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ABSTRACT  

In the era of modern trends, the nature of dopants does change the behaviour of the base material. The properties 

of zinc oxide have changed due to the dopant; titanium dioxide is the dopant used here. The question arises as to whether the 

doping will change the properties of the material. For the above query, the justification is that the researchers have done the 

research on this previously and have come up with solutions. Here, we have done the combinational aspect. In this idea, ZnO 

is taken as the base material, and then TiO2 is used as the dopant. The additive nature used here is 90% ZnO doped with 10% 

titanium dioxide, named A. This is followed by 80% ZnO doped with 20% titanium dioxide, named as B. Further, 70% ZnO 

doped with 30% titanium dioxide, named as C. The characterization techniques like XRD, PL, UV, FTIR, CV, EIS, DSC, 

and TGA-DTA are used for samples A, B, and C. The characterization techniques reveal that there occurs a change in the 

structures leading to the understanding of physical changes as well as these better give up changes in the chemical property 

change called the internal changes. XRD exhibits the structural change; from XRD data, Scherrer plots and Williamson-Hall 

plots are plotted. A linear fit is applied; the end result features a change in the graphical arrangement from negative to positive. 

The values obtained from the Scherrer plot and Williamson-Hall plot nearly match; this proves that the data is acceptable. 

The intensity is reduced due to the use of the dopant; this is exhibited by the PL graph. From the UV spectrum, it is very 

clear that sample C’s absorption is greater than that of A; this reveals that the dopant increases the absorption of the incoming 

radiation.  The functional groups are clearly identified from FTIR graphs. The CV analysis shows that the resistance increases 

when the doping level in the base material ZnO is increased. EIS reveals electrochemical changes. The property of the 

material has changed in a systematic manner when the level of doping is changed.  The results obtained show clearly that the 

change in the property has occurred systematically. The futuristic scope can preferably be extended by enhancing the work 

by introducing tertiary doping methods or implementing electrolytic conductivity procedures. 

Keywords: Titanium dioxide-doped with zinc Oxide; CVD. 

 

1. INTRODUCTION 

The base material used here is ZnO (Wurtzite 

structure), and the dopant used is TiO2. ZnO is a milky 

white material, which is harmless, and a semiconductor 

material. Researchers have preferred Zinc Oxide as the 

base material because its applications are quite wide. The 

optical and electrical properties exhibited by ZnO are 

fabulously acceptable. We have used the co-dopant 

material as Titanium dioxide (TiO2); the energy band gap 

of ZnO is 3.37 eV, whereas that of TiO2 is 3.2 eV. Both 

materials are taken in the amorphous form.  The doping 

is done in terms of grams; 1 gram of TiO2 is doped with   

9 grams of ZnO. This is exhibited here in the form of a 

percentage (Brust and Kiely, 2002). The presence of 70% 

of ZnO is 7 gm of ZnO.  The combination of materials is 

called a composite material. The behaviour of the 

composite material can be studied by characterization 

techniques (Guenther et al. 1992). Hence, the 

characterization techniques have shown changes in its 

internal properties. Mainly, composite materials are 

preferably focused on whether they exhibit high strength 

under mechanical pressure exerted on them, and whether 

their weight shouldn’t exceed certain limits or should be 

less (Kim et al. 2002). Macroscopic properties have been 

previously discussed; however, microscopic properties 

are noted for high usability. The chemical property, 

electrochemical property, optical property, and mass 

change property are taken into consideration (Li et al. 

2006). Structural change will always bring a change in 

the physical and chemical properties. A wide range of 

band gaps is suggested for researchers to achieve 

excellence in scientific growth. Semiconductor materials 

are widely used in optoelectronic applications like LEDs 

and even in lasers too. Eventually, composite materials 

are also used for optoelectronic applications (Li et al. 

2002). ZnO and TiO2 are eco-friendly; moreover, their 

chemical stability is appreciable. ZnO exhibits properties 

such as ferromagnetism when it is subjected to doping 

with transition metals at room temperature; in the case of 

spintronic applications, these features are adopted. A, B, 

and C are the three samples that are characterized (Li et 

al. 2004). Their properties are studied well and worked 

out clearly.  The microstrain and dislocation density are 
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calculated using the XRD parameters for these three 

samples. The PL studies show changes in optical 

properties, and the graph reveals that the property of the 

sample is moving towards the dopant from the base 

material state. ZnO is brighter than TiO2 (Manish et al. 

