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Abstract: Zinc oxide (ZnO) and TZO samples having different Ti content were synthesized from doping to composite by 

Citrate sol-gel method (dissolving and react with citric acid) characterized according to their optical properties. The UV - vis 

characterization exhibiting good optical properties. The results show there are one absorption edge at pure and low Ti doping 

but at higher Ti% another edge appeared and slightly shifted around 400 nm. The maximum absorption nearly at 350 nm, 

and the band gap energy of Ti-doped ZnO increase from 3.16 to 3.20 eV achieving a blue-shift. A red shift from 3.07 to 3.19 

eV in the visible range which has a very important application, this improves the optical properties of ZnO and gives an 

indication how to tune its band gap (increase or decrease by doping or composition). 

Keywords : Optical properties, Ti-Doped ZnO, ZnO/TiO2 nano-composites, ZnO nanostructure. 
 

1. Introduction 

The optical properties of a semiconductor are 
connected with both intrinsic and extrinsic effects. Intrinsic 
optical transitions take place between the electrons in the 
conduction band and holes in the valence band, including 
excitonic effects due to the Coulomb interaction. Excitons 
are classified into free and bound excitons. In high-quality 
samples with low impurity concentrations, the free exciton 
can also exhibit excited states, in addition to their ground-
state transitions. Extrinsic properties are related to dopants 
or defects, which usually create discrete electronic states in 
the band gap, and therefore influence both optical-absorption 
and emission processes [1]. The optical properties of 
nanomaterials depend on parameters such as feature size, 
shape, surface characteristics, and other variables including 
doping and interaction with the surrounding environment or 
other nanostructures. The simplest example is the well-
known blue-shift of absorption and photoluminescence 
spectra of semiconductor nanoparticles with decreasing 
particle size, particularly when the size is small enough [2]. 

  Zinc oxide (ZnO) is a semiconductor material 
described by a wide band gap approximately from 3.2 to 3.3 
eV, a high transmission in the range of visible region, a 
native n-type conductivity as well as by its excellent 
photoluminescence (PL) properties, which can be modified 
by the doping of impurities in its structure [1, 3]. Thus 
transition metal-doped ZnO has the potential to be a highly 
multifunctional material with coexisting magnetic, 
semiconducting, electromechanical, and optical properties 
[4]. Recently, scientists paid much effort to improve the 
interfacial charge transfer efficiency and shift the band-gap 
of ZnO so as to absorb it lightly in the visible region of the 
solar spectrum. The ZnO nanomaterials coupled with other 
metal oxide semiconductors facilitate enhanced photo-
catalytic activity [5].                 

The subject that currently interests numerous 
researchers is the enhancement of the optical and electrical 
properties of ZnO nanostructure by doping with another 
metals in its structure (Al, Ga, In, Ti, etc.). Actually, n-type 
doping is controlled by the incorporation of certain group 
elements in the ZnO crystal structure is a repeated method 
for altering both the bandwidth energy and electrical 
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conductivity by increasing the concentration of carriers 
while keeping high transparency in the range of visible [6]. 
Most of the previous doped ZnO work is related to doping 
with group III dopants (Al, Ga, and In), while most recently, 
new studies have been conducted on quadrivalent dopants 
like titanium, which can provide two free electrons per atom 
to improve the conductivity of the ZnO host and to modify 
the photo-response. 

Furthermore, ZnO nanomaterials with a high Ti 
content have also been researched because of their 
applications in gas sensors, paint pigments, catalytic 
sorbents for removal of contaminants from hot coal gases 
(H2S, As, etc.), degradation of organic compounds, and 
photo-catalytic splitting of water, as well as in DSSC, anodes 
of Li-ion batteries, microwave devices, low-temperature co-
fired ceramics, and many more. Also, in comparison with 
pure ZnO, the composite ZnO/Zinc Titanate has enhanced 
green emission [7, 8]. The composite ZnO/Zinc Titanate 
from the ternary nano-composites which intensive efforts 
have been made to synthesize, which exhibit superior 
properties that are otherwise impossible by common binary 
composites. Therefore, the study of ZnO with Ti atoms 
incorporated and the understanding of the Ti incorporation 
into the ZnO structure, both as a dopant or in the form of a 
mixed oxide, is still under debate and constitutes a very 
interesting challenge. Zinc Titanate (ZnTiO3) has superior 
electrical properties as reported that are adequate for 
applications towards microwave dielectrics.     

