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Solar cells based on dye synthesis have gained traction in the energy generation fields. As a result, this study 

emphasizes the importance of the hydrothermal method for the synthesis of nanomaterials (ZnO and TiO2) in a 
closed system under controlled conditions for DSSC applications. The method is straightforward, compact, less 

dangerous, and economical. The hydrothermal method has several pluses over traditional material handling 
techniques including the ability to crystallize materials, grow crystals, and process a diverse range of 

materials, fine particles of well-ordered size and morphology. A detailed explanation of reaction media, dye 

synthesis solar cells, nanomaterials, and a general approach to nanomaterial synthesis were also included in 

the study 
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1. INTRODUCTION 

The foundation of a material scientist is synthesis. 

It is the use of non-natural chemical reactions to 

produce the desired product. When certain 

conditions are met, one or more reagents will 

undergo a transformation. There are numerous 

nanomaterial synthesis techniques for dye synthesis 

solar cell (DSSC) applications, one of which is 

hydrothermal. Hydrothermal nanomaterial synthesis 

is essentially a solution reaction-based approach 

[1]. The phrase "hydrothermal" originated from 

"hydro"  which implies water, and "thermal" which 

implies heat and summarizes the consequence of 

water at enhanced pressure and temperature [2] A 

hydrothermal reaction is any combined chemical 

reaction that occurs in a covered container with an 

aqueous solvent above ambient temperature and at 

a pressure greater than one atm. [3]. The 

hydrothermal method is most normally used in a 

closed container under pressure called Autoclave.  

Metal oxides, hydroxides, sulfides, carbonates, 

phosphates, nitrides, and selenides have the 

potential to be prepared using these techniques for a 

wide range of technological applications such as 

electronics, optoelectronics, catalysis, ceramics, 

magnetic data storage, biomedical, biophotonics, 

and so on. [4]. One of the key benefits of the 

hydrothermal chemical method over the others is 

that it yields uniform crystallite materials, has 

greater diffusivity, low viscosity, and mass 

transport consumes less energy, has a moderate 

reaction time, and is a secure option with no natural 

dangers because it is a closed system preparation 

method. The method can also be used to create 

nanomaterials like nanoparticles, nanorods, 

nanotubes, hollow nanospheres, and graphene 

nanosheets [5], [6]. 

2. REACTION MEDIA OF 

HYDROTHERMAL METHOD 

Water, a compound with the structural formula 

H2O, is among the most vital resources found in 

abundance. Water can act as a reaction medium or a 

solvent in a hydrothermal reaction. Water behaves 

differently under hydrothermal conditions than it 
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does under normal conditions. The process of 

hydrothermal synthesis takes place below the 

supercritical temperature of water (374°C).[7]. 

Under supercritical conditions, the dielectric 

constant and solubility of many compounds change 

dramatically. 

 
Figure 1. Phase diagram of water 

Figure 1 depicts the regions of three distinct phases: 

solid, liquid, and vapor. Over the range of 

temperature associated with its corresponding area, 

each phase will maintain equilibrium. Furthermore, 

the curves on the plot (labeled AB, CB, and DB) are 

phase boundaries; at any spot of any of these 

curves, the two components on either side of the 

line are in balance. As illustrated in Figure, all 

the curves cross at a common point labeled B. This 

appears to imply that at this spot, all three phases 

are in equilibrium with one another. Commonly, 

varying the reaction parameters of the system, may 

resulted in change of the morphology, 

microstructure, and phase composition of materials 

[8]. Yan et al. [9] revealed that increasing the 

temperature and pressure of the reaction media 

results in: 

1. An increase in the ionization constant of water, 

favors an increase in the rate of hydrolysis and ionic 

reaction. 

2. Increased crystal structure formation due to 

increased mobility of ions and molecules in solution 

as a result of decreased viscosity and surface 

tension of water 

3. A decrease in the dielectric constant affects the 

capability and behavior of water as a solvent. 

