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 Abstract: Research on Dye Sensitized Solar Cell (DSSC) fabrication has been carried out 

using a combination of dyes extracted from Curcuma xanthorrhiza and Anredera 

cordifolia. Each dye was extracted by treating pH 1 to 13 and then characterized using 

UV-Vis spectroscopy. The band gap energy was determined by using the cyclic 

voltammetric method. The UV-Vis spectrum of C. xanthorrhiza extract reveals the 

presence of curcumin components. The UV-Vis spectrum of A. cordifolia indicates the 

presence of chlorophyll and a trace of anthocyanin. C. xanthorrhiza extract had the least 

band gap energy in the acid phase, pH 1, at 0.66 eV, and the alkaline phase, pH 13, at 

0.43 eV. The minimum band gap energy of A. cordifolia extract was determined to be 

0.96 eV in the acid phase, pH 7, and 0.65 eV in the alkaline phase, pH 12. When A. 

cordifolia and C. xanthorrhiza extracts were mixed, with the best composition ratios 

being pH 7:pH 1 (3:2 ≈ pH 1.7) and pH 12:pH 13 (1:4 ≈ pH 12.6). The composition of 

this mixture was applied to the DSSC resulting in an efficiency of 0.096 and 0.147%, 

respectively. 
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■ INTRODUCTION 

The demand for energy around the world is 

increasing every day, and this trend will continue in the 

future. Therefore, efforts to develop renewable energy 

sources continue to be made, such as energy from the sun, 

wind, and water, which are widely available in nature at 

low cost [1-3]. This motivates researchers to explore 

energy sources that are clean, practical, renewable, 

abundant, and environmentally friendly. One of the 

promising renewable energy sources is solar cells, also 

known as photovoltaic solar cell to harvest solar energy 

[4]. Solar energy is one of the energies that can be 

converted into other energies [5-7]. Sunlight can be 

converted into electrical energy using solar cells by 

converting solar radiation directly into a source of 

electrical energy [8-9]. 

Dye Sensitized Solar Cells (DSSC) were first 

discovered by Michael Grätzel and Brian O'Regan in 1991. 

DSSC continues to develop until the manufacture of 

Nitrogen-doped carbon nanotubes grafting rutile TiO2 

nanofilms, which is carried out by Belkhanchi et al. [10]. 

The DSSC device consists of a conductive glass, a 

semiconductor oxide material, a dye as a 

photosensitizer, an electrolyte, and a counter electrode 

[11-12]. Currently, the most efficient dye sensitizer used 

for electron transfer in DSSC is a polypyridyl 

ruthenium(II) complex compound, with an overall 

photovoltaic conversion efficiency of 10% [13]. DSSC 

has attracted wide attention both scientifically and 

industrially due to their easy manufacture, low cost, 

versatility, and wide range of dyes [4]. 

The working principle of DSSC will be briefly 

explained as follows. Sunlight with a certain intensity 

can penetrate into the dye layer because the layer of 

conductive glass and semiconductor crystals can be 

easily penetrated by visible light. If the energy of the 

photon hits the energy gap of the dye molecule, which is 

the difference between the highest electron-filled 
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molecular orbital (HOMO) and the lowest empty 

molecular orbital (LUMO), the dye will absorb it, 

promoting one electron from HOMO to LUMO. The 

light energy can cause the excitation of one electron from 

HOMO to LUMO in the dye molecule. The excited 

electrons will then be injected into the conduction band 

of the semiconductor then collected by the conductive 

glass of the anode. These electrons flow towards an inert 

counter electrode and are collected by the conductive 

glass at the cathode. Then the electrons will be captured 

by the redox pair electrolyte and will return to the dye for 

regeneration [11]. An illustration of the working principle 

of DSSC is shown in Fig. 1. 

