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ABSTRACT. Dye-sensitized solar cells (DSSCs) offer a promising sustainable solution to global electricity challenges by 
converting sunlight into electricity using photosensitive dyes. This study explores the performance of DSSCs using natural 
dyes from sappanwood (Caesalpinia sappan L.), pandan leaves (Dracaena angustifolia), and telang flowers (Clitoria 
ternatea L.). Extraction of the dyes was done through maceration, with combinations made in single, double, and triple-
component blends. UV-Vis spectroscopy showed increased light absorption in the 400-700 nm range. Combination F5 
uniquely showed absorption peaks at 534.22, 573.64, 619.12, and 664.21 nm, which were affected by nine conjugated 
double bonds and electron transfer from C=C and carbonyl groups. Comparative band gap energy analysis showed that 
the triple-blending dyes exhibited the lowest energy range of 0.3392-0.4469 eV, compared to the double dye (0.4549-
0.5778 eV) and single dye (0.4541-0.6248 eV), indicating better light harvesting ability. FTIR analysis confirmed the chemical 
structure of the dye. Prominent spectroscopic features include a broad band of 3332 cm-1 for hydroxyl groups, peaks at 
2919 cm-1 and 1732 cm-1 representing alkane and carboxyl groups in cellulose, and an aromatic lignin C=C stretch at 
1672 cm-1. The optimized F5 blend (1:2:1 ratio) achieved the highest solar cell efficiency of 3.24% with a band gap of 
0.3392 eV. These results validate the potential of natural dye blends as DSSC sensitizers, showing enhanced absorption 
spectrum, improved stability, and increased electric current generation. 
 
Keywords: Dye-sensitized solar cells, Triple-component blending, Caesalpinia sappan L., Dracaena angustifolia, Clitoria 
ternatea L. 
  
INTRODUCTION 

Solar energy is a vital renewable energy source for 
life in a world where the global energy crisis increases 
the electricity demand, making it a major reason to 
focus on alternative renewable technology (Çakar, 
2019; Kula et al., 2019; Yan et al., 2020). Solar 
energy is the most viable renewable source, given the 
enormous potential of solar radiation, estimated at 3.8 
million exajoules per year, which exceeds global 
energy demand by about 15 TW per year (Kishore 
Kumar et al., 2020; Yahya et al., 2021). Every year, 
the issue of sourcing renewable energy becomes more 
and more relevant with the shift to environmentally 
friendly production (Ezhov et al., 2020). By 2050, 66% 
of the world's energy needs will come from renewable 
energy sources, which could reduce greenhouse gas 
emissions and the average global temperature rise by 
2 °C (Enaganti et al., 2020). Solar energy, as a 
potential alternative, generates thermal energy for 
various applications due to the remarkable conversion 

effectiveness of the solar system into heat generated by 
one of the DSSCs (Said et al., 2023). 

 As a replacement for the utilization of solar cell 
technology, DSSCs are attracting much attention 
because they have sustainable advantages as an 
alternative to conventional-based solar cells with the 
benefits of low production costs, flexibility, and high 
power conversion efficiency, as well as no harmful 
effects on the environment (Dinesh et al., 2019; Jalali 
et al., 2020; Li et al., 2019; Mustafa et al., 2019; 
Wang et al., 2020). The basis of DSSCs is the idea that 
photosensitive dyes can generate electrical energy 
from solar energy. Glass substrates, transparent 
conductors, TiO2 nanoparticles, electrolytes, counter 
electrodes, and natural dyes are some of the 
components of DSSCs (Weldemicheal et al., 2023).  

The principle of DSSC operation involves sensor 
excitation, which causes the dye to oxidize by injecting 
electrons into the conduction band of the 
semiconductor.  Thereafter,  the  excited  electrons are  
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transferred to the carotenoid and diffused across the 
membrane, eventually being taken up by the electron 
acceptor (Omar et al., 2020; Vibavakumar et al., 
2023). DSSC, as the third generation, uses natural 
dyes as a means of capturing light elements, where the 
entire transformation of solar cells into electricity 
occurs by DSSC components, including electron 
transport semiconductors, natural dyes as light 
absorbers, and electrolytes, where dye sensitivity 
determines the performance and efficiency of DSSC. 
DSSC is also affected by the total energy absorbed, 
where the energy is provided for the diffusion of 
electric current through photon energy, photoanodes, 
dye sensitizers, and electrodes (Mustafa et al., 2019; 
Semire et al., 2020; Shamsudin et al., 2023).  

