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Abstract—Nanocomposites of Titania-ZnO with 

molar ratios 2:1(TZ-S1) and 3:1(TZ-S2) were 

synthesized by employing a modified sol-gel method. 

The prepared nanocomposites were characterized 

employing X-ray diffraction (XRD), scanning electron 

microscopy (SEM), energy dispersive X-ray analysis 

(EDAX), UV, and BET analysis. The crystallinity and 

morphology of the nanostructures were compared for 

varying molar concentrations. The nanostructures thus 

synthesized were employed as photo-anode 

semiconductor materials in the fabrication of Dye- 

Sensitized Solar Cells (DSSC). The DSSC developed 

with the photo-anode of Titania-ZnO with a molar ratio 

of 3:1 exhibited better photovoltaic performance with 

an efficiency of 0.77% and a current density of 3.89 

mA/cm
2
 than the device with nanocomposites of TiO2- 

ZnO with molar ratio 2:1. 

 
Keywords: Diverse morphology, Nanocomposite 

flowers, photo-anode, Titania-ZnO, photovoltaic 

performance, DSSC 

 
I. Introduction 

Energy has an ambiguous status appearing as a 

driving force that inflicts a vital change in the social 

aspect. Energy is a quantitative property that is 

embedded into the matrix of society. The Earth 

receives approximately 10
11

 kilowatts of solar 

radiation annually, while the total global energy 

consumption in a single calendar year stands at 

15×10
10

 kilowatts. The world is in a critical situation, 

with 14×10
10

 kilowatts of energy being consumed by 

seven billion individuals. This energy demand is 

anticipated to increase by more than 170% over the 

next forty years [1, 2]. 

The most important highlight of renewable 

energy is its abundance, as it is present in 

immeasurable quantities. Renewable energy sources 

are green energy sources with a lower environmental 

footprint than conventional fossil fuel technology. 

Renewable sources have accounted for over half of 

the total electricity in the last decade [3-6]. The most 

efficient method to obtain electricity is by converting 

quantum energy utilizing the solar cell. There are a 

set of three generations of solar cells, namely, the 

first-generation (1G), second-generation (2G), and 

third-generation (3G). 

Dye-sensitized solar cells (DSSCs) are an 

efficient substitute for conventional silicon-based 
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solar cells and are widely contemplated as a potential 

contender in the third generation of solar cells. A 

DSSC is made up of a photo-anode, a counter 

electrode, and an electrolyte sandwiched between two 

electrodes. The setup effectuates electricity from light 

without enduring any long-term chemical 

transformation [7-12]. The DSSC has been in the 

spotlight owing to its cost-effectiveness and 

exemplary efficiency. The solar-to-electricity 

conversion efficiency (η), in addition to the long-term 

stability, are essential parameters influencing DSSC 

performance. 

 
Numerous modi operandi are currently 

being explored to ameliorate the theoretical 

photoelectric conversion efficiency of DSSCs, giving 

rise to an era consisting of various novel dyes 

inclusive of organic as well as natural dyes that help 

in extending the solar irradiation absorption to 

regions such as the infrared and near-infrared [13- 

16]. A DSSC’s key parameters include the photo- 

anode, photosensitizer, and counter electrode. The 

overall conversion efficiency (η) of a DSSC is 

determined by the photocurrent density (Jsc), the 

open-circuit potential (Voc), the fill factor (FF), and 

the intensity of the incident light [17]. 

 
Titanium dioxide, also known as titania, is 

one of the most bounteous compounds present on 

Earth, offering an extensive list of applications. This 

compound is most widely used as a pigment in 

cosmetics products and several sensors due to its 

distinctive physical and chemical properties. It is also 

the most extensively studied wide band-gap 

semiconductor for photo-catalytic processes, which 

has caught the scientific community's attention in 

recent years. Titania particles with sizes lesser than 

100 nm are capable of exhibiting visible light 

transparency as well as UV light absorption that is of 

a high order. However, ZnO is a photo-catalyst that is 

a potential substitute for TiO2 because it has a wider 

bandgap, higher solar absorption, and conversion 

efficiency [18-28]. 

