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Abstract  

ZnO nanoparticles (ZnO NPs) were synthesized using hydrothermal and sol-gel techniques using zinc 

acetate dihydrate (Zn (CH3COO)2.2H2O) as a row material and methanol as a solvent. The structural 

properties of ZnO NPs were studied using EDX, XRD, TEM, and the optical properties were characterized 

using UV-VIS and PL spectroscopies. The synthesized ZnO NPs showed high purity and revealed a wurtzite 

(hexagonal) crystal structure with particle size (D) ranged from 25 nm to 28 nm. The UV-VIS absorption 

spectra of ZnO NPs samples and sensitizing dyes were performed. The obtained ZnO NPs exhibited the direct 

optical bandgap 3.15 eV. Dye-sensitized solar cells (DSSCs) were fabricated using synthesized ZnO NPs as 

a semiconducting layer, which was dyed with different low cost dyes such as Eosin B (EB), Eosin Y (EY) 

and Rhodamine B (RB) that was used to sensitize the photoanode (ZnO NPs). The experimental results 

showed a significant efficiency for the fabricated DSSCs of synthesized ZnO NPs via sol gel technique 

comparing to hydrothermal technique. The EY dye exhibited the best performance among others, where a 

conversion efficiency showed a noteworthy improvement from 0.12 to 1.08 %.  
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1- Introduction 

Zinc Oxide nanoparticles (ZnO NPs) is a versatile material with multifunctional properties such as 

high chemical stability, high photostability, low dielectric constant, and good UV absorption material [1]. In 

recently years, the interests in synthesis and characterization of ZnO NPs for specific properties has  increased 

extremely [2].  ZnO is an excellent semiconductor material, due to its large bandgap (3.37 eV) for applications 

considered for other wide bandgap [3, 4]. It has been found that ZnO can be used in other potential 

applications such as DSSCs (dye sensitized solar cell)[5], medical purposes[6] and photocatalysis[7], which 

making them exciting commodities for industries. In addition, the excitons in ZnO are thermally stable at 

room temperature due to the extremely large exciton binding energy (about 60 meV) [8]. Currently, various 

approaches have been used to synthesis ZnO NPs with different characteristics such as radio frequency 

sputtering (RFS)[9], chemical vapor deposition (CVD) [10, 11],  pulse laser deposition (PLD)[12], spray 

pyrolysis[13], sol-gel method [14], solution combustion method [15], hydrothermal method [16, 17], and 

reflux method [18]. In this work, a comparative study between two different techniques hydrothermal (HT) 

and sol–gel (SG) were investigated to synthesize ZnO NPs. The structure and the optical properties of the 

prepared samples were reported. Additionally, DSSCs were fabricated using synthesized samples (HT) and 

(SG) as a photoanode. Three chemical dyes contains  Xanthene group: Eosin Y (EY), Eosin B (EB) and 

Rhodamine B (RB) as metal-free organic (MFODs) low price sensitizing dyes to make certain the benefits 

of the xanthene dyes as suitable candidates to replace Ru-based dyes in ZnO based cells. The J-V 

characteristic curves for the fabricated solar cells were tested and analyzed. The photovoltaic parameters 

related to the solar cell performance were determined.  

 
2    Experimental Procedure 

2.1 Synthesis of ZnO Nanoparticles 

 Hydrothermal Method 

Hydrothermal (HT) method was used to synthesize the ZnO NPs[19]. 4 g of zinc acetate dihydrate, 

Zn(CH3COO)2.2H2O, (ZA) (99.9%, Merck Co.) was dissolved in 50 ml of methanol, CH4O, (99 %, SDFCL 

company, India) under vigorous stirring at 60 oC for 30 min followed by sonication for 20 min. A clear and 

transparent homogenous solution was obtained. Some drops of 5M NaOH aqueous solution was added drop-

wise into the acetate solution under vigorous stirring until pH became 14. The colorless homogenous solution 

changed to milky white slurry colloidal. The colloidal was heated under vigorous stirring for 1 hr. at 60 oC. 

