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ABSTRACT 

This review focused on the synthesis methods of tin oxide (SnO2) nanoparticles as a 
photoanode for dye-sensitized solar cell (DSSC) and how it impacts the performance. There 
are many different techniques and various nanoparticles were produced and usually 
characterized by X-ray diffraction (XRD) to determine crystalline structure of SnO2, 
scanning electron microscopy (SEM) to examine the surface morphology and size details 
and J-V solar simulator to verify current-voltage characteristics. In summary, considering 
all the methods reviewed, sol-gel is reported as the best method to produce SnO2 
nanoparticles for DSSC fabrication with the highest efficiency recorded of 3.96%. 
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1. INTRODUCTION

Sunlight is the most plentiful, cleanest, cheapest and safest energy source [1]. Photovoltaic (PV) 
cells are devices that convert sunlight into electricity [2]. There are three generations of 
photovoltaic cell technologies. The first generation dominated the PV market and is made up of 
monocrystalline and polycrystalline silicon [3]. The second-generation PV cells are non-
crystalline silicon, copper gallium indium selenide and cadmium telluride (CdTe) [4]. The third-
generation include dye-sensitized solar cells (DSSC) [5,6], quantum dots [7], organic and 
perovskite solar cells. DSSC has gotten a lot of interest [8] and it has also been under much scrutiny 
for the last three decades [9,10].  

DSSC comprises the components as shown in Figure 1: (i) a transparent conductive layer of 
fluorine-doped tin oxide (FTO) or indium tin oxide (ITO) has been applied to a glass or plastic 
substrate, (ii) semiconductor oxide with a mesostructured and a large band-gap, (iii) dye 
sensitizer, (iv) redox mediator electrolyte, (v) counter electrode, FTO or ITO coated substrate and 
a thin catalyst coating [10,11]. Wide bandgap semiconducting photoanodes play a critical role in 
dye-sensitizer uptake and electron transport in DSSC functioning [13,14]. Tin oxide (SnO2) has 
been extensively studied because of its larger band gap (3.6 eV), high electron mobility (100-200 
cm2V-1s-1), and low effective mass in the conduction band (0.1 m0) [15] to solar cells [16], lithium-
ion batteries [17], gas sensors and other applications [18]. 
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Figure 1. Basic Component of DSSC [19] 

The primary function of semiconductor oxide layers is to form strong bonds with the dye 
molecules and to accept the photo-excited electrons from dyes. However, some circumstances 
must be met in order for a semiconductor oxide layer to be efficient: (i) a large area of the surface 
to facilitate adsorption of dyes for incredible light-harvesting, (ii) the amount of photon loss need 
to be kept to a minimum and be precise to the visible light, (iii) assist conduction band that is less 
than dye lowest unoccupied molecular orbitals (LUMO) and allow photogenerated electrons to be 
inserted appropriately, (iv) electron mobility must be high for effective electron transport, (v) 
hydroxyl groups or defects must be present in order for the dye molecule to be attached to the 
surface, (vi) it ought to be simple to make, stable, low-cost and environmentally friendly [11,19]. 

This review aims to explore the methods to prepare SnO2 nanoparticles based on the previous 
researchers [8]. A variety of physical and chemical methods for fabricating various types of SnO2 
nanostructures have already been reported in the literature, including hydrothermal method [21], 
solvothermal [22], microwave synthesis [23], co-precipitation method, sol-gel [24], spray 
pyrolysis [25] and others. In addition, there has been a significant amount of effort put into 
developing nanostructured SnO2 with various morphologies. As a result, a wide range of 
nanostructured SnO2 materials, including nanosheets [26], nanofibers [27], nanoflowers, and 
hollow microspheres [28] have been synthesized and extensively studied in the context of DSSC. 

2. FABRICATION OF DSSC

In preparation for working electrode (WE), tin oxide paste was applied on the FTO/ITO glass that 
was already covered with scotch tape by using a simple doctor blade technique, as shown in Figure 
2. Annealed the glass plate in an oven at 450°C for 30 minutes. For the preparation of Ruthenium
(Ru N719) dye solution, about 10 mg of Ru N719 powder was mixed with the 25 ml of ethanol
solution in a volumetric flask. The flask was sealed and covered with aluminum foil to prevent
light penetration. The annealed electrode was then soaked in Ru N719 dye for 10 minutes.
Meanwhile, for the counter electrode (CE), graphite pencil was used to cover one side of the glass
surface with a carbon film. Annealed the electrode in the oven at 450°C for 30 minutes and washed
with ethanol. Next the cathode was being placed on top of the glass coated with the dye.
Sandwiched the working electrode and counter electrode together and secured them. The
electrolyte was filled into the space between the two electrodes and the DSSC sample was
connected to a multi-meter using wires and alligator clips. The cell was placed under the light
source and recorded the highest voltage and current that the solar cell can produce [7,34].
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Figure 2. Doctor Blade Technique [30] 

