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 ZnO-TiO2 semiconductors can be used in Dye-Sensitized Solar Cell (DSSC) devices as 

an alternative to renewable energy. This semiconductor can be synthesized by the sol-

gel method. The objective of this study is to synthesize the TiO2-doped ZnO nanoparticle 

semiconductors for DSSC devices with mangosteen peel extract dye. Avocado seeds 

were extracted with water, as a capping agent in the synthesis of ZnO-TiO2 (TiO2 ratio 

of 0,3,5,7 and 10% to ZnO). XRD results show the success of ZnO-TiO2 doping, due to 

the 2θ shift and changes in the crystal lattice. The average crystal size obtained was 

33.7972 nm. The SEM results showed that the particle size of ZnO ranged from 45-100 

nm. The UV-Vis dye measurements of mangosteen peel extract showed an absorption 

peak at 296-483 nm wavelength, with a corresponding band gap energy value of 3.04 

eV. The UV-Vis DRS ZnO-TiO2 measurements have an average band gap energy of 

3.1425 eV and ZnO of 3.1915 eV. The highest DSSC efficiency value is 2.15 x 10-2% at 

7% ZnO-TiO2 semiconductor. 
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1. INTRODUCTION 
The TiO2 semiconductors are materials 

that have strong oxidizing power, good stability 

against corrosion, and a nanopore structure that can 

absorb large amounts of dye molecules. TiO2 has 

gap energy between 3.2-3.8 eV. Another 

semiconductor that has similar gap energy with 

TiO2 is ZnO which has a wider band energy gap 

(≥3.37 eV) thus promising as materials to be used 

in solar cell device 1. The disadvantage of ZnO is 

that they have lower stability than TiO2. However, 

ZnO has higher electron mobility and higher 

exciton binding energy (60 meV) which allows 

exitron emission at room temperature 2. The cost of 

ZnO production is more efficient i.e., up to 75% 

compared to that of TiO2. Therefore, it is 

recommended to be used as raw material for 

heterogeneous photocatalysts. 

Semiconductors with lower band gap 

energy can be applied to photovoltaic cells such as 

dye-sensitized solar cells (DSSC). The Dye 

Sensitized Solar Cell is a solar cell generation with 

great potential for the future since DSSC does not 

require highly purified material thereby lowering 

the production cost. The DSSC device is able to 

convert solar energy as renewable energy into 

electrical energy 3. In said DSSC device, light 

absorption, and electric charge separation 

processes occur separately 4,5. The dye molecule 

acts as a light absorber whilst charge separation is 

accelerated by organic semiconductor molecules 

with wider gap energy 6, widening the absorption 

spectrum and increasing the number of electrons 

flowing from the conduction band to the valence 

band 7. Mangosteen peel (Garcinia mangostana) is 

one of agricultural waste that can be used as dye 

molecules. The main component in the mangosteen 
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peel extract is ∝-mangostin and anthocyanin which 

can be applied in the DSSC device 8,9. 

The synthesis of ZnO-TiO2 can be carried 

out by sol-gel method. The sol-gel method is 

utilized to synthesize oxidizing materials since this 

method allows a very simple control in terms of 

particle sizes and experimental processes. The 

main advantage of this method is the homogeneity 

of the highly pure sol-gel product, good physical-

chemistry characteristics, and good surface 

morphology 10. This bottom-up approach with the 

green synthesis method can be used as an 

alternative in synthesizing more environmentally 

friendly nanoparticles with plant extract (leaf, root, 

flower, fruit, seed, and the like) as raw material 11. 

The avocado seed extract can be used in 

the synthesis process of the nanoparticles as a 

capping agent. The Avocado (Persea americana) 

seed is rich in bioactive components such as 

phenolics, flavonoids, tannin, ascorbic acid, 

tocopheryl acetate, and carotenoids thereby it has 

plenty of functional groups which can act as 

capping agents in nanoparticle synthesis 12. The 

objective of this research is to synthesize ZnO-TiO2 

nanoparticles using the extract of Avocado seed as 

a capping agent and its application thereof as a 

semiconductor in DSSC. 

