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A simple process of gas sensing is represented here using Ce doped tin oxide nanomaterial based thin �lm sensor. A novel 	ow
metric gas chamber has been designed and utilized for gas sensing. Doping plays a vital role in enhancing the sensing properties
of nanomaterials. Ce doped tin oxide was prepared by hydrothermal method and the same has been used to fabricate a thin �lm
for sensing. �e microstructure and morphology of the prepared materials were analysed by SEM, XRD, and FTIR analysis. �e
SEM images clearly show that doping can clamp down the growth of the large crystallites and can lead to large agglomeration
spheres. �in �lm gas sensors were formed from undoped pure SnO2 and Ce doped SnO2. �e sensors were exposed to ammonia
and ethanol gases. �e responses of the sensors to di
erent concentrations (50–500 ppm) of ammonia and ethanol at di
erent
operating temperatures (225∘C–500∘C) were studied. Results show that a good sensitivity towards ammonia was obtained with Ce
doped SnO2 thin �lm sensor at an optimal operating temperature of 325∘C. �e Ce doped sensor also showed good selectivity
towards ammonia when compared with ethanol. Pure SnO2 showed good sensitivity with ethanol when compared with Ce doped
SnO2 thin �lm sensor. Response time of the sensor and its stability were also studied.

1. Introduction

Metal oxide semiconductor based thin and thick �lms have
been widely used in gas sensors. Such materials possess good
chemisorption based anity towards a wide range of gases
like NH3, CH4, and H2S and Volatile Organic Compounds
(VOC) with a detection ability up to a few ppm levels [1–5].
Among them, SnO2 in particular has been studied extensively
to monitor gas leakage in diverse real time applications. �e
basic sensing principle behind metal oxide based thin or
thick �lm is that there will be a change in the electrical
resistance due to gas reacting with negatively charged oxygen
that is adsorbed on the surface of the SnO2 nanoparticles
[2–6]. Mostly metal oxide gas sensors are rugged in nature
and easy to use and the performance of these metal oxide
sensing mechanisms is highly dependent on the operating
temperature [7–13]. �ey also pose poor sensitivity and

selectivity when being used in a multigas environment. In
order to overcome the same, doped metal oxide thin �lms
are being used very recently. �e dopant is chosen such as to
either improve conductivity of the �lm, increase sensitivity
or selectivity towards the sensing gas, or bring about better
stability of the sensing layer over prolonged usage or at
higher temperatures. Doping on the other hand enhances the
sensing properties by changing the grain size and structure
through the introduction of surface defects and impurity
level. In SnO2 due to availability of the 4f shells it has received
much attention. It is used to detect various VOCs and has
shown good responses.

Various synthesis methods such as sol-gel [14–18], RF
sputtering [19], electrospinning [20–23], spray pyrolysis [24,
25], vacuum evaporation [26], and hydrothermal method
have been employed [27]. Among them, hydrothermal tech-
nique has been extensively used for the synthesis of SnO2.
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Hydrothermal technique is a single-step process which uses
low temperature and pressure to produce high purity product
and homogeneity. Tin oxide in particular is an N-type
semiconductor and it has been chosen due to its chemical,
physical, and optical properties like wide energy gap, dielec-
tric constant, and its ease of synthesis [28].

In this paper, pure and Ce doped SnO2 nanoparticles
have been used as a sensing material for ammonia and a
comparison has been made with its undoped form. �e
sample with pure and Ce doped SnO2 was also studied for
its ethanol sensing ability. Ammonia {NH3} is a colourless gas
characterized by irritating or pungent smell. Exposure to high
concentration of ammonia is a threat to human health and
50 ppm is the lowest limit of ammonia that can be sensed by
perception of smell [29]. Even below this lower limit, it causes
irritation to human eyes, to skins, and even to the respiratory
system. Ammonia is widely used in automotive industry,
medical �eld, and chemical industry, so it is necessary to
develop a sensor to monitor the concentration of ammonia.