There are three composites that produce in the ZnO –TiO2 
system:ZnTiO3 with a hexagonal ilmenite crystal structure 
(h-ZnTiO3), Zn2TiO4 with a cubic spinel crystal structure, 
and Zn2Ti3O8 with a cubic defect spinel crystal structure [8]. 

Recently interest in these ZnO-TiO2 compounds 
was reactivated because they can combine the characteristics 
of the individual oxides, ZnO [1, 9, 10] and TiO2 [11, 12], 
specially the coupling of ZnO nanoparticles and TiO2 
nanoparticles produced a significant effect on their 
electronic and physicochemical, photo-electrochemical 
properties, principally in their surfaces areas and surface 
morphologies [13]. Moreover, as the recent great scientific 
and technological interest importance of nanotechnology, 
nanoparticles in general and those of ZnO-TiO2 are of due to 
the special properties they exhibit compared to their 
micrometric counterpart  [14-17]. Because of these novel 
properties have caused nanoparticles to be find in 
tremendous amount applications such as catalysts [18, 19], 
antibacterial [20], drug liberators [21], in electronics, 
optoelectronics, optical detection, biomedicine and  
bioimages [14-17]. Meanwhile, Reinosa et al. [22] made a 
ZnO-TiO2 composite by taking 15 wt% of TiO2 
nanoparticles mixing with 85 wt% of ZnO microparticles, 
using a dry nano-dispersion method, a material that obtained 
a 60% improvement in the Sun Protection Factor (SPF) value 
when compared with a standard method. Also, this 
composite by Dynamic light scattering measurements 
showed that this could be considered as a nano-free UV filter 

with easy-to-handle characteristics. Newly, Ayed et al. [23] 
synthesized ZnO-TiO2 composites by the conventional 
method of mixing oxides using different weight amounts of 
TiO2 (1, 3, 5 and 7 wt%). The obtained mixed powders were 
annealed at 900 °C for 24 h. The XRD of the sintered 
samples, showed the presence, of wurtzite type ZnO, as well 
as spinel-type Zn2TiO4 and hexagonal ZnTiO3 compounds. 
The measurements of optical properties (absorbance and 
reflectance) carried out by the researchers on these 
composites showed that the mixing of TiO2 to ZnO powders 
favored more transparency in the visible range and two edges 
of absorption in the UV region [24]. It is possible to obtain a 
greater photo-catalytic reaction speed and then a greater 
photo-catalytic activity because electron-hole separation is 
favored, decreasing the recombination of these charge 
carriers [25-29]. Also, they have been used for photo-anodes 
in dye-sensitized solar cells [30], in ink degradation [31-34], 
herbicide degradation [35], humidity sensors [36-38], and, 
photo-anodes for water splitting [39, 40] among other 
applications. 

Nano-composites of ZnO-TiO2 system have been 
synthesized using varied methods such as chemical vapor 
deposition [41], sol-gel [42], combustion [43], ultrasonic 
pyrolysis spray [44], hydrothermal [13], coprecipitation 
[29], electrospinning [45] thermal decomposition of salts 
[46], and impregnation [47]. The physicochemical properties 
of ZnO-TiO2 nano-composites - and therefore their 
functionality - as is generally the case with nanoparticles - 
will be defined by the synthesis method used. As the results 
from research on other systems show [48], the behavior and 
functionality of the particle can be significantly affected 
according to the synthesis method and the history of the 
processing. To understand and predict the properties of 
nanoparticles it is thus necessary to guarantee the reliability 
and reproducibility of the method used to obtain them. The 
results of Karakoti et al. [48] show that small and apparently 
insignificant changes can strongly alter the properties of the 
final product [24]. 