Dye sensitizer is one of the DSSC components that 
can be made from natural materials. An important 
component of a DSSC is the dye, which functions as 
an electron receiver when sunlight hits it. Natural dyes 
contain different coloring pigments, such as yellow 
(carotenoid pigments), green (chlorophyll pigments), 
and purple (anthocyanin pigments). The low stability 
of natural dyes and the fact that many of them do not 
have a very good anchoring site are the limits to the 
use of natural dyes in DSSC applications towards 
photoelectrodes, and their low efficiency (Y. 
Kusumawati et al., 2019). Although DSSCs with 
natural dyes have low efficiencies, we have 
experienced that developing dyes from leaves gives 
DSSCs higher efficiencies than roots 
(Chumwangwapee et al., 2023). Natural dyes are 
used in DSSCs due to their ability to absorb light, lower 
cost, environmentally friendly materials, design 
flexibility, and better efficiency. In this study, natural 
dyes were obtained from plant extracts such as 
sappanwood (Caesalpinia sappan L.), pandan leaves 
(Dracaena angustifolia), and telang flowers (Clitoria 
ternatea L.), which were then dyed with different 
extraction concentrations to obtain the absorption 
index indicating their light absorption ability. Several 
studies suggested different types of DSSC layers, such 
as the fabrication of different electrodes, electrolytes, 
conductive layers, and dyes as composite layers (Amir-
Al Zumahi et al., 2021).  

In this study, the fabrication of DSSCs with triple 
different natural dyes was studied by studying their 
optical behavior and analyzing the power conversion 
efficiency. These new dyes are expected to unlock the 
full discovery of DSSCs in the future through further 
research. The combination of these triple dyes can 
provide a wider range of light absorption, as each has 
a different absorption spectrum, thus potentially 
improving the efficiency of DSSCs. In this study, the 
fabrication of DSSCs using PVDF membrane as one of 
the hydrophobic polymers having good thermal 
stability, mechanical stability, and selective 
permeability in dye-sensitized solar cells (Pascariu et 
al., 2021; Zhang et al., 2021) and the utilization of 
PVDF membrane optimized by the electrospinning 

method, as well as the application of polymer matrix 
in polymer electrolyte in the operation of DSSCs with 
natural photosensitizers, have been studied. Although 
PVDF nanofiber (PVDF NF) electrolyte membranes 
have slightly decreased efficiency compared to liquid 
electrolytes, this study used these membranes due to 
their important stability advantages. The use of 
membrane-based electrolytes like PVDF-NF is a 
calculated decision that highlights the importance of 
improved stability in DSSC, as noted by (N. 
Kusumawati et al., 2023). 

 
EXPERIMENTAL SECTION 
Materials  

The materials of this study included DMAc (N,N-
Dimethylacetamide) (≥99.9% purity; Merck, 
Germany), PVDF (Poly(vinylidene fluoride)) (powder, 
Mw ~534,000; Sigma-Aldrich, France), Acetone 
(>99.5% purity; Sigma-Aldrich, Singapore), HNO3 
(≥99.9% pure; Sigma-Aldrich, Singapore), TiO2 
(≥99. 9% purity; Merck, Germany), anhydrous EC 
(99% purity; Merck, Germany), and Propylene 
carbonate (99.7% purity; Sigma-Aldrich, USA), PEG-
1000 (Propylene glycol) (99% purity; Merck, 
Germany), KI (99% purity; Merck, Germany), 
Methanol (≥99. 7% purity; Merck, Germany), Tween 
80 (≥99.8% purity; Smart-Lab, Indonesia), and Iodine 
(≥99.8%; Smart-Lab, Indonesia). FTO glass (resistivity 
10 Ω) was produced by XinYu Xu Tking Glass Co,L in 
China. Caesalpinia sappan L., Dracaena angustifolia, 
and Clitoria ternatea L. were purchased from local 
plantations (Surabaya, Indonesia).  

