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a b s t r a c t

The cadmium oxide (CdO) thin films have been synthesized by chemical bath deposition (CBD) method
from an aqueous cadmium acetate solution for different time periods. The effect of film thickness on
structural, morphological and wettability properties have been investigated by means of X-ray diffraction
ccepted 26 September 2010

eywords:
admium oxide
as sensing properties

(XRD), scanning electron microscopy (SEM) and contact angle measurements. The chemically deposited
CdO thin films were polycrystalline with face centered cubic crystal structure. The average crystallite
size was found to be in the range of 28–31 nm. An interesting morphological transition from nanowires
to microcubes was observed with change in deposition time from 25 to 100 h at room temperature. The
deposited CdO films exhibit excellent sensing properties against ethanol at 673 K. The 0.8239 �m thick
films comprising nanowires deposited for 75 h showed the better ethanol gas performance as compared
hemical bath deposition to other films.

. Introduction

Semiconductor metal oxide based gas sensors have attracted
reat attention over several decades due to their unique advan-
ages, such as high sensitivity, low cost, ease of fabrication and
ood compatibility to silicon micro-fabrication [1–3]. The gas sens-
ng properties of metal oxide depends naturally on their catalytic
r surface morphological features [4], such as grain size [5], poros-
ty and thickness [6]. Various semiconductors such as SnO2, TiO2,

O3, In2O3, Ga2O3, ZnO and CdO are used as sensing elements of
as sensors. However, these materials are still not as selective as
ne would expect, since they also sense other gases. In addition
he stability of some of the materials is not very good, resulting in
oor reliability due to aging and humidity induced effects. Among
he aforementioned oxides, CdO has received less attention due
o narrow energy band gap [7]. However, CdO film shows higher

obility value, which is necessary for high conductivity transpar-
nt conducting oxide materials especially when low free carrier
bsorbance is desired [8].

Several methods have been employed for synthesizing CdO
anowires in the literature, including spray pyrolysis [9], electro-

hemical deposition [10], metal-organic vapor phase epitaxy [11],
nd rf sputtering [12]. However, these techniques are energy con-
umable and involve high temperature process. In order to tackle
hese problems CBD is the most promising method to deposit CdO
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thin films at room temperature. It is one of the single step solution
phase method useful for the preparation of compound semicon-
ductors from aqueous solutions. It is also known as controlled pre-
cipitation and solution deposition method, and widely used for the
large area deposition. It allows us to easily control the growth fac-
tors such as film thickness, deposition rate and crystalline quality
by varying the solution pH, growth temperature and bath con-
centration. The low temperature deposition avoids oxidation and
corrosion of metallic substrates and various substrates including
insulators, semiconductors and metals can be used for deposition.

To the best of our knowledge there are reports on preparation
and characterization of CdO nanowires using CdSO4 and CdCl2 as
source materials of Cd ion [13,14]. No attempt has been made to
deposit them using cadmium acetate as a source of Cd ions in
an aqueous alkaline bath. In the present work CdO thin films are
chemically deposited via acetate medium using CBD method. The
ammonium acetate formed in course of reaction act as buffer to
maintain prescribed pH value over whole deposition period. The
deposition is carried out for different time periods in order to get
terminal thickness. The maximum thickness 1.01 �m is observed
for 100 h. Further, the effect of thickness on structural, morpho-
logical and wettability properties has been investigated. The gas
sensing performance of the films has been evaluated in terms of
gas concentration and operating temperature.
2. Experimental details

Before the deposition of CdO thin films, glass slides were cleaned with deter-
gent and distilled water, then boiled in chromic acid (0.5 M) for 15 min, then slides
washed with double distilled water and further ultrasonicated for 15 min. Finally
the substrates were degreased in AR grade acetone and used for deposition.

dx.doi.org/10.1016/j.jallcom.2010.09.166
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
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The two dimensional surface morphological studies of the
annealed CdO thin films C25, C50, C75 and C100 have been car-
ried out from SEM. Fig. 3(a) and (b) shows the SEM images of C25
and C50 films respectively, from these micrographs one can see that
036 A.S. Kamble et al. / Journal of Alloys