 
In this ambiguous field of Engineering, 

plenty of researchers have contributed toward the 

sole cause of innovation. For instance, Vivek Dhas et 

al. [29] synthesized thin anatase TiO2 nanoleaves by 

the method of hydrothermal to be compared with that 

of TiO2 nanoleaves synthesized Hydro-thermally 

using the Degussa P25 powder. Additionally, both of 

these samples were synthesized for the purpose of 

DSSCs [29]. Similarly, Hegazy et al. synthesized the 

TiO2 nanoparticles at 350 ºC for a large area of DSSC 

to obtain an efficiency of 4.21% [30]. Apart from 

this, S Satyajyothi et al. fabricated the DSSC based 

on TiO2 nanopowders equipping the sol-gel method 

of preparation. The TiO2 nanomaterials were 

subjected to XRD, SEM, and DTA. The efficiency of 

the DSSC fabricated using the beetroot dye was 

found to be 1.3%, while that of the Henna dye was 

calculated as 1.08% [31]. In the present study, the 

nanocomposites of Titania-ZnO with diverse molar 

ratios were prepared utilizing the modified sol-gel 

technique. The variation in morphology and 

crystallinity of the nanostructures with changes in 

molar concentrations were analyzed. The synthesized 

nanostructures were employed as the semiconductor 

photo-anode materials in the formation of DSSCs, 

and their photovoltaic function was compared, 

evaluated, and the results are reported. 

 
II. Experimental Section 

 
A. Synthesis of Titania-ZnO using modified sol- 

gel method: 

The TiO2-ZnO composite was synthesized using 

modified sol-gel technique, which was acquired from 

the research conducted by Pugazhendhi et al. [32]. A 

stoichiometric proportion of zinc acetate dihydrate 

(2.195g) and ethanol (10 ml) was stirred for 15 

minutes. A solution of TiO2 nanoparticles was 

prepared by adding TiO2 nanoparticles into 10 ml of 

deionized water. The resultant solution was agitated 

for 16 minutes and then added to the prepared 

Zn(CH₃CO₂)₂·2H₂O solution. Simultaneously, a 

measured quantity of 8g of NaOH was added to 10 

ml of deionized water and agitated for 16 minutes. 

The NaOH solution was then introduced in a 

dropwise manner to the previously prepared solution 

of titania and Zn(CH₃CO₂)₂·2H₂O to a point where 

the pH reached 12. The mixed solution was agitated 

constantly for 360 minutes and was later aged for a 

duration of 1 day. Once the above operation was 

completed, the gel hence obtained was washed 



Synthesis of Titania-ZnO Nanocomposites of diverse morphology for DSSC Applications 

 

Section A-Research paper  

ISSN 2063-5346 

16707 

Eur. Chem. Bull. 2023, 12 (Special Issue 4), 16705-16713 

 

multiple times with ethanol and water. Lastly, the 

solution prepared was filtered, and the precipitate 

was kept in a muffle furnace at 393K for 360 

minutes. The powder was then calcined at 723K for 

60 minutes, and the obtained product was 

characterized. 

 

 

B. 2.2 Fabrication and assembling of DSSC 

The DSSCs were fabricated employing a method that 

correlates to the method adopted by Chung et al. [33]. 

Photo-anode and counter electrodes were made using 

2.2 mm thick fluorine-doped Tin Oxide (FTO) coated 

glass slides with 85% transmittance and with a 

resistivity of 7 Ω/m
2
. The slides were washed with 

nanomaterials. UV-DRS (PerkinElmer UV 

WinLabLamda 900) was used to analyze the UV– 

VISIBLE absorption spectra of TiO2-ZnO 

nanocomposites. 

The specific surface area of the nanomaterials was 

analysed using the BET analysis utilizing the 

QuantachromeNovaWin (version 11.05) instrument. 

The DSSC fabricated was subjected to a solar 

simulator with irradiation of 1000 W/m
2
 along with a 

Keithley 2400 source meter that was operated using a 

computer to carry out the I-V characterization. The 

photo-electrical conversion efficiency (η) of the 

fabricated DSSC was calculated using the equation 

(1) 

 
 

 

distilled water and then ultrasonicated in ethyl 

alcohol for about 10 minutes, followed by  drying. 

 𝜂 =jsc.voc. FF 
       ------------    -------- (1) 
             Pin 
 

Utilizing the doctor blade procedure, the prepared 

nanocomposites were applied on the conductive side 

of the glass slides. The obtained photo-anodes were 

dried at an ambient temperature and sintered at 723K 

for a time period of thirty minutes. The glass 

substrates hence obtained were immersed in a 0.005 

mol/l solution of the N719 dye for dye sensitization. 