Then, the colloidal was stirred slowly at room temperature for 12 hrs. The colloidal was, subsequently, 

transferred to 100 ml Teflon lined stainless steel autoclave reactor for 3 hrs. at 160 oC. After that, a white 

precipitate was carefully collected and then, centrifuged at 3500 rpm by washing 5 times for 1.5 hrs. using 

absolute ethanol to remove the sodium acetate and non-reacted materials [20]. Then, the product was dried 

at 65oC overnight.  Finally, the powder was crashed gently using mortar and pestle to produce fine powder.  

 Sol-Gel Method 

Sol–gel (SG) process generally undergoes in four stages: salvation, hydrolysis, polymerization and 

transformation into ZnO solid powder [21]. 2.7 g of ZA was dissolved into 35 ml of absolute methanol (Me), 

under vigorous stirring for 30 min at 60 oC followed by sonication for 15 min until clear and transparence 

solution was found. In the same way, 3.15 g of oxalic acid (OA) (H2HTO4.2H2O, 99.5%, Merck Co.) was 

dissolved into 10 ml of tribal distilled water at 60 oC and it was kept under constant stirring for 15 min to 

dissolve completely.  OA solution that acted as precipitation agent was added as a dropwise to the ZA solution 

under vigorous stirring. White gel was formed and the stirring continued at 60 oC for 1 hr. The colloidal left 

at room temperature for 12 hrs. under slow stirring. The product  gel was washed 5 times using absolute 

ethanol to remove the unreacted materials using centrifugation at 3500 rpm [20]. Then, the product was 

heated at 90 oC for 12 hrs. The gel was calcinated at about 400 oC for 1 hr. Finally, the product was crashed 

gently using mortar and pestle to produce fine powder before use. Fig. 1 illustrates the procedures of synthesis 

the ZnO NPs by HT and SG methods.  
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2.2 Characterization and Photoelectric Measurements 

The crystal geometrical identification and crystal size analysis were examined by X ray diffraction 

(XRD) (40 kV, step size 0.03, scan rate 0.5 min-1, 15˚ ≤ 2θ ≤ 80˚) using Philips Expert, XRD equipped with 

Cu-Kα radiation (λ=1.5418 Ao). High-resolution transmission electron microscopy analysis (HRTEM) was 

performed with (JEM-2100), 200 kV. Field Emission Scanning Electron Microscope (FESEM) (Type Quanta 

FEG 250) Philips attached with electron dispersive x- ray detector (EDX) was conducted to find out the 

accurate composition of the invested samples. The UV–VIS absorption spectra of synthesized powder were 

tested in ethanolic solutions and performed using double beam shimadzu UV-1601 PC. Photoluminescence 

(PL) emission spectra was measured in ethanolic media at room temperature with spectrofluorimeter model 

SPF-200 (Biotech Engineering Management Co., UK) in the range from 350 nm to 800 nm with excitation 

wavelength 320 nm. The photovoltaic DSSCs devices were characterized using an AM 1.5(100 mWcm-2) 

sunlight simulator.  The solar cell sample was conducted with (Elvis national instruments in combination 

with the LabVIEW program). The J-V curves of the fabricated DSSCs were obtained by applying an external 

reverse bias voltage in the range -1 to 1 to the solar cell. To measure the adsorbed dye on the ZnO NPs 

photoanode films, the dye was desorbed by immersing dye-sensitized films in a 0.1 M NaOH solution in H2O 

and ethanol (50:50, v/v). An UV-VIS spectrophotometer was employed to measure the dye concentration of 

the desorbed dye solution. The amount of the adsorbed dye on ZnO NPs layer was estimated from the 

absorption spectra of the absorb dye from the colored ZnO NPs layer. 

3    Results and Discussion 

3.1 Characterization Studies 

3.1.1 Energy Dispersive X-ray Analysis (EDX) 

The composition of the prepared ZnO NPs samples was investigated using EDX analysis. Typical 

EDX spectra are shown in Fig.2. The spectra reveal that in the case of SG technique only two elements, Zn 

 

1. Hydrothermal method 2. Sol-gel method  

Figure 1: Flowchart for the synthesis process of ZnO NPs using two different chemical methods. 
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and O were existed with higher concentration. However, in the case of HT technique a very small 

concentration of carbon appeared, in addition to, Zn and O elements. The obtained results correspond to the 

finding done by S. Brita et al. [22] 

 
 

Figure 2: EDX spectra of the synthesized ZnO NPs by (a) Hydrothermal and (b) Sol gel 

method. 
 

