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Abstract: Stability is the main challenge in developing electrical energy made from sunlight, namely Dye-Sensitized Solar 

Cell (DSSC). The DSSC system comprises a photoanode, electrolyte, comparison electrode, and dye sensitizer with a 

photoelectrochemical working principle. Dye sensitizer and electrolyte are the main components that determine the stability 

of DSSC, with problems such as solvent evaporation leakage in liquid electrolytes and dye desorption. In overcoming these 

problems, the polymer electrolyte of Polysulfone/Polyethylene Glycol (PSf/PEG) is a solution to the problem by increasing 

the mobility of I-/I3
- ions in the electrolyte. Polymer composition and porogen (pore formers) affect the ionic conductivity, 

which impacts the electron flow of the DSSC system. Therefore, this study optimized the composition of PSf/PEG polymer 

electrolyte, namely 18/0, 17/1, 16/2, 15/3, 14/4, and 13/5. This research was carried out using quantitative methods with 

data processed in a quantitative descriptive manner to determine the performance of DSSC based on PSf/PEG membrane 

electrolyte. The wavelength absorption of the dye was characterized using a Spectrophotometer UV-Vis instrument, and the 

specific wavelength was obtained at 573 nm, which indicates anthocyanin absorption. Electrochemical characterization of 

the dye using voltammetry yielded a resulting energy bandgap value of 0.5132 eV with the touch plot method. Testing the 

performance and stability of DSSC, voltage, and current measurements were carried out using a multimeter, and fill factor 

and efficiency calculations were carried out. The performance of DSSC with liquid electrolytes was 1.66%, while that of 

DSSC with membrane electrolytes of the best composition (16/2) was 1.38% at 0 hours. In addition, the performance test 

was carried out at 72 hours of exposure time, resulting in an efficiency of 0.77%, while the DSSC with the best 

composition of membrane electrolyte (16/2) was 1.11%. This shows a decrease in the efficiency of DSSC with liquid 

electrolytes by 53.43%, while the membrane electrolyte efficiency of DSSC is 19.33-20.17%. 
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Introduction  

 
The energy demand worldwide continues to increase 

as the world's population grows, industry develops, and 

technology advances. Energy needs must be met to 

maintain economic, political, and environmental stability. 

So far, the world's energy needs are highly dependent on 

fossil fuels such as oil, coal, and natural gas, with a usage 

percentage of 37%, 27%, and 36%, respectively. However, 

using fossil fuels can trigger anthropogenic global warming 

and damage the environment. In addition, the increase in 

demand for fossil fuels, which is not proportional to their 

limited availability, can trigger the problem of a lack of 

energy supply. As a solution, alternative renewable energy 

with abundant availability is needed, such as solar energy, 

which can be harvested using solar cells [1]. 

Solar cells are an abundant and easy-to-use 

renewable resource for energy needs [2-3]. DSSC is one of 

the technologies that can convert light energy into electrical 

energy using the photovoltaic effect [4]. DSSC attracts the 

attention of researchers because of its advantages in simple 

and economical fabrication, as well as the availability of 

materials that are easy to find compared to Silicon Solar 

Cell (SSC) [5]. DSSC has four essential parts in its basic 

structure: the working electrode or photoanode, dye 

sensitizer, electrolyte, and comparison electrode or 

photocathode [6]. 

Dye sensitizers are one of the main components that 

affect the efficiency of DSSCs [7-9]. To produce high 

efficiency, the dye sensitizer must have a broad and robust 

absorption profile to obtain optimum photon harvesting 

from solar irradiation [10-11]. Several studies report using 

synthetic dyes such as ruthenium as dye sensitizers. 

Although it produces high efficiency, ruthenium is 

challenging to synthesize, expensive, and toxic. As an 

alternative, natural dyes can be used as photosensitizers. 

Several studies report using synthetic dyes such as 

ruthenium as dye sensitizers [12]. Although it produces 

high efficiency, ruthenium is challenging to synthesize, 

expensive, and toxic. As an alternative, natural dyes can be 

used as photosensitizers. 

Photosensitizers can come from chlorophyll, 

carotene, anthocyanin, tannin, and flavonoid pigments 

obtained from plant parts, such as leaves, flowers, fruits, 

roots, stems, seeds, and skin [13]. One of the flowers that 

can be used as a photosensitizer is the butterfly pea 

(Clitoria ternatea), which has a characteristic single petal in 

blue, purple, white, and pink [14]. Butterfly pea is a plant 

that contains anthocyanin pigments and has bluish-purple 

color characteristics after the extraction process [15]. 

Research by Ludin et al. (2018) reported that the fabrication 
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of DSSC with anthocyanin pigments from butterfly pea 

extract can produce an efficiency of 0.13% [16]. Thus, 

natural photosensitizers from butterfly pea extract have the 

potential to produce DSSCs with high efficiency [17-18]. 

