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Abstract: Nanocomposite CdO-TiQ, thin films had been deposited on conductive glass (ITO) at calcination
temperatures m the range 350-650°C via. doctor blading method. The structural, morphological, compositional
and optical properties have been characterized via XRD, SEM, AFM, EDS and UV-Vis spectroscopy. XRD
patterns display the rhombohedral structure and crystalline nature of the films. All films were nanometerials
according to Scherrer equation in XRD analysis. SEM images disclose the homogenous films in the form of
densely packed nanoparticles. AFM analysis illustrated that both the surface roughness and grain size increase
barely with growing temperature. EDS analysis confirms the presence of oxygen, cadmium and titanium
elements with the function of cadmium-rich and titanium-poor. Agreeing with Tauc plots, optical band gaps of

CdO-Ti0, films are envisioned to be 1.25-0.9 eV.
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INTRODUCTION

Recently, nanostructire semiconductor materials
have been the major focus of scientific research due
to their uncommon optical, chemical (Kumar et al., 2003),
electronic properties and photo electrochemical properties
(Chandrasekharan and Kamat, 2000; Peto et al., 2002).
Titanium dioxide 13 one of the extensively used
transition-metal oxide materials owing to its various
important applications in self-cleaning (Zhang et al.,

2004), photocatalysis (Matsumoto ef af., 2000),
environmental cleanup (Andersson et al., 2002),
dyesensitized solar cells (Benko et al, 2003

Karuppuchamy et al, 2002), gas sensors (Rothschild
et al, 2003), optical coatings (Watanabe et al., 1999)
and purification of air and toxic gases because of its
excellent chemical stability, photocatalytic decomposition
of organics and contaminants, mechanical hardness,
optical transmittance with high refractive mdex and strong
redox ability (Takeda et al., 2001).

Furthermore, the hydrophilic coating (O water contact
angle) has emerged as a new and very attractive
application of T10, (Wang ef al., 1997, Sakai ef af., 2001).
Since, the T10, films exhibit heavy amphiphilc properties
under Ultraviolet (V) light irradiation and are transparent
in nature, it can be used in various kinds of applications
such as self-cleaning and as anti-foggmg materials in
motor cars, buildings and household glazing (Sakai ef af.,
2001). Cadmium oxide have been usually used as a
transparent conducting oxide thin films due to its
distinctive properties such as high transmission

coefficient in the visible range of the electromagnetic
spectrum, high electrical conductivity. Tt has n-type
semiconductor and an optical band gap lie between
2.2-2.7 eV depending on the type of techmque used and
the condition of preparation of technique used (Rusu and
Rusu, 2005; Dakhel, 2011; Dakhel and Ali-Mohamed,
2007). These properties make condition thin films very
suitable for applications, such as heat mirror, solar cells,
antireflection coatings, nonlinear optics and gas sensors
(Maity and Chattopadhyay, 2006; Lokhande et al., 2009;
Matsubara et al, 2003; Henari and Dakhel, 2008,
Srimvasaraghavan et al., 2013).

Perovskite titanates structure ATi0, (A = Pb, Eu, Ba,
Cd, Ca or 5Sr) are of immense importance from both a
scientific and a practical point of view (Burns and Scott,
1973; Bumns, 1974; Burns and Dacol, 1978; Soon et af.,
2008, Takesada etal, 2006, Shigenari et al., 2006,
Taniguchi et al., 2005, 2007; Uplane et al., 2004). They
typically undergo a series of phase transitions as a
function of temperature and pressure transitions
involving impulsive polarization to form a ferroelectric
phase are utilized in a diversity of fields such as
transducers, capacitors, waveguides, heat sensors and
ferroelectric random access memory (Rabe et al., 2007).