 

3.1.2 X-ray diffraction studies 

The XRD pattern for the prepared HT and SG samples are shown in the Fig. 3. The XRD pattern of 

the prepared samples match with the standard (ICSD card No. 067454). ZnO NPs crystal have been grown 

with hexagonal phase, wurtzite structure with lattice parameters, as given in Table 1. No other phases have 

been observed, which further confirmed the formation of ZnO NPs with single phase.  These diffraction peaks 

are significantly broadened due to the small size of the NPs [23]. The sharpness of the diffraction peaks 

indicates to the good crystallinity. The particle size (D) was estimated from the broadening of the highest 

intensity peak (101) plane by using the Debye-Scherrer’s formula [24].  
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Figure 3: X-ray diffraction pattern of HT and SG samples. 
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Table 1:  Geometric parameters for HT and SG samples. 

 

 

 

 

 

3.1.3 HRTEM analysis of ZnO NPs.  

The morphology of the ZnO NPs was examined by high-resolution transmission electron microscopy 

(HRTEM). Fig. 4 and Fig. 5 depict the HRTEM images for HT and SG ZnO NPs samples, receptively, (a) 

micrograph image, (b) Diffraction patterns, (c) selected electron diffraction area (SAED) and (d) histograms. 

As shown in these figures, the synthesized ZnO NPs are good in the crystalline, and semispherical in shape 

with particle size 25.3 and 22.3 nm for the samples HT and SG, respectively, which closes to the estimated 

particle size from the XRD pattern. The spacing between the adjacent lattice planes (d) of ZnO NPs was 

calculated from the bright field SAED patterns about 0.246 nm and 0.215 nm for the samples HT and SG, 

respectively. These results match with the calculated results from XRD and corresponded to the (101) of ZnO 

NPs, also, agree with Hasan et al [25]  

 

 

 

 

Figure 4: HRTEM micrograph of (HT) ZnO NPs sample (a) micrograph image, (b) 

Diffraction patterns (c) selected electron diffraction area and (d) histograms. 

Sample a(nm) c(nm) c/a 
VUC x10-3 

(nm)-3 
D (nm) 

HT 3.249 5.206 1.602 47.599 27.93 

SG 3.239 5.203 1.606 47.277 24.70 
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Figure 5: HRTEM micrograph of (SG) ZnO NPs sample (a) micrograph image, (b) 

Diffraction patterns (c) selected electron diffraction area and (d) histograms. 

3.2    Optical studies of ZnO NPs  

3.2.1 UV-VIS absorption studies  

The optical properties of the synthesized ZnO NPs were studied by UV-VIS absorption spectroscopy.   

Fig. 6(a) depicts that, ZnO NPs have a high absorbance in the UV region and then they decrease exponentially 

with the increasing of wavelength. In addition, this figure demonstrates that ZnO NPs have high transparency 

in the visible region. Furthermore, the corresponding absorption edge  was observed at, 360.8 nm and 375.8 

nm for the samples HT and SG, respectively, which are less than the standard UV absorption peak of bulk 

ZnO at 388 nm [26]. With respect to the bulk ZnO, it is clear that, the absorption peak shifted to low 

wavelength. This shift was attributed to quantum confinement effect [27, 28]. Optical energy band gap can 

be estimated from the intercept of linear portion of the curve on x-axis that is represented by energy (hν). It 

is seen from Fig.6(b)  that, the estimated optical energy band gaps (Eg)  3.13 eV and 3.16 eV for the samples 

HT and SG, respectively, which are agreed well with refs. [16, 29].  
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Figure 6: Variation of absorption spectra and optical energy gap of the two synthesised 

samples. 
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3.2.1 Photoluminescence spectroscopy of pure ZnO NPs 