3.  DYE-SENSITIZED SOLAR CELL (DSSC) 

A DSSC is a photochemical solar cell that alters 

sunlight into energy employing an electrolyte as a 

medium [10]. The dye-sensitized solar cell (DSSC) 

is a revolutionary device that has the potential to 

replace the existing solid-state p-n junction type. 

Making a DSSC is less difficult than creating 

customary cells. When compared to ordinary solar 

cells that use photovoltaic effect on semiconductor 

junctions where light absorption and electric charge 

separation processes occur concurrently, DSSC 

however has different processes  

Light absorption was accomplished through the use 

of a light-sensitive molecule identified as a dye, 

which was anchored to the semiconductor material. 

Thus, the basic design of a photoanode necessitates 

the use of mesoporous nanomaterials with wider 

internal surface regions, which aid in dye absorption 

while also providing a large interface with the 

whole conducting electrolyte. [11]. When the dye 

absorbs light, its molecular energy is excited, 

boosting electron injection into the semiconductor 

material, which then facilitates electron transfer to 

the conductive glass. Meanwhile, the excitation hole 

was transferred from dye to electrolyte and then to 

the other conductive glass as a counter electrode 

[12]. 

One of the most important facts about DSSCs is that 

they are less expensive to manufacture; for 

example, the dye proposed in the literature the for 

absorbing light could be natural or artificial [13]. 

Natural dyes are derived from countless plant parts; 

they are, however, less stable and effective than 

artificial dyes. Furthermore, several companies 

(Dyesol, G24i, Sony, Sharp, and Toyota, and so on) 

have accepted the task of conveying DSSC 

technology "from the lab to the fab"[14]. 
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Figure 2. Dye synthesis solar cell structure 

4.  OVERVIEW OF NANOMATERIALS 

Nanoscience and technology are modernization in 

the study of materials with sizes extending from a 

little nanometer to hundreds of nanometers. 

Nanomaterials and nanostructures have newly 

played a fundamental role in applications such as 

environment, electronics, optoelectronic, 

photovoltaic, photocatalytic, sensing devices, and 

health [15]. Nanomaterials emanate in a variety of 

shapes and sizes, including nanoparticles, 

nanowires, nanotubes, and nanobelts. Due to 

various unique properties, nanomaterials have 

gotten a lot of devotion and have been thoroughly 

scrutinized for applications in DSSC. The two 

techniques used to prepare nanomaterials are: The 

top-down technique and the bottom-up technique  

4.1 The top-down technique; is a method of 

reducing the size of bulk materials [16]. This 

synthesis route entails the application of physical 

ways (such as crushing, milling, sputtering, and 

grinding strategies) to break bulk materials into tiny 

ones. 

 

 
Bulk    Powder        Nanoparticles 

Figure 3. Top-down approach 

4.2 Bottom-up approach; in this style, materials 

are fused atom by atom, molecule by molecule, or 

cluster by cluster to yield large mass. Most 

nanoscale materials are more commonly prepared 

using this method. The method results in enhanced 

particle size distribution and morphology. The sol-

gel method, chemical vapor deposition, and 

hydrothermal method are illustrations of this 

technique. However, in terms of environmental 

impact and operational costs for greater yield, the 

hydrothermal method is the preferred choice 

considering that it is simple, cheap, and efficient for 

getting higher purified brands in both phases and 

morphology. [17].  

 

 
Atoms           Clusters            Nanoparticles 

Figure 4. Bottom-up approach 
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5.  METAL OXIDE NANOMATERIAL 

The image of the materials in 1-100nm 

distinguishes them from whole materials in terms of 

physical, chemical, and catalytic characteristics. 