Sol-gel is considered one of the most popular 
methods to grow metal oxide nanoparticles (NPs), such as 
ZnO NPs, because of its simplicity, reliability, 
reproducibility, and cost effectiveness [49-56]. Meanwhile, 
citric acid, which is an effective chelating agent, is 
considered one of the most minor organic molecules 
commonly used in sol-gel synthesis. In the citric acid sol-gel 
(citrate route) method, citric acid is mixed with an aqueous 
metal salt and the prepared solution is heated up to form a 
viscous solution or Gel. As the "metal-citrate" gel is heated, 
the organic component burns at ~ 250 – 300 °C. Milling and 
then annealing the resulting powder produce the metal oxide 
NPs. During the sol-gel synthesis process, citric acid acts as 
a chelating agent for metal ions as well as an organic fuel 
during the calcination process. 

Binary, ternary, and quaternary metal oxides can be 
synthesized by this method in both crystalline and 
amorphous forms. The main advantage of this method, as 
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with more traditional sol-gel chemistry, is the homogeneity 
of the starting material. When the ‘gels’ of the metal–citrate 
are heated, combustion of the organic component takes place 
at 300 – 400 °C, depending on the metal counterion and 
existence of additives. The formation of the organic matrix 
at the first stages of synthesis can ensure that when 
nucleation take place, the sites are uniformly dispersed and 
numerous, confirming a small crystallite size. The other 
purpose of the matrix is to ensure that the different metals 
remain mixed on an atomic scale in the case of ternary or 
quaternary systems.  

In the present work, ZnO, and ZnO-TiO2 nano-
composites were synthesized using the citrate route method. 
The synthesized samples were treated at two different 
temperatures to study and confirm the obtained product 
doped or the presence of new phases resulting from the 
interaction of zinc with titanium (Nano-composite). In 
addition, the obtained powders were  characterized to find 
out their properties, giving special care to the optical 
properties and establishing a relationship between synthesis-
structure properties.  

 
2. Experimental details  
2.1. Chemicals and Synthesis  

As shown in Fig 1, Titanium doped ZnO, and nano-
composite (TZO samples) were synthesized by the sol-gel 
method (citrate route method). The materials are used in the 
synthesis of ZnO nanosheets by the sol-gel method are zinc 
acetate dehydrate; Zn (AC)2.2H2O and citric acid (H3Cit or 
C6H8O7), and titanium isopropoxide (without further 
purification). Zinc acetate dehydrates; Zn (AC)2.2H2O and 
citric acid (the complexing agent) (H3Cit or C6H8O7) with 
molar ratio 1:2 was dissolved in 25 ml deionized water 
separately. The zinc acetate dehydrates solution was added 
drop wise into the citric acid solution on a magnetic stirrer at 
room temperature, after the reaction mixture was 
maintaining for about an hour at room temperature, a specific 
amount calculated for %Ti of Titanium isopropoxide was 
added and kept again for about an hour at room temperature. 
Then the solution was kept at 85 °C on a heated magnetic 
stirrer, then at 120 °C, until highly viscous residuals were 
generated, the sample was allowed to dry at 120 °C. During 
continued heating for 1 h at 120, the sol became more and 
more viscous and finally became a xerogel, which is heated 
again or burned for 1 h at 250 °C to complete drying, giving 
brownish-black porous foam. The porous remainder was 
grounded into a powder then calcined at 400 °C for 1 h to get 
rid of the carbonaceous materials producing off-white 
doping or nano-composite product. Similar experiments 
were repeated with constant M : CA molar ratios (i.e. 1 : 2) 
and varying Ti : Zn molar ratios: 0.008726 : 0.3998,  0.0203 
: 0.3998, 0.0312 : 0.3998, 0.0425 : 0.3998, 0.0614 : 0.3998, 
0.0795 : 0.3998, 0.0931 : 0.3998, 0.1072 : 0.3998, and 
0.1222 : 0.3998 respectively. Then cooled until room 
temperature was reached and the desired product was 
obtained. 