The glass substrates were then allowed to rest in the 

dye for an entire day. Subsequent to this process, the 

coated nanofilms were washed with ethyl alcohol and 

made to dry in the air. A coating of Platisol T/SP was 

applied on an additional glass slide that formed the 

counter electrode. The glass substrate was sintered at 

673K for thirty minutes and cooled to ambient 

temperature. The assembly involved the counter 

electrode being placed over the photo-anode and 

being mustered with a clasp. The Iodolyteelectrolyte 

(HI 30) was injected in the middle of the photo-anode 

and counter electrode by a capillary motion. The 

active region of the DSSC was close to 25 mm
2
 [34]. 

 

III. Characterization 

The morphology of the synthesized nanocomposites 

with diverse molar concentrations was determined 

using SEM (Tescan Vega 3). To study the crystallite 

phase of the synthesized nanomaterials, XRD with 

CuKa radiation accompanied by the standard JCPDS 

(PAN Analytical powder Xpert-3) was used. An 

EDAX study was effectuated to ascertain the 

elemental composition of the synthesized 

Where, Jsc indicates the short circuit current density, 

Voc is the open circuit voltage, Pin is the incident 

power input, and FF is the fill factor. 

 
IV. Results and discussion 

 
A. XRD-Analysis 

 

The XRD pattern of TZ-S1 (2:1) and TZ-S2 (3:1) is 

depicted in Figure 1. The XRD pattern displayed in 

Figure 1 (a) affirmed the development of TZ-S1 (2:1) 

with the development of diffraction peaks of TiO2 at 

angles of 2θ = 25.28, 38.38, 47.99, 54.15, 55.02, and 

70.19 relating to the standard peaks (101), (112), 

(200), (105), (211), and (220), respectively of the 

JCPDS card # 84-1286. The development of 

diffraction peaks of ZnO took place at angles of 2θ 

=31.74,  27.42,   36.19,   47.99,   56.57,   and   67.92, 

respectively, relating to the standard peaks (100), 

(002), (101), (102), (110), and (103) of the JCPDS 

card # 36-1451. 

 
In addition to this, the XRD pattern displayed in 

Figure 1(b) reflected the development of TZ-S2 (3:1) 

with the development of diffraction peaks of TiO2 at 

angles of 2θ = 26.01, 37.97, 48.25, 54.59, 56.57, 

62.2, 67.94, and 69.09 correlating to the standard 

peaks (101), (112), (200), (105), (211), (204), (116), 
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and (220), respectively, of the JCPDS card #84-1286. 

The development of diffraction peaks of ZnO took 

place at angles of 2θ = 31.76, 34.45, 36.25, 47.55, 

56.57,    63.80,    67.94,    and    69.09,    respectively, 

correlating to the standard peaks (100), (002), (101), 

(102), (110), (103), (112) and (201) of the JCPDS 

card #36-1451 [35]. 

 
Scherrer's condition was utilized to assess the 

crystallite size of the synthesized nanopowders [36, 

32] 

𝐷 = 𝐾𝜆/𝛽𝑐𝑜𝑠𝜃 -------- (2) 

 
In the above-mentioned equation (2), D stands for the 

average size of the particles, λ signifies the 

wavelength of the X-ray beam, θ represents the 

Bragg’s Angle, β indicates the line broadening at half 

of the maximum possible intensity, and K 

corresponds to the constant whose value is equal to 

0.94. Using equation (2), the average particle size of 

TZ-S1 2:1) and TZ-S2 (3:1) was determined to be 40 

nm and 29.26 nm, respectively. The change in molar 

concentration resulted in varied crystallite sizes of the 

composites. 

 

 

Fig. 1. XRD Analysis of a) TZ-S1 Composite (2:1) b) TZ-S2 

Composite (3:1) 

 

 
B. EDAX analysis 

Figure 2 depicts the EDAX analysis of the 

synthesized nanocomposites. Based on the EDAX 

analysis, TiO2-ZnO (3:1) composites were formed 

with stoichiometric weight percentages of 33.55% Ti, 

42.02% O, and 15.96% Zn.   From the interpretation 

of the data for the above samples, the presence of 

carbon  impurity  was  detected.  The  TiO2-ZnO  (2:1) 

composite was found to be in the stoichiometric 

weight of Ti= 9.65%, O= 53.63%, and Zn= 4.32%. 