Recently, many DSSC studies have explored sources 

of natural dyes as promising sensitizers. Besides being 

easy to obtain, natural dyes are also cheap and 

environmentally friendly. Natural dyes could come from 

plants, such as flowers, leaves, fruit, fruit skins, and 

vegetables. Natural pigments that have been studied to 

date include anthocyanins, chlorophyll, betacyanins, 

betaxanthins, betalains, and beta-carotene [14]. Natural 

dyes can be extracted directly from plants with a variety 

of solvents and a variety of treatments. DSSC fabricated 

using extracts from plants of saffron, mallow, red onion, 

and oregano has an efficiency of 0.51, 0.45, 0.54, and 0.51, 

respectively [15]. Previous studies have also reported that 

DSSC fabricated using extracts from pandan leaves has an 

efficiency of 0.35% [16] and spinach leaves of 0.002% [17]. 

Many studies in the world also focus research on 

semiconductor materials. Research on semiconductors is 

expected  to  increase  the  efficiency  of DSSC,  which  also  

 
Fig 1. Working principle of DSSC [18] 

considers the dye molecules that can easily bind to the 

layer. 

Until now, the most frequently used 

semiconductor is TiO2 because it is stable, easy to obtain, 

and non-toxic [19]. In addition, the dye can also bind 

easily to the TiO2 layer to improve the performance of 

the DSSC. Semiconductors besides TiO2, there are also 

other materials such as ZnO [20], SnO2 [21], ZnO-CdS 

[22], ZnO-Fe2O3 [23], and TiO2-Ag [24]. 

The purpose of this study was to determine the 

performance efficiency of DSSC using dyes extracted 

from Curcuma xanthorrhiza and Anredera cordifolia. 

Each sample was optimized for pH in the extraction 

process to determine the smallest band gap energy. From 

here, the smallest band gap will be varied in the mixing 

composition, and the smallest band gap energy will be 

sought again. Then, it will be used for DSSC fabrication. 

Measurement of band gap energy using Cyclic 

Voltammetry (CV) method, and for the characterization 

of compounds using UV-Vis spectrophotometry. 

■ EXPERIMENTAL SECTION 

Materials 

TiO2 powder obtained from Sigma Aldrich. NaOH, 

KI, and polyethylene glycol (PEG 1000) were purchased 

from Merck. Demineralization water purchased from 

CIMS. Ethanol and acetonitrile were purchased from 

Fulltime. C. xanthorrhiza rhizome and A. cordifolia leaves 

were bought from local markets in Pabean-Surabaya, 

with curcumin concentration varying from 1.0–2.4% in 

the extract of C. xanthorrhiza rhizome and chlorophyll 

content ranging from 20 to 24 mg/L in the extract of A. 

cordifolia. Carbon pencil 2B (Faber-Castell), Kimwipes 

KIMTECH (PT Indolab Utama) and cudle wax (Aladin, 

PT Elos Bintang Selamat). Iodine (I2) was purchased in 

VWR Chemicals. ITO conductive glass was purchased 

from Ali Jaya Lab. HNO3 was obtained from Emsure 

while HCl was purchased from SAP Chemicals. 

Instrumentation 

Calibrated digital pH meter (ATC), used to adjust 

pH. A rotary evaporator (Buchi R-300) is used to 

evaporate the solvent resulting from the extraction. UV-

Vis spectroscopy (Shimadzu 1800) was used to 
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characterize the compounds produced from the 

extraction of C. xanthorrhiza and A. cordifolia. The band 

gap energy was determined using a Voltammetry (797 VA 

Computrace). DSSC performance test using 10-watt LED 

lamp (509.554 mW/cm2), multimeter, potentiometer, and 

other supporting tools. 

Procedure 

Extraction of C. xanthorrhiza rhizomes 

The obtained C. xanthorrhiza is then peeled off and 

washed with water until clean. C. xanthorrhiza that has 

been cleaned, cut into small pieces, and then dried using 

an oven. C. xanthorrhiza was extracted using the 

maceration method. The dried C. xanthorrhiza is reduced 

in size by breaking it, then macerated using ethanol with 

a ratio of 1:10 (sample:solvent). Optimization of the 

extraction is done by adjusting the pH from 1 to 13. 

Adjust the pH by adding HCl and NaOH. Maceration was 

carried out in dark conditions and protected from light 

for ± 24 h. The extraction results were then filtered using 

filter paper. The obtained filtrate is concentrated using a 

rotary evaporator. 

