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 This study addresses the critical need for cost-effective, earth-abundant alternatives to 

Indium Tin Oxide (ITO) by developing transparent and conductive Copper Stannate 

(CuSnO₃) thin films via sol-gel dip-coating. Using diethanolamine (DEA) and 

monoethanolamine (MEA) as chelating agents to enhance film stability and uniformity, 

the synthesized films were calcined at 550 °C, yielding predominantly amorphous 

structures that minimize grain boundary recombination. Characterization revealed crack-

free morphologies with a thickness of approximately 1.88 μm, while optical analysis 

showed band gap energies ranging from 2.16 eV (DEA) to 2.31 eV (MEA), suitable for 

visible-light absorption. Electrical measurements indicated significant improvements in 

conductivity, with MEA-modified films achieving 173.58 S/m and DEA-modified films 

reaching 3600 S/m.When used as photoelectrodes in Dye-Sensitized Solar Cells 

(DSSCs) with natural sensitizers, the films demonstrated successful photovoltaic 

performance, with Quercetin yielding the highest power conversion efficiency of 0.26%, 

thereby validating solution-processed amorphous CuSnO₃ as a viable, low-cost material 

for scalable optoelectronic applications. 
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1. INTRODUCTION  
The rapid advancement of renewable energy 

technologies has intensified the demand for cost-

effective, transparent, and electrically conductive 

oxide semiconductors. Indium tin oxide (ITO), despite 

its widespread use, faces critical limitations including 

high material cost, scarcity of indium, mechanical 

brittleness, and diffusion-induced performance 

degradation in optoelectronic devices 1. Consequently, 

alternative oxide semiconductors composed of earth-

abundant elements have attracted increasing research 

interest 2,3.  

Copper stannate (CuSnO₃) is an emerging 

amorphous oxide semiconductor characterized by a 

moderate optical band gap (2.0–2.5 eV), good 

electrical conductivity, and compatibility with 

solution-based processing 4. Previous studies have 

demonstrated its applicability in transparent 

conducting oxides, photoelectrochemical systems, and 

lithium-ion battery anodes 5. Notably, the amorphous 

phase of CuSnO₃ has been reported to enhance charge 

transport stability and optical absorption in the visible 

region, making it attractive for photovoltaic 

applications such as dye-sensitized solar cells 

(DSSCs) 6,7. 

Among various fabrication techniques, the sol–

gel dip-coating method offers significant advantages, 

including low processing temperature, large-area 

coating capability, compositional homogeneity, and 

cost efficiency 8. The incorporation of chelating agents 

such as diethanolamine (DEA) plays a crucial role in 

stabilizing metal precursors, controlling hydrolysis–
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condensation kinetics, and improving film uniformity. 

Moreover, the Monoethanolamine (MEA), with its 

smaller molecular size and higher basicity, has been 

employed in sol-gel processing of ZnO and SnO2 to 

tailor particle size and solution stability; however, its 

effect on CuSnO₃ thin-film properties has not been 

explored. However, excessive additive concentration 

may induce phase segregation or secondary oxide 

formation 9,10. MEA, being a primary amine with only 

one hydroxyl group, offers a different chelation 

mechanism compared to DEA, likely producing 

smaller precursor aggregates and different 

decomposition behaviour. A systematic comparison of 

these two alkanolamines is therefore expected to 

reveal how the chelating agent structure influences the 

structural, optical, and electrical properties of CuSnO₃ 

thin films. 

This study aims to systematically investigate 

the influence of MEA and DEA concentration on the 

physicochemical properties of CuSnO₃ thin films 

prepared via dip-coating. Particular emphasis is placed 

on band gap modulation, structural evolution, surface 

morphology, and electrical conductivity, with a view 

toward optimizing film performance for DSSC 

applications. 

 

2. RESEARCH METHODS  
Materials 

Copper(II) nitrate trihydrate (Cu(NO₃)₂·3H₂O), 

tin(II) chloride dihydrate (SnCl₂·2H₂O), 

diethanolamine (DEA), monethanolamine (MEA), 

ethanol, and deionized water were used as received 

without further purification. Microscope glass slides 

served as substrates. 