CdO thin films were deposited by a CBD method, which consisted of an alka-
ine cadmium solution containing glass substrates immersed in it. 0.1 M cadmium
cetate Cd(CH3COO)2 was used as a source of cadmium and to make it alkaline an
queous ammonia solution was added with constant stirring. Initially the solution
ecomes milky turbid due to the formation of Cd(OH)2. Turbidity vanishes after fur-
her addition of excess ammonia and solution became clear and transparent. The
H of resultant solution was ∼12. The substrates were immersed in the bath at
oom temperature without stirring. After about 10 h the solution becomes turbid
nd precipitation starts. During the precipitation heterogeneous reaction occurred
nd the deposition of Cd(OH)2 takes place on the substrate. The films prepared by
his method are uniform and well adherent to the substrates. The deposited films
ere removed after different time intervals of 25, 50, 75 and 100 h and rinsed in
istilled water. The films are denoted as C25, C50, C75 and C100. All these films are
ubsequently annealed at 723 K for the removal of water and any other impurities.

The thickness of these films was measured using AMBIOS Make XP-1 model.
he phase formation and crystallinity were analyzed by X-ray diffractometer (XRD,
hilips PW-3710 Cr K� line). The surface morphology of the films was observed
sing SEM (model JEOL-JSM 6360). Contact angle measurement was carried out on
ame-Hart USA equipment with CCD camera.

The two probe technique was used to measure the electrical resistance in air
nd in presence of ethanol gas [15]. For electrical measurements the Ohmic contacts
ere made with the help of silver paste to form sensing elements. The gas sensing

tudies were carried out on these sensing elements in static gas chamber to sense
he ethanol in air ambient. The sensing element was kept directly on heater in the
as chamber and the temperature was varied from 473 to 723 K. The temperature
f the sensing element was monitored by chromel–alumel thermocouple placed in
ontact with the sensor. The known volume of the ethanol was introduced in to the
as chamber prefilled with air and it was maintained at atmospheric pressure. The
lectric resistance of the sensing element was measured before and after exposure to
thanol gas using a sensitive digital multimeter (Hawllete packard). The sensitivity
s) of the sensing element is defined as

S =
(

Ra − Rg

Ra

)
× 100

here Ra and Rg are the resistance values of the sensor element in air and in presence
f ethanol.

. Reaction and growth mechanism

In CBD the formation of solid phase from solution takes place
n two steps as nucleation and particle growth [14]. The positively
harged and anisotropic cadmium hydroxide nuclei are produced
n the substrate when ionic product starts to exceed the solubility
roduct; such nuclei assemble together to form nanostrand struc-
ure with high aspect ratio.

The chemical reaction culminating the formation of Cd(OH)2 is
ritten as

d2+ + 2OH− → Cd(OH)2 (1)

here Cd2+ in the chemical bath provided by the dissociation
f Cd(CH3COO) and OH− ions are released by the dissociation of
H4OH. The surface of nanostrand is positive and thermodynami-
ally unstable. Further, these nanostrands act as building block to
orm nanowires on increase in ionic product of growth solution. The
gglomeration of nanowires takes place to form cube like morphol-
gy when such a deposition is carried out for longer period. When
s-deposited films were heated at 723 K in air, Cd(OH)2 is converted
nto CdO phase. A chemical reaction given below explains the oxide
ormation [14].

d(OH)2 → CdO + H2O (2)

. Thickness measurements

The films deposited for various time periods were smooth,
rown in color and uniformly covering the substrate with good

dherence. The thickness of these films was measured using
MBIOS Make XP-1 model of surface profiler with 1 Å vertical res-
lution. Fig. 1 shows the variation of film thickness with deposition
ime. It is observed that the film thickness goes on increasing with
eposition time up to 100 h and after that becomes saturated. The
Deposition time (hours)

Fig. 1. Variation of thickness of CdO thin films with deposition time.

film thickness was increased from 0.1079 �m to 1.0124 �m for 25 h
to 100 h, respectively.

5. X-ray diffraction studies

Fig. 2 shows XRD patterns of C25, C50, C75 and C100 CdO films.
The diffraction peaks show the formation of polycrystalline nature
with a face centered cubic crystal structure. The observed ‘d’ val-
ues of the films are in good agreement with those reported in the
JCPDS (73-2245) for CdO. Films exhibit characteristic peaks along
(1 1 1), (2 0 0), (2 2 0) planes. The peak intensity of (1 1 1) plane was
relatively higher than the other reflections. The increment in the
peak intensities for all the planes indicates the improvement in
crystallinity of the CdO with increase in thickness. The crystallite
size was estimated using Debye Scherrer’s formula; t = 0.9�/ˇ cos �
where � is X-ray wavelength, � is the Bragg’s angle and ˇ is the full
width of diffraction line (FWHM) at the half of maximum intensity.
The calculated average crystallite size is in the range of 28–31 nm.