Extraction of A. cordifolia leaves 

The leaves were obtained from the A. cordifolia 

plant, which was separated from the stem. Then the A. 

cordifolia leaves were cleaned with a tissue that had been 

moistened with a little water and then cut into small 

pieces. The extraction process for A. cordifolia leaves was 

the same as for C. xanthorrhiza rhizomes. 

Preparation of TiO2 paste 

TiO2 paste was prepared based on the procedure from 

previous research [25], with a slight modification by adding 

PEG 1000. A 1.15 g TiO2 powder was added with 1.5 g PEG 

1000. Then 1.5 mL HNO3 was added to the mixture and 

stirred for ± 30 min until evenly distributed. After that, let 

it stand for ± 10 min until the paste is stable. 

Preparation of working electrode 

The working electrode was prepared following the 

procedure from previous work [26], with slight 

modifications. The prepared TiO2 paste was coated onto 

the ITO glass on the conductive side. Paste the coating 

using the Doctor Blade method, with an area of 

2 cm × 1.5 cm. Then the glass is heated at 450 °C using a 

hot plate for 30 min. The sintering product is left to 

stand until the temperature returns to normal. TiO2 

coating that exceeds the active area of 2 cm × 1.5 cm is 

removed with ethanol-soaked laboratory wipes. 

The finished glass is then soaked in color pigments 

extracted from C. xanthorrhiza and A. cordifolia for 

24 h. Soaking is done in a dark place away from light. 

After soaking, color pigments that exceed the active area 

are removed with ethanol-soaked laboratory wipes. 

Preparation of counter electrode 

The counter electrode was made following the 

procedure from previous research [27], with some 

modifications. ITO glass was made with a deposition 

size of 2 cm × 1.5 cm using tape. A 2B pencil graphite is 

shaded on ITO glass, then the tape is removed. ITO glass 

which has been shaded with pencil graphite, is heated 

over a burning candle. After that, wait until the 

temperature decreases, and trim the edges using 

ethanol-soaked laboratory wipes. 

Preparation of electrolyte 

The electrolyte solution was made by dissolving 

8.3 g of KI and 1.27 g of I2 in 100 mL of ethylene glycol. 

To avoid direct sunlight, the solution was stored in a 

dark place. 

Assembly of dye-sensitized solar cell 

The DSSC circuit starts from the working 

electrode, then stacked with the opposing electrode, 

clamped left and right with a paperclip. After that, the 

electrolyte solution is dripped on the edges, occasionally 

opening the paper clip gap to make it easier for the 

electrolyte to enter it. 

Characterization and measurement 

The results of A. cordifolia and C. xanthorrhiza 

extracts which optimized for pH values, were divided into 

two ranges is at pH 1 to 7 (considered as the acid phase), 

and at pH 8 to 13 (considered as the alkaline phase). 

Characterization of extracted compounds using UV-Vis 

spectrophotometry. Then the band gap energy is 

determined using CV method, with a potential range of 

-1 to 1 V and a scan rate of 20 mV/s. 

Characterization of DSSC is determined from the 

value of Voc, Isc, Pin, FF, and efficiency. To test the 
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performance of DSSC using a potentiometer 250 kΩ. For 

the light source, a LED lamp 10 watt is used with a light 

intensity of 509.554 mW/cm2. The overall performance of 

the cell was determined by FF. The FF (Eq. (1)) and cell 

efficiency (ηሻ (Eq. (2)) were calculated using the following 

formula [28]; 

max m ax

oc sc

V I
FF

V I





 (1) 

oc sc

in

FF V I
100%

P

 
    (2) 

where Vmax = maximum output voltage, Imax = maximum 

output current, Isc = short circuit current, Voc = open 

circuit voltage, and Pin = input power 509.554 mW/cm2. 