 
Fig.1 Schematic representation of the synthesis of ZnO – 

TiO2 by sol-gel route. 

2.2. Ultraviolet – Visible (UV – Vis) Spectroscopy  

The optical characterization was carried out by 
measuring the absorbance and the diffuse reflectance 
spectroscopy in UV-Vis range, which result from the 
electronic transitions of a solid structure when irradiated 
with ultraviolet or visible light. With the resulting absorption 
spectrum, it is probable to obtain the value of the width band 
gap energy [57]. The spectra of the prepared powders were 
obtained with a Shimadzu UV-2600 UV – Vis – 
spectrophotometer by using the reference material barium 
sulfate (BaSO4), in the range between 200 and 800 nm, and 
at 100 nm/min of a scanning speed. 

3. Results and discussion  

Fig. 2 shows the room temperature UV–vis 
absorption spectrum of TZO samples prepared with different 
concentrations of Ti.  

As seen in Fig. 2, first the position of absorption edge (when 
there is only one absorption edge) around 400 nm is slightly 
red shifted with increasing the Ti concentration at low Ti 
content from 2% to 4% M to 6% respectively. This red shift 
may be due to increasing the Ti content on the ZnO 
nanostructures and change of the band gap. Then at high Ti 
content second absorption edge started to appear and make 
the change in first edge. These absorption edges in the UV 
region are related to the optical band gap [58], we can see 
two absorption edges or two reflectance edges. 

The two absorption peaks: Generally, there is a strong 
absorption peak of the pure ZnO samples in the range 300 – 
400 nm. The absorption spectra for the synthesized TZO 
products, showed strong absorptions at wavelengths 311, 
and 299 nm associated with ZnTiO3 phase [7], while the 
absorption peaks located at 373, and 371 nm corresponds to 
ZnO phase for the samples calcinated at 400, and 600°C 
respectively. There is a blue or red shift after increasing the 
calcination temperature which may be related. 
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Fig. 3 shows the room temperature UV – vis diffuse 
reflectance spectra of TZO samples prepared with different 
concentrations of Ti. Similar to the absorbance spectra, shift 
is observed a round 400 nm that increases with Ti doping. 
Then at high Ti content, a second reflectance edge appears 
which affects the first edge and the band gap.    

 
Fig. 2: Absorption spectra of TZO nanostructures 

synthesized at different Ti content. 

 
Fig. 3: Diffuse reflectance spectra of TZO 
nanostructures synthesized at different Ti content. 

 

 

3.1. The absorption coefficient from UV - vis absorption 
spectra 

Basically absorption coefficient is the measure of light that 
might be absorbed by a given thickness of a material.  It tells 
us how much light corresponding to specific wavelength will 
be absorbed by a material. 

α = (2.303) (𝑨)/𝑳         (1)                                                                                  

where, 𝐴 is the absorbance, and 𝐿 is the length of the cell. 

 
Fig. 4: The Absorption coefficient of TZO 

nanostructures synthesized at different Ti content. 

 

From this graph Fig. 4, the material is showing maximum 
absorption coefficient nearly at 350 nm. So that it can absorb 
light wavelength at 350 nm more efficiently. The trend of 
graph showing sharp decrease around 400 nm, then, it going 
to shifted with increase of Ti content and appearance of 
another decrease edge.  