In this report, SnO2 powder with 2% Ce doped was
prepared by hydrothermal method and the same has been
coated as a thin �lm by spin-coating technique. It was spun
at 5500 RPM for a very short duration to get a uniform thin
�lm of the sensing material on the ITO plates. In this paper
we report the comparison between the undoped and doped
SnO2, thereby proving that Ce doped one has more sensi-
tivity to ammonia [30–32]. Morphology and microstructure
were studied by X-ray di
raction, FTIR, scanning electron
microscopy, and EDX. �e responses of the nanoparticles
of undoped and doped were tested for ammonia vapours
and ethanol gas at di
erent temperatures and with di
erent
concentrations. Optimum operating temperatures of both Ce
doped and undoped SnO2 were determined.

Gas sensing characteristics are determined by the mate-
rial surface nature of the sensing layer to the sensed gas.
Morphology of the metal oxide in terms of its size, shape,
crystal faces, and dopants added to it plays a dominant
role in determining the sensitivity and selectivity of the
material towards the sensing gas [33–36]. Metal oxide based
nanocomposites have recently been explored towards gas
sensing and have been proven to have enhanced gas sensing
abilities even at room temperature [37, 38].

Ammonia being a most useful industrial gas is used in
various processes and manufacturing industries. It has also
evolved as a harmful byproduct in various chemical oriented
industries. An overview on need for ammonia sensing and
various ammonia sensing mechanisms has already been
reviewed [39]. Pure SnO2 [40] and doped SnO2 [33, 41] based
gas sensors have been reported to sense ammonia gas with
good eciency. Newer mechanisms to synthesize gas sensing
nanomaterials such as surfactant assisted facial hydrothermal
process have been reported which could be used to sense
ammonia even at low temperatures [42].

Many other metal oxides like indium oxide have been
studied for their gas sensing abilities towards sensing ammo-
nia and ethanol [9, 36, 43]. �e sensors provided less
sensitivity than SnO2. Other materials like polyaniline [44]
and high-order aluminium nanoporous structures [45] have

been explored towards sensing ammonia and even humid-
ity. Several gas sensors were also developed to selectively
sense ammonia in the exhaust gas [46, 47]. Various zeolites
and metal oxide frameworks also have been studied and
applied for gas sensing applications such as automotive gas
analysis [47, 48]. �is technique helps in synthesizing a
particular crystalline structure of metal oxide nanomaterials.
Some sensors were tried by sensing ammonia based on
in-plane impedance metric technique using semiconductor
enhanced CNTs [49]. Apart from gas sensing metal oxides
based nanocomposites have been e
ectively used for various
applications like enhanced visible light-driven photocatalyst
and supercapacitor electrodes [50]. An interesting work on
sensing NO2 using physisorption on tin disul�de based 2D
nanostructures has been reported [51]. �is technique has
showcased excellent selectivity towards NO2 at lower operat-
ing temperatures when exposed even at lower concentrations.

2. Materials and Methods

2.1. Chemicals. Tin(IV) chloride pentahydrate (SnCl4⋅5H2O)
(98% pure), cerium nitrate Ce(NO3)3⋅6H2O, ammonia, and
ethanol solution were procured from Sigma Aldrich. All
chemicals were of analytical grade and are used without any
further puri�cation.

2.2. Synthesis of Ce Doped SnO2 Nanoparticles. Hydrother-
mal technique was employed for the synthesis of Ce doped
SnO2 nanoparticles. Tin(IV) chloride pentahydrate was used
as the precursor. 7.5mM of SnCl4⋅5H2O was dissolved in
75mL of ethanol and stirred vigorously. �e solution was
added with 2.15mM of cerium nitrate and stirred further
for 30 minutes. �e quantity of cerium salt added to the
precursor is the determinant factor which decides the wt% of
Ce doped in SnO2. �e wt% of cerium can be easily changed
with this quantity. In this process the 2.15mM of cerium
nitrate corresponds to 2wt% of Ce in SnO2. A�er stirring
for a duration of 15 minutes the solution was transferred
to Te	on lined stainless steel autoclave. �e solution in the
autoclave was heated to a temperature of 180∘C in a hot air
oven and maintained at the same temperature for twenty
hours. A�er heating is complete, the autoclave was air-cooled
till it reached the room temperature. �e derived solution
was centrifuged, washed, and decanted with distilled water
three times. Finally the solution was washed with ethanol.
�e sample was kept for drying at 80∘C in hot air oven for
eight hours to remove ethanol residues from the sample and
to provide thermal stability to the material.