Further, the EDAX analysis affirmed the presence of 

carbon (C) and sodium (Na) as the impurities in the 

TiO2-ZnO (2:1) sample. 

 

Fig. 2. EDAX Analysis of a) TZ-S1 (2:1) and b) TZ-S2 (3:1) 

composites 

 

C. SEM analysis 

Figure 3 displays the SEM images of TZ-S1 (2:1) and 

TZ-S2 (3:1). From the SEM analysis, the TZ-S2 (3:1) 

composites were found to be spherical in shape with 

agglomeration. However, the particles were found to 

be uniformly distributed. For the TZ-S1 (2:1) 
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composite, the formation of the nanoflowers took 

place with each petal ranging in the size of 250 nm to 

350 nm in diameter. In addition to this, the 

nanoflowers were formed in the nanometer range 

with an aspect ratio of 3:1 (L/D). 

 
` 

Fig. 3. SEM image of a) TZ-S1 (2:1) and b) TZ-S2 (3:1) 

 

D. UV-analysis 

The UV–Vis analysis on the synthesized Titania-ZnO 

composite was performed to determine the bandgap 

energy (Eg). From UV analysis, the Eg of the TZ-S1 

(2:1) composite was determined to be 3.01 eV while 

that of the TZ-S2 (3:1) composite was determined to 

be 2.97 eV which is a slightly lower value when 

contrasted with that obtained by Alfanaar et al. [37]. 

The integration of ZnO with TiO2 has resulted in the 

shifting of the cut-off wavelength (redshift) in 

addition to the decrease in bandgap, which could be 

due to the agglomeration at a larger crystallite size of 

the nanomaterials in the course of the synthesis 

process. It is important to note that the obtainment of 

the lower bandgap could be correlated to the presence 

of impurities in the samples as well as a larger 

crystallite size. 

 

 
 

Fig. 4. UV–Vis analysis of a) TZ-S1 (2:1) and b) TZ-S2 (3:1). 

 

E. BET analysis 

The BET analysis of the composites was conducted 

to ascertain the specific surface area of the particles. 

It was learned that the surface area of the TZ-S2 (3:1) 

was computed to be 22.44 m
2
/g while that of the TZ- 

S1 (2:1) was computed to be 19.33 m
2
/g. Both these 

values were observed to be greater than those 

reported by Waqar Ahmad et al. [38]. In contrast to 

this, it was also observed that the specific area 

obtained by Song L et al. was much higher when 

compared to the results obtained for the 

nanocomposite samples. This might be due to the 

unique approach in the synthesis of the TiO2-ZnO 

nanocomposite (core-shell rice grains) followed by 

Song L et al. using coaxial electrospinning and 

calcination [39]. It was observed by Jin-Kook Lee et 

al. that on increasing the proportion of TiO2 in the 

titania paste, the surface area increased exponentially 

from 613 cm
2
 /mg to 1070 cm

2
 /mg [40]. From the 

above observation, we can conclude that the 

incorporation of nano ZnO into the TiO2 
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nanoparticles resulted in the decline of the specific 

surface area. 

Fig. 5. BET Analysis of a) TiO2-ZnO (3:1) and b) TiO2-ZnO (2:1) 

 
F. I-V characterization 

The curve plotted between the current and voltage 

displayed the performance of the fabricated DSSC. 

Under illumination, the voltage was modified in 

small variations to procure the current being 

developed across the cell. The I-V curves of the 

DSSCs were generated under illumination of 

100mW/cm
2
 [41]. The I-V attributes of the DSSCs 

fabricated utilizing Titania-ZnO composite as the 

photo-anodes are depicted in Figure 6. From I-V 

characterization, we learn that the DSSC fabricated 

with TZ-S2 as the photo-anode exhibited a better 

photovoltaic performance when compared to the 

device with TZ-S1. 

