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1. Introduction 

One of the technologies used to obtain electricity from solar 

energy is solar cells. Solar cells (photovoltaic cells) are 

semiconductor devices that convert sunlight coming into their 

surface directly into electrical energy. Very little of the 

energy spent today is produced from solar cells. This is 

because the efficiency of solar cells is very low and 

production costs are too high. Therefore, it is necessary to 

find cheap methods to make solar cells and to increase the 

efficiency of solar cells produced with existing methods. If 

we classify solar cells taking into account the technological 

development until today; Dye-sensitive solar cells (DSSCs), 

a third generation photovoltaic device, are important devices 

that are expected to respond to many environmental and 

energy problems. DSSCs have many advantages. Among 

these advantages; it is cheap, does not require cleanroom 

technology and can operate in low light conditions and in full 

sunlight. One of the closest alternative materials to TiO2 as 

semiconductor material for DSSCs is ZnO. A lot of work has 

been done on ZnO-DSSCs, since they can be easily 

synthesized in different morphologies (nanorod [1], 

nanoflower [2], nanotube [3] , nanowire [4], etc.) using 

different methods and have higher electron mobility than 

TiO2. 

 

The surface structure, particle size and shape of the 

semiconductor material used are very important parameters 

in terms of the performance of DSSCs. By changing the 

solution preparation parameters and the production 

parameters of the used chemical method, semiconductor 

materials with the desired properties can be easily produced. 

One of the methods used in the production of nanoparticles 

(nanopowders) used in the fabrication of DSSCs is the 

microwave-assisted hydrothermal method (MW-HT). The 

synthesis of nanoparticles with the MW-HT method has been 

quite common in recent years. High-quality nanoparticle 

production can be achieved by simple operations compared 

to more traditional nanoparticle synthesis methods. What 

makes this method attractive is the use of microwave 

radiation, which both shortens the synthesis time and allows 

the synthesis of high-quality nanoparticles [5].  

In this study, ZnO nanopowders were obtained by using 

different hydroxide source and zinc source. The synthesis of 

ZnO nanopowders was carried out using the microwave-

assisted hydrothermal synthesis (MW-HTS) method. It has 

been investigated how the photovoltaic performance of the 

fabricated ZnO-DSSCs is affected by the structural and 

morphological properties of ZnO nanopowders. 

 

2. Material and Methods 
 

ZnO nanopowders were synthesized by microwave assisted 

hydrothermal (MW-HT) method. For this, zinc acetate 
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dihydrate (Zn(CH3COO)2.2H2O) (ZnAc) and zinc nitrate 

hexahydrate (Zn(NO3)2.6H2O (ZnNt) were used as zinc 

precursors, respectively. As a source of hydroxide anion, 

solutions were prepared using sodium hydroxide (NaOH, 

98%, Sigma Aldrich) and urea (NH2CONH2, UE; ≥99%; 

Sigma-Aldrich). The codes of the nanopowders are given in 

Table 1. As indicated in Table 1, zinc nitrate was used as the 

zinc precursor and urea as the alkaline agent to prepare the 

sample code Z1. 1.12g zinc nitrate was dissolved in 200ml 

deionized water, then 24g urea was added. It was observed 

that the prepared solution was a transparent solution. Zinc 

acetate as the zinc precursor and urea as the alkali material 

were used to prepare the Z2 coded sample. Zinc acetate as the 

starting salt and urea as the alkali material were used to 

prepare the Z2 coded sample. The solution was prepared by 

mixing 0.012 mol urea and zinc acetate in deionized water in 

equal proportions, and the mixture was stirred at 30oC for 15 

minutes. The pH value of the mixture was determined to be 

7. A transparent solution was obtained by adding KOH to pH 

= 12. Zinc acetate as the zinc precursor and NaOH as the 

source of hydroxide were used to prepare the Z3 coded 

sample. The solution was prepared by mixing 18.4 g NaOH 

and zinc acetate in deionized water and the mixture was 

stirred at 30°C for 15 minutes. This solution was also seen to 

be a transparent solution. Mixing times were set as optimum 

time intervals from which homogeneous solutions were 

obtained, and the preparation temperature of the solutions 

was chosen below the boiling temperature of the solvent. 