2012). The brightness of C is much less than the 

brightness of A. Hence, C is darker in nature in 

comparison with B as well as with A. 

2. MATERIALS AND METHODS 

2.1 Synthesis of the Sample 

90% ZnO is mixed with 10% titanium dioxide; 

the medium used is the polar solvent (distilled water), and 

it is named A. Then 80% ZnO is mixed with 20% TiO2. 

This combination is named B. Further, 70% ZnO is 

mixed with 30% TiO2 and is named C. The sample is 

placed in a cool place; it’s quite shady and dark. The 

sample is maintained below room temperature, below 30 

degrees Celsius. The method used is the chemical vapor 

deposition method (Mohanpuria et al. 2010; Blessymol 

et al. 2023; Hema et al. 2025). The vapor is allowed to 

evaporate; the sample dries up due to the heat absorbed 

from the surroundings, and the sample itself has a 

molecular temperature. Because of this, the sample dries 

off, leaving the sediments (Mulvaney et al. 2002). The 

substrate used is a concave glass material; in the previous 

paper, this method is denoted as the concave dish method; 

moreover, it is a chemical vapor deposition method. The 

concept of using this method is to find out the change; the 

results clearly showed that this method elongates the 

bond length (Pillai and Kamat, 2004). The particles are 

larger compared to the other methods; the bandgap 

energy obtained is greater than that of the other methods. 

Even though the sizes obtained are bigger than those 

obtained by the other methods, the sizes do not exceed 

the nanoscale level; the results of the Scherrer method 

reveal this. Both amorphous materials are mixed in ratios 

and stirred for more than an hour and gently poured into 

the substrates, then subjected to vapor deposition for 

more than ten days in a cool atmosphere (Tan et al. 2003). 

The obtained samples are then used for further 

investigation and characterization.   

3. RESULTS AND DISCUSSION 

3.1 X-ray Diffraction  

The XRD studies are taken for the three samples 

A, B, C, ZnO, and TiO2. The graph shown in Fig. 1 

reveals that the peak growth taken from the base material 

ZnO is seen in A, B, and C at a wavelength of 25 degrees. 

The adoption of the peaks from the dopant material could 

be seen at 31,33 and 36 degrees. These are the major 

peaks seen, and apart from them, peaks at wavelengths 

46.9,56.5,62.7, and 68.56 degrees are obtained. The 

mentioned peaks are the shoot-up peaks, and apart from 

them, we can see many peaks. Moreover, each and every 

peak reveals important information (Kim et al. 2002). 

The wurtzite structure is linked with ZnO, and the anatase 

structure is linked with TiO2.  

Samples A, B, C, ZnO, and TiO2 are combined 

and exhibit a single peak at 650 nm. 

 

Fig. 1: XRD patterns of A, B, C, ZnO and titanium dioxide 
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The samples A, B, and C exhibit a combination 

of the base material and the dopant.  The size of the 

particles can be determined using TEM and SEM 

analysis; the Scherrer equation is used here in the theory. 

Using the Scherrer equation, the size of the particles is 

calculated. In my previous research paper, we used the 

Scherrer equation to calculate the size. There is a relation 

between the theta and the d parameters; as theta 

decreases, the related parameter d increases. This is a 

law-satisfying rule of Bragg’s law.  Hence, broadening of 

the peak is due to non-uniform strain, and deflection of 

the peak is due to uniform strain.  

 

Fig. 1a: XRD graphs exhibiting peak position 

Table 2. Comparison of samples ZnO, TiO2 and their HKL 
plane values 

S. 

No. 

ZnO TiO2 

Pos. 

[°2Th.] 

HKL 

Planes 
Pos. [°2Th.] 

HKL 

Planes 

1 25.2425 101 25.2408 101 

2 31.6969 100 31.712 100 

3 34.3535 002 34.3609 002 

4 36.1825 101 36.1991 101 

5 37.7188 101 37.6883 101 

6 47.4397 102 47.4695 102 

7 47.9469 102 48.0047 200 

8 53.8466 105 53.7696 211 

9 55.0185 211 55.03 211 

10 56.4941 110 56.4948 110 

11 62.7452 103 62.7585 211 

12 66.2511 112 66.2809 200 

13 67.8354 112 67.8463 116 

14 68.9818 112 68.0683 112 

15 72.4997 112 68.9716 116 

16 74.9607 103 70.2579 116 

17 76.8193 203 72.4931 110 

18 77.0803 110 75.0117 105 

19   76.8664 201 

 The JCPDS card number is JCPDS  36-1451 for 

the hexagonal wurtzite structure of ZnO; then, for TiO2 

(anatase) tetragonal structure, the JCPDS card number is 

JCPDS  21-1272. On scaling the plot for A, B, C, ZnO, 

and TiO2, the XRD reveals its intensity change over. This 

intensity changeover is clearly shown in Figure 1c. 