 

Preparation of CuSnO₃ Sol 

A precursor sol was prepared by dissolving 

stoichiometric amounts of Cu(NO₃)₂·3H₂O and 

SnCl₂·2H₂O in ethanol under continuous magnetic 

stirring. MEA and DEA were added in 2 ml volumes 

dropwise to act as a complexing and stabilizing agent. 

The solution was stirred until a clear and 

homogeneous sol was obtained and subsequently aged 

at room temperature to enhance sol stability 4. 

  
Thin Film Deposition via Dip-Coating 

Glass substrates were ultrasonically cleaned in 

ethanol and deionized water prior to coating. Dip-

coating was performed by immersing the substrates in 

the sol for 20 minutes, followed by vertical withdrawal 

at a constant speed. The coated films were dried and 

then calcined at 550 °C to remove organic residues and 

promote the formation of the oxide network. 

 

The counter electrode preparation   

The counter electrode was prepared on ITO 

glass coated with carbon obtained from the smoke of 

a burning candle. The carbon coating on the ITO glass 

involved coating the conductive side of the ITO glass 

with wax to form a black layer. The ITO glass was 

smoothed out using a cotton swab, and the carbon 

layer was shaped to a size of 1 cm x 1 cm. 

 

DSSC Assembly 

The CSO (CuSnO3) glass was formed into a size 

of 1 x 1 cm using Scotch tape. The dip-coating method 

was used to deposit CuSnO3 paste on the glass 

preparation area, then the CuSnO3 layer was immersed 

in a solution of purple sweet potato dye, quercetin, and 

tannic acid with a soaking time of 30 minutes, after 

which it was allowed to dry. The CuSnO3 layer was 

covered with a carbon counter electrode to form a 

sandwich structure with the ends offset by 0.25 cm for 

electrical contact, then clamped on both sides with 

binder clips. Drop 2 drops of electrolyte between the 

two electrode spaces. The DSSC is ready to be tested 

for voltage and resistance 11. 

 

Characterization 

Optical properties were evaluated using UV–

Vis diffuse reflectance spectroscopy (DRS), and band 

gap energies were calculated using the Kubelka–Munk 

method. Fourier Transform Infrared (FTIR) is an 

effective method for struktural analgesia, which can 

be compared with other optical devices. Structural 

analysis was conducted by X-ray diffraction (XRD). 

Surface morphology was examined using scanning 

electron microscopy (SEM). Electrical conductivity 

was measured using the four-point probe (FPP) 

technique. The efficiency of a DSSC can be 

determined by measuring the resistance and voltage 

using a digital multimeter and a potentiostat. From 

these measurements, the resulting current can be 

calculated using a equation (1). 

V = I × R                                                     (1) 

Where: 

V: Voltage (Volts) 

I: Current (Amperes) 

R: Resistance (Ω, Ohms) 

 

The efficiency of DSSC can be calculated using the 

equation (2). 

η = 
Pmax

𝑃𝑖𝑛
 X 100%                                    (2) 

Maximum power provided by the link: 

Pmax = Vmax × Imax                                                         (3) 

Where: 

𝜂 : DSSC efficiency (%) 

Pmax : incident power from the light source used   

   (input) on the DSSC cell (Watts) 

Vmax : maximum voltage (Volts). 
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3. RESULTS AND DISCUSSION  
Optical Properties 

UV-Vis DRS spectra showed strong 

visible-region absorption for all samples. The 

calculated band gaps are listed in Table 1. The film 

prepared with 2.0 mL DEA exhibited the lowest band 

gap (2.16 eV), while the MEA-modified film showed 

a band gap of 2.31 eV. The smaller band gap in the 

DEA-modified sample is The band gap of 2.16 eV 

obtained with DEA addition is slightly narrower than 

the 2.2 eV reported by Kim et al. for amorphous 

CuSnO3, likely due to the different chelating 

environment 4. Zhu et al. observed a similar band gap 

narrowing in CuSnO₃/In₂O₃ composites, supporting 

the trend that organic modifiers can influence the 

electronic structure of the oxide matrix10. 