 

3.2. The extinction coefficient (𝑲) from UV-vis 
absorption spectra 

It measures how strongly a chemical species or substance 
absorb light at particular wavelength. It depends on the 
structure and chemical composition of a substance or 
material. In other words, it is measure of absorption of 
electromagnetic radiation in medium and lost due to 
scattering.  

𝑲 =	 𝜶𝝀
𝟒𝝅

        (2)                                                                                                  

Where, α is the absorption coefficient and λ is the 
wavelength. 

 

 
Fig. 5: Extinction coefficient of TZO nanostructures 

synthesized at different Ti content. 
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From this graph Fig. 5, the extinction coefficient (𝐾) 
increases with wavelength to a maximum value at 350 nm. 
Then, trend of graph showing sharp decrease around 400 𝑛𝑚 
then, it going to shifted with increase of Ti content and 
appearance of another decrease edge.  

 

3.3. The refractive index (𝒏) from UV-vis absorption 
spectra 

It is the measurement of how light propagates through a 
material. Higher the refractive index (𝑛), slower will light 
travel through a material, that changes its direction. It is very 
essential optical constant and play an important role in 
designing optical devices. 

 𝒏 =	 𝟏
𝑻𝒔
+ 4 𝟏

𝑻𝒔5𝟏
       (3)                                                                                     

So, 𝑇7  is the percent of the transmittance. 

𝑻𝑺 = 𝟏𝟎(5𝑨)𝒙𝟏𝟎𝟎    (4)                                                                                     

Where, 𝐴 is the absorbance. 

 
Fig. 6: Refractive index of TZO nanostructures 

synthesized at different Ti content. 

This graph Fig. 6 shows that, refractive index (𝑛) sharp 
decreases around at 400 𝑛𝑚, and there is a shift with 
increasing the Ti content due to the formation of ZnO - 
ZnTiO3 Nano-composite. 

3.4. Calculation of Band gap Energy (Eg) from UV-
Visible reflectance  Spectroscopy   

 To determine the value of the band gap energy (Eg) of the 
synthesized samples using the UV-vis diffuse reflectance 
data, the diffuse reflectance (𝑅) of the sample can be 
correlated to the Kubelka – Munk Function 𝐹(𝑅)by the 
relation [59 - 61]:  

𝑭(𝑹) = (𝟏 − 𝑹)2/𝟐𝑹    (5)                                                                                

Where 𝑅 is the reflectance of an infinitely thick layer for 

which an additional increase in thickness does not change its 
reflectance. This is made for fine powders at only a few 
millimeters depth.  

The Kubelka – Munk Function (𝐾𝑀𝐹) is simply expressed 
as:
  

𝑭(𝑹) = 𝑲/𝑺        (6)                                                                                          

where 𝐾 and 𝑆 are the absorption and scattering coefficients, 
respectively. Moreover, the 𝐾𝑀𝐹 and the energy band gap 
are correlated as: 

𝒉𝝂	𝑭(𝑹∞)	a		(𝒉𝝂 − 𝑬g)n       (7)                                                                         

The four values of (𝑛) coincides with the allowed and 
forbidden transitions mentioned in ref [60]. Finally, the 
energy gap (𝐸g), supposing allowed direct transition, can be 
found from a graph of [ℎ𝜈	𝐹(𝑅∞)]2 plotted versus ℎ𝜈. This 
graph is represented in Fig. 7. The extrapolated linear 
portion of the graph intersection the ℎ𝜈 - axis gives the 
optical energy band, which can be assuming allowed indirect 
as in ref [62]. 

 
Fig. 7: Tauc plot by UV-vis reflectance data used for 

extracting the band gap. 

 

3.5. Calculation of Bandgap Energy (Eg) from UV-
Visible Absorption Spectroscopy  

The band-gap energy (Eg) values of the TZO samples were 
calculated by applying the absorption band-edge of the 
corresponding samples using Tauc’s plot [63]. 