After these solutions were irradiated with microwaves at 

300W (150°C) for 10 minutes, the precipitates formed were 

filtered. After filtration, the washing was carried out using 

deionized water and ethanol, respectively. The resulting 

homogeneous precipitates were calcined in an oven at 60°C 

for 24 hours and then in the air at 500°C for 1 hour to obtain 

the ZnO nanopowders. For the fabrication of DSSC’s, 

fluorine-doped tin oxide (FTO) glass substrates were 

chemically cleaned previously. The process of cleaning the 

substrates was given in detail in our previous work [6]. The 

paste, which will be used in the DSSC fabrication, was 

prepared by mixing Zinc nanopowder, Triton-X 100 and 

acetyl acetone in certain proportions and spread on the 

surface of the FTO by the doctor blade method. The DSSC 

assemble process was detailed in our previous study [6]. The 

active area of the DSSC was about 0.25 cm2. The CEM Mars 

6 model microwave oven was used to produce nanopowders. 

For structural analysis, BRUKER D2 Phaser model XRD was 

used. ZEISS Ultraplus model SEM was used to determine 

surface morphology. FYTRONIX FY-9000 solar simulator I-

V measurement system was used for current-voltage (I-V) 

measurements of DSSC. 

 

Table 1. Deposition parameters of ZnO powders. 

 

Sample 

Code 

Zn 

Source 

Source of 

Hydroxide 

Z-1 Zn(NO3)2 NH2CONH2 

Z-2 Zn(CH3COO)2.2H2O NH2CONH2 

Z-3 Zn(CH3COO)2.2H2O NaOH 

 

3. Results and discussion 
 

X-ray diffraction (XRD) analysis of the powders were carried 

out with an X-ray powder diffractometer in air with CuKα 

radiation (wavelength λ=1.5406). XRD patterns of ZnO 

nanopowders obtained using different solutions are given in 

the Fig.1. The characteristic peaks of the zincite phase were 

confirmed with the JCPDS Card (36-1451). The direction of 

the (1 0 1) was observed in all patterns. Since the peaks of the 

Z3 have a higher intensity and smaller half-peak widths, they 

are better crystallized than other powders. In Table 2, 

crystallite sizes (D) calculated using the Scherrer Equation [7] 

are given. The D value for Z3 is greater than that calculated 

for the other two samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. XRD spectra of ZnO nanopowders 

 

Table 2. Structural parameters of ZnO nanopowders 

 

Sample 

Code 
(hkl) 

2θ 

(degree) 
d (Å) D (nm) 

Z-1 

100 31.289 2.85878 

18 

002 33.961 2.63972 

101 35.784 2.50930 

102 47.107 1.92920 

110 56.184 1.63717 

Z-2 

100 31.399 2.84902 

25 

002 34.071 2.63147 

101 35.889 2.50221 

102 47.193 1.92590 

110 56.244 1.63556 

Z-3 

100 31.114 2.87442 

38 

002 33.779 2.65350 

101 35.613 2.52099 

102 46.931 1.93604 

110 56.009 1.64187 
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Morphological structure is a highly influential parameter on 

the performance of DSSCs. Since the morphological 

parameters of the semiconductor material used as photoanode 

(such as porosity, surface area, pore size, particle diameter, 

particle shape, and faces) greatly affect the electron diffusion 

coefficient, many studies have focused on synthesizing ZnO 

nanostructures with various morphologies for DSSCs [8]–

[13]. Fig. 2 shows SEM images of nanopowders. All of the 

ZnO nanopowders have grown in nanoflower shape. 

However, the nanoflowers in each sample are formed of 

different structures. It is observed that the nanoflowers in the 

Z1 sample are formed of nanoplates, the nanoflowers in the 

Z2 sample are formed of triangular structures, and the 

nanoflowers in the Z3 sample are formed nanorods. Rod 

structures in the Z3 sample are approximately 1 mm in length 

and approximately 100 nm in diameter. As a result, it can be 

said that different solvents and salts affect the morphological 

properties of the produced ZnO nanoparticles. 

