and have variable oxidation states. The transition metal ions can significantly alter the
properties such as crystalline structure, size and shape of nanomaterials, surface morphology, optical
band gap, surface to volume ratio etc. Earlier studies on doped TiOx reported that, the properties like
electrical (enhances charge carrier separation) [14], optical (reduction in band gap) [15], photochromic
(change in color with the incoming light) [16], surface (change in surface oxygen vacancies) [17],

structural (anatase to rutile phase transition) [18] are altered due to metal dopants. Dopants like Mn, Fe



and Ni have shown mixed phases in the compounds, whereas the transition metal dopants like Cu, Cd,
V, Cr, Zn, Co, etc. have reported to stimulate the phase transformation from anatase to rutile [14]. Nickel
(Ni) can alter the properties of TiO2 as the ionic radius of Ni (0.74 A) is very close to that of Ti*" (0.68
A), which makes the doping easy. Nickel doping can change the band gap energy of TiOz due to the
introduction of intermediate band gap state [19]. Ni doping in pristine TiO2 can also modify material
morphology [20], enhance photocatalysis [21] Ni doped TiO» offers more active sites due to the
formation of more oxygen vacancies on the surface of the material [22], UV light-induced hydrophilicity
[23] etc. Generally, the materials with high hydrophilicity were used for humidity sensing applications
[24].

In literature, metal doping in to pristine TiO> have reported to increase the humidity sensor
response. Li et al. [25] have reported the improvement of sensitivity with lower response time of 24 s
for cobalt (Co) doping of ordered mesoporous TiO2. Musa et al. [26] have reported rise in sensitivity
owing to the increased defect sites, namely oxygen vacancies related to the V doped TiO.. Pandey et a/
[27] reported lower response and recovery time of 84 s and 396 s, respectively, for ZnO-TiO;
nanocomposite. However, to the best of our knowledge, Ni doped TiO; has not yet been tested for the
humidity sensor application. In the present work, an attempt has been made to improve the humidity

sensor sensitivity with Ni doped into TiOz lattice.

Experimental

Ni doped TiO, samples were successfully synthesized onto glass substrates for different dopant vo/%
using modified spray pyrolysis technique. The precursor solutions used include the analytical grade
Titanium Tri-Chloride (TiClz; Sigma Aldrich) and Nickel(II) Chloride Hexahydrate (NiCl..6H»O;
Sigma Aldrich). The concentrations of both the precursor solutions were adjusted to 0.1 M in order to
control Ni vol%. These two precursor solutions were mixed vigorously at room temperature using
magnetic stirrer. With variation in volume percentage, the atomic weight percentage of Ni dopant can
be changed. Other spray process parameters such as deposition temperature (350 °C), distance between

spray gun to substrate (30 cm), solution flow rate (1 m/ per minute), carrier air flow rate (7.5 /pm) were



kept constant during the deposition. All the deposited films were then annealed at 500 °C for 2 hrs in an
air atmosphere.

The phase formation was confirmed by X-ray diffraction (XRD) pattern obtained using a BRUKER D8
ADVANCE diffractometer (Japan, Rigaku, D/Max 2500PC) with Cu-Ka (A=0.15418 nm). The
morphological and elemental analysis were carried out by using scanning electron microscopy (SEM)
with a JEOL-540LV microscope. The electrical and humidity sensing measurements were done by using
an in-situ set up designed for resistance measurement. Humidity sensing properties of the deposited
material were recorded by measuring the film resistances as a function of change in relative humidity.

Humidity meter (MEXTECH, model no. M288CTHW) was used to record relative change in humidity.

