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n this research, we focused on designing electrode materials that increase 

the light-harvesting efficiency of photoanodes. Our experimental report 

presents a new, economical method for producing high-surface-area 

transition-metal (TM)- doped TiO2 nanocrystals (NCs) for DSSCs. A Silver nitrate 

(AgNO3)- doped titanium oxide (AgNO3-TiO2) was successfully synthesized using 

the Doctor Blade method and effectively utilized as a photoanode in the fabrication 

of a dye-sensitized solar cell (DSSC) to study the effect of the dopant on the dye. 

The solvent method was used to extract the chlorophyll pigment. The absorption 

study of the sensitized photoanode was characterized using a UV-Vis spectrometer. 

The DSSC was assembled and tested for photoelectric properties using a solar 

simulator. The result revealed a photoelectric conversion efficiency PCE (η) of 

0.16 %; Voc of 0.452 V, Isc of 0.692 mA/cm2, Vmax of 0.324 V, Imax of 0.501 mA/cm2, 

Pmax of 0.162 mW/cm2, and FF of 0.52 were obtained. The coated FTO glass with a 

TiO2 metal oxide surface, doped with silver at 0.2 molar concentration, has been 

shown to provide more surface area for dye adsorption and to extend visible light 

absorption. Prog Color Colorants Coat. 19 (2026), 351-361© Institute for Color 

Science and Technology. 
 

 

 

 

1. Introduction 

Scientists' efforts to stabilize and improve the efficiency 

of dye-sensitized solar cells (DSSCs) have prompted the 

solar research community to adopt novel strategies [1-3]. 

Finding new energy sources with the least toxicity has 

been one of the biggest problems over the past 10 years 

[4]. The energy from the sun is the best source of clean, 

eco-friendly, renewable energy on Earth [5]. DSSCs are 

simple devices that convert solar energy into electrical 

energy, based on the groundbreaking discovery of 

Gratzel [6]. Compared to silicon solar cells, DSSCs are a 

more affordable and environmentally friendly photo-

voltaic technology [7]. Recently, several studies have 

been conducted to improve power conversion efficiency 

[8, 9].  

The Photosynthesis cycle [10-12], which occurs 

when plant pigments absorb light photons within the 

thylakoid membrane, allows living plants to generate 

bioelectricity by converting sunlight into electricity. In 

addition to facilitating electron transport, chlorophyll 

pigments absorb light mostly in the visible range of 

solar radiation. The photosynthetic cycle depends on 

carotenoids, which also help the chlorophyll molecule 

absorb light and enhance its ability to do so [13]. An 

I
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electron can travel swiftly across a cell's membrane 

due to solar energy. In solar cells, the absorbed photon 

is also likely lost when the electron returns to its 

starting place. Studies have been conducted on these 

artificial solar cells, which are photovoltaic power 

generators with high photon capture and charge-

separation efficiencies. The DSSC is one of several 

solar cells under development. Dye-sensitized solar 

cells (DSSCs) are photovoltaic devices that use the 

principle of photo-sensitization of a wide band gap 

semiconductor to convert solar light into electrical 

power [14]. DSSCs based on natural dyes are 

recognized in research for their easy fabrication, low 

production costs, use of flexible conducting substrates, 

and environmentally friendly nature, despite their 

known low conversion efficiencies and limitations 

related to liquid electrolytes [15-18].  

In general, photovoltaics absorb photon energy 

from the sun above a threshold energy, known as the 

"energy gap" or bandgap; photons with higher 

energies are absorbed, while those with lower energies 

pass through the absorber. When the photon energy 

exceeds the threshold, absorption occurs in organic 

molecules. The molecular system enters an excited 

state upon this absorption, producing electrons and 

holes. In the process of creating dye-sensitized solar 

cells, naturally derived pigments from leaves, flowers, 

and fruits exhibit a variety of colors.  

