
Digest Journal of Nanomaterials and Biostructures           Vol. 19, No. 1, January - March 2024, p. 177 – 186 
 

 
Physical properties of  mixed TiO2-CdO thin films for gas sensor applications 

 
H. S.  Alia,  H. R. Abd Alia, N. F. Habubia,* 

aDepartment of Physics- College of Education for Pure Sciences-University of  
Tikrit, Iraq 
bDepartment of Radiation and Sonar Technologies, Alnukhba University College, 
Baghdad-Iraq 
   
TiO2-CdO thin films were grown by Nd: YAG pulsed laser deposition (PLD) at different 
laser energies of (500-900) mJ. According to the findings of the XRD analysis, each film 
possessed a cubic polycrystalline crystal structure with a predominant peak along the (111) 
plane. The average crystallite size was corrected using Warren-Scherrer's corrections, and 
their values were found to lie between (12.23 and 83.40) nm. The AFM images indicate 
that the average particle size reduced as the laser energy increased, while surface 
roughness and root mean square values were raised as the laser energy increased. Optical 
properties showed that the bandgap decreases from 2.09- 1.8 eV with increasing laser 
energy. The increment in laser energy results in a  rise in particle size and the average 
roughness. The maximum Sensitivity of TiO2-CdO  films towards H2 gas was 72.3%,  and 
the response time was within 24– 67.9 sec.  
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1. Introduction  
 
In the last decades, there has been a significant rise in scientific curiosity about metal 

oxides. [1]. They are essential in the glass, ceramic, and glass coatings and the manufacture of 
solar cells, capacitors, rectifiers, filters, transistors, detectors [2], and countless fields. Since their 
electrical, electronic, and optical properties may be tuned, metal-oxide thin films find widespread 
application in various technologies, including solar cells, photodetectors, LEDs, gas sensors, and 
display technologies [3-9]. TCOs, including In2O3, ZnO, SnO2, and CdO, have been the subject of 
research by several researchers due to the possible applications of these compounds [10,11]. 
TCO's CdO is the first material to have a broadband gap and unique usage in flat electronic 
displays, LEDs, power windows, and solar devices [12,13]. These characteristics make it stand out 
among the other metal oxides. Anatase, brookite, and Rutile are the three various types of 
crystalline structures that can be observed for TiO2 [14]. Brookite crystallizes in the orthorhombic 
system [15], with an energy gap of 3.20 eV for Rutile and 3.14 eV for brookite. The 
transformation of Anatase into Rutile occurs very slowly once the temperature is maintained at 
room temperature. For this phase transition, which involves a solid-state diffusion of atoms in 
nucleation and crystalline development [17,18], temperatures higher than 600 degrees Celsius, 
depending on the pressure, must be present to promote it. The fact that Anatase has a lower surface 
energy than Rutile allows its formation at lower temperatures. The Rutile phase can be obtained 
via temperatures of higher magnitude [19,20]. There is a lack of consensus in the scientific 
literature on the relative stability of brookite and Anatase, which is most likely dependent on the 
initial size of the particles that make up each compound [21]. This research aims to study the 
physical characterization of nanostructured TiO2-CdO to use this mixed oxide for H2 sensing.  
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2. Experimental 
 
Samples were made of high-purity Cadmium oxide (CdO) powder (99.99%) and 

manufactured by (Gletham Life Sciences UK), with weight ratios for (1:1)  of Titanium oxide 
(TiO2) powder used from the (BDH UK), with a purity of (99.8%). The mixing method was used 
to obtain high homogeneity between samples. After that, a hydraulic press with a press force of (6 
tons) to make tablets. The Nd: YAG pulsed laser, which had a wavelength of 1064 nm, was 
utilized to deposit thin films, which were then employed as an energy source at a frequency of (6 
Hz), and different energy (500,700,900) mJ were set to the target. The glass slides were used as 
bases and ultrasonically cleaned, and the distance between the target and the glass base was 
maintained at (4cm). The chamber was first evacuated to a pressure of (10-2) mbar employing a 
molecular turbopump at room temperature. AFM was employed to gain film topographic nature. In 
contrast, SEM was utilized to get the film topography, and XRD was used to determine the 
crystalline structure. For the gas sensor, the test was performed at various concentrations sensing 
for Hydrogen (H2)  gas. 