 

Fig. 1c: XRD patterns of A, B, C, ZnO and titanium dioxide 

3.2 Photoluminescence Analysis  

 The PL analysis is a technique used to analyze 

the electronic, optical, and structural properties of 

materials by using light as the source (Li et   al. 2006). 

The light source excites the sample to produce secondary 

photons. Photoluminescence can be divided into major 

segments: one is fluorescence, and the other is 

phosphorescence (Li et al. 2004). The optical property of 

ZnO is higher in comparison with TiO2.  The 

photoluminescence study of A is more or less equal to 

ZnO, whereas upon doping with the dopant, the intensity 

of the sample gets reduced according to the concentration 

of the doping nature (Aman et al. 2023). As the (Fig. 2), 

clearly reveals the intensity change caused by doping, 

from 350 nm to 600 nm wavelength the intensity graph 

of the samples, exhibit their relevance and irrelevance 

(Jiang et al. 2024). But exactly at 800 nm, it shows a 

sharp peak. Samples A, B, C, ZnO, and TiO2 are 
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combined and show up as a single peak; the intensity is 

at 650 nm. The photon excitation happens at 380 nm 

(Cychosz et al. 2017). 

 

 

Fig. 2: Photoluminescent patterns of A, B, C, ZnO and 
titanium dioxide 

The sharp peak denotes that the crystallinity is 

pure (Sorarù et al. 1995). The broad peaks exhibit 

structural changes or a shift in their position in the case 

of structure (Niemiec et al. 2018). The drop in the peak 

from 550 nm to 640 nm reveals that the charge carriers 

are getting separated. Either the charge carriers get 

locked in the bond spaces, or they are unable to leave the 

place due to the existence of defects in the sample (Feng 

et al. 2015).  

3.3 UV Analysis  

The optical property of ZnO is high in 

comparison with TiO2. The absorbance property 

increases when the dopant level increases. This clearly 

indicates that the colour of sample C is darker than 

sample A. This observation tells us that the absorption 

property of TiO2 is greater in comparison to ZnO (Wu et 

al. 2014).  

 

Fig. 3: UV patterns of A, B, C, ZnO, and titanium dioxide 

 

Fig. 3a: UV patterns of A and energy bandgap 

 

Fig. 3b: UV patterns of B and energy bandgap 
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Fig. 3c: UV patterns of C and energy bandgap     

 

Fig. 3d: UV patterns of ZnO and energy bandgap     

 

Fig. 3e: UV patterns of TiO2 and energy bandgap     

The size of the particle increases gradually; this 

indicates that the lattice structure changes. The 

intermolecular distance increases in the lattice 

arrangement (Dai et al. 2025). The material or the sample 

is trying to reach the performance of an insulator, as 

standard insulators have an energy band gap starting from 

3eV to 6 eV. As the size of the particle increases, the 

energy band gap increases, but here both parameters are 

increasing. This is due to the substrate used; elongation 

of the intermolecular structures is the reason behind it 

(Wang et al. 2024). 

3.4 FTIR Analysis  

The FTIR pattern of A exhibits 9 peaks, the 

FTIR pattern of B exhibits 10 peaks, the FTIR pattern of 

C exhibits 11 peaks, the FTIR pattern of ZnO exhibits 9 

peaks, and finally the FTIR pattern of TiO2 exhibits 4 

peaks. 

 

Fig.4: FTIR pattern of A, B, C, ZnO and titanium Dioxide 

The transmittance level of ZnO is greater in 

comparison to TiO2; this could be figured out in the 

region between 2225 cm-1 and 3225 cm-1 (Vijayakumar 

et al. 2021). As the concentration of the dopant increases, 

the transmittance level of the sample decreases; the entire 

sample is trying to reach the dopant level (Niemiec et al. 

2018). The absorbance property of TiO2 is greater 

compared to ZnO (Rani et al. 2023).  