(a	𝒉𝝂)n = 𝒌 (𝒉𝝂 – 𝑬g)       (8)                                                                            

Where a  is the absorption coefficient, 𝐸g is the band-gap 
energy and 𝑘 is the absorption constant. The absorption 
coefficient (a	) was determined from the equation (1). 

The optical band gap energy (𝐸g) of nanostructures 
can be estimated by using the last equation of UV-visible 
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absorption data. In this relation, “a	” is the absorption 
coefficient, “ℎ𝜈” is the energy of the incident photon, “𝑘” is 
the energy independent constant and 𝐸g is the optical band 
gap energy of the material. In this relation the exponent “𝑛” 
denotes the nature of transition. For direct band gap material 
𝑛 = 2, while for indirect 𝑛 = 	½. 

From the plotting Fig. 8 between (a	ℎ𝜈)n and ℎ𝜈 
(energy of the incident photon) which has a linear 
relationship then 𝐸g (the band gap energy) is obtained by 
extrapolating the straight-line portion of the plot to zero 
absorption coefficient. A single slope in the plot explain the 
direct and allowed transition. The band gap energy increases 
slightly with increasing the Ti% and then decreases at higher 
Ti content as shown in Table 1. 

This result shows that the band gap energy of the 
TZO nano-composite system can be tuned by varying the 
Ti% for different applications. As shown in Table 1, the 
band gap was tuned from 3.16 to 3.07 𝑒𝑉 by raising the Ti 
content. 

 
Fig. 8: Tauc plot by UV-vis absorption data used for 

extracting the band gap. 
 

Table 1: The energy band gap of TZO nanostructures 
synthesized at different Ti content from Kubelka-Munk 
plot and from Tauck plot. 
 

Ti% Kubelka Tauck 

0 
Eg (0%) 

= 3.18 
eV 

Undoped 
Eg (0%) 

= 3.16 
eV 

Undoped 

2 
Eg (2%) 

= 3.19 
eV 

Increase 
doped 

Eg (2%) 
= 3.18 

eV 

Increase 
doped 

4 
Eg (4%) 

= 3.20 
eV 

Increase 
doped 

Eg (4%) 
= 3.19 

eV 

Increase 
doped 

6 
Eg (6%) 

= 3.20 
eV 

Doped or 
composite 

Eg (6%) 
= 3.16 

eV 

Doped or 
composite 

8 
Eg (8%) 

= 3.20 
eV 

Doped or 
composite 

Eg (8%) 
= 3.15 

eV 

Doped or 
composite 

12 
Eg 

(12%) = 
3.18 eV 

Decrease 
composite 

Eg 
(12%) = 
3.11 eV 

Decrease 
composite 

14 
Eg 

(14%) = 
3.18 eV 

Decrease 
composite 

Eg 
(14%) = 
3.11 eV 

Decrease 
composite 

16 
Eg 

(16%) = 
3.18 eV 

Decrease 
composite 

Eg 
(16%) = 
3.10 eV 

Decrease 
composite 

18 
Eg 

(18%) = 
3.16 eV 

Decrease 
composite 

Eg 
(18%) = 
3.09 eV 

Decrease 
composite 

20 
Eg 

(20%) = 
3.16 eV 

Decrease 
composite 

Eg 
(20%) = 
3.07 eV 

Decrease 
composite 

(a)                                         
(b)  

   

 

    

                                               
                                                       (a) 
 
 
 
 
 
 
 
 
 
 
 
                                                  (b) 
Fig. 9: The energy band gap of TZO nanostructures 
synthesized at different Ti content from 
(a) Kubelka-Munk plot and (b) from Tauck plot. 
 
 

The calculated band gaps of TZO samples were 
found as shown in Fig. 9. The results confinement with the 
results reported in refs. [5, 64, 65]. Where the change in the 
band gap can be explained by the change in particle size, 
change of structure, and doping.  