Methods  
The process of making organic photosensitizers 

through maceration follows the same approach as 
described in the research project conducted by 
(Estiningtyas et al., 2023). In this method, each natural 
dye, sappanwood (C. sappan L.), pandan leaves (D. 
angustifolia), and telang flowers (C. ternatea L.) 
obtained are then washed with water until clean. Then, 
after cleaning, each dye was extracted by maceration 
using methanol solvent in a ratio of 1:10 (sample: 
solvent) for 24 hours. The filtrate of each natural dye 
was then combined with a ratio of 50 mL. These three 
dyes were combined at various volume ratios to make 
various dye combinations. 

TiO2 Paste Formulation 
The methodical preparation of TiO2 paste was 

carried out according to a previously published 
protocol (Kusumawati et al., 2024). 0.8 g titanium 
oxide (TiO2) and 0.32 g propylene glycol (PEG-1000) 
were mixed in this procedure. To achieve equal 
dispersion, the mixture was further enriched with 0.2 
mL HNO3 and 1.6 mL tween-80 while stirring 
vigorously for about 30 min at 100 rpm. Using the 
doctor blade method, the TiO2 paste was then applied 
to the FTO anode with an active area of 3 cm2. After 
one hour of sintering at 450 oC, the covered substrate 
produced clear products. 
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Table 1. The 12 dye combinations serve as sources of dye-sensitized solar cells 

Type Variation Combination of Dye  

Single D1 100% yellow 
100% green  
100% purple 

50% yellow + 50% green  
50% green+ 50% purple 
50% yellow + 50% purple 

60% yellow + 30% green + 10% purple 
30% yellow + 10% green + 60% purple 
10% yellow + 60% green + 30% purple 
50% yellow + 25% green + 25% purple 
25% yellow + 50% green + 25% purple 
25% yellow + 25% green + 50% purple 

 
 
Double 
 
 
Triple 
 
 

D2 
D3 
E1 
E2 
E3 
F1 
F2 
F3 
F4 
F5 
F6 

 
Fabrication of PVDF Membrane  

PVDF membranes were produced using the 
electrospinning technique, following the procedure 
established in a previous study by (Kusumawati et al., 
2023).  

Electrolyte Preparation 
This electrolyte was made by following the 

procedure established by (Kusumawati et al., 2024). 
In the previous study, in the formulation process, 0.09 
g of iodine (I2), 0.6 g of potassium iodide (KI), 4 g of 
propylene carbonate (PC), and 4 g of ethylene 
carbonate (EC) were carefully mixed through magnetic 
stirring at 100 rpm for one hour. A solution serving as 
the electrolyte was produced and then kept away from 
sunlight by storing it in a dark room to ensure optimal 
stability for subsequent applications. 

Fabrication DSSC 
After sintering, the TiO2 photoanodes were 

subjected to immersion in a 10 mL solution of natural 
dye for 24 hours. Next, a precisely cut PVDF 

membrane, made through a combination of casting 
and electrospinning methods, was 2 cm long and 1.5 
cm wide. The membrane was immersed in one 
milliliter of electrolyte. The conductive layer on the FTO 
glass substrate received a layer of wax-derived 
carbon. The DSSC circuit configuration was 
determined as FTO/TiO2/PVDF/Pt/FTO.  

Preparation of the working electrode was carried 
out by cleaning the FTO (fluorine-doped tin oxide) 
glass, applying TiO2 paste (with the doctor blade 
technique), sintering at high temperature (450 °C), 
cooling, immersing in natural dye solution, and drying 
the electrode. The counter electrode preparation was 
done by FTO glass cleaning, platinum catalyst 
application, heat treatment, and cooling. Next, the 
PVDF membrane was immersed in the electrolyte 
solution. DSSC assembly is done by stacking the 
components (working electrode, electrolyte, counter 
electrode), clamping the edges, and a DSSC device is 
formed (Figure 1). 