3.5 Raman Analysis  

The Raman analysis is a non-destructive 

technique; it is used to find out the chemical structures, 

then to identify the polymorphs, and finally the molecular 

interactions by analyzing the inelastic scattering (Raman 

effect) from a source, which is a laser. Elastic scattering 

is Rayleigh (green), but the inelastic scattering is Raman 

(red/blue) (Feng et al. 2015). The peaks of ZnO are 

greater in comparison to TiO2; this could be figured out 

in the region between 2225 cm-1 and 3225 cm-1. As the 

concentration of the dopant increases, the transmittance 

level of the sample decreases; the entire sample is trying 

to reach the dopant's original form (Wu     et al., 2014). 

 

Fig. 10a: Raman spectrum of A, B, C 

200 400 600 800 1000 1200

0.4

0.5

0.6

0.7

0.8

0.9

1 2 3 4 5 6 7

-20

0

20

40

60

80

100

120

140

160

A
b

s
o

r
b

a
n

c
e

 (
A

U
)

Wavelength nm

  C

(


h

)

2
  
(
e

V
  
c
m

-
1
)

2

Energy (h)  eV

 C -- (h)
2

Bandgap energy Eg = 5.506 eV

Direct Bandgap

200 400 600 800 1000 1200

1.0

1.5

2.0

2.5

3.0

3.5

4.0

1 2 3 4 5 6 7

0

10

20

30

40

50

60

A
b

s
o

rb
a

n
c
e

 (
A

U
)

Wavelength nm

 ZnO

(
h

)2

  
(e

V
  
c
m

-1
)2

Energy (h)  eV

 ZnO -- (h)
2

Bandgap energy Eg = 3.500 eV

200 400 600 800 1000 1200

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

1 2 3 4 5 6 7

-500

0

500

1000

1500

2000

2500

3000

3500

4000

A
b

s
o

rb
a

n
c
e

 (
A

U
)

Wavelength nm

 Titanium dioxide

(
h

)2

  
(e

V
  
c
m

-1
)2

Energy (h)  eV

  Titanium dioxide -- (h)
2

Bandgap energy Eg = 3.26 eV

Direct Bandgap

20

40

60

80

100

0 500 1000 1500 2000 2500 3000 3500 4000 4500

 A

 B

 C

 ZnO

T
ra

n
s
m

it
ta

n
c
e

Wavenumbers cm
-1

Titanium dioxide

0 500 1000 1500 2000

In
te

ns
ity

 A

 B

Raman Shift (cm
-1
)

 C



S. R. M. Jony and S. Muruganantham et al. / J. Environ. Nanotechnol., Vol. xx(x), xx-xx (20xx) 

 
 

A change can be seen in the range from 375 nm 

to 450 nm as the concentration increases. A peak seen at 

430 nm for samples A and B disappears in graph C. This 

clearly indicates that the doping has led to the Raman 

shift.  

 

Fig. 10b: Raman spectrum of A, B, C 

The Raman spectrum exhibits a fine change 

from 250 cm-1 to 500 cm-1.  

3.6 Scherrer Method and Williamson-Hall Plot 
Analysis           

 

Fig. 11: Scherrer plot for A nanoparticles 

 

Fig. 12: Williamson-Hall plot for A nanoparticles 

The accuracy is more or less matching; this 

could be achieved with fine conditions in which both 

exhibit a more negative value (Dai et al. 2025). There is 

no major change between the Scherrer and the 

Williamson-Hall plot. The error approximation seen in 

the case of the data overlooks the perfection of the XRD 

data (Wang et al. 2024). As the concentration of the 

dopant in the base material is increased, the linear fit line 

shown in the analysis changes from negative to positive. 

This proves that the sample changes from a negative 

inclination to a positive inclination (Li et al.   2023). 

 

Fig. 13: Scherrer plot for B nanoparticles 

 

Fig. 14: Williamson-Hall plot for B nanoparticles 
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Fig. 15: Scherrer plot for C nanoparticles 

 

Fig. 16: Williamson-Hall plot for C nanoparticles 

 

Fig. 17: Scherrer plot for ZnO nanoparticles 

 

Fig. 18: Williamson-Hall plot for ZnO nanoparticles 

 

Fig. 19: Scherrer plot for titanium dioxide nanoparticles 

 

Fig. 20: Williamson-Hall plot for titanium dioxide 
nanoparticles 
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S. 