■ RESULTS AND DISCUSSION 

UV-Vis Spectroscopic Characterization of C. 

xanthorrhiza 

Results of C. xanthorrhiza extract with pH treatment 

did not show a significant shift in wavelength. In the pH 

range of 1–7 (Fig. 2(a)), the resulting wavelength is 

around 424 nm. This compound tends to be stable and 

maintains its structure in acidic conditions [29]. A peak 

with a maximum wavelength of 422 nm was found at pH 

8–11 (Fig. 2(b)). At pH 8–11 (Fig. 2(b)), the resulting 

wavelength is around 422 nm, pH 13 has shifted to 

419 nm and there are signs of the appearance of small 

absorption at a wavelength of 438 nm. This is a 

characteristic of curcumins in C. xanthorrhiza. Electron 

excitation of the π→π* transition occurs in the absorption 

band in the visible light range, not the n→π* transition, 

which is proven by theoretical studies [30-31]. Although 

not significant, curcumin at pH 8–12 experienced a 

hypochromic or blue shift effect caused by the influence 

of solvents. At pH 13, a shoulder peak occurs at 438 nm. 

Alkaline hydrolysis causes the degradation of curcumin, 

resulting in ferulic acid and feruloyl methane fractions, 

which reduce absorbance [32-33]. This is supported by 

the research of Sinha et al. [34] and Pourhajibagher et al. 

[35] who reported that curcumin extracts in ethanol 

show variable wavelengths around 350–470 nm due to 

the degradation of curcumin compounds at the pH 

above 11. 

UV-Vis Spectroscopic Characterization of A. 

cordifolia 

Results of the A. cordifolia extract will be presented 

in this study. Treatment of pH extract under acidic 

conditions did not show a significant wavelength shift. It 

can be seen in Fig. 3(a), the treatment of pH 1–7 on the 

extract showed the same peak pattern. The absorption 

peaks appear at 664, 436, and 412 nm, which reflect the 

characteristics of the chlorophyll a [35-36]. Theoretically, 

chlorophyll will lose the central magnesium atom in its 

structure under acidic conditions, which is called 

pheophytin. The green color has faded, turning yellow 

[37-38]. From the spectrum in Fig. 3(a), it can be 

predicted that the presence of chlorophyll a that lost a 

central magnesium atom is  called pheophytin a because  

 
Fig 2. The spectrum of C. xanthorrhiza extract (a) pH 1 to 7 and (b) pH 8 to 13 
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Fig 3. The spectrum of A. cordifolia extract (a) pH 1 to 7 and (b) pH 8 to 13 

 

chlorophyll a absorbs red light at approximately 662 nm 

and violet light at approximately 430 nm. Then the 

absorption peak appears at 468 nm, which indicates the 

presence of anthocyanin molecules [39]. However, the 

treatment of pH 1–7 affects the absorbance. Where the 

increase in pH from 1 to 7, the absorbance also increases. 

The increase in absorbance is related to the number of 

molecules or the concentration of chlorophyll a that has 

been extracted. Then it can be seen in Fig. 3(b), there is no 

shift in wavelength at pH 8–11. The absorption pattern is 

still the same with pH 1–7. However, there was a decrease 

in absorbance at pH 8–11. This is related to the quantity 

of molecules or the concentration of chlorophyll a that is 

extracted less. At pH 12 there is a change in the 

wavelength absorption. The resulting wavelengths are 640 

and 412 nm. Predictably this absorption is an intact 

chlorophyll b with a central magnesium atom. At pH 12 

there was also no absorption peak at a wavelength of 

468 nm, which indicated that anthocyanin compounds 

were not extracted at this pH. At pH 13, the resulting 

wavelengths are 660 and 401 nm. There is a shift of 664 to 

660 nm. Predictably at the top is the presence of an intact 

chlorophyll a with magnesium as the central atom. 

Besides that, there is a shift in the absorption of the 

wavelength at the peak of 412 to 401 nm. This is related to 

the chlorophyll a which is hydrolyzed into chlorophyllide 

a and phytol group [40-41]. 

Band Gap Determined of Cyclic Voltammetry 

The band gap energy of the extraction results with pH  

treatment was determined by the CV method. 