 
Figure 1. Schematic of the DSSCs sandwich  
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Characterization and Measurement for Photovoltaic 
Studies 

The results of various combinations (single, double, 
and triple blending) using extracts from sappanwood 
(C. sappan L.), pandan leaves (D. angustifolia), and 
telang flowers (C. ternatea L.) were investigated. UV-
Vis spectrophotometry was used to characterize the 
extracted chemicals. The amount of band gap energy 
was further determined by scanning at a rate of 20 
mV/s over a potential range between -1 V and 1 V via 
the cyclic voltammetry (CV) technique. 
Characterization of the dye-sensitized solar cell 
(DSSC) includes fill factor (FF), efficiency, Voc, Isc, and 
Pin evaluation. A multimeter was used to measure the 
performance of the DSSC, while an LED light source 
with a brightness of 100 mW/cm2 was used as the light 
source. The fill factor (FF) determines the overall cell 
performance, and the following formulas are used to 
calculate the fill factor (FF) equation (1) and efficiency 
(η) equation (2) (Maka & O’Donovan, 2022). 

𝑭𝑭 =  
𝑽𝒎𝒂𝒙 ×𝑰 𝒎𝒂𝒙

𝑽𝒐𝒄 ×𝑰𝒔𝒄
  (1) 

𝜼 =  
𝑭𝑭 ×𝑽𝒐𝒄 ×𝑰𝒔𝒄

𝑷𝒊𝒏
    (2) 

 
RESULTS AND DISCUSSION 
UV-Visible Spectrum of Natural Dye  

The dyes used in DSSCs play an important role in 
enhancing the assimilation of the visible light spectrum 
by TiO2. Natural dyes offer important advantages 
compared to synthetic dyes due to their better 
accessibility, simplified extraction process with fewer 
chemical operations, high absorption coefficient, cost-
effectiveness, non-toxicity, and biodegradability (Iman 
et al., 2024; Purushothamreddy et al., 2020). These 
natural colorants include pigments from various 
plants, including betalains, carotene, chlorophyll, and 
anthocyanins (Ammar et al., 2019; Oladeji et al., 
2022). To determine the potential of sappanwood (C. 
sappan L.), pandan leaves (D. angustifolia), and 
telang flowers (C. ternatea L.) as natural dyes in 
DSSCs, testing was carried out using a UV-Vis 
spectrophotometer with visible light wavelengths 
between 400-750 nm (Estiningtyas et al., 2023).  

This research significantly contributes to the 
understanding of the intricate characteristics that arise 
from the blending of sappanwood (yellow dye), 
pandan leaves (green dye), and telang flowers (purple 
dye) that are critical to their potential application as 
natural sensitizers in DSSCs. This investigation includes 
careful wavelength determination for each dye 
combination and offers important insights into the 
initial characterization of these blends. Figure 2(a) 
shows the highest absorption peaks for single dyes 
without blending sappanwood (yellow dye), pandan 
leaves (green dye), and telang flower (purple dye) 
covering the wavelength range of 400-750 nm, giving 
peak wavelengths for (D1) of 444.36 nm; for (D2) of 
434.95 and 664.53 nm; and for (D3) of 532.78, 
573.32, and 619.12 nm. Sappanwood, known as C. 

sappan L., contains betalain pigments; these pigments 
are soluble in common polar solvents, including water. 
Sappanwood (C. sappan L.) contains an extract with 
the compound curcumin as its main yellow pigment. 
The main ingredient in sappan wood extract, 
curcumin, gives the material a clear yellow color 
(Sharifi-Rad et al., 2020). Experiments have shown 
that curcumin absorbs strongly at 350-470 nm. The 
absorption spectrum of curcumin, the main compound 
in sappanwood extract, has been carefully measured 
and found to cover the critical wavelength range of 
350-470 nm. This explains its yellow color and 
provides details about its light-absorbing properties. 
Two absorption peaks were seen in Pandanus 
amaryllifolius chlorophyll at 434 and 664 nm, as 
stated in the study conducted by Ishak et al (Ishak* et 
al., 2019). Meanwhile, in telang flowers (C. ternatea 
L.), the absorption wavelength range is 500-700 nm 
(Tuan Putra et al., 2021).  