6. Surface morphological studies
Fig. 2. XRD patterns of the CdO films for different thicknesses.



A.S. Kamble et al. / Journal of Alloys and Compounds 509 (2011) 1035–1039 1037

0,000×

t
n
u
C
j
f
p
t
r
S

7

c
c
A
f
(
F
m
c
c
t
i
c
o
s
t
fi
a
a

In ethanol gas sensing oxygen sorption plays an important role
in electrical transport properties of CdO thin film. The oxygen
sorption removes the conduction electrons and they lower the
conductance of CdO. When the CdO film is surrounded by air, oxy-
gen molecules adsorbs on the surface to generate chemisorbed
Fig. 3. SEM micrographs of (a) C25, (b) C50, (c) C75, and (d) C100 films at 1

otal coverage of the substrate with the randomly distributed CdO
anowires having diameter of about 90–100 nm and length ranging
p to several tens of micrometers. Fig. 3(c) shows the SEM image of
75 film. It is observed that agglomeration of nanowires to cubes is

ust started with a very small amount of reduction in effective sur-
ace area. The whole substrate is covered with nanowires and few
ercentage of small cubes. However Fig. 3(d) of C100 film depicts
he agglomeration of nanowires to cubes with the large amount of
eduction in effective surface area. Inset shows the low magnified
EM image revealing 20–30% conversion of nanowires to cubes.

. Wettability study

The wetting property of a surface is defined according to the
ontact angle (�), which forms a liquid droplet on the three phases
ontact line (interface of three media – air, water and film surface).

surface is regarded as wetting when the contact angle, which
orms a drop with this one, is lower than 90◦. In the opposite case
the contact angle is higher than 90◦), the surface is nonwetting.
or water, the terms “hydrophilic” and “hydrophobic” are com-
only used for wetting and nonwetting surfaces respectively. The

ontact angle is expected to depend upon local inhomogeneity,
hemical composition and the surface roughness. It is known that
he hydrophilic nature is an essential factor for better performance
n various applications such as gas sensors, photo electrochemical
ells, super capacitors, etc. [16,17]. Fig. 4 illustrates the variation
f contact angle with thickness of the film. It is found that all

urfaces are hydrophilic in nature as water Contact angle is less
han 90◦. Contact angle is found to be decreased with increase in
lm thickness due to improvement in roughness and network-like
rchitecture, which creates air crevices in-between the wires and
lso the thick film has relatively less internal and external strain
magnification. Inset (d) shows 20–30% conversion of nanowires to cubes.

energies compared to the thin one [18]. Variation in thickness, sur-
face roughness and hence in contact angle with thickness is given
in Table 1. The lowest contact angle 18◦ is observed for C100 film
and the highest one 45◦ for the C25 film. The film C75 is more
hydrophilic as compared with C50 film, which is favorable for gas
adsorption.

8. Gas sensing characteristics
Fig. 4. Variation in contact angle with the film thickness.
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Table 1
The values of response time, recovery time and roughness.

Film code Thickness (�m) Rough-ness (Å) Contact angle (◦) % Sensitivity Response time in (s) Recovery time in (s)

15.30 48 171
31.30 43 193
38.16 31 186
33.95 39 180
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 C25
 C50
 C75
 C100
C25 0.1079 398 45
C50 0.4030 1114 36
C75 0.8239 3396 30
C100 1.0124 5125 18

xygen species (O−
2 , O2− and O−) by capturing electrons from con-

uction band. Thus CdO thin film will become highly resistive.
hen ethanol gas is introduced, the CdO exposed to the traces of

eductive gas. By reacting with oxygen species on the CdO film
urface the reductive gas will reduce the concentration of oxy-
en species on the film surface and thus increase the electron
oncentration. As a result the CdO thin film should become more
onductive. Hence the sensing mechanism of CdO to ethanol gas
ay be described as follows. First reactive oxygen species such

s O−
2 , O2− and O− are adsorbed on the CdO surface at elevated

emperature. It should be noted that chemisorbed oxygen species
epend strongly on temperature. At low temperatures O−

2 is com-
only chemisorbed. At high temperatures however O− and O2−

re commonly chemisorbed, while O−
2 disappear rapidly [19]. The

eaction kinematics can be described as fallows [20].