Measurements were made at a scan rate of 20 mV/s at a 

potential range of −1 to 1 V. The band gap energy was 

determined from the difference between HOMO and 

LUMO values. If the difference between the HOMO and 

LUMO values is getting smaller, the better the quality of 

the extracted dye. The ability to regenerate dyes shows 

the ease of electron transfer from electrolyte I−/I3
− to the 

HOMO band of the substance. This is related to the 

easier process of excitation of dye electrons from the 

valence band to the conduction band; with sufficiently 

small energy, the electrons can be excited. The 

conduction band is affected by the TiO2; which the effect 

of TiO2 will be in line with the energy of the LUMO dye 

compound, the easier it is for electron injection. The 

values calculated in the equation below involve 4.40 eV 

as the standard energy level of iodine electrolyte below 

the vacuum level (b). Thus, the HOMO, LUMO, and 

band gap energy values can be calculated by Eq. (3-5) [42]. 

 HOMO oxE e E 4.40 eV    (3) 

 LUMO redE e E 4.40 eV    (4) 

g LUMO HOMOE E E   (5) 

The HOMO value is correlated with the oxidation state 

(oxidation peak), while the LUMO is correlated with the 

reduction state (reduction peak) of the CV [34]. The CV 

can be seen in Fig. 4. This research will study the 

combination of dye mixtures and compositions. The 

band gap energy values are summarized in Table 1. In 

the range of pH 1 to 7, the best band gap energy of C. 
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xanthorrhiza extract was at pH 1 of 0.66 eV. While in the 

pH range 1 to 7, the best band gap energy is found at pH 

7 of 0.96 V. The A. cordifolia extract in the range of pH 8 

to 13 has the best band gap energy at pH 13 of 0.43 eV. 

Meanwhile, in the range of pH 8 to 13, the best band gap 

energy at pH 12 is 0.65 eV. Of all the dye extraction results 

with pH variations that have been described, all of them 

have the potential to become sensitizers in DSSC. 

However, the band gap energy is taken from this optimum 

pH to be used for mixing variations. Characterization was 

also carried out by UV-Vis spectroscopy and 

voltammetry. The bandgap energy of TiO2 is 3.2 eV [43]. 

The LUMO TiO2 energy has been determined to be 

−4.00 eV [44]. So that the excitation of electrons from the 

dye will be easier to inject into the TiO2 layer when 

exposed to light. Therefore, the dye produced in this study 

has the potential as a DSSC sensitizer and is expected to 

increase DSSC efficiency. Electrons are injected into the 

conduction band of the porous semiconductor layer 

because the LUMO of the dye has a higher energy level 

than that of the conduction layer. Suggesting that the 

electron injection from these LUMOs to the TiO2 

conduction band is possible. Use of TiO2 for a variety of 

benefits, including it is stable, can be used as an electrode 

in photoelectrochemical systems operating at high 

temperatures, is inexpensive, non-toxic, and has good 

optical properties that aid the injection of excited dye 

electrons into the semiconductor [44]. 

UV-Vis Spectroscopic Characterization of Mixed 

Extracts 

This characterization is viewed from the best band 

gap energy determined by the previous CV method. In 

this study, the extract was mixed in two parts, acid and 

alkaline. Under acidic conditions, the extracts of pH 7 and 

1 were  mixed, while in  alkaline conditions,  the extracts  

 
Fig 4. Cyclic voltammogram of C. xanthorrhiza extract (a) pH 1 to 7 (b) pH 8 to 13, and A. cordifolia extract  

(c) pH 1 to 7, (d) pH 8 to 13 
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Table 1. Energy band gap between HOMO and LUMO, extraction results with variations in pH 

pH 

C. xanthorrhiza extract A. cordifolia extract 

HOMO 

(eV) 

LUMO 

(eV) 

Band gap 

(eV) 

HOMO 

(eV) 

LUMO 

(eV) 

Band gap 

(eV) 