Results and Discussion

X Ray Diffractometry (XRD)

Figure 1 shows XRD spectra of the pristine and Ni doped TiO2 thin films annealed at 500 °C temperature
for 2 hrs with various Ni volume percentage (vol%). XRD pattern shows narrow peaks corresponding to
(101), (004), (200), (105), (211), (204) and (116) crystalline planes for the pristine TiOz2 film. These
peaks confirm the polycrystalline anatase TiO2 with tetragonal phase and lattice parameters as (a ~
3.7853 A, ¢ ~9.5138 A). Observed results are in good agreement with the standard JCPDS (# 21-1272)
data for pristine TiO; films. The XRD patterns for 1 vo/%, 2 vol% and 4 vol% Ni doped TiO»> thin film
samples shows that the intensity of prominent peak indexed to (101) plane decreases and peak
broadening increases as the concentration of Ni dopant increases. The crystallite size was found to be
decrease as increase in Ni dopant concentration. However, the intensity of the (004) peak increases with
reduction in peak broadening that results in increase in crystallite size for 4 vo/% doped TiO; sample.
No other peaks corresponding to Ti or other impurities like Ni, NiO, NiTi03, mixed anatase and rutile
phase as well as rutile phase of TiO; were found even at higher Ni concentrations (up to 4 vo/%), which
indicates successful doping of Ni. This is attributed the ionic radius (~69 pm) of Ni**[28] which is

comparable to that of Ti*' (~68 pm) and can also form octahedral coordination like Ti*" [29].



The distinguished structural parameters such as crystallite size, micro-strain and specific surface area
were calculated by using appropriate formulae as discussed in earlier report [30]. Crystallite sizes are
calculated from Scherrer’s formula and the values are tabulated in table 1 for pristine and Ni doped TiO>
samples. With increase in Ni dopant, it was observed that there was no distinguishable change in Bragg
positions, but the strength of diffraction peak was affected due to Ni dopant atoms. The intensity of the
diffraction peak decreases with increase in concentration of Ni dopant up to 2 vol% . This result indicate
that decrease the material crystallinity with Ni doping. Furthermore, the increase in Ni concentration
causes the enhancement in intensity of (004) diffraction peak. The inconsistent change in the crystallite
size is attributed to the lattice strains produced during growth of the films. Crystallite size increases at
higher concentration of Ni due to decrease in micro-strain [29, 31]. Micro-strain values for the pristine
and Ni doped TiO2 samples were calculated, which is increased with increase in Ni dopant concentration
and showed decrease for higher Ni concentration (4 vol%). The specific surface area of pristine and Ni
doped TiO; films were found to increase with increase in concentration of Ni, which indicates increase
in crystal lattice defects [32]. Increase in micro-strain can sizably reduce the crystallite size and enhance
surface area of the films. Increase in specific surface area can then improve the surface activity of the
Ni doped TiO: thin films. The surface-active sites can enhance the sensing properties of the material.
Scanning Electron Microscopy (SEM)

The SEM images of the pristine and Ni doped TiO2 samples presented in figure 2 show interconnected
weblike morphology with particles and micropores attached to the interconnected webs. The
agglomerated particles break to form a flower like morphology for Ni doped samples with 1 vo/% and 2
vol% which enhances the surface area of the deposited films. The increase in surface area improves the
surface adsorbed site as well as surface activity which is adventitious in sensing applications. With
further increase in Ni concentration, opening of the micropores gets blocked due to agglomeration of the
nanoparticles which reduces the surface area of material and thus film shows a dense structure. Open
and close endings of surface pores have special importance for the sensing and photocatalytic
applications. Surfaces with open end pores have advantage due to the enhancement in surface area which

can improve the sensing performance [33].



Energy dispersive spectroscopy (EDX)

Energy dispersive spectroscopy (EDX) technique was employed for elemental analysis of pristine and
Ni doped TiO> thin films. The EDX spectra for pristine and Ni doped TiO: thin films with various Ni
concentrations are presented in figure 3 and the elemental compositions are tabulated in table 2. EDX
spectra show the peaks corresponding to Ti (energy ~ 4.5 keV), O (energy ~ 0.525 keV), Ni (energy ~
7.471 keV) and Si (energy ~ 1.739 keV) without any other peaks, which suggests that the synthesized
samples consist of Ti, Ni, and O elements from Ni doped TiO; thin films. The peak corresponding to Si
in EDX spectrum is due to the use of silica substrate for the thin film deposition.