Figure 2(b) shows the absorption properties of the 
sensitizer in the DSSC, where the synergistic effect of 
the double dye combination is seen. Specifically, the 
double blending of sappanwood and pandan leaves 
dyes designated as (E1), the combination of pandan 
leaves and telang dyes (E2), and the combination of 
sappanwood and telang dyes (E3) show different 
absorption peaks between 400 and 700 nm 
wavelengths. The specific peak wavelengths for these 
combinations were measured as follows: 440.21 and 
664.61 nm for (E1); 573.64, 619.76, and 663.89 nm 
for (E2); and 574.28 and 620.48 nm for (E3). These 
results underscore the intricate interactions between 
natural dyes and illuminate their potential for 
applications in various wavelength-sensitive domains 
in DSSCs. 

Meanwhile, in Figure 2(c), the wavelength 
characteristics of the triple dyes, namely sappanwood, 
pandan leaves, and telang flower, are known to show 
the highest absorption peak in their combined 
composition. Analysis of the combined composition of 
these dyes showed the largest absorption peaks. This 
mixture was further adjusted in six different 
compositions (F1-F6), all of which were carefully 
measured in the wavelength range of 400-700 nm. 
When the three dyes were combined, they produced 
similar wavelengths showing three important peaks: 
573, 619, and 664 nm. The specific peak wavelengths 
for this combination were measured as follows: for 
(F1) are 573.64, 619.12, and 664.61 nm; for (F2) are 
441.89, 573.64, 619.12, and 664.61 nm; for (F3) 
were 613.70 and 664.21 nm; for (F4) were 573.64, 
619.12, and 664.61 nm; for (F5) were 534.22, 
573.64, 619.12, and 664.21 nm; and for (F6) were 
40.53 and 664.61 nm. The absorption spectra in the 
wavelength range above 400 nm are affected by nine 
conjugated double bonds. The C=C conjugated 
double bond is responsible for the electron transfer 
from n to π*, as shown in the 400-700 nm peak. Nine 
conjugated double bonds affect the absorption 
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spectrum in the wavelength range above 400 nm. On 
the other hand, the carbonyl group (C=O) is the 
source of electron transfer from n to π* and is 
responsible for the peak at 430 nm (Rahmalia et al., 
2021). The higher absorbance indicates that the triple-
dye blend is more effective at absorbing light than a 
single dye; the greater cumulative absorption quality 
in the UV-Vis absorption spectrum demonstrates this. 
The triple-dye blend is more effective because it 

combines the unique light absorption capabilities of 
each dye, resulting in a more comprehensive system to 
absorb the light spectrum for solar cell applications. 
These results, which capture subtle differences in dye 
composition and corresponding optical characteristics, 
help clarify how these blends can be used as sensitizers 
in DSSCs and demonstrate their feasibility for use in 
solar energy conversion systems. 

 

 

 

 

Figure 2. UV-Vis spectra of a) each single dye (red, yellow, and green), b) double blending of two 
dyes, and c) triple component blending of three dyes 
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FTIR Spectroscopy 
FTIR analysis was performed to confirm the 

chemical structure of the extracted dye. In order for the 
absorption of natural dyes on the TiO2 layer to take 
place effectively, the presence of special functional 
groups in the dye is required. In Figure 3, each dye 
(D1-F6) shows a broad band and peak appearing at 
wave number 3332 cm-1, which indicates the presence 
of hydroxyl groups (O-H) in the fiber and water 
adsorption. This also indicates that cellulose, lignin, 
and water are contained in the fiber (Shaker et al., 
2020). The presence of water in the fiber is proven 
through the water content test. Meanwhile, the 
absorption peaks at wave numbers 2919 cm-1 and 
1732 cm-1 represent the stretching of alkane (C-H) 
and carboxyl (C=O) groups found in cellulose and 
hemicellulose (Hazrati et al., 2021). The C=C 
stretching of aromatic lignin was observed at 1672 cm-

1. In addition, the peak range of 1149-1414 cm-1 in 
the spectra of sapanwood, pandanus leaves, and 
telang flowers is related to stretch vibrations (C=O) of 
ester bonds of ferulate carboxyl groups and p-cumaric 
acid in hemicellulose and lignin (Ilyas et al., 2019). 
Cellulose polysaccharide constituents confirmed the 
presence of (C-O) and (O-H) stretching vibrations 
occurring at 1023 cm-1. Through the FTIR analysis 
technique, it was confirmed that cellulose and 
hemicellulose are contained in the structural 
composition of the fiber. 