1 -4.42 -3.76 0.66 -4.69 -3.48 1.21 

2 -4.45 -3.78 0.67 -4.69 -3.65 1.04 

3 -4.46 -3.78 0.68 -4.67 -3.64 1.03 

4 -4.46 -3.71 0.75 -4.66 -3.64 1.02 

5 -4.47 -3.71 0.76 -4.69 -3.70 0.99 

6 -4.48 -3.69 0.79 -4.61 -3.63 0.98 

7 -4.51 -3.70 0.81 -4.60 -3.64 0.96 

8 -4.48 -3.68 0.80 -4.66 -3.62 1.04 

9 -4.48 -3.72 0.76 -4.65 -3.62 1.03 

10 -4.47 -3.72 0.75 -4.63 -3.66 0.97 

11 -4.47 -3.72 0.75 -4.57 -3.70 0.87 

12 -4.41 -3.89 0.52 -4.50 -3.85 0.65 

13 -4.34 -3.91 0.43 -4.49 -3.83 0.66 

 

were mixed with pH 12 and 13. The mixture was varied in 

the composition ratio of 1:4, 2:3, 1:1, 3:2, and 4:1 (A. 

cordifolia extract: C. xanthorrhiza extract). 

The results of mixing extract pH 7 and 1 with a 

composition ratio of 1:4, 2:3, 1:1, 3:2, and 4:1 resulted in 

the final pH being 1.2, 1.5, 1.6, 1.7, and 2.0. UV-Vis 

spectrum resulting from a mixture of pH 7 and 1 with 

various composition ratios can be seen in Fig. 5. The 

spectrum which is generated from the entire composition 

mixture shows the dominance of curcumin molecules. 

The resulting absorption peak is 423 nm, and for a 

mixture of 4:1, composition is 422 nm. Almost no visible 

signs of the presence of chlorophyll molecules. This is 

because the ethanol solvent does show a more suitable 

level of polarity in the curcumin molecule than in 

chlorophyll.  Basically, the curcumin molecule produces a 

higher concentration when extracted using ethanol than 

chlorophyll. Chlorophyll has a side chain called phytol in 

which there are many methyl functional groups, thus 

reducing the polarity when extraction using ethanol 

solvent. If seen, indeed, the curcumin molecule produces 

a relatively higher absorbance in the previous 

characterization than chlorophyll. 

The results of mixing extract pH 12 and 13 with a 

composition ratio of 1:4, 2:3, 1:1, 3:2, and 4:1 resulted in the 

final pH is 12.6, 12.4, 12.3, 12.2, and 12.1. UV-Vis spectrum 

 
Fig 5. UV-Vis spectrum mixture composition A. 

cordifolia pH 7 and C. xanthorrhiza pH 1 

resulting from a mixture of pH 12 and 13 with various 

composition ratios can be seen in Fig. 6. The spectrum 

which resulted is still the same as before, namely the 

dominance of curcumin molecules and no signs of the 

presence of chlorophyll molecules. A mixture of 1:4 

composition resulted in a strong peak at 417 nm and a 

shoulder peak at 439 nm. At a mixture of 2:3 and 1:1 

composition, it resulted in a strong peak at 417 nm and 

a broad peak at 438 nm. Then a mixture of 3:2 

composition resulted in an absorption peak at 419 nm, 

and no shoulder peak appeared as in the previous 
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composition. Finally, the 4:1 composition mixture only 

produces an absorption peak at 417 nm, and the shoulder 

peak that appears is not too strong and sharp. This shows 

that the composition mixture only shifts the absorption 

peak slightly so that it experiences a bathochromic effect 

on the shoulder peak and a hypochromic effect on the 

strong peak. 

Determination Band Gap of Mixed Extracts 

This characterization is based on the best band gap 

energy determined by the previous CV method on each 

dye that has the best pH for acidic and alkaline conditions. 

In acidic conditions, A. cordifolia extract with pH 7 and 

C. xanthorrhiza extract with pH 1 were combined, while 

in alkaline conditions, A. cordifolia extract with pH 12 was 

combined with C. xanthorrhiza extract with pH 13. Each 

of these combinations varied with composition ratios of 

1:4, 2:3, 1:1, 3:2, and 4:1 (A. cordifolia extract: C. 

xanthorrhiza extract). The CV can be seen in Fig. 7. 