Due to their stability, affordability, and 

photovoltaic properties, TiO2 nanoparticles are widely 

used as photoanodes [19]. However, the performance 

of DSSCs may be negatively impacted by the 

electrons in TiO2 nanoparticles recombining with the 

dye. Numerous studies have altered the surface and 

photoelectronic properties of photoelectrodes to 

increase their efficiency [20-25]. Doping TiO2 with 

other substances is one way to achieve this. By 

boosting their absorbance and shifting them into the 

visible region of the solar spectrum, these techniques 

expand the range of solar light the photoanodes can 

absorb. In the end, this can increase the power 

conversion efficiency by preventing electron-hole 

recombination [26, 27]. The commercialization of 

metal-doped TiO2 nanoparticles in DSSCs is highly 

promising. To improve the overall effectiveness of 

DSSCs, these nanoparticles have been synthesized in 

various ways and with varying dopant concentrations. 

Compared with pure TiO2 nanoparticles, the produced 

nanoparticles exhibit improved physical properties. 

For example, it has been shown that tungsten-doped 

nanostructured anatase TiO2 has 100 times more 

photoactivity under visible light than nondoped TiO2 

nanoparticles. This is because tungsten can form an 

energy level within the TiO2 band gap, thereby serving 

as a reactive site for the absorption of visible light 

[28].  

The present study reports the photoanode 

performance and structural characterization of a DSSC 

doped with silver nitrate at 0.2 M and sensitized with a 

plant dye extract from Celosia argentea. Celosia 

argentea, commonly known as, Shokotor yokotor in 

the Isoko language, Lagos spinach, Shoko in the 

Yoruba Language, or Nigerian spinach, is a leafy 

vegetable mainly popular in the western part of 

Nigeria. It belongs to the family of Amaranthacea. 

The plants are usually erect, coarse, simple, and 

branched, with a height of about 0.5 to 1.5 m [29].   

 

2. Theoretical framework 

2.1. Optical characterization of film 

The films were characterized for their optical properties 

using a UV-Vis-NIR spectrophotometer, with wave-

lengths ranging from 200 to 1100 nm.This was done to 

determine the absorbance, reflectance, transmittance, 

refractive index, absorption coefficient, optical 

thickness, energy band gap, and optical conductivity of 

the natural dyes used for the sensitization of the 

substrate. This can also be done by substituting either 

the absorbance reflectance, or transmittance values into 

the various equations listed below (Eq. 1); 
 

𝐴 + 𝑇 + 𝑅 = 1 (1) 
 

Where A is the absorbance, R is the reflectance, 

and T is the transmittance, given by equation 2 shows 

the relationship between the transmittance (T) and 

absorption (A) of the dye [30], 
 

Absorption, 𝐴 = 2 − 𝑙𝑜𝑔(%𝑇) (2) 
 

where % T shows the transmittance percentage of 

light (Eqs. 3-5). 
 

Transmittance, T = 10A 
(3) 

 

Reflectance, 𝑅 = 1 − (𝐴 + 𝑇) (4) 
 

The refractive index (n) = 
1

𝑇𝑠
+ √

1

𝑇𝑠−1
 (5) 

 



Photovoltaic Performance of Photoelectric Dye Sensitized Solar Cell Using …  

   Prog. Color Colorants Coat. 19 (2026), 351-361 353 

where Ts is the percentage transmittance (Eq. 6). 
 

Optical thickness (t) = 
𝑙𝑛(

1−𝑅2

𝑇
)

𝛼
 (6) 

 

where T is the transmittance, R is the reflectance, 

and α is the coefficient of absorption.  

Experimentally, the absorption coefficient (α) can 

be calculated from the simple relation (Eq. 7) [31]: 
 

𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡, 𝛼 =
1

𝑑
𝑙𝑛 (

1

𝑇
) (7) 

 

where t represents the thickness of the thin film, T 

and R are the transmittance and reflectance, 

respectively. From equation 4, the band gap energy 

(Eg) of the transparent films is determined by using 

(Eq. 8) [32]: 
 

𝛼ℎ𝑣 = 𝐴(ℎ𝑣 − 𝐸𝑔)
𝑛
 (8) 

 

where A is a proportionality constant, dependent 

on the properties of material use, the absorption 

coefficient is represented as α, hυ represents the 

photon energy, and n represents a constant value, 

equal to ½ for a direct band gap semiconductor. The 

energy band gap of the materials will be obtained by 

extrapolating the linear part of the curve (ahv)2= 0 in a 

graph of (ahv)2 against hv (Eq. 9). 
 

Optical conductivity,(𝜎) =
∝𝑛𝑐

4𝜋
 (9) 

 

Where α represents the coefficient of absorption, n 

shows the refractive index, and c is the light speed.  