2.3. Gas Sensing Chamber Speci�cations and Sensing Method-
ology. Gas sensing was carried out in air tight temperature
controlled chamber (Scheme 1). �e gas sensing chamber
was designed to be operated based on 	ow metric principle.
�e gas chamber was novel and unique when compared to
traditionally used volumetric gas sensing chambers. Volu-
metric gas sensing chambers typically require huge sample
gas volumes ranging up to few litres of sample gas in many
cases. Moreover they work on gravimetric principle. �e
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Scheme 1: A schematic of the designed gas sensing chamber.

gas sensor is placed at the bottom of the chamber and
the exposed gas needs to reach the sensor to react and
provide a response. �e heat spread in the chamber also is
not uniform creating a highly thermodynamic environment
in the chamber. �e heat rise and fall gradients would
require large response time intervals, resulting in larger
sample analyses time duration. All these demerits can be
eliminated using the proposed chamber. �e chamber was
designed using COMSOLMultiphysics, a FEM based design,
simulation, and analysis so�ware. �e chamber design was
optimized for various parameters such as characteristic 	ow
length inside the chamber, optimal placement of the substrate
holder, substrate holder dimensions, heater performance, and
conductive heat transfer from the heater to the surface of the
thin �lm through the substrate holder and substrate.�e 	ow
characteristics inside the chamber were carefully studied in
optimizing the above-mentioned parameters.

�e �nalised design was manufactured by outsourcing
from a professional gas chambermanufacturer.�emanufac-
tured gas sensing chamber was tested for the 	ow character-
istics, heat transfer, and temperature stability requirements.
�e practical results were within satisfactory tolerance limits
as compared with the so�ware based analysis. �e chamber
was made of stainless steel and was in cylindrical in shape
provided with O rings and good vacuum sealing arrange-
ments.�e chamber was designed with highly ecient heater
alongwith thermocouple based closed loop feedback given to
an electronic circuit with PID controller for the temperature
control. �e heater consisted of a nichrome heating element
encased inside a steel protective sheath. �e steel encasing is
of bene�t in providing very good heat transfer abilities along
with good structural stability. �e heater was designed with
the substrate holder to support thin �lm as well as cylindrical
coated substrates. �e substrate holder was designed to be
part of the heater, thus ensuring good heat transfer from
heater to the substrate coated with reactive thin �lm. A ther-
mocouple placed in contact with the substrate holder gives
a closed loop feedback to the temperature control circuitry,
thus enabling dynamic and optimized control of substrate
temperature. A J type thermocouple (Iron-Constantan) is
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Figure 1: XRD of the Ce doped SnO2 thin �lm with signature Ce
peaks.

used in the experiment as it can be used in reducing atmo-
sphere. A constant relationship is maintained with the help of
the PID controller, hence controlling the current allowed to
	ow through the heater thereby controlling the temperature
of the heater. �e electrical contacts are established onto the
thin �lm bymeans of thin silver wire bonded to the �lm using
silver conductive paste.

�e thin �lms were made by spin coating the synthesized
material on ITO �lms with na�on being used as binder. �e
coated �lms were placed onto the substrate holder and heated
to the desired temperature. Gas was allowed to 	ow into the
chamber through the inlet port of the chamber.�e substrate
holder was optimally placed to achieve laminar 	ow over the
gas sensor. �e gas sensing occurs due to the chemisorption
occurring between the analyte gas and the surface atoms
of the sensing material. �is results in the change in the
resistance of the thin �lm sensor which is measured using a
highly accurate Agilent multimeter.�e exhaust gas is vented
out of the chamber through the exhaust port of the chamber.

3. Results and Discussion

3.1. Structural Properties and Morphological Analysis. �e
XRD pattern of the Ce doped SnO2 is shown in Figure 1. �e
XRD pattern of the undoped SnO2 showed distinctive peaks
at 26.67∘, 33.95∘, 37.95∘, 38.97∘, 51.75∘, 54.76∘, and 65.96∘,
which correspond to (110), (101), (200), (111), (211), (220),
(002), and (321) planes of the SnO2. �is data is in well
agreement with the JCPDS data (JCPDS File number 41-
1445). �e crystalline structure of the synthesized material
was tetragonal rutile based on the JCPDS reference data. Ce
doped XRD patterns look very similar to the pure SnO2 with
crystalline structure of SnO2. Signature peaks of Ce (∗) are
present at 31.82∘, 46.28∘, and 75.34∘ which matches JCPDS
data (JCPDS File number 001-0745) and CeO2 is present at
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Figure 2: Undoped SnO2 nanoparticles (a) and (b). Ce doped SnO2 nanoparticles (c) and (d).