 
 
3. Results and discussions 
 
3.1. Structural properties 
The XRD patterns of TiO2-CdO films at various energies are depicted in Figure 2. It is 

shown that these patterns contain peaks that are centered at 2θ= (32.727, 38.045, 55.099) and that 
they belong to [(111), (002), (121)] planes, respectively. The intended films were cubic 
polycrystalline structures with a dominance peak of  (111). The dominant phase of Antase is (121) 
at an angle of (55,099°), which makes it the plane with the preferential direction of crystal growth, 
where the diffraction intensity is as high as possible. These results agree well with Zargar [22]. 
The crystallinity was determined through the use of equation (1). It was observed that raising the 
energy led to a rise in the peak intensity while also modifying the angles to higher values for 2θ. 
This was unexpectedly found. In addition, elevating the energy led to an accelerated rate of 
crystallization [23], as seen in (Table 1). 

The grain size (D) was obtained utilizing  Scherrer's equation [24—26]. 
 

G= 0.94 λ / βcos θ                                                                    (1) 
 
where λ is XRD wavelength, β is FWHM, and θ is Bragg's angle. 

The relationships listed below can be used to demonstrate how to calculate average grain 
size by employing Warren-Scherrer's (correction method. [27-29] 

 
 

𝛽𝛽𝑓𝑓 =  𝛽𝛽𝑠𝑠 − 𝛽𝛽𝑖𝑖        ( Lorentzian(L) distribution)       (2) 

 𝛽𝛽𝑓𝑓 = 𝛽𝛽𝑠𝑠2 − 𝛽𝛽𝑖𝑖2        (Gaussian (G) distribution)         (3) 

 
Here  𝛽𝛽𝑓𝑓 , 𝛽𝛽𝑠𝑠 , 𝛽𝛽𝑖𝑖  , are full widths at half maximum (FWHM) for observed, specimen, and 

instrumental profile functions. 
The results are displayed in Table 2. The average grain size increases as the laser energy 

rises, showing enhancement in crystal nucleation. 
The Dislocation density (δ) of intended films was evaluated by equation 4 [30-32]: 

𝜀𝜀 =
𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽

4
                                                                                 (4) 

The microstrain (ε) of intended films was evaluated by equation 5 [33-35]: 
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𝛿𝛿 =
1
𝐷𝐷2                                                                                    (5) 

   As seen in Table 1, the lattice strain decreases as the laser energy rises. CdO thin films 
have a higher lattice strain than TiO2 films. The dislocation density displays the exact microstrain 
property 

 
 

Table 1. XRD information of the intended films. 
 

Laser energy 
(mj) 

sample 2θo FWHM 
(degrees) 

hkl G.S (nm) L 
(nm) 

G 
(nm) 

ε 
x 10-3 

δ 1/(nm2) 

500 CdO 32.727 0.680 111 12.18 14.45 12.32 2.731 0.081 
 TiO2 55.099 0.711 121 11.60 13.30 11.71 2.749 0.085 

700 CdO 32.765 0.223 111 39.46 66.00 44.41 0.933 0.023 
 TiO2 55.068 0.185 121 48.53 102.50 57.23 0.714 0.017 

900 CdO 33.166 0.215 111 38.60 72.00 43.51 0.899 0.023 
 TiO2 55.068 0.145 121 61.78 188.02 83.40 0.560 0.012 

 
 

 
 

Fig. 1. XRD styles of the intended films. 
 
 
3.2. EDX analysis  
The energy dispersive spectroscopy (EDS) and elemental mapping studies were done to 

validate the appropriate range of laser energies for TiO2-CdO thin films. Figure 2 displays the 
EDX spectrum and important SEM images of a 1:1 TiO2 and CdO sample mixture. The surface 
morphology becomes more consistent when the laser power  (Pla) increases. With an increase in Pla 
across the surface, it is noticed that the hole and pit that were growing on the surface have 
disappeared. The crystallite size increases when the Pla increases, and the defect density 
significantly reduces. After conducting these analyses, it is clear that the Cd, O, and Ti are all 
distributed evenly across the matrix[36,37]. 