Cadmium titanate, CdTiQ; is unusual in that both its
para-electric and ferroelectric phases have orthorhombic
structures whereas for other perovskites exlubiting a
ferroelectric phase transition, the paraelectric phase is
typically cubic and the ferrcelectric phase tetragonal.
Under standard conditions, the crystal structure of
CdT10, belongs to space group Pnma and can be thought
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of as being formed by repeated tilting of the TiOj
octahedral units of the ideal cubic perovskite
structure (Sasaki ef al., 1987). This tilting results (space
group P m3m) m a zigzag fashion in a decrease in
symmetry and increase in size of the unit cell from one
formula unit (5 atoms) for the cubic cell to four formula
umnits (20 atoms) for the orthorhombic cell, as illustrated
m Figs. At about 855 K, CdTi0, suffers a phase
transition from the centrosymmetric orthorhombic
structure to a non-centrosymmetric structure (Smolensli,
1930; El-Mallah et ai., 1987; Sun ef ai., 1998).

The break in symmetry of the positions of Ti and
O ions along the long axis (b axis) and their shift relative
to the A cations introduces a dipole moment, so that, the
low-temperature phase 1s ferroelectric while still retaiing
overall orthorhombic symmetry. Shan et al (2001)
performed rietveld analyses of powder X-ray diffraction
data at 15 K and concluded that the ferroelectric structure
has either Pn2la or P21lma symmetry. The two space
groups are noncentrosymmetric subgroups of space
group Pnma. The former relates to a softening of the
vibrational mode with B2u symmetry in the parent Pnma
structure while the latter results from a softening of the
B3u mode (Gorshunov ef af., 2005). The purpose of this
research is synthesis nanocomposites of cadmium oxide
with titanium oxide and study the effect of substrate
temperature on some structural and optical constants
using doctor blading method.

MATERIALS AND METHODS

Synthesis of CdO-Ti0Q, powder: Titanium dioxide
(anatase, TRONOX) was from Croma-Gesellschaft mbH
and Co and cadmium 1odide was from Sigma-Aldrich.
CdO-TiO, nanocomposite was prepared by impregnation
method as follows: 2.8519 g of Cdl, was dissolved in
100 ml. deionized water with vigorous stirring until
complete solubility and a homogenous solution reached.
Then 1 g of Ti0, was put in the above solution with
vigorous stirring at 60°C for 6 h. The above precipitant
dried in oven at 120°C over night. The dried solid
precipitant was grinded in a ceramic mortar and calcined
at 450°C for 3 h.

Synthesis of CdO-TiO, nanocomposite thin film: ITO
glass used as the substrates during the deposition
process. The substrates were first cleaned in ethanol
solution and subsequently ultrasonically washed with
distilled water. Substrates were then dried in an oven at
120°C. The CdO-TiQ, nanocomposite thin film was
prepared by the doctor blading method as follows:
CdO-T10, paste prepared by blending 1 g of CdO-Ti0,

with a mixture of 0.5 g Polyethylene Glycol (PEG) and
1.5 mL deiomized water in a ceramic mortar with vigorous
stirring for 10 min. Then drops of this paste were put on
the conducting face surface of ITO glass substrate. The
paste was spread by means of glass rod according to the
doctor blading method. After that the glass was calcined
at different temperatures 350, 450, 550, 650°C 1in the
furnace.

RESULTS AND DISCUSSION

XRD analysis: The XRD diffractograms of CdO-TiO, at
different calcination temperatures 350-650°C were scarmed
in the range of 20 (10-80) at wavelength 1.54°A. The
diffractograms and associated data depict 26 for each
peak, relative mtensity and inter planar spacing (d) and all
diffractograms had maxima at position (1 0 4).

The XRD spectra of nanocomposite CdO-T10; films
are shown m Fig. 1. All films were polycrystalline had
rhombohedral structure with space group R-3 (148). Three
strongest peaks in each temperature at 20 positions of
31.03, 3412 and 46.83°C can be assigned to the
planes (1 0 4), (1 1 0) and (0 2 4) planes of the
rhombohedral structure (JCPDS Card No. 00-029-0277). In
addition to these peaks, another peaks corresponding to
(003),(101),(012),(104),(015),(113),(021),(024),
(116,018).(211),(122),214),(300),(125),1010),
(217),(0111),(223)and (1 2 8) planes were observed in
all the samples.