76.81∘ which matches JCPDS data (JCPDS File number 001-
0800). Upon calcination at 180∘C for 2 hours, these peaks are
suppressed.

�e cassiterite phase can be found with clear proof of the
dopant. Even though, it is well known that with Ce4+ atoms

being slightly larger in size when compared to Sn4+, there is
a higher possibility for substitution of Sn ions with Ce ions
without disrupting the cassiterite phase structure. It is also
possible that separated phase of Ce can exist on the surface
lattice of SnO2 nanoparticles which might lead to forming
distinctive peaks at Ce characteristic wavelengths.�e size of
the particles was calculated using Scherer’s formula from the
XRD data [33]:

� = 0.89�(� cos �) , (1)

where � represents the particle size, � is the Bragg angle, �
is the full width at half maxima, and � is the wavelength of
the X-ray used (1.541876 Å). �e size of the undoped SnO2
nanoparticles was calculated to be of 24 nm of size. �e size
of the Ce doped SnO2 nanoparticles was calculated to be of
28 nm of size.

�e SEM images for both undoped and Ce doped SnO2
are shown in Figure 2. �e undoped SnO2 nanoparticles
are cone shaped with an average diameter of 51 nm. �e

nanoparticles were found to be with larger distribution of
particles. Introduction of Ce dopant resulted in larger sphere
shaped structures with a repetitive arrangement. �e Ce
doped SnO2 nanoparticles have an average diameter of size
of 61 nm. Further increasing the dopant, the nanoparticles
resulted in the formation of larger spheres because, with the
addition of cerium ions, the crystallite size decreases, thereby
resulting in agglomeration of particles.

�eEDXanalysiswas performed alongwith SEM for both
undoped and Ce doped SnO2 nanoparticles. �e EDX spec-
trumof undoped SnO2 sample shown in Figure 3 revealed the
dominant presence of Sn andO.�e EDX spectrum of the Ce
doped SnO2 sample shown in Figure 4 depicts the presence
Ce in smaller percentage when compared with Sn and O.
�e analysis revealed that the chemical composition of the
synthesized particles with weight percentage of the cerium
is around 2.29% compared to that of Sn and O in case of
Ce doped SnO2. �is con�rms that 2 wt% of Ce was doped
onto the SnO2 nanomaterial as per the synthesis procedure
illustrated earlier. �e EDX spectrum also con�rms the
chemical composition for both undoped and Ce doped SnO2
nanoparticles. It is clearly evident that Sn being a dominant
element has a higher wt% ratio when compared to O or
Ce. Certain distinctive peaks can be observed for Ce which
illustrates the Ce presence at lower levels in the Ce doped
SnO2 nanocomposite.
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Figure 3: EDX analysis of undoped SnO2.
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Figure 4: EDX analysis of Ce doped SnO2.

3.2. FTIR Analysis. FTIR analysis was performed on the
synthesized nanomaterial to identify the chemical elements
present in the sample. Ce doped SnO2 nanoparticles were
characterized by FTIR spectroscopy at room temperature in

the range of 450 to 4000 cm−1. Various well-de�ned peaks
of Ce dopant were observed from Figure 5 at 511, 800,

1400.32, 1632, and 3420 cm−1. FTIR spectral analysis of Ce

doped SnO2 shows the absorption band at 3400 cm−1 cor-
responding to Sn-OH group. A prominent peak at 632 cm−1

is due to the antisymmetric Sn-O-Sn stretching mode of the
surface bridging oxide formed due to the condensation of
adjacent surface hydroxyl group’s vibrations [17]. �is peak
con�rms that the SnO2 nanomaterial had been successfully

synthesized. Furthermore the peaks around 1631 cm−1 and
3213 cm−1 show the bending vibration of absorbed water and
stretching vibration of -OH.
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Figure 5: FTIR analysis of Ce doped SnO2.