Metal oxide nanomaterials have shown promise in 

electronics, energy, environmental remediation, 

biomedical applications, and catalyst [18]. The 

central focus of DSSCs photoanodes is 

semiconducting nanostructured films. The 

photoanode supports the sensitizer while also 

transporting photogenerated particles from the 

dye to the external circuit. [19]. Metal oxide in 

photoanodes must be simple to make, stable, low in 

cost, and good for the environment. [20]. 

Furthermore, the semiconductor's band gap should 

be more than 3 eV, such as (TiO2 and ZnO) coated 

over transparent conducting glass to permit light to 

pass straightforwardly through the semiconductor 

[14], and to enable easier charge transfer from the 

excited state of the dye to the semiconducting metal 

oxides (SMOs), the SMOs ought to be mesoporous. 

5.1 Zinc oxide nanomaterials 

ZnO is a multifunctional material with 

semiconducting, magnetic, optical, and electronic 

properties [21]. It has the same energy band 

structure and physical properties as TiO2, but its 

electron mobility is 2-3 orders of magnitude higher. 

As a result, ZnO should have quick conduction and 

lower recombination. [22]. ZnO nanoparticles have 

several advantages over other metal oxides, 

together with superior elemental and thermal 

stability, strength, as well as prolong life [23]. The 

reliability of DSSCs made of ZnO photoanodes is 

currently around eight percent [24], [25]. Previous 

research advocates that the morphology of ZnO 

nanostructures is strongly inclined by the synthesis 

route and the process environment [26]. As 

precursors, diverse zinc salts such as zinc acetate 

dehydrate, zinc nitrate hexahydrate, zinc sulfate, 

and zinc chloride was used to create 

Nanostructures. [27], [28]. Photoanode beam 

dispersion and charge transfer attributes can be 

improved by changing the material's morphology. 

According to [29], their findings show that 

hydrothermal temperature has an influence on the 

morphology of nanorods, which has an impact on 

device performance. The efficiency of the ZnO 

nanorods base cell synthesized at 120oC, is 2.08%, 

which outperforms the effectiveness of standard 

ZnO DSSC (1.19%). Using the same amount of 

zinc nitrate hexahydrate and 

hexamethylenetetramine, Song et al.  [30] 

Synthesized ZnO NRs in deionized (DI) water for 4 

hours at 92oC. Their results indicated an overall 

PCE of 4.8%. 

Polsongkram et al. [31], use hydrothermal 

techniques at different temperatures to grow ZnO 

nanorods; the analysis shows that the film is 

hexagonal, and the morphology, ordering, and 

width of ZnO nanorods can be monitored by 

reactant concentration and temperature. Esgin et al. 

[32], investigates the effects of introducing copper 

at various ratios and times of adsorption on the ZnO 

DSSC. The effectiveness of 2.03 percent in DSSC 

was achieved when the photoanode was made with 

0.1 percent and then dipped in dye solution for 60 

minutes. This demonstrated that DSSC efficiency 

with a Cu-doped ZnO photoanode increased by 

twenty percent and dye adsorption time was 

reduced by 3 times. Pujiarti et al. [33], presents the 

results of hydrothermal growth of ZnO nanorods 

with two unlike solvents (isopropanol (P) and 

methoxy (Q)). ZnO nanorod grown using P as a 

solvent outperformed seed solution Q in terms of 

photovoltaic performance. The best efficiency of 

1.8 percent was achieved with a 0.045 m radius 

ZnO nanorod in P. As a result, a smaller ZnO 

nanorod radius has a larger surface area, which 

boosts the overall quantity of dye glued to the ZnO 

nanorod and strengthens the output energy 

5.2 Titanium dioxide nanomaterials 

Titanium dioxide is a transition metal oxide (TMO) 

semiconductor of wide band gap (3.0 - 3.21 eV) 

