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Abstract

In the present work, structural, elemental, optical and gas sensing properties of pure and chromium doped zinc oxide have been
studied. Pure and Cr doped ZnO powder was synthesized chemically by co-precipitation route. The concentration of chromium
was varied from 0 to 3 wt. % and synthesized samples were characterized by using X-ray diffraction (XRD), Raman
spectroscopy, X-ray photoelectron spectroscopy (XPS), field emission scanning electron microscopy (FESEM), transmission
electron microscopy (TEM) and UV-Vis spectroscopy techniques. Hexagonal wurtzite crystal structure and oxidation states of
elements present in the synthesized samples were determined by XRD and XPS studies respectively. FESEM and TEM
micrographs depicted dumbbell shaped morphology of pure zinc oxide and spherical shaped nanoparticles for Cr doped ZnO.
Shifting and broadening of Raman peaks with increase in chromium concentration in ZnO samples was observed. UV-Vis
spectra exhibited band gap narrowing up to 1wt. % doping and band gap widening for concentration above 1 wt.%. For gas
sensing application, thick films of synthesized samples were deposited on alumina substrates. It is found that chromium doped
ZnO samples have selectively enhanced the liquefied petroleum gas (LPG) response as compared to other volatile gases. A
concentration of 1 wt. % chromium as a dopant gives maximum sensing response for LPG at 3000C as compared to other
concentrations. The increase in sensing response with addition of chromium as a dopant in zinc oxide may be attributed to
increase in charge carrier concentration, catalytic nature of Cr3+ and lattice disorders.
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interesting candidates as gas sensors for detection of toxic,
harmful and combustible gases. Among various
semiconducting metal oxides, zinc oxide, an n-type
semiconductor, is an exciting material to work on as a gas
sensor because of its interesting properties such as wide

I. INTRODUCTION

HE ease to vary electronic, optical and chemical
properties of metal oxide semiconductors makes them

prevalent materials for carrying research and making their
use. in potential applications such as memory storage
devices, gas sensors, solar cell, laser diodes, optoelectronic
devices, etc. [1-3]. Metal oxide semiconductors are

band gap (3.37 eV), large exciton binding energy, good
thermal and chemical stability, high electron mobility,
occurrence  of  mesoporous/microporous  structures
providing high specific surface area and above all its
biocompatibility and nontoxic nature [4-6] The significant
factors controlling gas sensing behaviour are surface



morphology, specific surface area, defects and disorders,
charge carrier concentration etc. [7-9]. It is also believed
that gas sensitivity is associated to surface chemical activity
and consequently gas sensing applications and catalytic
properties should be considered together [10]. Various
transition metals, rare earth metals, and noble metals have
been used as dopants in zinc oxide in order to modify the
above mentioned parameters to enhance the gas sensing
properties [11-13]. Qi et al. have found that doping of
Indium in ZnO resulted in increase in oxygen vacancies and
the no. of electrons which are therefore responsible for high
response towards acetone and ethanol as compared to pure
ZnO [14]. Kim and co-workers have synthesized Cr doped
CuO gas sensor and found variation in morphology and
increase in surface area for selective detection of NO2 gas
[15]. Sun et al. reported enhanced gas sensing response of
Fe doped ordered mesoporous NiO with long range
periodicity [16]. Patil and Patil have studied gas sensing
properties of surface functionalized ZnO thick films by
Cr203 obtained by dipping technique [17].

The convenient and widely used approaches by which
dopants can be introduced in base material oxides are either
surface activation or bulk doping. Surface activation is a
coarse method in which doping is not evenly distributed
and the exact amount of dopant added on the surface of
metal oxide cannot be measured; it is an approximate
method while bulk doping involves exact atomic or weight
measurements of the dopants to be added. In this work,
chromium is used as a bulk dopant because of its low
ionization energy as compared to zinc and its high catalytic
activity that may result in enhancing the sensitivity of metal
oxide gas sensor [18, 19].