 
It was comprehended that the DSSC fabricated with 

TZ-S1 (2:1) had a Voc of 0.685 V. The 

aforementioned value is higher when compared to 

that reported by Lilis Retnaningsih et al. It is worth 

noting that Lilis Retnaningsih et al. used a powder 

type of dye (Z907) for sensitization [42]. In addition 

to this, the Voc values are identical to the values 

announced by Alfanaar R et al. The TiO2-ZnO 

nanocomposites were obtained by utilizing a hybrid 

procedure where anthocyanin pigments were 

obtained from Rosella flowers to be further utilized 

as the dye by Alfanaar R et al. [37]. The Isc and η 

values are higher when contrasted to the quantities 

revealed by Manikandan et al. [43]. The difference in 

the Voc and Jsc values may have been due to the 

agglomeration of particles of the nanocomposites 

which, might have effectuated the opposition for 

electron mobility. [44, 45]. The efficiency was found 

to be 0.67% which is higher than that obtained by 

Rahman, M.F et al. [46]. The lower efficiency may 

be due to the formation of a complex when nano ZnO 

was coupled with nano TiO2, which might have 

caused hindrance to the electron mobility across the 

photo-anode [47]. 

In addition to this, the DSSC thus fabricated with TZ- 

S2 (3:1) was perceived to have a Voc of 0.708 V. On 

analogizing, it was learned that the above value was a 

greater one when contrasted to the value disclosed by 

Rheimaet al. [48]. The efficiency obtained for TZ-S2 

(3:1) composite as photo-anode was 0.77%. On 

comparison, it was learned that this value of 

efficiency was a lower one when juxtaposed to that of 

YL Xie et al., who utilized the electrochemical 

method of preparation to obtain highly cataloged 

vertically oriented nanotubes with an unwavering 

number of pore sizes. It must be noted that a Ru- 

based N719 dye was used in the sensitization of the 

TiO2-ZnO nanocomposite by YL Xieet al. [49]. The 

short-circuit current density obtained by TZ-S2 (3:1) 

was 3.89 mA/cm2 which, is identical to that acquired 
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by LEI, F et al. [50], who had prepared the sample 

using the hydrothermal method. Reviewing Table 1, 

it was observed that the overall performance of the 

device fabricated with TZ-S2 composite as the photo- 

anode semiconductor material was better than that of 

the device fabricated with TZ-S1 composite with a 

Voc of 0.7085 V, Jsc of 3.89 mA/cm2, FF of 27.95%, 

and η of 0.77%. 

 
TABLE 1. I-V CHARACTERISTICS OF DSSC FABRICATED 

USING TITANIA-ZNO COMPOSITES 

 

 
Photo- 

anode 

Voc 

(V) 

J sc 

(mA/cm2) 

FF η 

TZ-S1 

(2:1) 

0.685 3.810 25.68% 0.67% 

TZ-S2 

(3:1) 

0.7085 3.890 27.95% 0.77% 

 

 
 

 
 

Fig. 6. I-V characteristics of DSSC fabricated with a) TZ-S1 (2:1), 

and b) TZ-S2 (3:1). 

V. Conclusion 

Through thorough study and interpretation, a suitable 

conclusion for the research conducted on the 

photovoltaic performance of solar devices 

synthesized using photo-anode semiconductor 

materials of different molar ratios could be achieved. 

It is important to note that the synthesis of the TiO2- 

ZnO nanocomposites with different molar ratios was 

completed utilizing the modified sol-gel method. 

Variation in molar concertation resulted in diverse 

morphologies, such as nanocomposite flowers and 

nanocomposite particles for Titania-ZnO composites 

of 2:1 and 3:1, respectively. The photovoltaic 

performance of the DSSC fabricated with the 3:1 

composite was found to be better than that fabricated 

with the 2:1 composite, which is due to the variation 

in specific surface area, which is the key factor for 

effective dye-loading on the surface of the photo- 

anode. Additionally, through inference, it could also 

be noted that the incorporation of ZnO with TiO2 

reduced the bandgap energy significantly as evident 

in the UV-Analysis. Through the I-V analysis, it 

could be concluded that the DSSC fabricated with 

TZ-S2 with a molar ratio of 3:1 had the better Voc, 

Jsc, FF, and efficiency values than that of the device 

fabricated with TZ-S1 sample in the ratio of 2:1. 

There is a scope for improving the efficacy of the cell 

by optimizing the molar concentrations of the metal- 

oxides and coupling them for DSSC applications. 
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