4. Gas Sensing Process Description

�is work involves synthesizing SnO2 nanomaterials with
and without Ce doping and studies its gas sensing prop-
erties towards ammonia. A special gas sensing chamber
was designed uniquely for this requirement. �e synthesized
nanoparticles were made into a gel with na�on as binder
and the gel was spin-coated onto an ITO plate at 5500 RPM.
�e coated ITO plate was then air-dried in hot air oven at
120∘C for one hour which evaporated the na�on and resulted
in a SnO2 thin �lm coated ITO plate. �e resistance of the
thin �lm was measured using Agilent multimeter.�e coated
thin �lm was placed on the substrate holder and kept in the
gas sensing chamber. �e substrate holder was attached to a
heater whose temperature can be controlled using thermo-
couple based feedback. �e substrate was heated to a partic-
ular temperature. A�er the substrate had attained a stabilized
temperature, the chamber was 	ushed with nitrogen gas.
�e resistance of the thin �lm was again measured without
any gas 	owing through it at elevated temperature. �en
the preheated ammonia was pumped into the gas sensing
chamber at various 	ow rates using a peristaltic pump. �e
gas was allowed to 	ow over the heated substrate resulting in
a chemisorption on the coated thin �lm surface due to anity
between the gas and the coated reactive thin �lm.�is process
results in the change in the resistance of the thin �lm. �e
stabilized values of the resistance of the thin �lm at di
erent
	ow rates were measured for di
erent 	ow rates of the gas
and were analysed for the gas sensing properties of the thin
�lm. �e resistance change was attributed to the change in
ammonia gas concentration and 	ow rate. With the 	ow rate
kept constant the concentration of the gas could be derived
based on resistance of the thin �lm.

5. Measurements and Sensing Performance

5.1. Temperature Dependent Resistance Studies. �e gas sens-
ing response of the thin �lm was observed as a resistance
change of the �lm as the coated nanomaterial reacted with
the exposed gas.�e resistance measurement was done using
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Figure 6: Temperature dependence of the undoped SnO2 and Ce
doped SnO2 thin �lms.

Agilent digital multimeter (Model 34401A). �e initial resis-
tance of thematerial was recorded at ambient conditions.�e
sensor response was recorded with increment in substrate
temperature with no air (or) gas passing through it. �is
would be helpful to calibrate the sensor response to remove
the temperature dependent resistance variation errors.

Metal oxide gas sensors showcase their gas sensing
response in terms of resistance change with the change in the
concentration of the gas being sensed.Metal oxide gas sensors
exhibit their maximum sensitivity at elevated temperatures.
�eir surface activity increases with the temperature and
attains a maximum value at an optimum operating temper-
ature. �e resistance change of the thin �lm formed with
temperature variation is critical for validating the sensors
response. �e resistance of the sensor is recorded for both
doped and undoped �lms at various temperatures as depicted
in Figure 6.

5.2. Gas Exposure Studies on Undoped SnO2 
in Film Sensor.
�eresponse of the sensing �lmwas studiedwith andwithout
the air 	ow over the substrate. It was observed that both
undoped and Ce doped SnO2 thin �lms showed a reasonable
decrease in their �lm resistance with increase in temperature
even without air 	owing over them. �e resistance change
pattern for both �lms was similar to that without air 	ow
but with lower resistance values. �e resistance change was
almost negligible at higher temperatures due to saturation. Ce
doped SnO2 �lm showed a comparatively higher change in
the resistance than the undoped �lm in both cases as shown
in Figure 7.Moreover it was also observed that the doped �lm
had a comparatively lower initial resistance than the undoped
�lm. �is data could be analysed to determine the optimal
working temperature of the sensor too. It could be inferred
from the resistance versus temperature graph that the thin
�lm exhibited a maximum change in resistance at 300∘C for
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Figure 7: Temperature dependent resistance change of theCedoped
and undoped SnO2 thin �lm with and without air 	ow.

Ce doped SnO2 thin �lm. A�er the temperature got stabilized
the �lm was exposed to ammonia vapour. �e change in the
resistance of the sensor was observed and is recorded a�er the
resistance stabilized to a constant value.