In the present study, pure and Cr3+ doped zinc oxide
samples have been prepared using a low cost, economical
and simple co-precipitation method and their gas sensing
property has been investigated. The structural,
morphological, elemental and optical properties have been
examined and discussed. According to the results obtained,
chromium doped zinc oxide samples have selectively
enhanced the liquefied petroleum gas (LPG) response as
compared to other volatile gases and a concentration
optimized at 1lwt. % exhibited good sensing response
towards LPG. .

Il. EXPERIMENTAL DETAILS

A. Preparation of pure and chromium doped zinc oxide
powder

All reagents used in the present work were of analytical
grade. Zinc acetate dihydrate [(CH3COO), Zn - 2H,0],
chromium chloride hexahydrate [CrCl; *+ 6H,O0] and
ammonia were obtained from Loba Chemie, Mumbai,
India. Chromium doped zinc oxide powder samples were
prepared by using co-precipitation technique. For obtaining
zinc oxide sample bearing different chromium
concentration, 0.2 M chromium chloride aqueous solution
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with different concentrations from 0 to 3 wt. % (0, 0.5, 1,
2 and 3 wt.%) was added to various 0.2 M zinc acetate
aqueous solutions respectively. To the above samples,
ammonium hydroxide was added drop wise at room
temperature with continuous stirring to obtain precipitates
and the pH of the solution was maintained at pH 8. The
precipitates thus obtained were filtered, washed and then
dried at 120°C temperature in an oven. The dried powder
samples were then calcined at 500°C for three hours.

The samples were named as SO0, S0.5, S1, S2 and S3 for 0
(pure), 0.5, 1, 2 and 3 wt. % chromium doped zinc oxide
respectively.

B. Material characterization

The prepared samples were characterized by powder X-
ray diffraction (XRD) using Cu-Ko radiation with
Shimadzu 7000 Diffractometer to determine the crystal
structure. Room temperature Raman spectroscopy of as
synthesized powder samples was investigated by using
Reinshaw inVia micro Raman spectrometer with an argon
ion laser at 488 nm excitation wavelength. To determine
the elemental composition and the chemical oxidation state
of undoped and doped ZnO, X-ray photoelectron
spectroscopy measurements were performed in a PHI-5600
instrument using Al Ko monochromatic X-ray source at
ambient temperature. Morphological analysis of the
synthesized samples was done by using field emission
scanning electron microscope (FESEM) with Carl Zeiss
SUPRA 55. High resolution transmission electron
microscopy was carried out by using JEOL JEM-2100.
Optical properties were investigated by Shimadzu UV-2450
spectrophotometer.

C. Sensor fabrication and testing methods

For the fabrication of thick film sensors, the following
procedure was employed. About 2 mg of synthesized
powder was mixed with few drops of distilled water to form
a paste. The paste was then encrusted with the fine brush
onto alumina substrate (12 mmx5 mm) having pre-
deposited gold electrical contacts (2 mm apart) to obtain a
thick film of thickness around 40 um. Same procedure was
adopted to make thick film sensors for pure and chromium
doped zinc oxide samples. These thick film samples were
dried at room temperature and then heated to 500°C for 30
min in a furnace.

To measure the sensor response of prepared samples, we
have employed a home-made apparatus consisting of a
potentiometric arrangement, and a 40 L test chamber in
which a sample holder, a small temperature controlled oven
and a mixing fan were installed. The prepared sensor was
placed in a sample holder provided in the test chamber oven
at room temperature. The temperature of oven was
increased in steps with an interval of 50°C and a fixed
amount of gas species was injected into the chamber
through a narrow hole provided on top of test chamber.
Change in real time voltage signal across a resistance
connected in series with sensor was recorded with Keithley



Data Acquisition Module KUSB-3100 connected to a
computer reported elsewhere [20]. The sensor response
magnitude was determined as Ra/Rg ratio, where Ra and
Rg are the resistances of sensor in air ambience and air-gas
mixture, respectively.