 

900mJ 

700mJ 

500mJ 
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Fig. 2. EDX and mapping images from SEM. 

 
 
3.3. AFM measurements 
The results of the AFM measurements, average diameter (Dav), root mean square (rms), 

and average roughness (Ra)) for TiO2 -CdO films are presented in Table 2. It was indicated that the 
diameter of the particle rose along with the increment in laser power due to two factors. The first 
reason for this event is that a rise in laser power led to the formation of larger particles. The second 
reason is that the increase in the laser power resulted in the growth of the grains. The energy 
causes the small grains to coalesce; thus, the welding process takes place, resulting in large grains, 
and hence, the surface roughness and grain diameter increase [38, 39]. Fig.(3) shows (AFM) 
images and the Granularity distributed curve of TiO2-CdO thin films with various energies. 
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A- 500 mJ 

  
B-700 mJ 

 
C-900 mJ 

 
Fig. 3. AFM images and Granularity distributed curve of entended films. 

 
 

Table 2. AFM parameters of the intended films. 
 

Laser Energy (mJ) Dav rms( nm) Ra  (nm) 
500 262.7 51.98 40.76 
700 307.1 69.33 45.27 
900 314.3 74.78 53.65 

 
 
3.4. Optical properties  
 The optical properties of intended films were evaluated by UV–VIS spectrophotometer. 

The absorption coefficient  (α) was calculated via Eq. (6) [40-42].  
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α=2.303 A / t                                                                          (6) 
 

 
 

Fig. 4. α variation of the intended films. 
 
 

Table 3. Eg of grown films.  
 

Laser energy(mJ) Eg(eV) 

500 2.35 

700 1.70 

900 1.65 

 
 

 

 
 

Fig. 5. Energy gap of the intended films. 
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The relationship between α and the wavelength in the area of (300-1100) nm is illustrated 
in Fig 4. It was found that α rises when the laser energy of the (TiO2-CdO) thin films rises, which 
causes a rise in the probability of direct transition occurring between valence and conduction 
bands. The generation of donor levels within the forbidden energy gap and the conduction band is 
why the rise in α occurs with increasing wavelength [43-45]. 

The energy gap (Eg) of the intended films is shown in Fig.(5). The value of  Eg is seen to 
decrease as the laser energy increases, as listed in Table (3), which leads to the production of 
localized levels close to the conduction band. This is the outcome of the formation of localized 
levels. As a result, a rise in the laser's intensity results in a more extraordinary level of photon 
absorption [46-48]. 

 
3.5. Gas sensor  
The measurements were made at room temperature, using different concentrations of 

Hydrogen gas (H2) prepared in the laboratory. The selection of the concentration of the appropriate 
amount of gas for the operation depends on obtaining the maximum response detected by the 
sensor for gas molecules (H2), where the reaction energy is activated at that amount. The sensor's 
effectiveness largely depends on the response time, which is an essential element. The faster the 
response, the more efficient the sensor[49,50]. From the results obtained, the response time was 
within the range (24-67.9 seconds) for the thin films in Table (4). The Sensitivity was calculated 
for all the thin films, as it was found that the maximum Sensitivity reached (72.3%) at a 
concentration of (105 ppm) at an energy 900 mJ (Figure 6) [51]. 

 
 

 

 
 

Fig. 6. Response time and recovery time versus concentration. 
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Fig .7.  Sensitivity as a function of the change in the gas concentration of TiO2-CdO thin films. 
 
 
4. Conclusions 
 
Using pulsed laser deposition (PLD), thin films of TiO2-CdO have been produced and 

deposited onto a glass substrate. According to the findings of the X-rays, every single thin film 
was composed of polycrystalline material and had a cubic structure with a dominant direction 
(111). AFM  results offered an increase in the diameters and roughness average, in addition to the 
root mean square, with a laser energy increase. It was discovered that the absorption coefficient 
grows as the laser energy does, which was found in contrast to the fact that the energy gap shrinks 
as the laser energy rises. These promising results for sensitive films TiO2-CdO assure the use of 
this compound as a gas sensor. 
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