Optical Properties

The optical properties of pristine and Ni doped TiO; thin films were investigated using UV-Vis
spectrophotometer in the wavelength range 200 nm to 800 nm. The strong correlation between Ni dopant
vol% and optical absorption was observed, which shows reduction in absorption with rise in Ni dopant
vol%. The optical absorption edge was observed to sharp and shifted towards red end (higher wavelength
region) with 2 vol% and further increase in Ni concentration results in decrease in the wavelength. The
optical band gap of the film samples can be calculated from the Tauc plots of (absorbance)? Vs hv [34]
shown in figure 4. The schematic energy level diagram for pristine and Ni doped TiO> is depicted in
figure 4 (inset). In present study the small reduction in energy band gap with increasing Ni concentration
may be due to decreasing sp-d hybridization energy. Where s orbital is from Oxygen element and p
orbital is from Titanium element of TiO> and d orbital is from Nickle element.

Direct optical band gap of the pristine and Ni doped TiO: thin film samples were observed to decrease
with change in vol% Ni doping leads to the red shift. The observed values of the direct band gap of
pristine and Ni doped TiO> samples were reported in table 2, which may be related to Ni*" impurity band
present between conduction and valence band of TiO» [35]. Nishikawa et al. [36] have attributed the
reduction in band gap to the comparable ionic radii of Ni** and Ti*", therefore, Ni*>* form octahedral

coordination like Ti*".



Electrical Properties

The electrical properties of the synthesis samples were investigated with two probe method. The
electrical resistance film samples were measure using Keithley multimeter 2000. The electrical
properties like resistance, temperature coefficient of resistance and activation energy were investigated
by measuring resistance of the film samples as a function of temperature. It is observed that the resistance
of pristine and Ni doped TiO: films decreased with increase in the Ni dopant concentration, which
confirms semiconducting behaviour of the film samples. The electrical resistance for pristine and Ni
doped TiOz thin films is presented in table 3. The native donor concentrations get reduced due to heating
in air, which is responsible for reduction in resistance of the films. Thermal sensitivity of a material can
be represented in terms of temperature coefficient of resistance and activation energy. Temperature
coefficient of resistance of the samples under investigations was calculated from the log (Ra) Vs
temperature curves [37] as presented in figure 5.

Negative value of the TCR for Ni doped TiO2 shows negative temperature coefficient of resistance
(NTC). As, Ni dopant concentration is increased, TCR was observed to increase from -0.0014 C! to -
0.0005 C! as presented in table 3.

Arrhenius plots were used to determine activation energy of the synthesized samples, which indicates
that Ni dopant concentration enhance the activation energy of the samples as shown in figure 6.
Calculated activation energy was observed to increase from 0.34 eV to 0.66 eV for cooling cycle with
increase in Ni dopant level as tabulated in table 3. The rise in activation energy is due to existence of
activation of the working level of nickel doping into TiOs>.

Humidity Sensing Properties

The humidity sensing properties of Ni doped TiO; films were investigated by measuring change in
resistance of the film with corresponding change in relative humidity at room temperature. It is observed
that the resistance of the film sample decreases quickly when humidity changes in the lower range.
Figure 7 displays the variation of resistance of the film samples with change in percentage of relative

humidity (% RH).