 

2. RESEARCH METHOD 

Tools 
Schott duran erlenmeyer flask 500 mL 

schott duran beaker glass 600 mL, analytical 

balanced, pH indicator, porcelain cup 25 mL and 

50 mL, filter paper, funnel, mortar, pestle, 

magnetic stirrer, hotplate, thermometer, furnace, 

centrifuge, oven and grinder, x-ray diffraction 

(Bruker D2 Phaser), UV-Vis Diffuse Reflectance 

Spectroscopy (Shimadzu UV-2450), scanning 

electron microscope (Hitachi S-3400N) 

 

Materials 
Materials used in this research is Avocado 

seed extract, Zinc acetate dihydrate 

(Zn(CH3COO)2.2H2O) (Merck), Titanium (IV) 

oxide (Ti(OCH2CH3)4) (Merck), NaOH (Merck), 

methanol, and  polyethylene glycol gel 

electrolyte(PEG), KI/I2. 

 

Procedure 

Avocado Seed Extract 
Dried Avocado (Persea americana) seeds 

were mashed, subsequently weighed 10 grams and 

placed in a beaker, then 100 mL of distilled water 

was added, and a magnetic stirrer was placed in the 

beaker. The extract was heated in a water bath at 

100 ℃ for 25 minutes. Heating is carried out while 

constantly stirring under a stirring speed of 400 

rpm 13. The extract was filtered using filter paper 

Whatman No. 41. The resulting avocado seed 

extract was used for the synthesis of ZnO-TiO2 

nanoparticles. 

 

Synthesis of ZnO-TiO2 Nanoparticles 
The first step of synthesizing TiO2 doped 

ZnO includes the preparation of the mixture of 

acetate-Zn and Ti-ethoxy solutions at a 

concentration of 0.15 M and concentration 

variation of TiO2 3% (0.0359 g) 97% ZnO (3.1936 

g), 5% TiO2 (0.0599 g) 95% ZnO (3.1277 g), 7% 

TiO2 (0.0839 g) (3.0619 g) and 10% TiO2 (0,1198 

g) 90% ZnO (2,9631 g) in 100 mL by volume of 

mixture solution. Extract filtrate of the avocado 

seed was taken on 10 ml and was added with 90 mL 

of ZnO-TiO2 0.15 M, subsequently the solution 

was heated at 70˚C for 1 hour on a water bath 

constantly stirred for 1 hour to obtain sol ZnO-

TiO2. The precipitate was collected by centrifuge at 

25˚C at 4000 rpm for 10 mins. The precipitate was 

rinsed with distilled water and dried in an oven at 

100˚C for 18 hours. The precipitate further 

calcinated at 450˚C for 4 hours in a furnace 14. 

 

Preparation of Dye from Mangosteen Peels 
The extract of dried and ground 

mangosteen peels was weighed at 20 g with 

analytical balance and added with methanol 100 

mL. Subsequently heated in a water bath at 60 ˚C 

for 30 mins under constant stirring of 400 rpm. 

After completion, the extract was filtered, and the 

maximum wavelength was measured with the 

mode scanning method. 

 

Efficiency Test on Semiconductor Material 

TiO2
-ZnO with DSSC 

Test using the DSSC was conducted by 

assembling the testing device. The ITO glass was 

cleaned using ethanol and dried at 100˚C for 15 

mins. The ITO glass 4x3 cm2 was glued together 

with adhesive until 2.5 x 2 cm2 remained in the 

middle of the substrate. The substrate was evenly 

layered with pasted ZnO-TiO2 by mixing (0.5 g 

ZnO-TiO2 with 1 ml glacial acetic acid and 0.1 mL 

Triton X-100) It was further dried on a hotplate at 

30-40˚C for an hour. The paste of ZnO-TiO2 was 

immersed in the mangosteen peel dye solution for 

one night. The ZnO-TiO2 layer was covered with a 

carbon resistance electrode (electrode-n) and 

clamped at its both sides in a sandwich structure. 

Coating the polyethylene glycol (PEG) gel 

electrolyte between both electrodes layered with 

PEG polymer gel. Testing the performance 

efficiency of DSSC through current measurement. 
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The DSSC measurement series was performed 

using potentiometers, multimeters, and sunlight as 

the light source with an intensity of 760 Lux 

(0.1113 watt/cm2) 15. 