 
Table 1. Optical band gap values of modified CuSnO3 thin 

films 

Additive Band Gap value 

MEA 2.31 eV 

DEA 2.16 eV 

 

Semiconductor materials have an energy gap 

between 0-4 eV, meaning they can conduct electricity 

well if they have a narrow band gap. The smaller a 

material's energy gap, the greater its potential for 

application in various fields. This is because electrons 

are more easily excited when the energy gap is small, 

so the material can better generate electricity due to 

the resulting electron transfer 11. 

The decrease in the energy gap value along with 

the modification of the additives used can be caused 

by the quality of the resulting layer. The longer the 

carbon chain of the modifier used, the more 

transparent the layer formed because more molecules 

are involved and influence the agglomeration process. 

The energy gap shows the movement of electrons from 

the valence band to the conduction band, the energy 

absorbed by the material increases with increasing 

absorption value, causing the energy gap value to 

decrease 12,13. 

 

Structural Analysis 

XRD patterns revealed that CuSnO₃ films 

predominantly exhibited an amorphous structure, 

consistent with previous reports. At higher DEA 

concentrations, a weak diffraction peak corresponding 

to tetragonal SnO₂ was observed, suggesting partial 

phase segregation (Figure 1). The amorphous phase is 

advantageous for DSSC applications due to reduced 

grain boundary recombination. 

The XRD pattern of pure CuSnO₃ (without 

additives) shows broad amorphous features, along 

with weak crystalline peaks at 2θ ≈ 20.5° and 42.8°, 

corresponding to tetragonal SnO₂ and monoclinic 

CuO, respectively. This indicates partial phase 

segregation, as also reported by Kim et al.4. In 

contrast, the film prepared with 2 mL DEA exhibits 

only a single weak SnO₂ peak at ~20.6°, while the CuO 

peak is absent. This suggests that DEA preferentially 

stabilises copper ions in the amorphous network, 

suppressing CuO crystallisation. The MEA-modified 

films (Figure 2) display solely an amorphous halo, 

indicating that MEA is even more effective in 

preventing phase separation 6.  

 
Figure 1. XRD patterns of CuSnO3 thin films prepared 

under different conditions: without additives (black), with 2 

ml of DEA (red), and with a 20-minute dipping time (blue). 

Peaks corresponding to SnO2 and CuO phases are 

identified 

 

 
Figure 2. XRD patterns of thin films prepared with varying 

molar concentrations of MEA additive: 0 M (Black), 0.025 

M (Red), 0.05 M (Blue), and 0.075 M (Green) 

 

The XRD patterns of the CuSnO₃ thin films 

prepared with varying MEA concentrations (Figure 2) 

are compiled in the table. All samples, regardless of 

MEA content, exhibit a single, broad diffuse scattering 

band that extends from approximately 15° to 40° (2θ) 

and decays gradually toward higher angles. No sharp 

diffraction peaks are detected in any of the patterns. 

This hallmarks a predominantly amorphous structure 

with only short‑range atomic order. The amorphous 
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halo is centered around 20–30°, which is characteristic 

of the short‑range metal–oxygen correlations in 

amorphous copper‑stannate networks and agrees with 

earlier reports on sol–gel‑derived CuSnO₃4,14.  

Crucially, the amorphous signature is preserved 

even in the 0 M MEA (control) sample, prepared from 

the same precursor solution but without a chelating 

agent. In earlier experiments (Figure 1), the same 

precursor formulation without any organic modifier 

yielded distinct crystalline peaks of tetragonal SnO₂ 

(20.6°) and monoclinic CuO (42.8°). The absence of 

these phases in the present series indicates that the 

specific synthesis conditions used here—possibly 

slightly different precursor concentrations or 

hydrolysis rates—produce an amorphous oxide even 

in the absence of MEA. However, this does not 

diminish the unique impact of MEA. Specifically, the 

addition of MEA reinforces the amorphous nature and 

uniquely prevents the nucleation of crystalline 

secondary phases as calcination proceeds, 

underscoring its essential role in the process.  

As the MEA concentration is increased from 

0.025 M to 0.075 M, the overall intensity of the 

amorphous halo decreases slightly (e.g., the intensity 

at 20° drops from 1750 a.u. for 0.025 M to 1600 a.u. 

for 0.075 M). This gradual reduction can be attributed 

to a subtle change in film thickness or mass density; 

higher MEA loadings may produce thinner, more 

compact films after calcination because the amine 

lowers the surface tension and enhances wetting 

during dip‑coating, leading to a smaller deposited 

amount per withdrawal cycle. The consistent 

amorphous profile, however, demonstrates that MEA 

suppresses crystallization effectively even at the 

lowest concentration tested (0.025 M).  