 

2.2. Morphological characterization of DSSC  

The surface morphological characterization of the 

sensitized TiO2 photoanode was investigated using a 

Scanning Electron Microscope (SEM) (JSM-7100F, 

JEOL.COM) at a magnification of 20.0 kx and a view 

field of 10.4 µm. The elemental analysis of the TiO2 

photoanode was studied using energy-dispersive X-ray 

spectroscopy (EDX). 

 

2.3. Structural characterization of DSSC 

The structural characterization of the dyes was obtained 

to study their crystal structures and interplanar spacings 

using X-ray diffraction (XRD) for cell sensitization. 

The generated data were used to evaluate several 

structural factors, including crystallite size, dislocation 

density, d-spacing, and lattice parameters (a and c). 

XRD patterns were used to determine the crystallite 

size of the thin films using Debye Scherrer's formula in 

equation 10 [33]. 
 

𝐷 =
𝐾𝜆

𝛽𝑐𝑜𝑠𝜃
 (10) 

 

where D shows the crystallite size, λ is the 

wavelength of the X-ray used, k represents a constant 

given as 0.94, the full width half maximum (FWHM) 

is represented as β of the XRD peak and θ is the angle 

of diffraction. 

Equation 11 was used to determine the dislocation 

density δ, which provides additional information on 

the quantity of faults in the films. 
 

𝛿 =
1

𝐷2
 (11) 

 

The lattice parameters (a and c) of the films were 

calculated using equations 12 and 13, respectively. 
 

𝑎 =
𝜆

√3𝑠𝑖𝑛𝜃
 (12) 

 

𝑐 =
𝜆

𝑠𝑖𝑛𝜃
 (13) 

 

The inter-planar spacing was calculated using the 

relation (Eq. 14) [34], 
 

𝑑ℎ𝑘𝑙 =
𝑛𝜆

2𝑠𝑖𝑛𝜃
 (14) 

 

where λ is the X-ray wavelength, n is the order of 

diffraction, which is typically 1, and θ is the Bragg 

diffraction angle at peak location, expressed in 

degrees.  

 

2.4. Electrical characterization of sensitized 

film 

The electrical characteristics of the DSSC were 

evaluated using a xenon (Xe) lamp solar simulator 

under white-light illumination at 100 mW/cm2. The 

digital source meter measures the short-circuit current 

(Isc) and open-circuit voltage (Voc). The results were 

plotted in an I-V curve. The current-voltage (I-V) 

characterization of the DSSC was studied. From the I-

V curve, the maximum power (Pmax), maximum 

current (Imax), maximum voltage (Vmax), fill factor 

(FF), and PCE were obtained. 

 

2.4.1. Open-circuit voltage (Voc) 

When no current is flowing through the cell, the 

measured cell voltage is known as the Voc. It is the 

highest voltage (Vmax) that a solar cell can produce 
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when there is no resistance between the working and 

counter electrodes. This illustrates the difference 

between the semiconducting oxide's Fermi level and 

redox potential. 

 

2.4.2. Short-circuit current (Isc) 

Because there is no voltage difference between the 

electrodes, the cell's output current, or Isc, is zero. 

Stated otherwise, it is the current that the cell produces 

when the load resistance is zero. The short-circuit 

density (Isc), the ratio of the measured short-circuit 

current, is typically used to express it. 

 

2.4.3. Fill factor (FF) 

The FF is the proportion of the maximum output 

power(Pm) to the result of Isc and Voc. The fill factor, 

ff, can then take values between 0 and 1. This shows 

the extent of the electrochemical and electrical losses 

during DSSC operation (Eq. 15) [35]. Hence,  
 

𝐹𝐹 =
𝑃𝑚

(𝐼𝑠𝑐х𝑉𝑜𝑐)
=

𝐼𝑚×𝑉𝑚

(𝐼𝑠𝑐×𝑉𝑜𝑐)
 (15) 

 

where Isc is the photocurrent, Voc is the photo-

voltage, and Pm is the maximum power point. 

 

2.4.4. Photo- conversion efficiency (PCE) 

The photoconversion efficiency (Ƞ) calculates the 

power output, intensity, and photoconversion efficiency 

of incident (radiant) light into electrical energy (Eq. 16). 

[36]. 
 