In a mixture of extracts pH 7 and 1, the best band 

gap was obtained at a composition of 3:2 with a final pH 

of 1.7. pH 1.7 is the most optimal concentration in the 

extract mixture. This is because at this pH, it has the 

lowest band gap among the other mixtures, as shown in 

Table 2. The smaller the band gap in the mixture, the 

easier the dye electron excitation process from the valence 

band to the conduction band will be, so the quality of the 

mixed dye will be better. When exposed to light, the 

electrons will be excited properly and consequently inject 

into the TiO2 layer. Higher concentration could cause an 

obstacle to the total electron excitation process, so the 

excitation does not take place optimally. 

The results of measurements of HOMO-LUMO 

energy and energy band gap A. cordifolia extract mixture 

(pH 7) and C. xanthorrhiza extract (pH 1) as well as a 

mixture of A. cordifolia extract (pH 12) and C. 

xanthorrhiza extract (pH 13) were determined by 

voltammetry can be seen in Tables 2 and 3. 

The best bandgap composition in the mixed extract 

pH 12 and 13, a composition of 1:4, was found with a 

final pH of 12.6. The molecular concentration at pH 12.6 

is considered the most optimal. The curcumin molecules 

extracted at  pH 13 were less,  therefore the  composition 

 
Fig 6. UV-Vis spectrum mixture composition A. 

cordifolia pH 12 and C. xanthorrhiza pH 13 

 
Fig 7. Cyclic voltammogram mixture composition (a) A. cordifolia pH 7 and C. xanthorrhiza pH 1 (b) A. cordifolia  

pH 12 and C. xanthorrhiza pH 13 



Indones. J. Chem., 2023, 23 (4), 924 - 936    

 

Pirim Setiarso et al. 

 

932 

Table 2. HOMO, LUMO, and band gap mixture pH 7 and 1 

Mixture 

composition 

Mixture of A. cordifolia extract (pH 7) and C. xanthorrhiza extract (pH 1) 

HOMO 

(eV) 

LUMO 

(eV) 

Band gap 

(eV) 

1:4 ൎ pH 1.2 -3.70 -4.60 0.90 

2:3 ൎ pH 1.5 -3.70 -4.66 0.96 

1:1 ൎ pH 1.6 -3.73 -4.60 0.87 

3:2 ൎ pH 1.7 -3.73 -4.57 0.84 

4:1 ൎ pH 2.0 -3.72 -4.60 0.88 

Table 3. HOMO, LUMO, and band gap mixture pH 12 and pH 13 

Mixture 

composition 

Mixture of A. cordifolia extract (pH 12) and C. xanthorrhiza extract (pH 13) 

HOMO 

(eV) 

LUMO 

(eV) 

Band gap 

(eV) 

1:4 ൎ pH 12.6 -3.83 -4.45 0.62 

2:3 ൎ pH 12.4 -3.79 -4.47 0.68 

1:1 ൎ pH 12.3 -3.83 -4.50 0.67 

3:2 ൎ pH 12.2 -3.73 -4.57 0.69 

4:1 ൎ pH 12.1 -3.74 -4.58 0.84 

 

of the mixture at pH 12.6 was more abundant than C. 

xanthorrhiza extract. The composition ratio between 

chlorophyll b and curcumin molecules is optimum in this 

composition because it has a smaller band gap than C. 

xanthorrhiza extract or A. cordifolia extract. In a mixture 

of these compositions, both can excite electrons well when 

exposed to light. 

DSSC Performance Sensitized from Mixture 

Selected Compositions of Dyes 

DSSC performance was tested using a 10-watt LED 

lamp with a light intensity of 509.554 mW/cm2. The 

distance between the lamp and the DSSC is 4 cm. 

Measurement of DSSC performance using a 

potentiometer as reported by Setyawati et al. [45]. 

Characterization includes Voc, Isc, Fill Factor, and 

efficiency. The summary and characterization of the I-V 

curve of the DSSC can be seen in Table 4 and Fig. 8. 

In this study, a mixture of pH 7 and 1 extracts was 

selected at a ratio of 3:2 with a pH of 1.7. This 

combination resulted in cell parameters of Isc = 2.5 μA, 

Voc = 320 mV, and FF = 1.83, with a maximum cell 

efficiency of 0.096%. Under acidic conditions, curcumin 

molecules tend to be stable and maintain their structure. 