Fig. 7 shows the PL emission spectrum (PLES) of prepared HT and SG samples, which were excited 

at 320 nm. The main features of the PLES of ZnO NPs can be decomposed into Near-Ultraviolet (NUV) 

region and visible region i.e. violet-blue (VB), blue-green (BG) and orange-red (OR). The NBE of ZnO NPs 

typically exhibits a linear emission in the range (originating from exciton mechanism) where in the visible 

region, it is connected to defects in ZnO NPs or interior energy traps (IETs) [30]. The PLES of NUV region, 

which are positioned near band edge (NBE) emission, are due to the radiative recombination of free excitons 

through an exciton–exciton collision process [31]. The large exciton binding energy of ZnO allows an intense 

NBE excitonic emission at room temperature and higher temperatures [32]. It can be seen from    Fig. 7 that 

intensity of the VB emission for HT is higher than the VB emission for SG. Different types of IETs are 

presumed to explain the observed emission bands in the visible range. The VB emission peaks are assigned 

to the transition of electron from the bottom (donor) of conduction band to the energy level of Zn vacancy 

(VZn), which infers that the ZnO NPs are n-type semiconductors [33]. The BG emission is caused by the 

transition of electrons from conduction band edge to the IETs complex (VZnO) [34]. Generally, the OR is 

attributed to deep IETs interstitial and vacancies of oxygen (Oi and Vo), respectively, in ZnO NPs [31, 35]. 

The inset in Fig. 7 reveals that a blue shift occurred in the PLES spectra of the samples HT, which is in good 

agreement with the previously obtained UV-VIS results. 
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Figure 7:  PL spectra of   HT and SG samples 

3.3 Photovoltaic parameters 

Fig.8 and Fig.9 illustrates the variation of the current density - voltage (J-V) characteristic curves for 

the DSSCs. As clearly presented in all J-V characteristic curves, all curves are found to have the shape of 

diode’s characteristic curve. All the photovoltaic parameters of the fabricated DSSCs were calculated from 

the J-V curves and then were listed in the Table 2. As displayed in Table 2, open circuit voltage (Voc) values 

varied from 0.37-0.51 V. The highest Voc was obtained for the DSSC of the SG sample that was sensitized 

with EY and the lowest one was obtained for the DSSC of the HT sample that was sensitized with EB. These 

values depend on the difference between Fermi energy (Ef) level and energy of redox (Eredox) level. Short 

circuit current density (Jsc) values vary from 0.51 to 4.97 mA/cm-2. Remarkable high Jsc of 4.97 and 4.25 

mAcm-2 were obtained for the DSSCs of the HT and the SG samples sensitized with EY, respectively. The 

higher  value of  Jsc of HT sample dyed by EY may be attributed to the surface structure of the electrode, the 

amount of dyes adsorbed on the surface, or the electron injection ability[36]. The Fill factor (FF) of the 

fabricated DSSC ranged between 49.76% and 53.8%.  The FF was obtained from the DSSCs sensitized with 

the EB  has the lowest value, this may be attributed to  low shunt resistance or large series resistance [37]. 

The lowest efficiency (η) value and lowest performance were found for the HT DSSC sensitized with EB 

which has the following results, Voc = 0.37 V, Jsc = 1.60 mAcm-2, Pm = 0.29 mWcm-2, FF = 49.76 %, and η = 
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0.29 %. This performs  may be attributed to weak bonding between the dye molecule and ZnO particles and 

less of dye adsorption. But in case of EY and RB photosensitizer, HT exhibit improved performance. The 

best performance was obtained from the DSSC sensitized by the EY, which has the following result: Voc = 

0.51 V, Jsc = 4.25 mAcm-2, Pm = 1.08mWcm-2, FF = 50.08 %, and the efficiency of the cell reached 1.08 %. 

These results are comparable than those obtained for the DSSCs sensitized by other low cost sensitizer dyes 

[36, 38]. The obtained results showed an enhancement of both the Jsc and the Voc of the EY rather than that 

of the EB and RB, which may be attributed to broader range of absorption with respect to the others, and it, 

has higher intensity as depicted in Fig. 10. In addition, EY has the higher dye uploading on the surface of the 

ZnO NPs. Absorption spectra of EB, EY and RB dyes were desorbed from ZnO NPs semiconductor layer as 

depicted in Fig. 9. This leads to harvest high amount of photo energy of the sun light. 
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Figure 8: J-V characteristic curves of the DSSCs 

HT of pure ZnO NPs, using different dyes. 