XRD peaks were indexed as hexagonal structures,
then converted to thombohedral structure. The lattice and
microstructural parameters are shown in Table 1 and 2,
respectively

The lattice parameters ‘a’ and *¢” of the unit cell were
evaluated according to the relation where d 1s the inter
planar spacing. All lattice parameter values at different
calcination temperatures were calculated according to,
(00 3)and (1 01) planes. The lattice parameter values of
all the films showed a very little deviation from the
standard values which might be due to small strain
introduced in the samples wich means that the sample was
contain only on Cd, T1 and O atoms as expressed by EDS
technique.

The calculated values of microstructural parameters
such as stram and dislocation density were presented in
table. The crystallite size ‘D’ of the film increases slightly
with increasing calcination temperature. With increased
calcination temperature, the density of the nucleation
centers decreases and under these circumstances, a small
number of centers start to grow, resulting m larger grains.
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Fig. 1: XRD diffractograms of CdO-T10, nanocomposite thin films at different temperatures (a = 350°C, b = 450°C,

¢ =550°C, d = 650°C)

Table 1: Lattice parameters of CdO-TiO, thin films

(°C)a c cfa Rhombohedral
Calcination termperature B e b e EEE et

Obs. Calc. Obs. Cal. Obs. Calc. No.unitcell a=b=c x=0F=v R. Volume
350 5.2400 5.2568  14.8380  14.9133 2.8320 2.8370 86212 5.8244 53.6512 118.9664
450 5.2400 52428 14.8380  14.8441 2.8320  3.5943 88834 5.8004 53.7352 117.7846
550 5.2400 52774  14.8380  14.9534 2.8320 2.8335 100420 5.8420 53.7030 120.2238
650 5.2400 6.1317 14.8380 15.0121 2.8320  2.4483 91146 6.1297 60.0218 162.9343
Table 2: Microstructural parameters of CdQ-TiQ, thin films

d Debye-Scherer method Williamson-Hall method

Calcination temperature (°C)/Angle position Obs. Calc. D (nm) 2 D (nm) Dislocation density
350
003 4.9711 4.9691  35.0701 -0.0002 36.19000 0.0011
(1o1) 4.3538 4.3521
012 3.8835 3.8820
450
003) 4.9480 49461 354458 -0.0005 32.9000 0.0010
1o 4.3419 4.3402
012 3.8738 3.8723
550
003) 4.9845 49825 361534 -0.0001 38.0947 0.00103
1o 4.3696 43679
012 3.8949 3.8934
650
003) 5.0040 5.0021  35.8137 -0.0003 36.1900 0.0009
1o 4.3824 4.3807
012 3.9068 3.9052

SEM analysis: The influence of calcination temperature
on the surface morphology of CdO-Ti0, thin films was
studied by scanning electron microscopy technique.
Figure 2 shows the SEM images of CdO-Ti0, thin films at
350, 450 and 550 and 650°C. It 1s clearly seen that the films
have density packed structures with a homogeneous
surfaces containing nanocrystalline grains. The surfaces

of CdO-T10, thin films have porous structures and this
porosity may be due to the evaporation of water
molecules during the growing process and the annealing
treatment. Tt was found that the morphology and
crystalline size were mcrease slightly with mcreasing
caleination temperature, this mean the the prepared thin
films were stable atvarios temperature.

10167



J. Eng. Applied Sci., 13 (24): 10165-10172, 2018

o e .
o advanced ATS2300C SET WD = 7.6

22kVx180 300um

(b

Angsxrom aovanc
22kVx120 300um

; 'ﬁf ’_f—"'
“An stromvancrs'fﬁ- SE’WD 7.7

22kVx160 300um

Fig. 2: SEM images of CdO-T10; nanocomposite thin film at different temperatures (a = 350°C, b = 450°C, ¢ = 550°C and

d=650°C
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Fig. 3: EDS spectra of CdO-T10, nanocomposite thin film at different temperatures (a=350°C, b = 450°C, ¢ = 550°C

and d = 650°C)

EDS analysis: The EDS spectra of the nanocomposite
CdO-T10; thin films, weight ratio and atomic atio
compositions of Cd, T1 and O in the films at different
substrates temperatures are given in Fig. 3 which show
that all the films contain the elements Cd, T1 and O as
expected.