It is highly essential to establish the optimum operating
temperature at which the sensor would be able to sense a
given gas with maximum sensitivity. In order to determine
this optimum temperature, both undoped and doped �lms
were exposed to 500 ppm of gas 	owing through the chamber
at a constant 	ow rate of 10mL/min. �e resistance of the
sensor was observed at room temperature and from there
on with increments of 25∘C for every observation. �e
resistances were found to be decreasing gradually with the
increase in temperature.�e sensor response was observed to
be having lowest resistance at 425∘C while sensing ammonia
and 400∘Cwhile sensing ethanol. It was also observed that the
�lm response starts increasing with the increase in the tem-
perature. A�er the optimum temperature the resistance of the
�lm was observed to increase with increase in temperature
as shown in Figure 8. �is behaviour in sensor response was
reported in variousmetal oxide systemswhile sensing various
gases [24, 29].

Sensitivity is de�ned as the ratio between di
erential
response between gas 	ow and air 	ow to the resistance of
the sensing �lm when exposed to air:

Sensitivity = (�� − ���� ) ∗ 100%, (2)

where �� is the resistance of the sensor when exposed to air
and �� is the resistance of the sensor when exposed to the
corresponding gas at the same temperature.

�e sensitivity of the sensor in Figure 9 also showcased
the same information as the resistance change plot. �e
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Figure 9: Sensitivity of undoped sensing �lm towards ammonia and
ethanol as a function of temperature.

sensitivity of the sensor was found to be increasing with the
increase in temperature. A maximum of sensitivity of 72%
was observed while sensing ammonia at a temperature of
425∘C. �e sensitivity decreased from the maximum value
above and below this temperature which can be considered
as the optimum operating temperature of the sensor towards
sensing ammonia. �e undoped sensor was observed to
provide a maximum sensitivity of only 52% at a slightly lower
temperature of 400∘C. �e sensor showed a better selectivity
towards ammonia, but the responses between ammonia and
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Figure 10: Resistance of sensing �lm towards ammonia and ethanol
with increase in the temperature of Ce doped SnO2 thin �lm.

ethanol were not appreciably distinctive response as their
operating temperatures were pretty closer. �e responses
also were identical with a slightly higher sensitivity towards
ammonia when compared to ethanol at all temperatures as
plotted in Figure 9.

5.3. Gas Exposure Studies on Ce Doped SnO2 
in Film Sensor.
�e tests performed on pure SnO2 thin �lm sensor were
also conducted on the Ce doped SnO2 thin �lm sensor. �e
�rst test was carried out with measuring resistance change
with temperature variation with no air 	ow over the sensor.
�e initial test of measuring resistance when exposed to air
helps to observe the baseline response of the sensor which
would be taken as reference for determining the sensitivity.
It would also help to sensitize the sensing �lm to high
temperatures before exposure to the sensing gas.�e thermal
stability of the sensor would be improved with the initial
air exposure. It was observed that the Ce doped thin �lm
exhibited lesser resistance when compared to the undoped
pure SnO2 thin �lm sensor. �e resistance, as showcased in
Figure 10, decreased gradually with increase in temperature.
�e temperature change got saturated around 300∘C. �e
same sensor was tested with air	ow at a constant 	ow rate
of 10mL/min. �e initial resistance was slightly lesser than
the previous test. �e resistance decreased with marginally
increased factor compared to no-air 	ow condition.�en the
actual gas exposure testing was performed on the sensor.�e
sensor was exposed to 500 ppm of ethanol at a constant 	ow
rate of 10mL/min into the chamber. �e resistance change
of the sensor was recorded with the increase in temperature
at increments of 25∘C. �e sensor response was allowed to
settle down to almost a constant value of resistance, thereby
ensuring that stable reading was recorded.
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Figure 11: Sensitivity of sensing �lm towards ammonia and ethanol
as a function of temperature of Ce doped SnO2 thin �lm.

It was observed that the resistance dropped with a signi�-
cant change when compared to air.�is is due to the chemical
reaction between the oxygen adsorbed onto the surface of
the sensor and the exposed gas.�e resistance change maxed
at a temperature of 375∘C. Beyond that temperature, the
resistance increased gradually. When the sensor was exposed
to ammonia, therewas a considerable change in the resistance
even at room temperature. �e resistance of the sensor
decreased very signi�cantly with the change in temperature.
�e maximum change in resistance when compared with
initial value was observed at 325∘C. �e resistance slightly
increased with increase in temperature beyond 325∘C.