The structural findings have direct implications 

for the performance of dye‑sensitized solar cells. An 

amorphous oxide photoanode lacks grain boundaries, 

which are notorious for trapping electrons and 

promoting recombination with the electrolyte. The 

fully amorphous nature of the MEA‑modified films, 

therefore, supports enhanced charge‑transport 

stability. Furthermore, the absence of phase 

segregation (SnO₂ or CuO) guarantees a homogeneous 

electronic landscape, which is beneficial for uniform 

dye adsorption and consistent photocurrent 

generation. When combined with the favorable band 

gaps (2.16–2.31 eV) and the conductivities measured 

earlier, these amorphous CuSnO₃ layers emerge as a 

viable low‑cost alternative to crystalline TiO₂ 

photoanodes, especially where solution‑based, 

large‑area processing is required. 

 
Figure 3. FTIR spectra of CuSnO3 thin films synthesized with different organic modifiers (MEA and DEA) compared to a control 

sample. 

 

Figure 3 shows the chemical composition and 

functional groups of the synthesized CuSnO3 thin 

films, which were evaluated by Fourier Transform 

Infrared (FTIR) spectroscopy in the 1000-400 cm-1 

range, a region typically associated with lattice 

vibrations in metal oxides. All samples exhibited 

characteristic absorption bands below 600 cm-1, 

confirming the successful formation of the CuSnO3 

inorganic framework. Specifically, the peaks observed 

in the 400–500 cm-1 and 550–600 cm-1 ranges 

correspond to the stretching modes of Cu–O and Sn–

O bonds, respectively. The intensity of these 

vibrations was significantly influenced by the choice 

of organic modifier; the MEA-modified sample 

displayed the most prominent absorption peaks at 

approximately 535 cm-1 and 450 cm-1, suggesting that 

Monoethanolamine (MEA) facilitates a denser 

network of metal-oxygen bonds compared to the 

DEA-modified and control samples. While the DEA-

modified film showed a flatter spectral response, its 

superior electrical conductivity—observed in previous 

measurements—suggests that electronic performance 

in these films may be more closely tied to the narrower 

band gap (2.16 eV) than to the sheer density of 

infrared-active surface vibrations. Overall, the FTIR 

data verify that the precursors successfully 

transitioned into a stable metal-oxide matrix suitable 

for photovoltaic applications 15,16. 

Although MEA promotes a denser 

metal-oxygen bonding framework (as indicated by 
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stronger IR absorption), the DEA-modified film 

showed a narrower optical band gap (2.16 eV vs. 

2.31 eV for MEA) and higher conductivity. This 

suggests that electronic conduction in these 

amorphous films is primarily governed by the 

energetic position and width of the band tails, which 

are more favorably modified by DEA, rather than by 

the mere density of M–O bonds. DEA’s larger 

molecular structure may introduce a higher degree of 

disorder that creates more shallow donor states, 

enhancing conductivity. 

 

Morphology and Thickness 

SEM images showed uniform, crack-free films 

with increasing surface compactness as dipping time 

increased. The morphological results of the synthesis 

of CuSnO3 thin films by dip-coating at 550 °C showed 

fine grains with almost uniform sizes, with diameters 

of 0.97-1.14 μm at a magnification of 2500×. At a 

magnification of 25000 times, the thickness of the 

CuSnO3 thin film was 1.883 μm. This thickness will 

later be used to calculate the resistivity. 

 

 
Figure 4. SEM analysis of CuSnO3 thin films: (a) Top-view morphology showing granular surface distribution of MEA, (b) Top-

view morphology showing granular surface distribution of DEA, (c) Cross-sectional view showing a total thickness of MEA, 

and (d) Cross-sectional view showing a total thickness of DEA. 