The rate of change of resistance with relative humidity is observed to be maximum at lower relative
humidity and minimum at higher relative humidity, which confirms the nonlinear relationship. Decrease
in resistance of the film samples with relative humidity indicates enhancement in electrical conduction
when water molecules get adsorbed on the film surface. Increase in electrical conductance with relative
humidity is due to the chemisorbed hydroxyl ions on the surface of the sensor material which can either
donate electrons to conduction band or through proton (H" hopping between hydroxyl groups [38]. In
chemisorbed layer, the water vapour dissociates into hydroxyl group (OH") and hydrogen group (H") on
the surface of the film samples. Thus, the hydroxyl group gets attracted towards Ti** atom and H* group
towards oxygen species or pre-adsorbed oxygen species on the surface of the sample due to this the
barrier potential alters and which causes the reduction in resistance of the sample [39]. More oxygen
vacancies on the surface of the sample give a more active absorption site for the water vapours. With
doping of Ni**, the oxygen vacancies on the surface of the sample increased. Therefore, the increase in
Ni doping led to enhancement in water vapour absorption on the surface causing the formation of H3O"
ions, which increase the conductivity of Ni doped TiO: sample; similar results were reported for Fe
doped SnO; [40]. Furthermore, increase in relative humidity leads to physisorbed water molecules on
hydroxyl layer. Significance of the physisorbed layer lies in the cation charge developments from sensor
material or the impurities present in materials and the water molecules present on the surface of the
sensor material [41]. First physisorbed layer is formed between hydroxyl layer and water molecules
adsorbed on it, bounded by hydrogen double bonds. With further increase in relative humidity, second
physisorbed layer is formed between the first physisorbed water molecules and the water molecules on
its surface. In first and second physisorbed layers, the transfer of proton (H' ions) from one water
molecule to another take place. Thus, the conduction takes place due to proton hopping between water
molecules; which is called as Grotthuss conduction mechanism [42].

Sensitivity of a sensor is defined as the ratio of difference in resistance between dry and humid conditions
to the resistance at dry condition [43].

S = RH'RD

23 (1)L — (1)
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Sensitivity of a sensor is expressed in terms of the percentage of sensitivity. Sensitivity of pristine and
Ni doped TiO2 samples were determined by measuring resistance in dry air and in humid condition. In
the present case, sensitivity of the film samples was observed to increase with increase in relative
humidity. At higher relative humidity, sensitivity of the pristine and Ni doped TiO> samples was found
to change slowly or were nearly constant, as shown in figure 8. 2 vo/% Ni doped TiO2 sample shows
higher sensitivity of about 89% than that of the other samples. Sensitivity was decreased for higher Ni
concentrations (4 vol/% Ni), which was 80.5%. Increase in sensitivity was observed with Ni dopant
concentration from 0 vo/% to 2 vol% and then it showed a declination. Hysteresis curves of pristine and
Ni doped TiOz thin films are presented in figure 8. Data on hysteresis for the synthesized samples was
obtained by measuring sensitivity of the samples during humidification and dehumidification process.
The hysteresis loss can be expressed in terms of percentage of hysteresis which can be calculated using

the relation [43].

. R =R,
% of Hysteresis =[ dehumid __—humid } X 100%  cocomeeeeeee )

Where, Rdehumid is resistance at mean value of percent relative humidity (PRH) of the sample during
dehumidification, Rhumid is resistance at mean value of PRH of the sample during humidification, Rmax is
the resistance at maximum PRH and Rumin is the resistance at minimum PRH.

Percentage of hysteresis loss is a key parameter for selection of the humidity sensor, which is related to
the stability, reliability and selectivity. If the percentage of the hysteresis is smaller than 5 % then the
sensor has good selectivity. In present case, the percentage of hysteresis loss was found to increase with
the Ni dopant concentration. Maximum percentage of hysteresis loss as 6.37% was reported for sample
4 vol% of Ni, as presented in table 4. Hysteresis loss for the pristine sample is less; which indicates that
the pristine sample must have excellent stability, reliability and good selectivity among all other samples.
However, the hysteresis losses for the other samples were also very low i.e., below 5% except 4 vol%
Ni doped Ti0O; sample, so they must have good stability, reliability and selectivity.

Response time of a sensor is the time required to achieve 90% of the total resistance change for

humidification/adsorption process. The recovery time is time required to achieve 90% of the total



resistance change for dehumidification/desorption process. Figure 9 shows variations of change in
resistance with corresponding change in time which presents response and recovery time for the pristine
and Ni doped TiO, samples.