I1l. RESULTS AND DISCUSSION

A. XRD analysis

Figure 1 represents X-ray diffraction pattern of pure and
chromium doped zinc oxide powder samples calcined at
500°C. The peaks obtained were compared with standard
data which confirmed hexagonal wurtzite structure of zinc
oxide (JCPDS 80-0074). From XRD results, it is observed
that peaks corresponding to chromium oxide are missing
which may be due to low concentration of chromium as a
dopant in zinc oxide lattice. A shift in XRD peaks towards
higher angle is observed as Cr content is increased up to 1
wt. % (sample S0.5 and S1) which may be attributed to the
substitution of larger zinc ions (0.74 A) with smaller
chromium ions (0.63 A) in the lattice. On increasing Cr
content above 1 wt. % (sample S2 and S3), a shift in the
position of XRD peaks toward lower angles is noticeable
which is interpreted as instigation of Cr dopant at
octahedral interstitial sites when Cr content exceeds a
certain limit. Similar results have been reported by different
authors for Co-doped ZnO films [21], Cr doped ZnO films
[22], and Co- doped SnO, powder [23].

The shifting in peaks leads to variation in lattice
parameters and volume of unit cell. For the hexagonal
structure of pure and Cr doped ZnO samples, lattice
parameters and volume of unit cell are calculated using
equations 1 and 2 respectively.
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where a and c represents lattice constant; d is the
interplanar spacing ; h, k and | are miller indices and V is
the volume of unit cell. The lattice parameters for pure and
Cr doped samples have been calculated using (100) and
(002) planes. A decrease in lattice parameter ‘a’ and ‘c’ is
found for sample S0.5 and S1 leading to reduction in
interatomic distance thereby resulting in lattice contraction
whereas lattice expansion is observed in
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Fig. 1. XRD pattern of pure (S0) and Cr** doped ZnO (S0.5, S1, S2, S3).

samples S2 and S3. To determine the bond length of
undoped and doped ZnO, following formula has been used
[24] as
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where a and c are lattice parameters and u is a positional
parameter.

The crystallite size for the samples has been calculated
using Scherrer’s formula. The average crystallite size is
found to decrease with increase in Cr concentration,
because the inclusion of dopant atoms causes distortion in
base ZnO lattice reducing the growth rate of crystallite. The
calculated crystallite size, lattice parameters, unit cell
volume and bond length for sample SO to S3 are
summarized in table 1.

The variations observed in the lattice parameters indeed
confirms the substitutional and interstitial incorporation of
Cr** for Zn?" in ZnO creating disorder in ZnO lattice.

TABLE
LATTICE PARAMETER, CRYSTALLITE SIZE (D), BOND LENGTH, VOLUME
OF UNIT CELL AND BANDGAP ENERGIES (EG) OF PURE AND CR DOPED ZNO.

Sample  Lattice Crystalli  Bond Cell cla Band
parameter te size Lengt volume ratio gap
a(A) c(A) (nm) h(A) (A (eV)
(D)
SO 3.244 5.198 - 1975  47.37 160 3.01
S0.5 3.243 5.196 39.55 1973  47.32 160 299
S1 3.236 5.184 37.44 1969 47.01 160 294
S2 3.245 5.198 37.30 1.974  47.40 160 3.07

S3 3.248 5.202 34.65 1976  47.52 1.60 3.10




B. Raman Spectroscopy

To study the influence of Cr doping on vibrational modes
of zinc oxide, Raman spectra of pure and Cr doped ZnO
have been investigated. Figure 2 displays Raman spectrum
of pure and Cr doped ZnO in the range 200-800 cm™ at
room temperature. The Raman active zone-center optical
phonons according to the group theory can be represented
as

T'opt = A,+E,+2E, (5)

Raman active phonons are categorized as polar and non-
polar phonons. The polar phonons comprise of A; and E,
symmetries whereas non-polar phonons have E, symmetry.
Polar phonons are further of two types depending on their
frequencies: transverse (TO) and longitudinal (LO) optical
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Fig. 2. Raman spectra at room temperature from 200 — 800 cm™ for ZnO
(S0) and Cr**doped ZnO (S0.5, S1, S2, S3).

phonons. The non-polar Raman active modes have two
frequencies namely, E, (high) and E, (low) [25].