No. 
Composition 

Particle 

Size 

Dislocation 

Density (S) 

Micro 

Strain € 

1 A 
46.9335

2 
6.04938 0.81931 

2 B 48.8556 7.224169 0.845972 

3 C 
52.2062

4 
5.845832 0.763588 

4 ZnO 
47.6808

8 
7.26386 0.769376 

5 
Titanium 
Dioxide 

29.9927
2 

8.127876 1.271616 

Negative slope indicates that a lattice 

contraction or lattice strain occurs due to compression, 

and a positive slope indicates lattice elongation or 

expansion (Dai et al. 2025). As the d-spacing changes, 

the d-spacing gets reduced. The dopant used might 

induce the property of elongation. Taking out the outlined 

plots can shoot up the R2 value to 0.9 in the linear fit. 

These are the errors; by removing them, we could shoot 

up the R2 value (Rwenyagila, 2017). 

3.7 CV Analysis  

 The process of voltage versus current is the idea 

behind cyclic voltammetry; direct current (DC) is used. 

This is a technique specifically known as an 

electroanalytical technique (Hagberg et al. 2007). This is 

used to analyze the reduction and oxidation process, 

known as redox, of an examined molecular species by 

scaling the current response to a set of potential values.  

The graph exhibits the anodic peak current ipa, anodic 

peak voltage Epa (Scharber and Sariciftci, 2021). Then the 

cathodic peak current ipc, and the cathodic peak voltage 

Epc. In all the graphs, it is clearly seen that the reversible 

reaction and the quasi-reversible reaction are clearly 

exhibited; however, the irreversible reactions are not 

exhibited (Wang et al. 2018). The conductivity is good 

and excellent in the case of ZnO compared to Titanium 

dioxide. For 600 mV, the peak current is only 120 mA, 

but in the case of ZnO it is nearly 250 mA at 600 mV. 

Upon doping, the current value changes as the 

concentration increases (Costa et al. 2016). The formal 

potential EO ’ can be calculated from Equation 1. 

EO’= (Epa + Epc)/2                      … (1) 

 

Fig. 21: CV analysis of A nanoparticles 

 

Fig. 22: CV analysis of B nanoparticles 

 

Fig. 23: CV analysis of C nanoparticles 

 

Fig. 24: CV analysis of ZnO nanoparticles 
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Fig. 25: CV analysis of titanium dioxide 

 

Fig. 26: CV analysis of A, B, C, ZnO and titanium dioxide 
nanoparticles 

3.8 EIS Analysis  

 

Fig. 27: Electrochemical impedance spectroscopy of A, B, C 

The Electrochemical Impedance spectroscopy 

data, or the graph, reveals that sample A has higher 

impedance in the case of -Z compared to sample C. 

Alternating current is used in this analysis technique 

(Christensen et al. 2020). 

3.9 DSC, TGA-DTA Analysis  

The DSC and TGA-DTA patterns are shown in 

Fig. 28 to Fig. 31; here, a basic introduction to the 

concept is given in the initial state. DSC is a technique, 

specifically known as a thermoanalytical technique 

(Gopinath et al.  2012). This technique measures the 

amount of heat released or absorbed by the irradiated 

sample when it is heated or cooled, or when kept at a 

constant temperature (Mustakim et al.  2021). The 

sample is compared with the reference material, and the 

details are retrieved; this predominantly determines the 

occurrence of melting, crystallization, and glass 

transition in the sample caused by the application of heat 

(Nazari and Shadi, 2022). In the case of DSC, the sample 

is treated with heat; this brings about a change in the 

thermal transition of the sample or the material. DSC 

measures the heat flux; in addition, the enthalpy changes 

are taken into account (Tanimola and Steve, 2024). The 

obtained graphs give us a report that it is exposed. The 

physical state of the sample does change, and the internal 

chemical state also changes. To find the thermal stability 

of the sample or the material, differential thermal analysis 

(DTA) and thermogravimetric analysis (TGA) are 

applied to the sample (Tsampali et al. 2025).TGA 

examines the concept of weight reduction or 

accumulation due to heat applied to the sample at a given 

temperature.  TGA is a well-known technique which 

measures the change in mass or weight reduction when 

the sample is subjected to heat or cooling or when held at 

constant pressure in a controlled state (Yu   et al. 2026). 

This ensures thermal stability and kinetics in terms of 

decomposition, moisture or solvent content.  DTA is a 

famous thermoanalytical technique that focuses on the 

parameter ΔT (difference in temperature); the difference 

in temperature is taken between the reference and the 

sample (Zhan et al. 2022). The sample is subjected to 

heating or cooling (Senff et al. 2009). This technique 

identifies exothermic (heat-releasing) and endothermic 

(heat-absorbing) processes (Shafi     et al. 2016). The 

obtained details exhibit melting, crystallization behavior, 

and phase transitions. A clear study can be inferred from 

the obtained details. 