The response time was found to change with change in Ni dopant concentrations. The minimum response
time of 64.5 s was obtained for the 2 vo/% of Ni doped TiO; sample. The response time was found to be
increase further increase in Ni doping concentration. The recovery times for all the samples were very
small; around 3 s to 4.5 s as shown in table 4. Literature shows reports on Co [44], N [45] and KCl [46]
doped TiO; samples to have good sensitivity represented in terms of Rair/Rhumid and a maximum
sensitivity of order of 10*. In the present case, resistance of the 2 vol% Ni doped TiO, sample changes
from 9 GQ to 1.2 MQ which gives a sensitivity of about 7.8 x 10°. The recovery time for the above cited
compositions is higher than the present case. The Ni doped TiO; films exhibit smaller response and
recovery time of 64.5 s and 3 s respectively.

Morphology of the sensing material plays an important role, which is responsible for the amount of water
vapours adsorbed and desorbed on its surface [47]. Presence of pores and their distribution over the
surface of the sample considerably affects the sample sensitivity and is ascribed to the change in surface
area. During the humidification process, water vapours on the surface of the sensing sample shows strong
correlation with size of the pores and their distribution. The open or closed pore surface has its own
contribution in humidity sensitivity. Open pores have the advantage of capillary conduction mechanism,
which can enhance sensitivity of the material [48]. Closed pores reduce the surface area which then
reduces adsorption of water vapours and reduce the sensitivity of the sensing sample. Formation of
chemisorbed and physisorbed layers can also get affected by pore size and their distribution on the
surface of the sensing samples [49]. Thus, getting optimum size micro-pores is a notable success for
better humidity sensing performance. The humidity sensing mechanism at room temperature is of ionic
type [37]. In the present study, it was observed that sensitivity of the Ni doped TiO; samples increases
with increase in Ni dopant level, which can be attributed to the increase in charge carriers due to doping.
The sample synthesized at 2 vo/% of Ni showed more micro pores along with splitting of grains which

can also improve porosity of the material and exhibit higher sensitivity. The surface acceptor sites also



increase due to the increase in charge carrier with increase in Ni doping. Thus, the sensitivity increases
with Ni dopants concentration. The highest sensitivity of 89 % was recorded for 2 vol% Ni doped TiO2
sample. Further, increase in Ni dopants to 4 vo/%, could elevate the charge concentration as well as
surface acceptor sites, facilitating enhancement in sensitivity. It can be seen from the morphology
micrographs that, at this dopant concentration (4 vo/%), the film sample is dense and have some cracks
which may can be responsible for reduction in sensitivity of the sample. The complete results on
humidity sensitivity and response time of the samples vary with the Ni vol/% and are presented in figure
10. This result clearly indicate that the optimized Ni dopant vol/% for better humidity sensing
performance is 2 vol%. With increase in micro-strain and specific surface area, the sensitivity of the
synthesis Ni doped TiO: samples increases. Also, with increase in amount of Ni, the structural
parameters such as micro-stress, dislocation densities, specific surface area are enhanced, which can be

used to tailor the sensitivity accordingly.

Conclusions

Pristine and Ni doped TiO> thin films were successfully synthesized by spray pyrolysis technique on
glass substrate with Ni dopant concentrations as 1, 2 and 4 vo/%. Effects of the level of Ni dopant on
structural, optical, electrical and humidity sensing properties of TiO» were successfully studied using
appropriate techniques. XRD profile shows a small shift and reduction in intensity of the characteristic
(101) peak with doping. It also confirms that the crystallite size decreases from 31 nm to 23 nm with
increase in Ni doping percentage. From optical study, it is observed that the energy band gap decreases
from 3.44 eV (pristine TiO2) to 3.15 eV with Ni doping in TiO>. The electrical resistance was observed
to decline from 382 to 201 GQ with rise in dopant concentration. Temperature coefficient of resistance
and activation energy was also found to increase with the increase in doping level. Humidity sensing
properties of the samples were also affected by the Ni dopant percentage and it was found that the
sensitivity increases with the dopant concentration and was found to be maximum of 89 % for sample

with 2 vol% of Ni doping in TiO,. The minimum response time was observed to be 64.5 s for this sample.
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Table Captions:

Table 1: Structural parameters like crystallite size, microstrain and specific surface area for pristine and

Ni doped TiO; thin films.