However, in the extraction process, the pH treatment 

affected the concentration of the extracted curcumin 

molecules, so the best was chosen [46]. Meanwhile, 

chlorophyll in acidic conditions affects the release of a 

magnesium atom as the central atom of the chlorophyll 

complex. In addition, the presence of anthocyanins was 

detected at this pH when extracted. This is associated 

with the greater steric hindrance when mixing, which 

will affect the binding to the TiO2 layer, and also the 

injection of electrons into the TiO2 layer when exposed 

to light. The structure of the anthocyanins may influence 

DSSC performance. For example, if the structure includes  

Table 4. Characterization DSSC mixture of the best composition A. cordifolia extract and C. xanthorrhiza extract 
Extract mixture 

(pH) 
Composition ratio 

Voc 

(mV) 

Isc 

(μA) 
FF 

Efficiency 

(%) 

7 and 1 3:2 ൎ pH 1.7 320 2.5 1.83 0.096 

12 and 13 1:4 ൎ pH 12.6 407 3.3 1.67 0.146 
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Fig 8. I-V Curves DSSC mixture of the best composition 

A. cordifolia extract and C. xanthorrhiza extract 

a longer R group, the steric hindrance for the anthocyanin 

to form a bond with the oxide surface of the TiO2. As a 

result, it efficiently blocks the molecule from chemical 

adsorption on the TiO2 film layer. Therefore, in this study, 

the best pH was also selected, and the best mixture 

composition was also selected to produce optimal 

efficiency when used as a dye sensitizer in DSSC. 

Under alkaline conditions, a mixture of pH 12 and 

13 was chosen with a ratio of 1:4 to produce a final pH of 

12.6, to be used as a dye sensitizer in DSSC. In the alkaline 

phase, curcumin molecules have hydrolysis so that they 

are degraded. This causes a change in the chromophore 

group, which results in a change in visible light 

absorption, resulting in a smaller band gap for electron 

excitation. Then chlorophyll at this pH is predicted as 

pure chlorophyll without anthocyanins, and also, the 

central magnesium atom cannot be separated. So that 

when mixing, the steric resistance that occurs is smaller 

than that of the acidic phase. This makes the process of 

chemical bonding by the dye functional groups to the 

TiO2 layer easier, and also, when exposed to light, it will 

be easier to inject electrons into the TiO2 layer. At this 

stage, the selection of the best composition is also carried 

out to obtain optimal efficiency and sensitivity to sunlight. 

In alkaline conditions, the best combination of A. 

cordifolia extract pH 12 with C. xanthorrhiza extract pH 

13 is a ratio of 1:4 with a final pH of 12.6. The composition 

of this combination has the smallest band gap energy 

that has been determined by cyclic voltammetry and also 

characterized using UV-Vis spectroscopy. The observed 

cell parameters from this combination were Isc = 3.3 μA, 

Voc = 407 mV, and FF = 1.67, with the maximum cell 

efficiency obtained being 0.146%. 

■ CONCLUSION 

Sensitized DSSC from extracts of C. xanthorrhiza 

and A. cordifolia with pH treatment has been 

successfully fabricated. The UV-Vis spectrum shows 

that the extracted pigment contains curcumin and 

chlorophyll compounds. The pH treatment also showed 

a shift in the characteristics of the absorption peak 

associated with changes in the chromophore and 

auxochrome groups in the molecule. The band gap 

energy of the extracted dye, by pH treatment, was 

determined using cyclic voltammetry. These two dyes 

have the potential to be applied as DSSC sensitizers. The 

best mixture of these two dyes (A. cordifolia extract:C. 

xanthorrhiza extract) was found at pH 7 and 1 with a 

composition of 3:2 ൎ pH 1.7, producing Voc, Isc, FF, and 

η, of 320 mV, 2.5 μA, 1.83, and 0.096%, respectively. 

Then at pH 12 and 13 with a composition of 1:4 ൎ pH 

12.6, it produced Voc, Isc, FF, and η, of 407 mV, 3.3 μA, 

1.67, and 0.146%, respectively. 
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