Figure 2 indicates the Raman active mode of pure ZnO
positioned at 333, 381, 438 and 580 cm™. The Raman active
modes near 381, 438 and 580 cm-1 are associated with the
first order phonon spectrum, whereas peak at 333 cm™ is
ascribed to the second order phonon spectrum. Raman
mode at 381 cm™ corresponds to transverse optical phonon
for A, symmetry i.e. A; (TO). The typical Raman active
peak of wurzite crystal structure is the sharp 438 cm™ peak
assigned to E, (high) mode whereas the peak 580 cm™
corresponds to A,(LO) [26, 27]. The pesk at 438 cm™ is
associated to the crystal stress, while the peak at 580 cm™
L O phonon mode corresponds to the defects arising due to
oxygen vacancies, zinc interstitial or change of free carrier
concentration [28]. When polar semiconductor material
possess significant free charge carrier concentration, a
coupling between LO phonons and plasmons (Oscillations
of the free carriers) may occur resulting in phonon-plasmon
interaction. This interaction produces characteristics Raman
scattering that provides information on free charge carrier
density [29]. From literature it has been found that intensity
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of A, (LO) mode decreases with increase in charge carrier
concentration [26]. It is observed from Fig. 2 that all
samples have wurzite phase but the peaks become broader
and less intense with increase in dopant concentration. Also
the intensity of A, (LO) mode decreases, which may be
attributed to the increase in carrier concentration due to Cr*
doping in zinc oxide lattice. Similar result has been reported
by Wang et al. [30]. The shifting in peaks, decrease in the
peak intensity and its broadening is attributed to the
substitution of zinc ions with chromium ions, creating
structural disorder in the lattice [31]. No extra peaks
corresponding to Cr,O; phase in the spectra has been
observed.

C. X-ray photoelectron spectroscopy

To investigate the elemental composition and oxidation
states of pure and chromium doped zinc oxide, XPS
measurements were performed. To avoid errors in peak
shifts due to charging, all peaks were calibrated considering
carbon, C1s (284.6 eV) peak as a reference. High resolution
multiplex spectrafor Zn, Cr and O corresponding to sample
Sl is shown in Fig. 3. The elemental composition
determined from XPS studies have been summarized in
Table 2. The high resolution spectra obtained for zinc as
depicted in Fig 3(a), have binding energies at 1021.6 eV
and 1044.69 eV which are associated to Zn2p,, and Zn2p,,,
core levels, respectively [32]. The observed energy
difference between two peaks is 23.09 eV which matches
well with the standard reference, confirming that zinc is
present in Zn* state. Figure 3(b) represents splitting of Cr
2p level into doublet having different binding energy
values. It is evident that Cr 2p,, and 2p,, are located at
binding energy 577.05 eV and 587.25 €V respectively
confirming the presence of chromium in Cr®* oxidation
state. According to the reported data, different values of
binding energy for chromium are associated with its various
oxidation states such as, Cr metal has B.E at (574.0 eV);
Cr* at 576.3 eV and Cr** at 577.0-577.2 eV [22]. The Ols
peak was Gaussian fitted into three peaks namely O,, O,,
and O;. The peak O, at B.E 530.17 eV is associated with
lattice oxygen bonded to Zn** and Cr*. The pesk O, at B.E.
531.40 eV corresponds to O% ions in the oxygen deficient
regions. The O; peak at binding energy 532.07 eV is
ascribed to chemisorbed oxygen species on the surface of
oxides [33]. Thus, XPS analysis confirms incorporation of
chromium in the form as Cr* in ZnO lattice.
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Fig. 3. XPS high resolution spectra of S1 sample.

D. FESEM Analysis

To know the morphology of synthesized samples, FESEM
measurements were performed. Fig. 4 represents FESEM
micrographs of pure and chromium doped zinc oxide
samples. In sample SO, dumbbell shaped microstructures of
ZnO of various sizes can be seen in Fig. 4(a). The dumbbell
shaped structure is composed of two hexagonal prisms and
have dimensions about 6-7 micron in length and 2-3 micron
in diameter. In sample S0.5, there is a formation of few
spherical particles on surface of ZnO micro rods and the
dumbbell

Fig. 4. FESEM micrographs of (a) SO (b) S0.5 (c) S1 (d) S2 (e) S3.

shape is vanished as shown in Fig. 4(b). As doping is
increased for sample S1, micro rods of ZnO dart
diminishing in size whereas population of spherical
particles starts increasing around the surface of ZnO
microrods, as shown in Fig. 4(c). With further increase in
concentration of chromium upto 3 wt. %, rod like structures
completely vanish, and only spherical particles are visible
which are well agglomerated.