The FTIR spectrum shows that the mixture of natural 
dyes from sappanwood, pandan leaves, and telang 
flowers did not produce new bonds. The blending of 
the three natural dyes can be seen in the FTIR 
spectrum; no reaction occurs with each other. This is 
similar to the research conducted by (Kabir et al., 
2019a), which states that when these natural dyes are 
mixed, they will coexist peacefully and not react with 
each other. 

Voltammetry Cyclic Analysis 
The significance of the band gap lies in its 

contribution to the enhancement of photocatalytic 
activity, which is manifested through increased 
electron transfer capability, increased light harvesting 
capability, and increased catalytic active sites (Ahmad 
et al., 2023). The amount of band gap energy for each 
dye has been calculated using the cyclic voltammetry 
(CV) technique. The value of this important energy 
parameter is obtained by examining the difference 
between the Highest Occupied Molecular Orbital 
(HOMO) and the Lowest Unoccupied Molecular 
Orbital (LUMO) (Dejpasand et al., 2020). Specifically, 
in CV analysis, the oxidation state is denoted by the 
oxidation peak for HOMO values, and the reduction 
peak indicates the reduction state for LUMO values. 
Equations (3-5) are used to determine the band gap 
energy, HOMO, and LUMO values (Setiarso et al., 
2023).  

𝐸𝐻𝑂𝑀𝑂 = −(𝐸𝑜𝑥 + 4.40) 𝑒𝑉  (3) 
𝐸LUMO  = −𝑒 (𝐸𝑟e𝑑 + 4.40) 𝑒𝑉  (4) 
𝐸𝑔      = 𝐸𝐿𝑈𝑀𝑂 − 𝐸𝐻𝑂𝑀𝑂  (5) 

Based on Table 3, the energy band gap values 
obtained for each dye with various compositions 
indicate  that  the triple component blending pigments 
from (C. sappan L.), pandan leaves (D. angustifolia), 
and telang flowers (C. ternatea L.) can be used as 
natural dyes/sensitizers in DSSCs  because  they  meet  
the  requirements as DSSC dyes. The LUMO value of 
each dye is significantly greater than the conduction 
value of TiO2. The dye must  meet the requirement of 
having a sufficiently high  LUMO  level  compared to 
the -4.0 eV conduction  band  of  the  TiO2  
semiconductor, which guarantees  the capacity of the 
semiconductor to   accept    electron   injection   from  
the   excited dye  (Elroby  et  al.,  2023;   Olusegun  et  
al., 2021).  

 

Figure 3. Spectra FTIR of each single dye (D1–D3), double blending of two dyes (E1–E3), and triple 
component blending of three dyes (F1–F6) 
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Table 3. Values of the band gap, HOMO, and LUMO for each potential dye combination 

Dye  
(Various compositions) 

HOMO 
(eV) 

LUMO 
(eV) 

Band Gap Energy  
(eV) 

 
 

D 

(1) 1:0:0 -4.2862 -3.6614 0.6248 

(2) 0:1:0 -4.2663 -3.6669 0.5994 

(3) 0:0:1 -4.5009 -4.0468 0.4541 

 
 

E 

(1) 1:1:0 -4.1099 -3.5528 0.5571 

(2) 0:1:1 -4.0437 -3.4659 0.5778 

(3) 1:0:1 -4.1267 -3.6718 0.4549 

 
 
 
 

F 

(1) 6:3:1 -4.0636 -3.6184 0.4452 

(2) 3:1:6 -3.9966 -3.5497 0.4469 

(3) 1:6:3 -4.1402 -3.7484 0.3918 

(4) 2:1:1 -4.1003 -3.7611 0.3392 

(5) 1:2:1 -4.1769 -3.8147 0.3622 

(6) 1:1:2 -4.0141 -3.5784 0.4357 
 

This makes it possible to regulate the LUMO dye 
energy so that, when the semiconductor surface is 
exposed to electron injection, there is enough driving 
force to allow the dye regeneration process to occur in 
the DSSC (Kabir et al., 2019b).  