2 (Gas) ↔ O2 (absorbed) (3)

2 (absorbed) + e− ↔ O−
2 (4)

−
2 + e− ↔ 2O− (5)

Thus, the conductance of CdO thin film increases as the ethanol
as is introduced in to the test chamber due to exchange of elec-
rons between ionosorbed species and CdO thin film. The reaction
etween ethanol and ionic oxygen species can be described as [21]

H3CH2OH + 6O− ↔ 2CO2 + 3H2O + 6e− (6)

.1. Effect of thickness and morphological conversion on the gas
esponse

Fig. 5 shows the sensitivity as a function of operating tem-
erature for C25, C50, C75 and C100 films under the exposure of
000 ppm ethanol gas. It is seen that, at the same ethanol gas con-

entration, the CdO sensor shows different responses for different
lms. The ethanol gas response is higher at an optimum operating
emperature (TOP) of the film and it is lower on either side of TOP. The
bserved value of TOP for all films is 673 K. However, the maximum
as sensitivity 38.13% is observed for C75 film as compared to the
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ig. 5. Gas response for all the films as a function of operating temperature at
000 ppm ethanol gas.
Concentration in ppm

Fig. 6. Variation of % sensitivity as a function of thickness.

C25 (15.30%), C50 (31.30%) and C100 (33.95%) films. The change in
gas sensitivity is attributed to the variation in effective surface area.
It is well known that the sensitivity of the metal-oxide semiconduc-
tor sensors is mainly determined by the interactions between the
target gas and the surface of the sensors. So, it is obvious that for
the greater surface area of the materials, the interaction between
the adsorbed gases and the sensor surface are stronger, i.e. gas sen-
sitivity is higher [22]. In the present case, the careful observation
of SEM images of C25, C50, C75 and C100 films indicate that the
film C25 and C50 have relatively smooth surface, which offered low
effective surface area for interaction with gas molecules. Also, the
C25 and C50 films have lower thickness (see Table 1). On contrary,
the film C75 has the dispersed nanowires like morphology with
almost same diameter, and increased film thickness than C50 and
C25, which assists in improving effective surface area to interact
with gas molecules. The film C75 exhibits very less amount of small
cubes on the surface, indicating initiation of nanowires to cubes
conversion. The increased roughness and hydrophilicity causes it to
become more favorable for gas adsorption. Thus, although the few
percentage of small sized cube conversion is observed, the resultant
effect of increased effective surface area and hydrophilicity causes
it to give higher gas sensitivity compared with C50. However in
case of C100 film, 20–30% micro cube like morphology is formed
due to the agglomeration of nanowires. This nanowire conversion
reduces the large amount of effective surface area, which results
the lower gas sensitivity. Fig. 6 shows the response of a CdO films
as a function of ethanol gas concentration at 673 K. It is revealed
that response increases almost linear for all the films as concentra-
tion is increased from 100 to 1000 ppm afterwards there is a slow
increase in response with concentration.

Fig. 7 shows the variation in gas sensitivity with respect to thick-
ness. It is observe that initially the sensitivity increases as the film
thickness increases up to certain thickness and afterwards it starts

to decrease with increasing thickness. The results are in good agree-
ment with the literature [9,23]. The dynamic variation in sensitivity
of films C25, C50, C75 and C100 with operating temperature at
673 K for the exposure of 1000 ppm ethanol gas is shown in Fig. 8.
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time at operating temperature 673 K for the exposure of 1000 ppm ethanol gas.
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All the films show the fast gas response when gas introduced in the
gas chamber and it comes nearly at same value after gas pumping
away from the chamber. The response and recovery times for differ-
ent thicknesses of CdO films, operated at 673 K under the exposure
of 1000 ppm ethanol gas are given in Fig. 9. The film C75 having
better performance possesses the response and recovery time as
30 s and 186 s respectively. All the values of gas sensing response
for different thicknesses are given in Table 1.

9. Conclusions

Polycrystalline CdO thin films with different thicknesses with
cubic crystal structure have been successfully deposited by CBD
method. The SEM image reveals the formation of CdO nanowires
and microcubes, with respect to the deposition time. The sensing
properties were studied at 1000 ppm concentrations of ethanol. The
higher ethanol response of about 38.13% is observed for porous
CdO nanowires with a 0.8239 �m film thickness and above this
the response is decreased with increase in thickness, which is
attributed to decrement in effective surface area.
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