It can be judged from the response plotted in Figure 11
that the optimum temperature to sense ammonia using this
Ce doped SnO2 thin �lm sensor would be 325∘C and to
sense ethanol using the same sensor would be at a lower
temperature of 375∘C. In both cases of sensing ammonia
and ethanol, it is evident that the Ce doped SnO2 thin �lm
sensor exhibited better resistance change towards the same
concentration of exposed gas at a much lower optimum
operating temperature when compared to that of undoped
pure SnO2 thin �lm sensor.�e lower operating temperature
of the Ce doped SnO2 can be attributed to reduction in the
band gap of the SnO2 nanomaterial [35]. �e doping of Ce
with higher electron mobility than Sn would be a favourite
dopant for gas sensing applications. �e sensitivity of the Ce
doped sensing SnO2 towards ethanol and ammonia was also
determined by relating the di
erential response between gas
	ow and air 	ow. �is would help to determine the change
in resistance towards constant 	ow of air and to that of
the corresponding gas 	ow at the same gas 	ow rate. �e
sensitivity plot of the sensor exhibited that theCe doped SnO2
thin �lm sensor had amuch higher sensitivity of 76% towards
sensing ammonia at a much lower operating temperature of
325∘C. �e sensor had a lesser maximum sensitivity of 41%
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Figure 12: Sensitivity of Ce doped and undoped SnO2 sensing �lm
towards ammonia and ethanol as a function of temperature.

at an operating temperature of 375∘C. Again the Ce doped
SnO2 thin �lm sensor showed a signi�cantly dominating
selectivity towards ammonia when compared to ethanol like
the undoped SnO2 thin �lm sensor.

A comparative analysis of sensitivities of undoped and Ce
doped SnO2 thin �lms towards sensing ammonia and ethanol
can be viewed from Figure 12. It is clearly evident that the
Ce doped SnO2 is a very good candidate to sense ammonia
with slightly higher sensitivity than undoped SnO2, also at
much lower optimum operating temperature. �e doped
sensor also showed a very good selectivity towards ammonia
than ethanol. �e doped and undoped SnO2 �lms did not
exhibit signi�cant change in sensitivity towards ethanol. In
fact undoped SnO2 sensor was observed to have a higher
sensitivity of 52% than its doped counterpartwith a sensitivity
of 41% but a reasonably higher operating temperature of
400∘C when compared to that of 375∘C.

�e Ce doped and undoped SnO2 sensors were exposed
to varying concentrations (50 to 500 ppm) of ammonia and
ethanol gas at their optimal operating temperatures and
their responses were depicted in Figure 13. �e gas sensing
chamber is ensured that all the valves are leakproof to avoid
leak of ammonia into the sensing environment.Moreover the
exhaust gas was stored in a separate cylinder using a pump.
�e pump also ensures optimal constant 	ow of gas through
the sensor at all times. �e tests were performed in steps of
50 ppm increment in the concentration of the gases. Lower
increments could not be taken due to various operating
constraints. �e response was recorded a�er the reading got
stabilized within 2% of 	uctuation in the readings. Ce doped
SnO2 �lm exhibited maximum sensitivity of 81% towards
ammonia and undoped SnO2 exhibited maximum sensitivity
of just 58% towards ammonia at 325∘C. Ce doped SnO2 �lm
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Figure 13: Sensitivity of Ce doped and undoped SnO2 sensing �lm
for various concentrations of ammonia at 325∘C and ethanol at
375∘C.

exhibited maximum sensitivity of 44% towards ammonia
and undoped SnO2 exhibited maximum sensitivity of 47%
towards ammonia at 375∘C.�e sensor response was allowed
to stabilize to a constant value for each increment of the
gas concentration. It was not advisable to measure ammonia
in excess of 500 ppm owing to exposure hazards posed by
ammonia on the researchers.