𝑛 =
𝐼𝑠𝑐×𝑉𝑜𝑐×𝐹𝐹

𝑝
×

100

1
 (16) 

 

where P is the power input. 

 

3. Experimental  

3.1. Materials 

Materials used in this research are 100 and 200 mL 

glass beakers, glass rod, masking tape, ceramic mortar 

and pestle, model: HK-DC-320AS weighing scale, 

aluminum foil, syringes, filter papers, distilled water, 

liquid iodide redox electrolyte, crocodile clips, 

Rheostat, negative and positive terminal probes (wire), 

glass slides, diamond cutter, magnetic stirrer, Electric 

Heated Blast dry Box (Oven SM-9023), Ultrasonic 

machine, thermostatic blast oven with temperature 

range of 50 °C, ohmnmeter, Fluorine doped tin oxide 

(FTO) glass, 3g of Titanium Oxide (TiO2) powder, 

Silver nitrate (AgNO3), acetone, 2.5 L of methanol and 

the Celosia argentea dye extract. The compounds used 

in this research were of analytical grade unless stated 

otherwise. These were used in addition to the usual 

characterization equipment: UV-Vis-NIR spectro-

photometer, 350 W Xenon lamp Solar Simulator, 

Scanning Electron Microscopy (JSM-7100F, JEOL 

.COM), X-ray diffractometer (XRD). 

 

3.2. Extraction of dye from dry Celosia argentea 

The fresh leaves of Celosia argentea, as shown in 

Figure 1, were harvested from a local Agricultural farm 

in Abraka, Delta State, Nigeria. These leaves were 

rinsed thoroughly with distilled water to remove dirt 

particles from the plant surface and air-dried until they 

became invariant in weight for 2 weeks at a room 

temperature range of 24 32 °C. The leaves were ground 

in an electric blender to form a powder. 50 g of each 

ground leaf was measured using a weighing scale and 

placed in a 500 mL beaker. They were soaked in 100 ml 

of methanol and stirred on a magnetic stirrer for 3 

hours, then covered with an aluminum foil sheet and set 

aside for 24 hours. The dyes from the leaves are then 

extracted into a beaker using Whitman filter paper. The 

filtered samples are poured into storage containers and 

kept out of direct sunlight. This is to prevent dye 

degradation. After filtering, the samples are placed in 

storage containers and shielded from light. This is to 

stop the colors from deteriorating [37]. The solvent 

extraction technique was employed for the isolation of 

the pigment from Celosia argentea because it efficiently 

isolates light-absorbing natural pigments, preserves the 

photo-chemical properties of the dye, is very sensitive 

to TiO2, is simple, low-cost, and eco-friendly. 

 

 

Figure 1: Fresh Celosia argentea leaves. 
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3.3. Preparation of substrate (FTO glass) 

Before cell development, the FTO glass was cleaned by 

immersing it in an ultrasonic bath for 30 minutes each 

in distilled water and acetone. This was done to 

dissolve any unwanted organic materials and remove 

any dust or contaminants that might have gotten onto 

the substrate during manufacturing. To aid in removing 

the acetone initially applied to the substrate, as well as 

the materials the acetone was unable to clear, methanol 

is added after another 20 minutes of ultrasonic bathing. 

To prepare the substrate for deposition, it was heated to 

50 °C in a hot-air oven. 

 

3.4 . Synthesis of AgNO3-TiO2 nanoparticle 

Using the Doctor Blade technique, a TiO2 thin-film 

electrode (photoanode) was developed. To mechani-

cally separate aggregated TiO2 particles, 3 g of TiO2 

powder was ground and stirred with a pestle while 5 

mL of methanol was added dropwise in a mortar to 

form the TiO2 paste. During the cell fabrication 

process, 0.2 mol silver nitrate (AgNO3) was used to 

dope the TiO2. The silver nitrate (AgNO3) was 

dissolved in 2 mL of methanol before adding to the 

TiO2 paste. 