At a DSSC, 𝐽𝑠𝑐 and 𝑉𝑜𝑐 are short circuit current, open 

circuit voltage, respectively. 𝐹𝐹 is the filling factor and is a 

measure of the quality of the cell. 𝐹𝐹 is expressed by 

Equation 1. 

 

𝐹𝐹 =
𝐼𝑚𝑎𝑥𝑥𝑉𝑚𝑎𝑥

𝐼𝑠𝑐𝑥𝑉𝑜𝑐
    (1) 

 

where 𝑉𝑚𝑎𝑥 and 𝐼𝑚𝑎𝑥 are voltage and current values at the 

maximum output power point, respectively. The ratio 

between the maximum generated power (𝑃𝑚𝑎𝑥) and the 

electrical input power (𝑃𝑖𝑛) is defined as the power 

conversion efficiency (𝜂%) and is expressed by Equation (2). 

 

𝜂(%) =
𝐹𝐹𝑥𝐼𝑠𝑐𝑥𝑉𝑜𝑐

𝐼𝑚𝑎𝑥𝑥𝑉𝑚𝑎𝑥
𝑥100   (2) 

 

From Fig. 4, DSSC parameters of the Z1-DSSC, Z2-DSSC 

and Z3-DSSC such as 𝑉𝑜𝑐 , 𝐽𝑠𝑐, 𝐹𝐹 and 𝜂% values are 

estimated using Equation (1) and (2) [14]. It was seen that the 

𝐽𝑠𝑐 value calculated for Z3-DSSC was higher than that 

calculated for other DSSCs. The increase in the value of 𝐽𝑠𝑐 

can be associated with small nanoparticles and hence large 

surface area. This results in an increase of 𝐽𝑠𝑐, as the larger 

surface area provides more dye adsorption [15]. If the power 

conversion efficiency of the DSSCs fabricated with ZnO 

powders deposited using different hydroxide source and zinc 

source are compared, the η values calculated for Z1-DSSC 

and Z3-DSSCs are two times higher than the 𝜂 value 

calculated for Z2-DSSC. These different 𝜂 values may be 

related to changing morphology and the improvement in the 

crystal structure because the morphological features are 

directly related to dye absorption. In addition, this situation is 

very important in terms of facilitating electron transfer [16]–

[18]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. SEM images of the ZnO nanopowders (5.00K and 

50.00K) 

 

Table 3. The photovoltaic parameters of ZnO-DSSCs 

 

DSSC 
Jsc 

(mA/cm2) 

Voc 

(V) 
FF η% 

Z1-DSSC 0.66 0.58 0.58 0.23 

Z2-DSSC 0.45 0.58 0.42 0.11 

Z3-DSSC 1.36 0.46 0.36 0.23 

 

Z1 

Z2 

Z3 
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Figure 3. J-V graph of DSSCs at 100 mW/cm2 power density 

of light. 

 

4. Conclusion 
 

In this study, ZnO nanopowders were synthesized by the 

MW-HTS method. The results of the XRD studies indicate 

that Z3 has the best crystallization among the synthesized 

powders. It was observed in this study that the zinc source 

and hydroxide source used in preparing the solutions have a 

direct effect on the morphological properties of ZnO 

nanopowders. ZnO-DSSCs were fabricated with these ZnO 

nanopowders whose structural and morphological 

characterizations were completed, and then electrical 

measurements were carried out under simulated sunlight at 

100 mW/cm2. As a result of these measurements, the highest 

short circuit density was calculated for Z3-DSSC with 1.36 

mA/cm2. Z1-DSSC and Z3-DSSC were found to have the 

highest efficiency values among the fabricated cells. This 

may be because the change in morphology increases dye 

absorption, resulting in more light absorption. Consequently, 

the η improvement can mainly be attributed to the effect of 

morphological structure on light trapping of ZnO 

nanostructures. 
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