5.4. Response Time Analysis. Apart from observing the
sensing abilities of the doped and undoped �lms, another
important factor to study in sensors performance would be
its response time characteristics. �e sensor was exposed to
the gas of 500 ppm concentration at a constant 	ow rate of
10mL/min at its optimum operating temperature.�e sensor
response was allowed to settle down to a constant value.
�e time taken for the sensor to reach a constant response
from the time of 	ow initiation is the response time of the
sensor. �e Ce doped SnO2 �lm required a response time of
around 5mins to attain a stable state. �e sensor response
was recorded for an extended time period of 5 more mins
to con�rm that the response had stabilized as showcased in
Figure 14. �en the gas 	ow was reduced at decrements of
1mL/min. �e sensor response was observed to gradually
decrease along with the decrease in gas 	ow. A�er around
11mins the sensor had reached the initial response as it
was before the gas exposure. �e test was repeated again
to validate the response time behaviour. �e response time
and pattern were found to be identical except for a slight
increment in sensitivity in the second cycle due to residual
gas a
ecting the response.

�e same study was conducted on the Ce doped SnO2
with the exposure of ethanol. It was observed that the sensor
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Figure 14: Response time of sensing �lm Ce doped SnO2 thin �lm
towards ammonia.
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Figure 15: Response time of sensing �lm Ce doped SnO2 thin �lm
towards ammonia and ethanol.

had a slightly sluggish behaviour towards ethanol as depicted
in Figure 15.�e sensor exhibited lesser sensitivity and higher
response time towards ethanol. �e sensor required almost
7mins to reach a stable state. �e sensor response declined
rapidly with the decrement in the gas 	ow. �e ethanol
gas exposure was conducted with a cycle of 21 minutes
to match that of the ammonia gas exposure cycle. When
both responses were overlaid it is clearly obvious that Ce
doped SnO2 thin �lm sensor showcased higher sensitivity
and higher stability while sensing ammonia when compared
to sensing ethanol. Even though the sensor required a little
more time to return back to the initial response, it o
ered a
better stability both while sensing and at no-	ow conditions.

Short-term stability response studies of the thin �lm
sensors need to be done to estimate the time for which
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Figure 16: Sensing time response of Ce doped SnO2 thin �lm.

the sensors would give a stable output for a constant 	ow
of gas and at constant optimum operating temperature.
It was observed that Ce doped SnO2 �lm had a higher
sensitivity factor towards ammonia at its optimum operating
temperature of 325∘C and the sensor had a stable response for
a time period of around 14 minutes a�er which the response
gets degraded.�e response decreased more rapidly with the
progress of time.

�e undoped SnO2 thin �lm sensor had a comparatively
lower sensitivity towards ammonia at its optimum operating
temperature of 375∘C and the sensor had a stable output
only for a few minutes as shown in Figure 16. �e response
degraded gradually and much quicker than the doped �lm.
Figure 15 depicts this change in sensitivity of both doped
and undoped �lms when a �xed 	ow rate of ammonia
of 10mL/min is allowed to 	ow over the substrate. �e
stable response time was acquired while passing ammonia
at 500 ppm concentration over the substrate. It could be
inferred that the Ce doped SnO2 shows a maximum stability
towards ammonia with respect to time and the �lm had
stable response until 14 minutes from the 	ow initiation time.
�e pure SnO2 at various ppm had lesser sensitivity when
compared to Ce doped SnO2 nanomaterial based thin �lm. It
can be concluded that Ce doped SnO2 was having maximum
sensitivity at lower temperature than pure SnO2 with longer
duration of stability.

6. Conclusion

In summary, di
erent concentrations of 2% Ce doped SnO2
were synthesized and characterized by SEM, FTIR, and XRD
analyses. It was found that the Ce doped SnO2 exhibit good
sensitivity and selectivity and fast response towards ammonia
when compared to ethanol. All these results show that the
Ce doped SnO2 nanomaterials are potential candidates for
ammonia detection. Moreover Ce4+ doping can suppress

the growth of large SnO2 crystallites and can lead to large
nanospheres as shown in SEM. Furthermore it is equipped to
detect the ammonia at low ppm.Anew techniquemetal oxide
semiconductor sensor formonitoring the gas leak in chemical
industry has been developed. Sensing performance shows
that the as-developed material could be used for sensing
ammonia, which shows good sensitivity towards ammonia.
All these observations demonstrate the promise of using
Ce doped SnO2 as ammonia gas sensor in industrial and
environmental monitoring.
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