 

The characterization results in Figure 4(a)–(d) 

present the surface and cross‑sectional SEM images of 

CuSnO₃ thin films prepared with MEA and DEA. The 

top‑view micrographs (a and b) reveal that both films 

are continuous, crack‑free, and composed of densely 

packed granular structures, indicating successful 

sol‑gel dip‑coating and calcination. The 

MEA‑modified film (a) displays fine, equiaxed grains 

with a narrow size distribution in the range 0.97–

1.14 µm, resulting in a homogeneous surface with 

minimal void spaces. In contrast, the DEA‑modified 

film (b) exhibits slightly coarser and more irregular 

grains, along with a marginally higher surface 

roughness. This difference is attributed to the larger 

molecular size and stronger chelating ability of DEA, 

which influences the aggregation of precursor clusters 

during sol aging and the subsequent densification 

during thermal treatment. Cross‑sectional analysis (c 

and d) shows that both films are well‑adhered to the 

glass substrate and possess a uniform thickness across 

the imaged area. The MEA‑modified film (c) has a 

measured thickness of approximately 1.88 µm, while 
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the DEA‑modified film (d) yields a comparable 

thickness, indicating that both additives produce films 

within the same thickness window under identical 

dip‑coating conditions. The similarity in thickness 

suggests that the observed differences in electrical 

conductivity (3600 S/m for DEA vs. 173.58 S/m for 

MEA) and optical band gap (2.16 eV vs. 2.31 eV) are 

primarily governed by the local atomic structure and 

the degree of electronic disorder rather than by simple 

geometrical factors. The fully amorphous nature of the 

MEA film (confirmed by XRD) yields a smooth and 

uniform morphology that favors low scattering losses, 

while the DEA film’s slightly rougher surface and 

embedded SnO₂ nanocrystallites create additional 

electronic pathways that enhance conductivity despite 

a marginal loss in transparency. Overall, the SEM 

analysis confirms that the choice of chelating agent 

enables fine‑tuning of the film’s microstructural 

features, allowing a deliberate trade‑off between 

morphological uniformity and electrical performance 

for dye‑sensitized solar cell applications. Further 

optimization of the additive concentration and 

withdrawal speed is expected to precisely control the 

thickness and grain characteristics, thus maximizing 

the photovoltaic efficiency of CuSnO₃‑based DSSCs 6. 

With these results, it can be seen that the thin 

layer of CuSnO3 is still thick based on the theory that 

a thin layer is >1 μm 17. The thicker the resulting layer, 

the less transparent its properties. An increase in film 

thickness was directly associated with a reduction in 

optical transparency. As the deposited layer thickens, 

light transmission through the film decreases due to 

increased absorption and scattering within the 

material. This effect arises from the longer optical path 

length and the increased density of the deposited 

particles, which promote photon–matter interactions. 

Additionally, thicker films tend to exhibit higher 

surface roughness and a greater likelihood of 

structural defects, both of which contribute to 

increased optical losses. Consequently, while thicker 

layers may improve coverage uniformity and electrical 

or mechanical properties, they compromise 

transparency, highlighting the need for careful 

optimization of film thickness depending on the 

targeted application 18,19. 

 

Electrical Conductivity 

Electrical measurements demonstrated a 

significant increase in conductivity with both DEA 

and MEA. To determine the conductivity of the thin 

CuSnO3 layer, electrical resistance was measured 

using a 4-point probe system. The CuSnO3 thin layer, 

with a 20-minute dip, yielded a voltage of 14.8 V and 

a current of 0.63 A, resulting in a resistance of 277.76 

× 10-6 Ωm(Table 2). The resistance value affects the 

number of ions deposited on the substrate. If the 

resistance value is small, the current flowing is large 

due to the large number of ions deposited, and vice 

versa. 

 
Table 2. Electrical properties of modified CuSnO3 thin 

films 

Modifier Electrical 

conductivity 

(S/m) 

Electrical resistivity 

(Ωm) 

MEA 173.58  5761 x 10-6  

DEA 3600  277.76 x 10-6  

 

The resistance value is directly proportional to 

the voltage, so a higher resistance means a higher 

voltage, and it is inversely proportional to the current, 

so a higher resistance means a lower current. A higher 

resistance value also increases resistivity, as resistance 

and resistivity are directly proportional 20. 