The substrate for the deposition was a transparent 

fluorine-doped tin oxide (FTO) conducting glass 

measuring an average of 2.25 cm by 2.35 cm. The 

TiO2/silver nitrate (AgNO3) and TiO2/Nickel (II) 

Chloride (NiCl2) paste was applied to the FTO 

substrate. An ohmmeter was used to check for conduc-

tivity on the glass. Two transparent FTO-conducting 

glasses were used during deposition. While one serves 

as the depositing surface, the other serves as a guide to 

ensure uniformity. Paper tape was applied on the 

conductive side to mask 0.15-0.2 cm at the three edges 

of the depositing glass surface and the opposite sides of 

the guiding slide. A glass rod is used to ensure that 

there is no opening into the masked edges. The 

substrate was evenly covered with drops of the TiO2 

colloidal solution, which were then evenly spread out 

using a glass stirring stick. The grown films were 

annealed at 250 °C for 30 minutes in a thermostatic 

blast resettable oven with a temperature range of 50 to 

1000 °C. After which it was kept to cool and ready for 

sensitization [38, 39]. 

 

3.5. Dye deposition 

Glass films coated with TiO2/Silver Nitrate (AgNO3) 

were immersed separately in the produced dye extracts 

for approximately 24 hours throughout the dye 

deposition process. The sample is put on a rack with 

the stained surface facing up after the stained 

TiO2/silver nitrate (AgNO3) coating is removed with a 

thong.  

 

3.6. Assembling of DSSC 

Assembling a DSC involves sandwiching the photo-

anode with the counter electrode. The counter electrode 

was made from another conductive glass. The glass's 

conductive side was checked using an ohmmeter. The 

conductive side of the glass substrate is coated with a 

carbon pencil, which provides a carbon layer that can 

serve as the catalytic surface for the redox couple [41, 

42]. Since this electrode didn't require tape or masking, 

its entire surface was covered to maximize its surface 

area. The KI/Iodine electrolyte solution from the 

Institute of Chemical Education (ICE) was used as 

redox electrolyte. On a laboratory table, each dye-

stained TiO2/silver nitrate (AgNO3) electrode was 

positioned with the film side facing up. The counter 

electrode was then positioned on top of the electrode, 

with its conductive side in direct contact with the 

TiO2/silver nitrate (AgNO3) film. The two opposing 

glass slides were positioned so that the counter 

electrode covered the entire surface of the TiO2/silver 

nitrate (AgNO3) and left the 0.2 cm strip of glass 

uncoated. The slides were held together at the opposite 

edges with two crocodile clips. An electrolyte solution 

of potassium iodide-iodine (KI/ Iodine) was introduced 

through the edges of the slides. The finished solar cell 

was measured to examine its current and voltage 

properties. 

 

4. Results and Discussion 

4.1. Optical characterization 

The absorbance study of TiO2 /Ag0.2/dyes extracted 

from Celosia argentea is shown in Figure 2. The figure 

shows that the dye's optical absorption decreases with 

increasing wavelength. The dye-sensitized material 

exhibits a noticeable peak/increase in the broad 

absorption spectrum between 620 and 720 nm in the 

visible light region, indicating the absorption of red 

light. Across the infrared region, photon absorption was 

also observed in Figure 2, showing their suitability for 

the fabrication of infrared devices and devices that will 

function effectively with red light. Celosia argentea 
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chlorophyll extract is a good photosensitizer for DSSC 

applications.  

Figure 3 shows the transmittance spectra of TiO2/ 

Ag0.2/dye material. With increasing wavelength, trans-

mittance increases. The dye-sensitized material displays 

a broad peak at 610 nm, ranging from 620 to 740 nm in 

the visible region, which then broadens and shifts to the 

infrared region of the electromagnetic spectrum with 

ageing. The clearly visible surge indicates that the cell 

has transmitted all wavelengths from 300 to 1100 nm, 

except red light, which shows the least transmittance in 

the 640-700 nm range. The surge in transmittance 

observed in the visible light region suggests that Celosia 

argentea is suitable for photovoltaic device applications. 

 

 

 
Figure 2: Absorbance spectra of dyes extracted from 

Celosia argentea. 

 
Figure 3: Transmittance spectra of dyes extracted 

from Celosia argentea. 

 
Figure 4: Reflectance spectra of dyes extracted from 

Celosia argentea. 

 
Figure 5: Energy band gap diagram of dyes extracted 

from Celosia argentea. 

 

The reflectance spectra of TiO2 and TiO2/ 

Ag0.2/dyes are shown in Figure 4. The reflectance 

increases in the visible light region, then decreases in 

the NIR region, with a peak at about 752 nm. 