3. CHARACTERIZATION

X-ray Powder Diffraction (XRD) analysis is a popular method for determining synthesized
nanomaterials’ crystallinity and phase purity [16]. Using XRD patterns as a source of information,
the characteristic of samples’ diffraction peaks was evidently broad when the temperature is low,
indicating that the small-sized nanocrystalline SnO2 was formed. Furthermore, the shape peaks
indicate that the samples may be highly crystallized [31]. Simultaneously, when the calcination
temperature increased, the characteristic SnO2 diffraction peaks grew sharper, indicating that the
particle size of SnO2 increased [32]. The Scherrer equation (equation 1) was used to estimate the
average particle size (D) [33]:

Where D is crystallite size, λ is X-ray wavelength, β is diffraction peak’s full width at half maximum, 
and θ is the Bragg diffraction angle of the diffraction peaks [21]. 

Scanning electron microscopy (SEM) analysis was performed to determine the size and shape of 
the synthesized SnO2 nanoparticles and morphology and elemental analysis. Prior to performing 
the analysis, sample preparation might be complex or straightforward, depending on the samples’ 
conductivity and the data sought. For simple preparation, acquisition of a sample that will fit 
inside the SEM chamber, and necessary accommodation to prevent charge build-up on electrically 
insulating materials are the only requirements [16]. 

Moreover, a variety of factors influences the optical characteristics of semiconductor materials. In 
general, the energy gap is the most critical factor in photocatalytic activities. Its optical properties 
were tested using UV-Vis spectrophotometry [16]. The optical absorption gets higher as the 
wavelength gets shorter [21]. Due to energy gap is the main factor in optical properties, the 
inverse relationship between the optical absorption and the wavelength are related with the 
equation 2: 

Where E is energy, h is Planck’s constant, c is the speed of light and λ is wavelength. 

DSSC is characterized by the current density-voltage (J-V) curve as in Figure 4. From the curve, 
when the cell is short-circuited under illumination, there are the essential terms that are primarily 
examined and commonly used to determine solar cell performance. Open circuit voltage (VOC) is 
the highest voltage accessible from a solar cell, while the net current across the device is zero. In 
most cases, the open-circuit voltage can be determined by calculating the difference between the 
donor component’s HOMO and the acceptor component’s LUMO, [34] as shown in Figure 3. 

𝐷 =
0.9λ

βcosθ (1) 

𝐸 =
hc

λ (2) 
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Theoretically, the HOMO-LUMO distinction can be linked to experimental results obtained by J-V 
characteristics. 

(a)                     (b) 

Figure 3. (a) Schematic of energy levels (b) HOMO-LUMO distinction in DSSC [42,43] 

When the terminals are wired together, there is the short circuit current (ISC). Since ISC is usually 
proportional to the light intensity, when it increases, more photons and electrons are produced. 
Absorption of a photon with energy higher than energy band gap causing an electron to be excited 
in the HOMO of donor and the electron transferred to the LUMO. The electron then transported to 
the acceptor. Thus, ISC is proportional to the solar cell’s surface area, defined as short circuit 
current density, JSC = ISC /A. Maximum power (equation 3) generated by a cell under illumination 
can be obtained through the relation as follows based on Figure 4: 

The ratio Pmax to the total incident light power Pirr (1 sun = Pirr = 100 mW cm-2) can be used to 
calculate efficiency ɳ (%) in equation 4: 

Usually, the FF of an organic solar cell is determined by the charge carrier mobility of holes and 
electrons emanating from the donor and acceptor components. Thus, solar cell devices have a 
greater FF if the mobility of holes and electrons is greater and in equilibrium [37]. 

Figure 4. Performance of DSSC [38] 

 Pmax (mWcm-2) = Fill Factor (FF) x JSC (mAcm-2) x VOC(V) (3) 

 ɳ (%) = (Pmax/Pirr) x 100 = (VOC ·JSC· FF /Pirr) x 100 (4) 
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4. METHODS OF SYNTHESIS

4.1  Sol-gel Method 

The sol-gel process begins with preparing a precursor mix (a sol or a solution) that develops 
materials that appear to be more solid due to evaporation of the solvent, dehydration, and 
chemical cross-linking between dissolved precursors and solid particles. Pure ethanol was used 
to dissolve hydrated tin chloride (SnCl2·2H2O) in a typical procedure. For 30 minutes, the solution 
was stirred with a magnetic stirrer until a clear and solution is obtained without turbidity. Some 
researchers use a hydrolysis agent and also chemical modifier reagent to create a variation of SnO2 
particles. Then, the product goes through the calcination process for 1 hour at a certain 
temperature and SnO2 nanoparticles were obtained [20,25,26]. 