  

The DSSC efficiency was calculated using 

the following formula: 

   

𝜂 = 
𝑃𝑚𝑎𝑥

𝑃𝑙𝑖𝑔ℎ𝑡
 x 100%                                           (1) 

 

3. RESULT AND DISCUSSION 

Characterizing the ZnO-TiO2 nanoparticles 

using the XRD 
Based on the XRD measurement,  the 

diffraction peak was found located at angle 2θ of 

25.2˚ - 25.3˚ as the TiO2 peak in the sample of ZnO-

TiO2 nanoparticles sample (3.57 and 10%) where 

the standard peak of TiO2 has the highest peak 

value at 2θ angle (26.686˚). The intensity of the 

diffraction peak is increasing with the increasing 

ratio of TiO2 concentration as a result of increasing 

the angle 2θ value in the nanoparticles which 

indicates that more TiO2 is not doped and dispersed 

in the nanoparticles. 

The doping of TiO2 toward the ZnO 

particles may cause a shift in the value of 2θ. The 

shift of 2θ angles occurring in the sample is the 

parameter of success in the doping process of ZnO-

TiO2.  The TiO2 doping results in peak shifting at 

2θ position (˚) 31, 36, 47, 56, and 67 shift toward 

higher 2θ(˚) and peak broadening. This indicates 

lattice changes and crystalline defects as a result of 

the TiO2 dopants (Ti+4) substituted at the ZnO 

crystal lattice. The difference in the ion Zn2+ radius 

(0,74 Å) and Ti4+ (0,605 Å) may result in distortion 

on the ZnO structure, lattice strain, and crystal 

defect 16. The presence of TiO2 dopants in the ZnO 

results in the formation of a new compound in the 

ZnO doping sample 10% TiO2 namely the 

compounds Zn2TiO4 and ZnTiO3 marked by peaks 

in the area of  34,5°- 36° with JCPDS standard 

Zn2TiO4 No. 73.0578 and JCPDS ZnTiO3 No. 85-

0547 17.  

 

Figure 1. Nanoparticles Diffraction Pattern at 0,15 M pH 8 (a) ZnO; (b) ZnO-TiO2 3%; (c) ZnO-TiO2 5%; (d) ZnO-TiO2 

7%; (e) ZnO-TiO2 10%. 

 

Table 1. Crystal lattice parameters 

No Sample Lattice parameter values 

a (Å) b (Å) c (Å) 

1 ZnO 4.9521 4.3631 5.6226 

2 ZnO-TiO2 3% 5.2017 5.6661 4.6843 

3 ZnO-TiO2 5% 5.2023 5.6308 4.6559 

4 ZnO-TiO2 7% 5.2017 5.6338 4.6531 

5 ZnO-TiO2 10% 5.1370 5.4895 4.6148 

 

 

(e) 

(d) 

(c) 

(b) 

(a) 
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Table 2. Crystal Size and Profile Residue of  ZnO-TiO2 

No Sample FWHM (°) Crystal size (nm) Rp (%) 

1 ZnO 0.244 34.2744 12.2 

2 ZnO-TiO2 3% 0.249 33.6620 11.2 

3 ZnO-TiO2 5% 0.267 33.4354 9.4 

4 ZnO-TiO2 7% 0.256 31.3219 11.8 

5 ZnO-TiO2 10% 0.231 36.2926 11.9 

 

 
(a) 

 
(b) 

 

Figure 2. Surface morphology of nanoparticles (a) ZnO and (b) ZnO-TiO2 7% 

The TiO2 dopants tend to cause a decrease 

in crystal lattice parameters in which the decrease 

occurs in the cell unit of a, b, and c at ZnO-TiO2 (3, 

5, 7, and 10%). The parameter decrease in those 

cell units was a result of substitution at the Ti4+ ion 

and substituting the position of Zn+2 ions in the 

ZnO lattice  18. The ion Ti4+ radius (0,605 Å) 19 is 

smaller compared to that of ion Zn+2 radius (0,74 

Å) 16 which results in a decrease of the ZnO crystal 

lattice parameters 20.  The Ti+4 substitution also 

results in a decrease of the crystal size, and the 

increasing amount of doping will lead to more 

dislocation on the crystal thereby resulting in a 

smaller crystal size in the sample 21.   

The Residue Profile (Rp) obtained from 

XRD data processing is one of the crystallinity 

parameters of a nanoparticle. The 5% Zn-TiO2 

sample has the smallest Rp value of 9.4%. 