Maximum reflectance occurs at about 480-590 nm 

because the physical colour of the dye pigment is green, 

so it reflects green light. In summary, reflectance is low 

across the UV and NIR region of the electromagnetic 

spectrum. 

Figure 5 shows the estimation of the band gap 

energy of dye-sensitized material and silver-doped 

TiO2 by extending the linear part of the Tauc plots. 

Since the absorption coefficient (α) can be stated, this 

can be accomplished as: 𝛼ℎ𝑣=(ℎ𝑣 − 𝐸𝑔)
2
. The optical 

energy band gap can be accurately estimated from the 
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intercept on the horizontal axis, where Eg, hv, α, and 

A represent the energy band gap, photon energy, 

absorption coefficient, and constant, respectively. The 

results showed that the optical band gap was 2.30 eV 

for TiO2 and 2.50 eV for the Celosia argentea dye. 

The energy band gap is often determined by carrier 

concentration and the quantum-size effect [40]. 

 

4.2. Surface morphologyorphology 

The synthesized TiO2 and TiO2/Ag0.2/dye, as shown in 

Figure 6, reveal that the TiO2 surface shows nano-

scale growth of a few clouded nanoparticles. TiO2 is 

well deposited on the surface of the FTO substrate. 

The deposition of silver (Ag) and dye onto TiO2 

resulted in a complete alteration of its surface energy. 

The surface of the synthesized material shifted from 

clouded nanoparticles to cluster nanoparticles, as 

observed in the micrograph of celosia leaf dye in the 

film. TiO2, silver, and a dye enhance the surface 

energy of the synthesized material for solar and 

photovoltaic applications. The thickness of the TiO2 

on the FTO glass was measured to be approximately 

102 nm, and the TiO2/Ag0.2/dyes film was approxi-

mately 106.25 nm. 

The EDX spectra of the synthesized TiO2 and 

TiO2/Ag0.2/dye are shown in Figure 7. EDX spectra 

were performed to determine the elements present in 

the materials. The synthesized FTO showed distinct 

peaks for titanium, oxygen, silicon, and calcium in the 

bare TiO2 and TiO2/Ag0.2/dye mesoporous films. 

 

 
Figure 6: SEM micrograph of TiO2 and TiO2 /Ag0.2/dyes. 

 

 
Figure 7: EDX spectrum of TiO2 and TiO2 /Ag0.2/dyes. 
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Titanium (Ti) has the greatest peak, followed by oxygen 

(O), with respect to all other elements present in the 

bare TiO2. The peaks shown in the figure represent the 

concentrations of the various elements present due to 

the dye pigments and dopants' thorough absorption. The 

presence of potassium, calcium, carbon, Aluminum, 

sodium, and silver at lower concentrations in the TiO2/ 

Ag0.2/dyes indicates the presence of a dopant and, 

likely, impurities. The spectrum shows that all the 

elements composing the TiO2 mesoporous film are 

present. 

 

4.3. Structural characterization 

The Structural variables of TiO2 and TiO2/Ag0.2/dye 

are shown in Table 1, while XRD analysis of the 

synthesized TiO2 and TiO2/Ag0.2/dye is shown in 

Figure 8. The cells' structure is polycrystalline and 

shows prominent peaks at 2θ values of 30.375 and 

29.397, corresponding to the (200) planes of the 

synthesized TiO2 and the TiO2/Ag0.2/Celosia leaf dye. 

Other peaks were noticed at 2θ angles of 24.891°, 

27.509o, 32.915o, 27.509o, 35.296o, 38.814o, 43.152o, 

47.579o, 53.231o and 59.130o for TiO2 and 24.229°, 

26.768o, 29.397o, 34.229o, 36.195o, 42.094o, 45.454o, 

50.197o and 61.343o for TiO2/Ag0.2/celosia leaf which 

corresponds to plane (101), (004), (105), (211), (116), 

(220), (215) and (303) respectively. The peak intensity 

is higher due to the enhanced crystal structure and 

energy absorption on TiO2's lattice parameters. The 

peak locations remained unchanged even with the 

crystals' energy absorption. The dye distorts the lattice 

and individual cells, leading to shifts in crystal 

orientation. Equation 10 was used to compute the 

crystallite (grain) size. The films' crystallinity is 

enhanced by larger grains, as shown in Table 1 for 

TiO2 and TiO2/Ag0.2/celosia leaf. 