[34]. It  is an odorless, brilliantly white powder 

[35], and it is honestly abundant in nature [36], 

under normal conditions the compound is 

hydrophobic in nature [16].  It became revealed for 

the first time in 1795.[37]. The commercial 

production of the compound was started way back 

in 1920s [38]. TiO2  plays a role in DSSCs by 

trapping electrons from dye oxidation caused by 

sunlight absorption and conveying these electrons 

over the conduction band of the film to the 

conductive glass and then through the external 

circuit [39]. TiO2 nanorod and nanotube groups 

have a lesser recombination rate for agitated 

electron-hole pairs and faster electron passage than 

TiO2 nanoparticles. As a result, better efficiency 

could be obtained when TiO2 nanorods are used in 

dye-sensitized solar cells [40]. Titanium dioxide 

photoanode has been extensively researched as a 

critical component of DSSC owing to its 
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obtainability, ease of making, and biocompatibility. 

The issue with TiO2 is its inability to absorb light 

(It can only capture in the Ultraviolet region.) and 

its low electron mobility. The band gap is altered by 

fixing with the appropriate cation/ anion. This 

increases absorption capacity beyond the UV 

region, resulting in a change in electrical and 

optical properties. [41].The hydrothermal synthesis 

of TiO2 is an appropriate synthetic approach due to 

advantages such as proper crystallization 

temperature, environmental friendliness, the 

flexibility of reactions, lower power consumption, 

and cheapness [42]. Numerous studies on the TiO2 

properties under illumination have been published. 

Gomathi et al. [42], synthesis rutile phase of TiO2 

nanowire for solar cell applications The DSSC 

output achieved the highest efficiency of 5.1%.. 

Anajafi et al.  [43], had grown TiO2 hydrothermally 

at autoclaving pH ranging from 8.0 to 12.0. It was 

discovered that the energy output was higher in the 

pH state of 10.0. In this state, the cell's photovoltaic 

characteristics are  

 and . Dong et 

al. [44], used the hydrothermal method to create 

Ag-TiO2 nanoparticles for DSSC. The efficiency of 

DSSC made from 0.1M Ag-decorated (Ag0.1- TiO2) 

nanoparticle was 6.44%, which was superior to the 

TiO2-DSSC (of 5.05%). When compared to 

undoped TiO2 particles, this was due to higher 

visible light absorption and a wider absorption 

edge. Moreover, under different hydrothermal 

reactions, a one-step process was employed in the 

synthesis of rutile TiO2 nanorods and nanoflowers 

structure. The following observation were reported 

 and  [45]. Sánchez-

García et al. [46], reported on the hydrothermal 

process used to synthesize anatase nanoparticles. 

The finding were given as T = 200 °C and P = 54 

atm, and yielding a 5.63% efficiency 

6.  METHODOLOGY 

The goal of this research is to better comprehend 

the hydrothermal technique used to create ZnO and 

TiO2 nanomaterials. The hydrothermal process 

entailed relating precursors and right reagents in a 

water as solvent to allow the synthesis of a 

crystalline nanostructure with a suitable ratio. 

Moving the mixture into a sealed autoclave and 

heated in an oven at a precise temperature, time, 

and pressure is part of the procedure. The 

temperature at the boiling point of water can be 

raised, allowing the vapor to grow into saturated. 

The heating rate and quantity of solution added to 

the autoclave have the greatest influence on the 

pressure that is formed. [17]. The following 

relationship has been used for regulating the 

concentration of the solution [47]: 

                                                         

                                                   

       
C is the concentration, m is mass, V is the 

capacity of solvent, and MV is the molecular 

weight in g/mol. Facts of the performance 

procedure are presented below 

6.1 Synthesis of ZnO nanorods 

Separately, aqueous solutions of zinc nitrate 

hexahydrate and hexamethylenetetramine (HMTA) 

are prepare for 30 minutes with constant stirring. A 

PVP surfactant solution is prepare in 30 mL of 

water. The surfactant and zinc salt solution are 

mixed and constantly stir for 15 minutes. Drops of 

HMTA solution are introduce to the above-prepared 

solution, and the mixture is stir for 1 hour at room 

temperature. As a result, a cloudy solution evolved. 