The incorporation of chromium into ZnO has a significant
influence on the nucleation and growth processes that
brought about alteration in morphology. The nucleation and
growth process can be explained on the basis of change in
surface energy. Surface energy of the solid nucleus during
synthesis is influenced by many factors such as
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temperature, use of different solvents, additives in
solutions and incorporation of impurities into solid phase
[34]. With addition of Cr as a dopant in ZnO, the surface
energy of solid nucleus increases. This energy increase
appears at the expense of reduction in Gibb's free energy
favouring high supersaturation. At high supersaturation,
crystal nucleation dominates crystal growth, resulting in
large number of small sized nuclei which means reduction
in grain size (also according to XRD results).

Fig. 5. TEM micrographs of SO and S1 sample.

E. TEM

The TEM micrographs of pure and 1wt. % Cr doped ZnO
are shown in Fig.5. For pure zinc oxide (Fig.5(a)),
dumbbell shaped rods having dimensions 6-8 pm in length
and 2-3 pm in diameter are observed whereas for 1wt. % Cr
dopant, the dumbbell shape no more exists and a rod like
structure covered with large number of spherical shaped
particles ranging in 27-48 nm is clearly visible. The
morphology observed from TEM micrographs, agrees well
with FESEM images. The inset of Fig. 5(b) shows HRTEM
image of spherical nanoparticle, resting on the surface of a
rod. The calculated interplanar spacing ‘d’ is 0.25 nm
corresponding to (002) plane of ZnO.

F. Optical Properties

Using UV-Visible absorption spectroscopy at room
temperature, optical absorption spectra for pure and Cr
doped zinc oxide samples were obtained. The mechanism
that works in this technique is the excitation of electrons
from valence to conduction band when a photon lying in
UV-Vis range is incident on it. Therefore band gap is the
energy required to excite an electron from maxima of
valence to minima of conduction band. Fig. 6 represents
plot between absorbance and wavelength for samples SO to
S3. Band gap energies were calculated from Tauc's plot by
using the relation

ahO = A (hO -E)" (6)

where a is the absorption coefficient, hO is the photon
energy, n = 1/2 or 2 for direct and indirect transitions,
respectively, and E; is the optical band gap. Figure 6 shows
optical band gap spectra for pure and Cr doped zinc oxide.
Extrapolation of linear region of the graph between (ahv)?
and photon energy hv gives the value of band gap energy



E, The values of band gap energy for each sample are
givenin Table 1.

TABLE Il
SURFACE ELEMENTAL COMPOSITION (% ATOMIC CONCENTRATION) OF
SO (PURE), S1 (1WT. %) AND S3 (3WT. %) CR DOPED ZNO

Elements %Atomic concentration
S0 s1 S3
Zn 36.7 42.82 38.82
0] 63.7 56.24 58.26
Cr - 0.94 291

I
o

o

1 SO

[
o

AN

4
o

Absorbance (a.u.)

(ahv)? (eVicm)?
=
el

1S

o
[

=}

)

o
o

300 350 400 450 500

0.0 g
20 22 24 26 28 30 32 34 36

Wavelength (nm) hv (eV)
1.0{ $0.5 1.0
] 0.8
o038 ~
g 3
L 0.6 © 0.6
2 H
2 °
0.4 0.4
> s
< <
E o2 202
_ 2.99eV -
0.0 ? T T T i T T 0.0 -
20 22 24 26 28 30 32 34 2
hv (eV) hv (eV)
104 82 104 g3
0.8 0.84
o~ DI
L
Eos go.e-
L L
S >
> )
04 0.4
= =
= <
go2 B0.24
0.0 7 i ' ! T T T 0.0 7 — . r T T
20 22 24 26 28 30 32 34 20 22 24 26 28 3.0 32 3.4
hv (eV) hv (eV)

Fig. 6. Absorption spectra of ZnO and Cr** doped ZnO and (ahv)? vs
photon energy (hv) plots for determination of band gap energies.