AFM analysis: The surface morphologies of CdO-Ti0,
thin films were studied using Atomic Force Microscope
(AFM). AFM images of the thin films calcined at 350, 450,
550 and 650°C are shown i Fig. 4. The results show

Table 3: Mean grain size and roughness of Cd-Ti0; nanocomposite
obtained from AFM analysis

Temperature (°C) Mean grain size {(nm) Roughness (nm)
350 97 084.104

450 105 091.595

550 106 094,784

650 109 116.08

that increasing the calcination temperature causes the
increasing of the surface roughness slightly due to
increase as grain size as in Table 3. This is due to the
increase in the mobility and the migration by mcreasing of
annealing temperature.
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Fig. 4 AFM micrographs of CdO-TiO, nanocomposite thin films at different temperatures (a=350°C, b= 450°C,

¢ =550°Cand d = 650°C)
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Fig. 5. Absorption spectra of CdO-Ti0, nanocomposite thin films at different temperatures (a = 350°C, b = 450°C,

¢ =550°C and d = 650°C)

Optical properties: The absorption spectra and
extinction coefficient of the CdO-Ti0, thin films are
shown in Fig. 5 and 6, respectively. The absorption
spectra were obtained by using a reference glass
substrate. The optical properties of CdO-Ti0, thin
films are illustrated m Table 4. It can be noticed from

the Fig. 6 that the absorption edge exhibits a red shuft.
The optical band gap of CdO-Ti0, film can be
determined from the absorption spectra as in Fig. 7.
The absorption coefficient, ‘«’ is related to the optical
band gap Eg by the relation Eq. 1 (Chopra and Das,
1983):
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Table 4 : Optical properties of CdO-Ti0Q, nanocomposite thin films at different temperatures

Absorption Extinction Optical conductivity
Temperature (°C) coefTicient (X10% coefficient Energy gap (eV) (X100 Real dielectric constant Refrective index
350 4.52 0.30 1.25 2.72 6.13 249
450 4.88 0.35 2.25 2.97 6.28 2.53
550 411 0.31 2.05 2.56 6.60 2.58
650 2.97 0.21 0.90 1.73 5.87 243
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Fig. 6 Extinction coefficient of CdO-TiO, nanocomposite thin films at different temperatures (a = 350°C, b= 450°C, c =

550°C and d = 650°C)
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Fig. 7. Energy gaps of CdO-TiO, nanocomposite thin films at different temperatures (a = 350°C, b = 450°C, ¢ = 550°C

and d = 650°C)

B =A constant which depends
transition

chv = Bthv-Eg)" (1

n =

Where:
h = Plank’s constant
v = The frequency of the radiation
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In the present case for the CdO-Ti0, thin films, the
plots of (chv)"” versus hv (Fig. 7) demonstrate a direct
segment showing that optical transitions are indirect
allowed transitions. The indirect band gap (Eg) 1s dictated
by extrapolating the straight-line part of the plot to the
energy axis. The mtercept on the energy axis gives the
estimation of band gap energy for every one of the
samples. The results mean that the band gap energy,
decrease when the substrate temperature increase. This is
because of the development of new confined levels which
are proficient to get electrons and produce restricted
energy tails inside the optical energy gap which take a
shot at the absorption of low energy photons (deviation
of the absorption edge towards lower energies) and this
thusly, prompts a decreasing of the energy gap
(Salman et al., 2015).

CONCLUSION

CdO-TiO; nanocomposite thin films were deposited
by doctor blading method with substrate temperatures in
the range from 350-650°C. The effect of substrate
temperature of the CdO-Ti0, thin films on the structural
and optical properties was investigated. With the increase
in substrate temperature, it was observed that there is a
corresponding increase i grain growth and crystallinity
of CdO-T10, thin films deposited on glass substrates. The
XRD spectra indicated that the films are polycrystalline
rhombohedral structure. The allowed indirect band gap at
the deposition temperature ranging from 350-650°C was
estimated to be in the range from 1.25-0.9 eV.
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