Regarding crystal size, 7% ZnO-TiO2 sample 

measures 31.3219 nm. The crystal size has a direct 

relationship with the surface area, where the 

smaller the crystal size, the larger the surface area 

that is able to interact thereby increasing the 

activity of the nanoparticles 22. Thus, in view of the 

particle size and diffraction pattern, the ZnO doped 

7% TiO2 sample gives the best result compared to 

other samples that have been synthesized. 

 

Morphology SEM of nanoparticles ZnO 

and  ZnO-TiO2 7%  
Figure 2 The surface morphology of 7% 

ZnO and ZnO-TiO2 with the overall distribution of 

particles seen in spherical morphology in both 

samples. Figure 2 (a) shows that there is 

agglomeration between particles in the ZnO 

sample. ZnO tends to agglomerate quickly, so the 

nanoparticle size becomes more prominent and 

unstable 23. Agglomeration of ZnO nanoparticles 

occurred due to the influence of polarity, ZnO 

electrostatic power, and enormous energy on the 

surface of nanoparticles during the synthesis 

process 13,24,25. Besides that, agglomeration is 

thought to happen because many chemical 

compounds in avocado seed extract react with 

other molecules 14,26. In addition, agglomeration 

can be caused by a dispersion process during 

measurement, and no screening process is carried 

out first. Figure 3 (b) shows that the ZnO-TiO2 7% 

sample produced a smaller particle surface with a 

homogeneous distribution. 
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Figure 3. ZnO-TiO2 particle size distribution (a) ZnO and (b) ZnO-TiO2 7% 

 

Figure 4. Measurement of Wavelength and Absorbance of Mangosteen Peel Extract 

 

The size distribution of ZnO and ZnO-

TiO2 was measured using SEM and interpreted 

using ImageJ, by taking 100 diameters 

nanoparticles of each sample from the SEM image 

and using Match!3 for interpreted average particle 

size. Based on interpretations from ImageJ and 

Match!3 the size distribution of ZnO nanoparticles 

is between 45-100 nm, with an average particle 

diameter of 89.53 nm (Figure 3(a)). Meanwhile, the 

distribution of 7% ZnO-TiO2 nanoparticles is 

between 20–40 nm with an average diameter of 

31.82 nm (Figure 3(b)). The substitution of Ti4+ 

ions can cause a decrease in particle size on the 

surface, resulting in a larger surface area to be 

utilized in photocatalyst applications. 

 

 

 

 

 

Dye Energy Band Gap 
The result of the mangosteen peel extract’s 

absorbance measurement was obtained at a 

wavelength range of 296 to 483 nm with a 

maximum wavelength of 301 nm. Based on the 

measurement result of energy band gap of 

mangosteen peel extract using the Tauc Plot 

equation, the energy gap value is obtained as 3.04 

eV. The obtained band gap value is within the 

semiconductor range, therefore, indicates that the 

mangosteen peel extract is sufficient as the dye in 

the DSSC device as semiconductors. In the DSSC 

device, the mangosteen peel extract acts as type-p 

semiconductor. The Energy band gap in the 

mangosteen peel extract is able to excite the 

electrons from Highest Occupied Molecular 

Orbital (HOMO) to the state of Lowest 

Unoccupied Molecular Orbital (LUMO), thereby 

the type-p semiconductors will lose electrons and 

generate hole 27.  
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Figure 5. Wavelength Absorbance (a) ZnO; (b) ZnO-TiO2 7% 

 

Figure 6.  The Graft of Kubelka-Munk Plotting the Band Gap Energy (a) ZnO; (b) ZnO-TiO2 7% 

 

Energy Band Gap of  ZnO-TiO2 

Semiconductors 
Based on Figure 5, 7% ZnO and ZnO-TiO2 

produce wavelength in visible light areas. This is 

following the study by Dewi et al which reported 

that ZnO maximum absorbance is obtained at 300-

390 nm wavelength 28. TiO2 maximum absorbance 

is obtained at wavelength 250-450 nm 29. 

The doping of TiO2 on samples does not 

affect the absorbance area since TiO2 has an 

absorbance area in visible light, the same as ZnO. 

Accordingly, both ZnO and TiO2 experience a 

decrease in absorbance at a wavelength over 400 

nm which is a visible light area, thereby, the light 

absorbance can be modified with other 

semiconductors, i.e., dyes from the mangosteen 

peel extract. 