   Figure 9:  J-V characteristic curves of the 

DSSCs SG of pure ZnO NPs, using different dyes. 

Table 2:  Photovoltaic parameters of the DSSCs fabricated using HT and SG samples 

 

 

 

 

 

 

 

 

3.3.1 Dye uploading  

Fig. 10 depicts the UV-VIS absorption spectra of EB, EY and RB. This Figure, shows that the 

maximum absorption peak of EY, EB and RB at 526 nm, 534 nm, and 543.5 nm, respectively. EY exhibits a 

powerful absorption peak in the visible region and its spectrum covers broader window compare to the others. 

The difference in the absorption characteristics is due to the different of colors of the dyes. The observed 

absorption peaks in the spectral range between 449 nm and 582 nm represent a part of energy losses in the 

transition in the UV region. In the DSSCs application, it is much of interests to concentrate in the visible 

solar spectrum. In addition, to that the molar extinction coefficient of EY equals 112,000 (cmM)-1 [39] which 

is greater than that of RB (106,000 (cmM)-1) [40] and much higher than that of EB (50620 (cmM)-1) [41], 

corresponding to π  →π* transitions of conjugated molecules. This may explain the higher performance of 

DSSCs using EY above that using of other dyes. The spectra of EB, EY and RB dyes were desorbed from 

Sample Dye Jsc(mA/cm2) Voc(V) Jm (mA/cm2) Vm (V) Pm (mW/cm2) FF% η% 

HT 
EB 

61. 0 0.37 1.15 0.25 0.29 49.76 0.29 

SG 0.52 0.41 0.39 0.28 0.11 50.62 0.12 

HT 
EY 

4.97 0.46 3.51 0.27 0.94 41.46 0.94 

SG 4.25 0.51 3.19 0.34 1.08 50.08 1.08 

HT 
RB 

2.62 0.44 1.97 0.29 0.56 48.65 0.56 

SG 1.85 0.45 1.94 0.37 0.72 53.80 0.72 
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ZnO NPs semiconductor layer was depicted in Fig.11. The absorption spectrum of the adsorbed dyes on to 

ZnO NPs film is obviously wider and very little shifted to the lower wavelength compared with the absorption 

spectra of the dye solution, which indicates that, there is interaction between the dye molecules and the 

cationic ZnO NPs surface. This interaction means that the anchoring of EY on the ZnO NPs surface are ideal 

compare to the others. It can be seen that the absorption peaks at about 526 nm, 517.47 nm and 550.9 nm for 

EY, EB and RB, respectively. The area under curves for EB, EY and RB in the visible region (400-800) are 

about 66.40, 31.70 and 38.39 for EY, EB and RB, respectively. This reflects the variation of the performance 

of the DSSCs. The area under the curve of EY is about twice the value of RB, which exhibits the best 

efficiency; on the other hand, EB has the least area under curve, which has the lowest conversion efficiency.  
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Figure 10: The absorption spectrum of the        

used dyes dissolved in pure ethanol 

Figure 11: Absorption spectra of EB, EY and 

RB dyes were desorbed from ZnO NPs 

semiconductor layer. 
 

4   Conclusion 

In this study, highly purity wurtzite hexagonal phase of ZnO NPs were synthesized by hydrothermal 

and sol-gel techniques. The calculated particle size, from XRD was in the range 25-28 nm. The morphology 

of ZnO NPs was semispherical shape. UV-VIS results reveled that ZnO NPs has strong absorption in UV 

region. In addition, the band gap for the prepared samples were 3.13 eV and 3.16 eV for HT and SG sample 

respectively. Three chemical dyes were used as photosensitizers for DSSCs. The absorption spectra revels 

that EY has the highest absorption. The J-V characteristic curves of all fabricated cells were measured and 

analyzed. The parameters related to the cell performance were presented. Moreover. The best performance 

was obtained for the DSSC sensitized with EY where, the photovoltaic parameters of Jsc = 4.25 (mA/cm2), 

Voc = 0.51 V and η=1.08 %. 
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