Table 3 shows that each dye combination has an 
energy gap between 0.3392 eV and 0.6248 eV. 
Notably, the triple-component blending shows the 
smallest energy gap, followed by the double-
component blending and the single dye without 
blending. The specific composition variation F5 (1:2:1) 
has the most favorable energy gap in this study with a 
band gap value of 0.3392 eV. A reduced band gap 
implies a narrower energy difference between the 
conduction band and the valence band, facilitating 
electron movement and thus increasing electrical 
conductivity (Estiningtyas et al., 2023). The lower 
HOMO-LUMO energy gap promotes a shift towards 
absorption spectra with longer wavelengths, known as 
a bathochromic shift, which is favorable for improving 
the efficiency of photovoltaic devices. 

Photovoltaic Studies 
Dyes have a significant function in absorbing and 

converting light into electrical energy. Thus, the 
performance of dye-sensitized solar cells (DSSCs) is 
strongly influenced by the type of dye used as a 
sensitizer material. Some of the factors that determine 
dye selection include the spectrum of light absorption 
by the dye, the mass of active electrons, the ability to 
transfer charge from dye to TiO2, and the mechanism 
of dye binding to the TiO2 surface (Omar et al., 2020). 
Dye variations in DSSC produce several photovoltaic 
parameters. The final calculation of these parameters 
is the performance efficiency of the DSSC, which 
greatly affects its potential as an environmentally 
friendly alternative energy. Dye variation in DSSC 
produces photovoltaic parameters. The final 

calculation result of the Voc, Isc, and FF parameters is 
the performance efficiency of the DSSC, which greatly 
affects its potential as an environmentally friendly 
alternative energy source. The efficiency is strongly 
influenced by the dye used. Then, the J-V curve is 
generated through the photovoltaic parameters that 
have been generated. The resulting curvature states 
the performance efficiency possessed by each sample. 

In Table 4, presenting single dyes in D(1), D(2), 
and D(3), which are explicitly described in Figure 4(a), 
yields efficiencies of 0.61%, 0.97%, and 1.69%. 
Double-blending dyes yielded higher values for E(1), 
E(2), and E(3) with values of 1.87%, 2.24%, and 
2.12%. The difference in these values is explained in 
Figure 4(b). The significant increase that occurred in 
E(2) and E(3) was due to the influence of telang flower 
(C. ternatea L.), which had the best efficiency value. 
Telang flowers provide an increase in efficiency due to 
their broad absorption characteristics, good 
interaction with TiO2, and color absorption stability, 
which overall contribute to the improved performance 
of DSSCs. Junger et al. (2019) explained that the 
absorption rate of striped flowers affects the 
interaction between the dye and the TiO2 surface 
(Juhász Junger et al., 2019). Extraction temperature, 
solvent, and pH of the dye solution are some of the 
variables that affect this interaction. DSSC efficiency is 
also affected by the overlap of the dye absorption 
spectrum and the luminance spectrum. The overlap of 
the dye absorption spectrum and its match with the 
illumination spectrum is critical as it affects the ability 
of the DSSC to absorb and convert light into electrical 
energy, which ultimately determines the overall system 
efficiency. Zakar et al. (2021) added that this broad 
absorption can also provide optimal DSSC 
performance efficiency due to the stability of color 
absorption (Zakar et al., 2021).  
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Table 4. Photovoltaic Parameters of the DSSC 

Dye (Various compositions) Voc (mV) Isc (mA/cm2) FF (%) Efficiency (%) 

 
 

D 

(1) 1:0:0 226 0.0023 0.348 0.61 

(2) 0:1:0 287 0.0025 0.405 0.97 

(3) 0:0:1 362 0.0029 0.483 1.69 

 
 

E 

(1) 1:1:0 375 0.0030 0.499 1.87 

(2) 0:1:1 423 0.0033 0.480 2.24 

(3) 1:0:1 399 0.0031 0.515 2.12 

 
 
 
 

F 

(1) 6:3:1 435 0.0034 0.495 2.44 

(2) 3:1:6 428 0.0033 0.482 2.27 

(3) 1:6:3 461 0.0035 0.510 2.74 

(4) 2:1:1 504 0.0036 0.526 3.18 

(5) 1:2:1 513 0.0037 0.512 3.24 

(6) 1:1:2 441 0.0034 0.496 2.48 
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Figure 4. Photocurrent-voltage curves were obtained for DSSC sensitized of a) each single dye (yellow, green, 
and purple), b) double blending of two dyes, and c) triple component blending of three dyes 
 