From the table it is clear that band gap energies for samples
S0.5 and S1 have smaller values as compared to SO whereas
for samples S2 and S3 these energies are comparable with
that of SO. The decrease in optical band gap for sasmple S0.5
and S1 can be explained on the basis of sp-d spin exchange
interaction between band electrons and the localized d
electrons of doped transition metal ions. The 3d orbitals of
doped chromium atom can split and interfere with
conduction band and valence band, creating impurity
energy level and therefore resulting in redshift of absorption
band. However with increase in dopant concentration, a
widening in band gap is observed which can be related to
Burstein Moss effect [35].

G. Sensing response

The fabricated pure and Cr** doped zinc oxide based
sensors were exposed to 250 ppm of LPG, at various
temperatures in order to determine the optimum operable
temperature as shown in Fig. 7. From these plots, the
optimum operable temperature for pure and chromium
doped zinc oxide gas sensor were found to be 400 and
300°C, respectively. The chromium doping in zinc oxide
resulted in reduction of optimum operable temperature from
400 to 300°C. The catalytic nature and lower ionization
energy of chromium as compared to zinc caused reduction
of activation energy of the reaction between target gas
molecules and surface adsorbed oxygen which leads to fall
in operating temperature of zinc oxide gas sensor. The low
isthe ionization energy, the lessis energy required to knock
out electron which leads to reduction in activation energy of
chemisorption of gases [18]. The lowering of activation
energy due to catalytic effect can take place by two possible
mechanisms. First, it can concentrate the reactants by
adsorption, thus increasing their probability of interacting.
Second, it can introduce a reaction route of very low
activation energy [34].

The trend in sensing response towards LPG for pure and
doped samples as depicted in Fig. 7 varies in the order as
follows: S1 > S0.5 > S2 > S3> S0. The rapid increase and
gradual decrease in LPG sensing response with varying
dopant concentration in ZnO can be explained with increase
in charge carrier concentration due to incorporation of Cr®
at substitutional and interstitial sites. The presence of Cr®
atoms at substitutional site or interstitial site in ZnO lattice
depends on the concentration of dopant atom. Asis evident
from XRD results, Zn** is substituted by Cr** till 1 wt. %
doping and above 1 wt. %, Cr** is positioned at interstitial
sites. The incorporation of Cr** atoms at substitutional sites
in ZnO lattice creates an extra free electron while Cr®
occupying interstitial position creates three free electrons
(Fig.8). Increase in charge carrier concentration with
increase in chromium content is also supported by Raman
and optical studies. Larger is the charge carrier
concentration; the wider will be the depletion region due to
higher oxygen adsorption on sensor surface. Therefore an
increase in sensing response towards LPG as compared to
pure zinc oxide (S0) is observed in case of S0.5 and S1. The
gradual decrease in sensing response above 1wt. % could be
explained as follows:

The presence of Cr** at substitutional and interstitial sites
act as charge defects in ZnO lattice and causes ionized
impurity scattering of electrons. lonized impurity scattering
occurs in doped materials. The reason for ionized scattering
is existence of coulomb interaction between ionized donor
facceptor impurities and charge carriers (electrons and
holes).



—a—50
10 ~ —8—505
——51
g —O0—5s2
o —4—5s3
(7, ]
c
O 6
o
(7, ]
)
e 47
S
(o]
wn 2
c
)
v o4
T T T T T T T T T
250 300 350 400 450

Operating Temperature(OC)

Fig. 7. Sensor response as a function of operating temperature on exposure
to 250 ppm of LPG.

Cr3* substituted

«
®@ o O o O

[

e @ ° @ o
Cr*interstitial \C'. e
@ ce ©® o O

Qc-o O e}

@ Oxygen @ Zinc ® Chromium
(O Oxygen vacancy

Fig. 8. Schematic diagram for interstitial and substitutional doping of
Cr* in ZnO lattice.