 

ZnO DSC 
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TGA-DTA 

Fig. 28: DSC, TGA-DTA of ZnO 

The material ZnO exhibits a change in its 

melting point at 351.05 (OC), as the temperature is 

increased, the heat flow through the material or the 

sample also increases (Zhang et al. 2012). This proves 

that the base material ZnO is a good conductor of heat. 

The TGA graph reveals the weight loss of ZnO as the 

temperature is increased on the sample (Sarkaraisamy et 

al. 2026). At three major points, it exhibits physical 

changes, that is, at 262.81 (OC), 360.90 (OC) and 452.36 

(OC). 

 

Titanium Dioxide DSC 

 

TGA-DTA 

Fig. 29: DSC, TGA-DTA of titanium dioxide 

Here, the DSC graph exhibits the phase 

transition details; it can be seen that it occurs at 392.42 

(O C). Titanium dioxide is a good conductor of heat. At 

three major points, it exhibits physical changes, which 

are at 238.64 (OC), 359.48 (OC) and 462.31 (OC) (Katika 

and Boddu, 2025).  

 

A DSC 

 

TGA-DTA 

Fig. 30: DSC, TGA-DTA of A 

The DSC graph exhibits the phase transition 

details; it can be seen that it occurs at 386.21 (OC). 

Titanium dioxide is a good conductor of heat. At two 

major points, it exhibits physical changes, which are at 

277.97 (OC) and 358.06 (OC) (Koutenaei et al. 2022). 

 

B DSC 



S. R. M. Jony and S. Muruganantham et al. / J. Environ. Nanotechnol., Vol. xx(x), xx-xx (20xx) 

 
 

 

TGA-DTA 

Fig. 31: DSC, TGA-DTA of B 

The DSC graph exhibits the phase transition 

details; it can be seen that it occurs at 373.30 (OC). 

Titanium dioxide is a good conductor of heat (Li et al. 

2026). At two major points, it exhibits physical changes, 

which are at 300.72 (OC) and 361.85 (OC). 

 

C DSC 

 

TGA-DTA 

Fig. 32: DSC, TGA-DTA of C 

The DSC graph exhibits the phase transition 

details; it can be seen that it occurs at 366.18 (OC). 

Titanium dioxide is a good conductor of heat (Morsch     

et al. 2016). At two major points, it exhibits physical 

changes, which are at 300.72 (OC) and 359.48 (OC).  

Table 4. DSC, DTA and residues of ZnO, TiO2, A, B   and   C 

S. No  DSC DTA Residue  

1 ZnO 351.05 350.95 98.61 7.117   mg 

2 TiO2 392.47 392.18 97.19 6.240   mg 

3 A 386.21 386.96 98.64 6.971   mg 

4 B 373.3 373.22 98.74 6.881   mg 

5 C 366.18 365.64 98.59 7.241   mg 

Table 5. Temperature, TGA and weight percentage of ZnO, 
TiO2, A, B, and C 

S. 

No 
 Temperature 

Degrees Celsius 
TGA 

Weight 

Percentage 

1 Zno 260 262.81 99.5 

  360 360.9 98.96 

  450 452.36 98.73 

2 TiO2 232 238.64 98.96 

  355 359.48 97.83 

  470 462.31 97.37 

3 A 275 277.97 99.42 

  356 358.06 98.92 

4 B 300 300.72 99.54 

  360 361.85 99.08 

5 C 300 300.72 99.3 

  360 359.48 98.97 

The ability of a material to withstand high 

temperatures indicates that the material has bonds which 

are stable and flexible (Mridha et al. 2025). The 

restoration to the original state is quite predominant. 

Moreover, the elastic nature of the bonds is stable for 

thermal inclusion. 

4. CONCLUSION 

The nature of the materials like ZnO and TiO2 is 

well identified; the mixed nature shows its behaviour. 

The intensity of the dopant has a regular effect on the 

base material. Each and every characterization study 

narrates the peculiar effect caused by the dopant on the 

regular base material. The plots shown in the 

Williamson-Hall and the Scherrer reveal that the dopant 

has the effect of changing the linear fit axis line; it proves 

that the negative entity moves towards the positive 

identity. 
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