The results in Table 4 are further supported by the 
scientific findings that the wavelength absorption is 
expanded by triple blending the dyes. The J-V curve 
shown in Figure 4(c) explains that triple blending of 
dyes in DSSC can significantly affect its efficiency. This 
can be seen in samples F(1-6), where the efficiency of 
DSSC performance increases with values of 2.44%, 
2.27%, 2.74%, 3.18%, 3.24%, and 2.48%. This is still 
dominated by a large concentration of pandan leaves 
so as to produce the highest performance efficiency 
compared to other samples. Kabir et al. (2019b) 
explained that an appropriate dye mixture ratio can 
improve the absorption and adsorption properties of 
the dye, leading to an increase in performance 
efficiency (Kabir et al., 2019a). This was further 
supported by Zhang et al. (2020), who showed that 
dyes with longer hydrocarbon chains can improve the 
efficiency of DSSCs due to higher molar absorption 
coefficients (Zhang et al., 2020). Mcyotto et al. (2021) 
also highlighted the importance of dye structure, with 
certain configurations leading to improved 
performance (Mcyotto et al., 2021). Junger et al. 
(2019) emphasized the role of the color spectrum in 
the efficiency of DSSCs, pointing out that dye selection 
must be precise (Juhász Junger et al., 2019). Thus, 
color absorption will occur optimally. 

The most successful triple-component blending 
combination was F5 (1:2:1) out of twelve different dye 
combinations examined. The efficiency ranking was F 
(triple-component blending) > E (double-component 
blending) > D (no blending). Voc, Isc, FF, and 
photoconversion efficiency of dye F5 were 513 mV, 
0.0037 mA/cm², 0.512%, and 3.24%, respectively. 
The F5 (1:2:1) dye has a narrower band gap, in 
agreement with this alignment with previous band gap 
studies. Since there are more conjugated chains, a 
smaller band gap value indicates faster electron 
transmission (Tractz et al., 2019). The F5 (1:2:1) dye 

has the shortest band gap across the composition 
variants, according to the band gap data, which is 
attributed to improved performance explained by 
better absorption of sunlight and more effective use of 
photon energy (Zhou et al., 2021).  

 
CONCLUSIONS 

This study shows that natural dyes from 
sappanwood (C. sappan L.), pandan leaves (D. 
angustifolia), and telang flowers (C. ternatea L.) have 
promising potential as sensitizers in dye-sensitized 
solar cells (DSSCs). UV-visible spectrum analysis 
confirmed that the triple dyes produced optimal uptake 
with three main peaks at 573, 619, and 664 nm. FTIR 
analysis confirmed the chemical structure of the 
natural dyes, showing a broad band at 3332 cm-1 
indicating the presence of hydroxyl (O-H) groups and 
absorption peaks at 2919 cm-1 and 1732 cm-1 
representing alkane stretching (C-H) and carboxyl 
(C=O) groups in cellulose and hemicellulose. C=C 
stretching of aromatic lignin is observed at 1672 cm-1, 
while the peak range of 1149-1414 cm-1 is related to 
C═O stretching vibrations of ester bonds. The 
polysaccharide component of cellulose was confirmed 
through CꟷO and OꟷH stretching vibrations at 1023 
cm-1. FTIR analysis proved that the dyes could blend 
without forming new bonds. Through cyclic 
voltammetry analysis, it was found that the optimal 
composition of F5 (1:2:1) showed the lowest energy 
band gap of 0.3392 eV, with a LUMO value suitable 
for DSSC applications. The photovoltaic performance 
showed a significant increase in efficiency from single 
dye (0.61-1.69%) to double dye blending (1.87-
2.24%) to triple dye blending (2.27-3.24%), with the 
highest efficiency of 3.24% achieved at composition F5 
(1:2:1), which resulted in Voc 513 mV, Isc 0.0037 
mA/cm², and FF 0.512%. These results confirm that 
triple blending natural dyes with an optimal 
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composition can significantly improve the 
performance of DSSCs, providing an environmentally 
friendly and potential alternative for the development 
of solar cell technology in the future..  
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