The intercepts gives the direct energy band gaps for the 0%, 
2%, 4%, 18%, and 20% samples are in Table 1, the band gap 
was found to be 3.16 𝑒𝑉. From the reflectance above data 
two features are significantly evident: First, a slight blue-
shift in the energy band gap of 0.04 𝑒𝑉 for TZO samples up 
to 8% low Ti-doped is observed as compared to the undoped 
ZnO. This blue-shift might be explained by the effect of Ti 
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doping at the Zn sites in ZnO crystal structure resulting in 
the change in energy band gap. Since, Ti atoms when 
substituted at Zn site in ZnO lattice acts as a donor atom by 
supplying two free electrons, the increase in the optical band 
gap with electron concentration the so called Burstein – 
Moss BM band filling effect [65] which is due to the filling 
of lower states in the conduction band. Chung et al. also 
detected a blue-shift in energy band gap in Ti doped ZnO 
films. This feature in the excitonic band is mostly 
responsible for the characteristics of quantum confinement 
effects. In the quantum confinement range where the band 
gap of the particle increases causing the shift in absorption 
edge to lower wavelength, as the particle size decreases. 
Second, for a higher Ti% in the samples, the nano-composite 
produce (two phases), the wurtzite-like structure 
increasingly becomes more amorphous (w-ZnO + mixed 
oxides, associated with ZnTiO3 phase) the band gap energy 
becomes red shifted further within TZO samples from 3.19 
to 3.10 𝑒𝑉 with the   Ti% further increase as mentioned in 
[66]. Finally, in a highly doped sample (Ti% = 18%, and 
20%) the band gap decreases to 3.10 𝑒𝑉. In this case, this 
value cannot be explained by the doping effect, but instead, 
it could have been caused by the presence of a different 
amorphous TZO compound (mixed oxides) in the visible 
range which gives very important applications. 

 

3.6. Calculation of the particle size from UV – vis 
spectra  

The Average particle size (𝑟) of the nano material 
was calculated using the following equation for effective 
mass approximation (Eq. 9). This equation describes the 
particle size in radius as a function of peak absorbance wave 
length for Ti doped ZnO. 

𝒓(𝒏𝒎) =	 VW
5	𝟎.𝟐𝟗𝟔𝟑	\	(5	𝟒𝟎.𝟏𝟗𝟕𝟎	\	𝟏𝟑𝟔𝟐𝟎𝝀𝒑

5	𝟕.𝟑𝟒	\	𝟐𝟒𝟏𝟖.𝟔𝝀𝒑

`a
𝟐

         (9)                                            

From the above relation, the particle size (𝑟) was found as 
shown in Table 2. 

Table 2: Average particle size (𝑟) determined using UV-
vis spectra 

Sample Average particle size using 
UV-vis spectra (𝒏𝒎) 

0% 22.9972924 

2% 22.91498679 

4% 23.73599942 

6% 23.73599942 

8% 25.72466447 

12% 23.99044639 

14% 23.99044639 

16% 25.91964445 

18% 24.22924396 

20% 24.22924396 

From this table, it is clear that the size (𝑟) ranged from 22 
to 25 𝑛𝑚. 

4. Conclusions  

We have demonstrated that Zinc oxide (ZnO) and TZO 
samples having different Ti content can be synthesized from 
doping to composite by Citrate sol-gel method. The results 
show the band gap energy of Ti- doped ZnO to increase from 
3.16 to 3.20 achieve a red shift (increase the absorbance by 
decreasing the energy gab) and a blue shift from 3.19 to 3.07 
eV (decrease the absorbance by increasing the energy gab) 
in the visible range which has a very important application, 
this improves the optical properties of the ZnO and gives an 
indication on how to tune its band gab (increase or decrease 
by doping or composition). This result shows that the band 
gap energy of the TZO (ZnO/ZnTiO3) nano-composites 
system can be tuned by varying the Ti content for different 
applications. On the other hand, it is clear that the average 
particle size (𝑟) ranged from 22 to 25 𝑛𝑚. 
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