Based on the obtained band gap energy 

value, the doping of TiO2 to ZnO resulted in lower 

band gap energy. This change of band gap energy 

was caused by the difference in the band gap 

energy value between ZnO and TiO2. The valence 

band or conduction band in semiconductor material 

will increase with the addition of dopant, thus 

change will occur to reflectance or absorbance 

which in turn leads to the change in band gap 

energy 30. 7% TiO2 dopant has been shown as 

capable of reducing the value of band gap energy 

which in turn will increase its photocatalytic 

activity in the dye-sensitized solar cell (DSSC) 

device. The 7% ZnO-TiO2 semiconductors will act 

as type-n semiconductors in the DSSC device. 

Dahlan et al have reported that the value of band 

gap energy for semiconductor-p should be lower 

than that of band gap energy for type-n 

semiconductor 31. Load separation occurs in the 

DSSC, when the photon energy from visible ray 

appears to be absorbed, the electrons at the type-p 

semiconductors (in dyes) will be excited from the 

HOMO stated (highest occupied molecular orbital) 

to LUMO state (lowest unoccupied molecular 

orbital) subsequently, the electrons will be 

transferred to the conduction band of type-n 

semiconductors. 

(a) (b) 

(a) (b) 
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Application of ZnO-TiO2 Semiconductor to 

DSSC Device 
The relationship between I -V curve and 

resistance in above Figure 7 indicates that as the 

resistance increases, the resulting voltage also 

increases and conversely, as the resistance 

increases, the Intensity value decreases. 

Data collected, such as maximum intensity 

Imax, maximum voltage (Vmax), maximum power 

(Pmax), and fill factor value (FF) are processed using 

Microsoft Excel to obtain efficiency value (η).

 

 

Figure 7. Relation between Intensity and Voltage (I-V) 

 

Figure 8. Effect of TiO2 Concentration to the DSSC Efficiency 
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Significantly, the addition of TiO2 dopant is able to 

increase the DSSC efficiency in all samples, non-

doped TiO2 sample is able to increase the 

semiconductor activity in DSSC due to having a 

larger band gap energy value than that of ZnO. In 

general, ZnO has point of zero (pzc) at pH of 8-9 32 

whereas TiO2 has a pzc of pH 5.5-6.5 33. 

Meanwhile, the value of pH for dyes during the 

sensitization process will work effectively at pH 5. 

ZnO semiconductor based- DSSC would 

therefore has lower efficiency since at pH under the 

pzc semiconductor will tend to be acidic. The ZnO 

surface would tend to have positive charge (Zn2+) 

and be able to pull anions from the dyes to form a 

new complex. Meanwhile, the TiO2 has pH which 

corresponds to the dyes pzc, therefore the 

semiconductor has neutral property and the 

complex of metal ion dyes could not occur 19. 

Doped TiO2 in the ZnO of DSSC 

semiconductors has better ability in improving the 

DSSC efficiency with the highest efficiency value 

obtained from DSSC device with ZnO doped 7% 

TiO2 semiconductor at 2,1521 x 10-2 %. In DSSC 

device with ZnO doped 10%TiO2 semiconductors, 

the efficiency value is decreased to 4.617 x 10-4 %. 

Moreover, based on the XRD result on sample ZnO 

doped 10% TiO2 semiconductors, new compounds 

of Zn2TiO4 and ZnTiO3 have been formed. The 

formation of compound Zn2TiO4 will caused a 

photoinactive in the ZnO-TiO2 sample thus 

resulted in decreasing photocatalytic activity in the 

sample 34,35. 

 

4. CONCLUSION 
Sol-gel method is suitable for the synthesis 

of ZnO-TiO2 because it produces a good crystal 

phase with a small particle size, so it can be used 

for DSSC as a type-n semiconductor with 

mangosteen peel as a type-p semiconductor. 

Characteristic of ZnO-TiO2 7% nanoparticles has 

excellent crystal phase with a crystal size of 

31.3219 nm, particle size is between 20–40 nm 

with an average diameter of 31.82 nm and a band 

gap energy of 3.1425 eV. The highest DSSC 

efficiency is generated from the ZnO-TiO2 7% 

sample at 2.15 x 10-2 %.  
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