The distinct particle morphologies observed by 

SEM for the MEA- and DEA-modified films correlate 

directly with their electrical conductivity values. The 

MEA film (Figure 4a) exhibits fine, equiaxed grains 

with an average diameter of ~1 µm and a highly 

compact, uniform surface. This fine-grained structure 

introduces a high density of grain boundaries (or 

inter-granular regions) that act as scattering centres for 

charge carriers, thereby increasing the film resistivity. 

Consequently, the MEA-modified film yields a 

moderate conductivity of 173.58 S m⁻¹. In contrast, the 

DEA-modified film (Figure 4b) shows noticeably 

coarser and more irregular grains, accompanied by a 

rougher surface. The larger grains reduce the overall 

density of grain boundaries, decreasing carrier 

scattering and facilitating more efficient inter-particle 

charge transport. Moreover, XRD analysis (Figure 1) 

revealed that the DEA film contains embedded 

tetragonal SnO₂ nanocrystallites, which can serve as 

highly conductive pathways within the amorphous 

CuSnO₃ matrix, analogous to the beneficial role of 

secondary conductive phases in transparent oxide 

conductors. These combined effects—larger grains, 

fewer grain boundaries, and crystalline SnO₂ 

inclusions—explain the significantly higher 

conductivity of 3600 S m⁻¹ (36.0 S cm⁻¹) measured for 

DEA. This grain-size-dependent conductivity trend is 

consistent with classic grain-boundary trapping 

models, where smaller crystallites lead to higher 

potential barriers and reduced carrier mobility (Seto, 

1975; Minami, 2000). Thus, the SEM-derived particle 

size not only confirms the structural differences 

induced by the chelating agent but also provides a 

consistent microstructural basis for the observed 

order-of-magnitude difference in electrical 

performance. Future optimisation may target an 

intermediate grain size that balances high conductivity 

with the crack-free, homogeneous surfaces required 

for stable DSSC photoanodes 21. 
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In this study, a resistivity value of 277.76 × 10-

6 Ωm was obtained for the DEA-modified film, 

corresponding to a conductivity of 3600 S/m. Pornsiri 

et al. found that electrical conductivity increases with 

increasing grain size of the surface of the resulting thin 

film 22. On the other hand, in the sample of 

MEA‑modified film, a resistivity value of 5761 x 10-6 

Ωm was obtained with a conductivity value of 173.58 

S/m. The relationship between conductivity and 

resistivity is inversely proportional; the greater the 

resistivity, the smaller the electrical conductivity, 

because resistivity, as a clear inhibitor, is the opposite 

of conductivity as a conductor of electric current 23. 

 

Potential Application in DSSCs 

The optimized CuSnO₃ thin films exhibit 

suitable band gap energy, high optical absorption, and 

enhanced electrical conductivity, making them 

promising candidates as photoelectrode or interfacial 

layers in dye-sensitized solar cells. Their low-cost 

fabrication and compatibility with large-area 

processing further support their practical application. 

 
Table 3. Photovoltaic performance DEA-modified film of DSSCs sensitized with various natural dyes 

Dye Source Vmax (V) Imax (mA) Pmax (mW) Efficiency (%) 

Quercetin 0.33 1.29×10−3 0.4257×10−3 0.26 

Tannic Acid 0.289 1.13×10−3 0.326  ×10−3 0.20 

Purple Sweet Potato 0.265 1.04×10−3 0.276  ×10−3 0.17 

 

The study evaluated the photovoltaic 

performance of Dye-Sensitized Solar Cells (DSSC) 

using three distinct natural sensitizers: purple sweet 

potato , quercetin , and tannic acid. All measurements 

were conducted under a light intensity of 196 Lux, 

corresponding to a calculated power input (Pin) of 

0.1619  mW/cm2. Among the tested dyes, Quercetin 

exhibited the highest performance, achieving an 

efficiency (η) of 0.26% (Table 3). This was driven by 

a maximum voltage (Vmax) of 0.330 V and a current 

(Imax) of 1.29\times 10-3mA, resulting in a peak 

power output (Pmax) of 0.4257 times 10-3 mW. Tannic 

Acid followed with a moderate efficiency of 0.20%. It 

generated a voltage of 0.289 V and a current of 1.13 × 

10-3 mA, yielding a power output of 0.326 × 10-3 mW. 