Table 2: Elemental data from EDX spectrum and direct optical band gap for pristine and Ni doped

Ti0; thin films.
Table 3: Electrical resistance, TCR and activation energy for pristine and Ni doped TiO> thin films.

Table 4: Sensitivity, response, recovery time and hysteresis loss for pristine and Ni doped TiO> thin

films.



Table 1

Specific surface

Ni Crystallite size Micro-strain
Sample vol% (nm) area
0 (x 1 0-3) (mz /g)
Pristine TiO2 0 31 1.76 49
1% Ni :TiO2 1 24 248 65
2% Ni : TiO2 2 23 26 66
4% Ni : TiO2 4 27 2.3 56
Table 2
. Oxygen at% Titanium at% Niat%  Band gap
[)
Sample Ni vol% (%) (%) (%) (V)
Pristine TiO2 0 81.08 18.92 -- 3.44 [34]
1% Ni :TiO> 1 84.14 15.16 0.70 3.25
2% Ni : TiO2 2 85.00 13.86 1.14 3.15
4% Ni :TiO2 4 86.25 12.18 1.57 3.23
Table 3
Ni Resistance Temp. coefficient of Activation energy
Sample vol % (GQ) resistance (TCR) (Ea)
’ (x107) (/°C) (eV)
Pristine TiO» 0 382 -1.4 0.34
1% Ni : TiO2 1 342 -1.5 0.36
2% Ni : TiO2 2 250 -1.72 0.44
4% Ni : TiO2 4 201 -1.78 0.66
Table 4
Sensitivity at  Response Recovery % of
Sample Ni Vol% 90% RH Time time Hysteresis
(Y0) (s) (s) (%)
Pristine TiO» 0 83.7 77.5 3.5 1.19
1% Ni : TiO2 1 85.5 70 3 1.61
2% Ni : TiO2 2 89.0 64 3 4.18
4% Ni : TiO2 4 80.5 120.5 4.5 6.37




Figure Captions:

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figure 6:

Figure 7:

Figure 8:

Figure 9:

XRD patterns for pristine and Ni doped TiO; thin films annealed at 500 °C.
SEM image for (P) pristine TiO2, 1% Ni :TiO2, 2% Ni :TiO2 and 4% Ni : TiO2 thin films.

EDX spectrum of (P) pristine TiO2, (NT1) 1 vol% Ni-TiO2, (NT2) 2 vo/% Ni-TiO; and (NT4)

4 vol% Ni-TiO> thin films.

Variation of square of absorbance with photon energy for the calculations of optical band gap
for the samples pristine and Ni doped TiO:. Inset shows the schematic of energy level diagram

of pristine and Ni doped TiO2 samples.
Variation of log(Ra) with temperature to calculated TCR for Ni doped TiO> thin film.

Variation of log(Ra) with 1000/T to calculate activation energy for pristine and Ni doped TiO»

thin films.
Variation of resistance with relative humidity for Ni doped TiOz> thin films.
Hysteresis loops for pristine and Ni doped TiO; thin films.

Variation of resistance with time to calculate response and recovery time for Ni doped TiO>

thin films.

Figure 10: Variation in sensitivity and response time with different Ni vo/% for Ni doped TiO, thin

films.
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Figure 2
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Figure 3
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Figure 5
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Figure 6
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Figure 7
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Figure 8
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Figure 9

- Pristine TiO2
1.0x19 ™ —— 1% Ni :TiO,
—— 2% Ni :TiO,
__8.0x10° —— 4% Ni:TiO,
c
S 6.0x10°
c
8
82 6
8 4.0x10
14
2.0x10°
00 g 1 1 2 1 s 1 o 1 3 1 . 1

0 50 100 150 200 250 300 350 400
Time (s)



Figure 10
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