 

Table 1: Structural variables of TiO2 and TiO2/Ag0.2/dye. 

Films 2θ (o) 
d-spacing 

(Å) 
FWHM (hkl) 

Lattice 

constant a 

(A) 

Dislocation 

density (δ) 

Grain 

Size (D) 

nm 

TiO2 

24.891 3.573 0.109 101 6.190 1.795 1.302 

27.509 3.239 0.112 004 6.478 1.875 1.274 

30.375 2.939 0.113 200 5.879 1.884 1.271 

32.915 2.718 0.114 105 6.079 1.893 1.268 

35.296 2.540 0.117 211 6.222 1.969 1.243 

38.814 2.317 0.119 204 6.556 1.996 1.235 

43.152 2.094 0.120 116 5.924 1.973 1.242 

47.579 1.909 0.123 220 6.332 2.007 1.231 

53.231 1.719 0.127 215 5.955 2.042 1.221 

59.130 1.560 0.129 303 5.840 1.994 1.235 

TiO2/Ag0.2/celosia 

leaf 

24.229 3.669 0.110 101 6.356 1.832 1.289 

26.768 3.327 0.111 004 6.654 1.847 1.284 

29.397 3.035 0.112 200 6.070 1.859 1.279 

34.229 2.617 0.113 105 5.852 1.848 1.283 

36.195 2.479 0.114 211 6.073 1.860 1.279 

39.634 2.271 0.116 204 6.425 1.887 1.270 

42.094 2.144 0.121 116 6.065 2.020 1.227 

45.454 1.993 0.122 220 6.611 2.006 1.232 

50.197 1.815 0.123 215 6.290 1.965 1.244 

61.343 1.509 0.123 303 5.649 1.773 1.310 
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Figure 8: XRD pattern of TiO2 andTiO2/Ag0.2/dye. 

 

 

Table 2: Photochemical parameters of the fabricated DSSC. 

Sensitized film Voc (V) Isc (mA/cm2) Vmax (V) Imax (mA/cm2) Pmax (mW/cm2) FF η (%) 

TiO2/Ag0.2/Celosia 

dye 
0.452 0.692 0.324 0.501 0.162 0.52 0.16 

 

4.4. Photovoltaic/photoelectrochemical charac-

terization 

I-V curve of solar cell sensitized with the dye extract 

from Celosia argentea (Shoko leaf) Using the I-V 

characteristic curve of Figure 9, we were able to 

extract and summarize the photoelectrochemical 

parameters of the cell, as shown in Table 2. 

The photovoltaic performance of DSSCs fabricated 

using Celosia argentea as a good sensitizer for TiO2/ 

Ag0.2 was assessed. The result revealed a PCE (η) of 

0.16%; Voc of 0.452 V, Isc of 0.692mA/cm2, Vmax of 

0.324 V, Imax of 0.501 mA/cm2, Pmax of 0.162 mW/cm2, 

and FF of 0.52 were obtained. The coated FTO glass 

with a TiO2 metal oxide surface, doped with silver at 

0.2 molar concentration, has been shown to provide 

more surface area for dye adsorption, as evidenced by 

the peak observed in the absorbance spectra in Figure 2. 

This leads to higher dye concentration and photo-

conversion efficiency (PCE) than reported for some 

undoped natural dye pigments [43-45].  

 

5. Conclusion 

A dye-sensitized solar cell was fabricated using a 

natural chlorophyll pigment extract from dried Celosia 

argentea, a commonly grown leaf in the Western part of 

Nigeria. The extracted dye was characterized optically 

using a UV-Vis Spectrometer. The surface morphology 

and structural properties of the sensitized film were 

studied using a Scanning Electron Microscope (SEM) 

and an X-ray diffractometer (XRD), respectively. The 

J-V characteristics were measured, and the photovoltaic 

properties were investigated. The PCE reached 0.16 % 

Voc of 0.452 V, Isc of 0.692 mA/cm2, Vmax of 0.324 

V, Imax of 0.501 mA/cm2, Pmax of 0.162 mW/cm2, 

and FF of 0.52. As revealed in these results, it is evident 

that the dye extract of Celosia argentea serves as a 

potent sensitizer for DSSC application. 
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