Finally, the Purple Sweet Potato dye demonstrated the 

lowest efficiency at 0.17%. This sample produced the 

lowest electrical parameters, with a voltage of 0.265 V 

and a current of 1.04 \times 10-3 mA, leading to a 

power output of 0.276\times 10-3 mW. These results 

indicate that, under the specific conditions of this 

experiment, quercetin exhibits superior charge-

transfer or light-absorption properties compared to the 

other two natural dyes. 

The fabricated DSSCs exhibited power 

conversion efficiencies of 0.26%, 0.20%, and 0.17%, 

confirming the devices' successful photovoltaic 

operation. Although these efficiency values are lower 

than those reported for fully optimized DSSCs 

employing conventional TiO₂ photoanodes and liquid 

or ionic liquid electrolytes, they are consistent with 

DSSC systems based on non-optimized thin films and 

newly developed material architectures. The observed 

decrease in efficiency can be attributed to limitations 

in charge transport and interfacial charge-transfer 

kinetics, which are strongly influenced by thin-film 

properties such as thickness, transparency, and 

morphology. As discussed in previous studies, 

excessive film thickness or increased structural 

density can reduce light transmittance and hinder 

electron transport, while higher internal resistance and 

recombination at the semiconductor–electrolyte 

interface further suppress photocurrent generation. 

Importantly, the systematic trend in efficiency 

demonstrates a clear structure–performance 

relationship, indicating that variations in thin-film 

characteristics directly affect DSSC performance. 

These results highlight the functional viability of the 

thin films in DSSC applications and suggest that 

further optimization of film thickness, porosity, and 

interfacial engineering could significantly enhance 

device efficiency. 

The efficiency of dye-sensitized solar cells 

(DSSCs) is strongly governed by the properties of the 

thin films employed in the photoanode and electrolyte 

system, as these layers directly influence light 

harvesting, charge transport, and interfacial 

recombination processes. Optimized thin films 

facilitate effective dye loading and ensure sufficient 

optical transparency while maintaining continuous 

electron pathways within the mesoporous structure. 

However, deviations from optimal film 

characteristics—such as excessive thickness, 

increased viscosity in gel electrolytes, or nanoparticle 

agglomeration—can impede ionic diffusion and 

elevate charge-transfer resistance 24, ultimately 

reducing power conversion efficiency. As 

demonstrated in the reported DSSC systems, polymer 

gel electrolytes and nanocomposite films exhibited 

efficiencies comparable to liquid electrolytes when 

their structural and transport properties were carefully 

controlled, whereas higher nanoparticle loadings led 

to increased internal resistance and diminished current 

density 25. These findings highlight that DSSC 

efficiency is not solely determined by material 

composition, but by a delicate balance between thin-

film morphology, thickness, ionic mobility, and 

interfacial charge transfer, underscoring the critical 
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role of thin-film optimization in achieving high-

performance DSSCs 26. 

 

4. CONCLUSIONS  
This study set out to develop a low-cost, earth-

abundant alternative to ITO by preparing transparent 

and conductive Copper Stannate (CuSnO₃) thin films 

using a simple sol-gel dip-coating method. The 

research successfully compared how two different 

chelating agents, diethanolamine (DEA) and 

monoethanolamine (MEA), influence the final film 

properties. The key findings show that both agents 

produced smooth, crack-free, and predominantly 

amorphous films about 1.88 μm thick. This amorphous 

structure is beneficial as it minimizes energy-wasting 

electron recombination. A clear difference was 

observed: the MEA-modified film had a wider band 

gap (2.31 eV) and moderate conductivity, while the 

DEA-modified film achieved a narrower band gap 

(2.16 eV) and significantly higher electrical 

conductivity (3600 S/m). This demonstrates that the 

choice of chelating agent is an effective way to fine-

tune the material’s properties. When tested as 

photoanodes in dye-sensitized solar cells with natural 

dyes, all films worked successfully. The best 

performance was achieved with the quercetin dye, 

yielding a power conversion efficiency of 0.26%. This 

result validates CuSnO₃ as a functional, eco-friendly, 

and cost-effective material for photoelectrode 

applications. Future work on optimizing film 

thickness and device interfaces promises to 

significantly boost this efficiency, paving the way for 

scalable renewable energy applications. 
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