These coulomb interactions result in scattering of charge
carriers when they approach the vicinity of ionized impurity
atom [9]. Therefore, higher is the dopant concentration
more is ionized impurity scattering from substiutional and
interstitial dopant sites resulting in reduction of mean free
path of electrons. Hence the decrease in sensor response at
higher doping for S2 and S3 could be because of two
reasons, firstly due to decrease in mobility of charge
carriers because of augmented scattering from ionized
impurity atoms and secondly because of dopant segregation
at grain boundaries preventing diffusion of oxygen into the
bulk [36].

Further sensing investigations were performed on sample
S1 at optimum operable temperature of 300°C. Fig. 9
represents sensor response versus time for S1 and SO
sample towards 250 ppm LPG at an operating temperature
of 300°C and 400°C. The sensor exhibits a maximum
response (Ra/Rg) of magnitude 10 with a response time of
22 sec and arecovery
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Fig. 9. LPG sensor response versus time curve for SO and S1 sensor.
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Fig. 10. Sensor response of S1 sensor on repeated exposure to 250 ppm
LPG.

time of 40 sec. Besides sensitivity, stability and
reproducibility are also important characteristics for a gas
sensor. The sensing performance of S1 sensor towards 250
ppm LPG was repeated at regular time intervals and results
are shown in Fig 10. It is clear from Fig. 10 that sensor
response profile is repetitive indicating that sensing
response is stable and reproducible. Sensor response of
sensor S1 towards acetone, ethanol and LPG is depicted in
Fig 11. An interesting observation inferred from Fig. 11 is
that Cr doping has slightly improved the sensing response
towards ethanol and acetone whereas for LPG, sensing
response has significantly improved (5 times) as compared
to pure zinc oxide. It is challenging to explain the sensing
response variation towards different gases but still there are
some facts that might explain the variation in sensor
response. One of the possible reasons could be catalytic
behavior of chromium towards LPG that has lowered
activation energy, favoring the reaction between absorbed



O, and injected LPG over other gas species. Another
plausible
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reason for high sensing response towards L PG as compared
to ethanol and acetone is oxidation of the target gases
through the following complex series of reactions, thereby
consuming 6, 8 and 13 O (ads) by ethanol, acetone and
LPG respectively. Similar results have been reported by
Gong et a. [37].

C,H-OH+60 > 3H,0+2CO,+6e- @
C,H0+80" > 3 CO,+3H,0+8e- ®)
C,Hy,+130° = 5H,0+4CO,+13e- )

The decrease in resistance of synthesized samples on
exposure to LPG confirms their n-type behaviour. When
metal oxide sensor surface is exposed to air, oxygen
molecules adsorb on surface of the material forming O* O,
O, ions by capturing electrons from the conduction band.
Thisresultsin high sensor resistancein air.

0, (gas) =2 O, (ads) (10)
0,(ads) +€ > O, (ads) (12)
0, (ads) + 26 > 20 (ads) (12)

On exposure of metal oxide sensors to LPG, the gas
molecules react with adsorbed oxygen and as a result
release captured electrons to conduction band as:

C,Hyo (gas) +130° >4 CO, (gas) +5 H,0 (gas) +13 e
(13)
These electrons increase the conductivity of metal oxide
based sensors.

IV. CONCLUSION

Chromium doped zinc oxide particles were successfully
synthesized by co-precipitation route. XRD results reveal
the presence of hexagonal wurtzite structure of pure and Cr
doped ZnO samples. Variation in lattice constants and unit
volume confirms the incorporation of chromium into ZnO
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lattice at substitutional and interstitial sites. The decrease
in intensity of A1 (LO) Raman active modes signifies the
increase in charge carrier concentration due to Cr** dopant
in zinc oxide. XPS investigations assisted in determination
of elemental compositions and presence of chromium as
Cr** in ZnO lattice. With addition of dopant, the optimum
operable temperature of zinc oxide sensor has reduced from
400°C to 300°C. Chromium doped ZnO samples have
selectively enhanced the LPG response as compared to
ethanol and acetone. A concentration of 1 wt. % Cr** doped
ZnO gives maximum sensing response for LPG in
comparison to other concentrations. This is attributed to the
increase in charge carrier concentration, catalytic effect of
Cr** and lattice disorder.
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