The mixture is then transferred into a Teflon-lined 

autoclave. After that, place the autoclave in a 100oC 

oven for 16 hours. After the specified time, the 

mixture turned to white precipitates. Finally, the 

mixture is washed with ethanol, later by water, and 

dried in an oven.at 60oC for 6 hours. The procedure 

is repeated for different temperatures of 

hydrothermal synthesis of ZnO NRs [29]. Figure 4 

below is a flow chart that explains the synthesis 

procedure of ZnO nanorods 

Zinc nitrate hexahydrate 

+ deionize water + stirring 

HMTA + deionize water 

Surfactant + Solution + Stirring for 15min 

Mixture +Stirring for 1h 

Autoclave (Mixture) + Heating 100OC + for 16h 

Cloudy Sol 

Washing with ethanol + water 

 

Drying 60OC for 6h 

ZnO NRs 

Surfactant (PVP) + deionize water + stirring 
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Figure 5. Illustration of ZnO NRs synthesis 

6.2 Synthesis of ZnO nanorods on seeded 

substrate 

The creation of ZnO nanorods using hydrothermal 

method is as follows. Initially, prepare an 

appropriate concentration of growth mixture 

solution by dissolving zinc nitrate hexahydrate and 

hexamethylenetetramine in a beaker filled with 

100mL deionized water. The resulting solution is 

agitated for 20 min to create a uniform mixture. The 

concoction is ready to transfer into an autoclave 

with a ZnO seed layer at 45o to the wall. The 

autoclave is then placed in an oven and heated for 4 

hours at 120oC. Finally, the finished product is 

detached from the device and cleaned with 

deionized water and desiccated 

Zinc nitrate hexahydrate + HMTA + Deionized 

water +stirring for 20 min 

Autoclave (Solution + ZnO Seed layer at 45o) + 

Heating 150O + for 3h 

Conc. 

Rinsing of substrate with water 

Drying 

ZnO NRs 

Calcination 

 
6. Illustration of ZnO NRs synthesis 
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6.3. Synthesis of TiO2 nanorods 

The hydrothermal route of synthesis of TiO2 is 

depicted in Figure 1. To get a homogeneous 

solution estimates a quantity of titanium tetra 

isopropoxide, dissolve it into 100 mL of deionized 

water and stir for 3 hours. Drop by drop, a sodium 

hydroxide solution NaOH is added to this solution, 

then stir for 30 minutes until white precipitate 

forms. Next, pour the amount of NaOH into the 

mixture until the pH is between 7 and 9. Finally, the 

prepared solution carries over to a stainless-steel 

autoclave lined with Teflon, allowing it to stand for 

12 hours at 150 °C. The precipitate is centrifuged 

many times with pure liquids and ethanol to remove 

unwanted materials before being desiccated at 80°C 

for 1 hour. After drying, the sample is allowed to 

stay for 1 hour in a furnace set at 400oC [48]                           

Titanium tetra isopropoxide + deionized water + 

stirring for 3h 

Sodium hydroxide + deionize water 

Drops of NaOH + Solution + Stirring for 30min 

Autoclave (Mixture) + Heating 150O + for 12h 

Washing with ethanol + water 

p H (7-9) 

Centrifugation 

Drying 80OC for 1h 

Annealing 400OC for 1h 

TiO2 

 

Figure 7. Illustration of TiO2 synthesis 

7.  CONCLUSION 

The foundation for developing dye synthesis solar 

cells is synthesis. In this paper, we proposed a 

hydrothermal method for synthesizing ZnO and 

TiO2. The technique demonstrated the ability to 

produce ZnO and TiO2 nanomaterials with the 

required properties for DSSC formation. The 

chosen method is simple to use, the reactions take 

place primarily in a closed system and are 

monitorable to produce well-crystalline ZnO and 

TiO2. 
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