4.2 Co-precipitation Route 

Co-precipitation is the transport of substances that are typically soluble under the conditions used 
by a precipitate. A standard co-precipitation method involves dissolving tin chloride pentahydrate 
(SnCl4·5H2O) in an aqueous sodium hydroxide (NaOH) solution and adjusting the pH to desired 
values 10. In each case, the milky white precipitate that resulted was collected, filtered, and 
washed several times with distilled water to eliminate contaminants, and dried for 24 hours at 
80°C. Finally, the prepared SnO2 nanopowders were annealed for 2 hours at various temperatures 
[8,27]. 

4.3 Spray Pyrolysis Technique 

This method has three essential stages precursor solution composition, aerosol generation and 
transport, and synthesis process. Firstly, the precursor solution’s chemical composition must 
include a substance that will produce the required chemical composition after the pyrolysis stage. 
The morphological properties of the final product, as well as the proper temperature range for 
synthesis, will be determined by the aerosol droplet size distribution and generation mechanism, 
in the second stage. Finally, whether the chemical reaction in the end, occurs on a heated substrate 
or in the gas phase determines if the synthesized substance is a powder or a film coating. The tin 
precursor (SnCl4·5H2O) was dissolved in methanol in a typical synthesis. Aluminum 
acetylacetonate was added. The temperature for growth was set at 500°C during sample 
deposition, resulting in a 420°C substrate surface. This temperature was maintained for all the 
substrates and depositions [28,29,30]. 

4.4 Hydrothermal Method 

The hydrothermal method involves heating and pressurizing an aqueous solution is used as a 
reaction system in a unique closed reaction vessel to produce a high-temperature, high-pressure 
reaction environment. Hydrated tin chloride (SnCl2·2H2O) was typically dissolved in ethanol or 
distilled water. The solution was then transferred to a Teflon flask and autoclaved before being 
maintained for 12 hours in an air-flow electric oven at 180°C. After cooling to room temperature, 
the white precipitate was washed several times with distilled water and absolute ethanol and 
dried under vacuum at 80°C overnight. The finished product was annealed in the air for 2 hours 
at a certain temperature [31,32,33].  
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5. PERFORMANCE OF DSSC WITH DIFFERENT SYNTHESIS METHODS

Table 1 Performance of DSSC using Ru N719 Dye and Different Synthesis Methods of SnO2

From Table 1, it is shown that different synthesis methods of SnO2 can produce various 

nanoparticles’ shapes and sizes and its effect to the DSSC efficiency. SnO2 nanograins prepared by 

sol-gel method recorded the best performance compared to others. As reported in Jung-Hoon Lee 

et.al., sol-gel method was used to synthesis SnO2 nanograins and increasing VOC and FF were 

observed. Due to the enhancement of light scattering effects in nanograins, light harvesting was 

increased and the DSSC performance also getting higher. It has been concluded that the particles 

with the smallest size have the highest dye amount [47]. However, the smallest particle size did 

not provide the best and higher result in efficiency. If it has the most dye loading, it is likely to 

have many electrons from photoexcited dye molecules. The same phenomenon resulting in an 

increase in recombination as higher electron density rises the driving force of electrons. 

Nevertheless, smaller particle size entails the electrons escape to SnO2 nanoparticles’ surfaces is 

easier and recombining with triiodide or excited dye molecules. That could be the possible 

explanation for the poor performance of the lowest particle size. This case might have happened 

in the hydrothermal and spin coating method because the low efficiency.  

6. CONCLUSION

In summary, this review covers some of the extensive work on the synthesis methods of SnO2. 
Different structures of SnO2 were synthesized via different methods, and the influence of DSSC 
performance was investigated. Because of its low cost, plentiful source, broad band gap, high 
electron mobility, and stability, SnO2 is an attractive and reliable contender as a photoanode in 
DSSC application. There are various options for the technique. The sol-gel method proved it could 
give the best performance to synthesize SnO2. Morphological modification is another successful 
strategy for improving charge transfer effectiveness by enhancing the structure’s role or boosting 
particle surface area and interconnectivity. As a result, it can be concluded that the tactics to 
improve the performance of SnO2 based DSSC do not apply exclusively to the synthesis methods 
of photoanode but also other DSSC components including dye, electrolyte, and counter electrode. 

Synthesis Method Sample JSC (mA/cm2) VOC (V) FF ɳ (%) Ref. 

Sol-gel method SnO2 
nanograins 

8.70 0.65 0.70 3.96 [40,41] 

Co-precipitation 
technique 

SnO2 6.85 0.68 0.70 3.20 [27,36,42] 

Spray pyrolysis 
technique 

SnO2 11.90 0.35 0.41 1.70 [43,44,45] 

Self-assembly 
method 

SnO2 hollow 
nanospheres 

8.50 0.50 0.36 1.51 [46,47] 

Hydrothermal 
method 

SnO2 
nanorods 

5.50 0.44 0.59 1.40 [48,49] 

SnO2 
nanoflowers 

1.50 0.53 0.50 0.32 [58] 

Spin coating method SnO2 0.50 0.55 0.62 0.17 [59] 
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