In addition to the dye sensitizer, DSSC performance 

is also determined by the electrolyte, which is responsible 

for transporting charge from the photoanode to the 

comparison electrode. High-efficiency DSSCs are generally 

produced by liquid electrolytes with I-/I3
- redox pairs 

dissolved in volatile organic solvents. However, the liquid 

electrolyte's high solvent evaporation and leakage limit its 

further utilization. As a solution, polymer-based 

electrolytes were developed with the advantages of high 

ionic conductivity and flexible production scale [19]. It was 

reported in the research of Kusumawati et al. (2023) that 

the use of solid polymers (membranes) as a liquid 

electrolyte matrix can prevent electrolyte leakage and 

produce an efficiency of 1.23% [18]. Therefore, in this 

research, a Polysulfone (PSf) polymer-based electrolyte 

will be developed to be used as a porous separator or liquid 

electrolyte matrix due to its outstanding electrochemical 

stability, mechanical properties, and thermal characteristics 

[20]. The ability of PSf polymer in the form of a thin layer 

or membrane to trap liquid electrolyte (I-/I3
-) will reduce 

solvent evaporation and liquid electrolyte leakage.  

To get the best function as a liquid electrolyte 

matrix, it is essential to obtain suitable pore characteristics, 

which are small enough to hold the liquid electrolyte but 

also large enough to ensure no obstacles for the movement 

of electrons in the system. Besides size, the number of 

pores also determines the effectiveness of the PSf 

membrane as a liquid electrolyte matrix. One way that can 

be done to increase the porosity of the PSf membrane is by 

adding a porogen, such as Polyethylene glycol (PEG), 

which is mixed with the PSf polymer [21]. PEG can be 

used as a pore-forming PSf membrane because of its water-

soluble ability to dissolve in polar solvents and good 

compatibility to suppress macrovoid formation [22]. 

This study evaluates the performance of DSSC with 

PSf/PEG polymer electrolyte using a multimeter to 

determine open-circuit voltage (Voc), short-circuit current 

density (Jsc), fill factor (FF), and efficiency (η). The 

performance of polymer electrolyte-based DSSCs is then 

compared with that of liquid electrolyte-based DSSCs to 

determine their effectiveness. 

Therefore, the urgency of this research lies in global 

energy needs, which continue to increase along with world 

population growth, industrial development and 

technological advances. High dependence on fossil fuels 

such as petroleum, coal and natural gas to meet energy 

needs threatens economic and political stability and has 

severe environmental impacts, including anthropogenic 

global warming. As a solution, this research proposes the 

development of dye-sensitized solar cell (DSSC) 

technology by utilizing a natural sensitizer from butterfly 

pea (Clitoria ternatea) extract as well as the development 

of a polymer-based electrolyte, which is expected to 

overcome the limitations of conventional solar cell 

technology and encourage the widespread adoption of 

renewable energy. Wide. 

 

 

 

Research Methods  

 

Materials 
 

The sensitizer materials include butterfly pea 

(Clitoria ternatea) and distilled water as a solvent. Iodine 

(99.8%, Sigma Aldrich), potassium iodide (99%, Merck), 

ethylene carbonate (99% anhydrous, Sigma Aldrich), and 

propylene carbonate (99.7% anhydrous, Sigma Aldrich) 

were used in making the electrolyte solution. Titanium(IV) 

oxide (particle size 21 nm, 99.5%, Sigma Aldrich), nitric 

acid (99.9%, Sigma Aldrich), polyethylene glycol-1000 

(Merck), and Tween-80 (PT. Brataco Chemica) were used 

in the preparation of TiO2 paste. In addition, Polysulfone 

(PSf) (Mw 35,000; Sigma Aldrich) and DMAc (88%, 

Merck) were also used as membrane materials and Fluorine 

Dope Tin Oxide (FTO) glass (10 Ω, thickness 2.2 mm, size 

2.5 x 2.5 cm2) as conductive glass in the DSSC circuit. 

 

Methods 

 

Preparation of Photosensitizer 
Photosensitizers are obtained from the extraction of 

dried butterfly peas using the maceration method. At first, 

the dried butterfly peas were cut into small pieces using 

scissors. Then, extraction uses the maceration method with 

the solute to distilled water solvent ratio, namely 1 6 for 60 

minutes. After 60 minutes, it is filtered with filter paper to 

obtain the bay flower dye filtrate, ready to be applied as a 

photosensitizer in a DSSC circuit [18]. 

 

Making TiO2 Paste 
Titanium dioxide (TiO2) paste as a layer on FTO 

glass is used as a working electrode in the DSSC circuit. 

TiO2 paste was made by weighing 0.2 grams of titanium 

dioxide (TiO2) powder and 0.08 grams of PEG-1000 using 

an analytical balance and placing it in a beaker. 0.05 mL of 

tween 80 and 0.4 mL of 0.1 M nitric acid (HNO3) were 

added as solvents. Next, stirred using a magnetic hotplate 

stirrer at 100 rpm for 30 minutes [18]. 

 

Working Electrode Preparation (Photoanode) 
Before being coated with TiO2 paste, the FTO glass 

first determines the conductive parts using a multimeter, 

then divides them with tape; the sides are 2.5x2.5 cm2 to 

form a square. Next, the TiO2 paste is coated on the FTO 

glass using the doctor blade method, which is then 

deposited on the conductive glass and smoothed using a 

spatula. After drying, the tape was removed from the FTO 

glass and heated using a hotplate at 450 oC for 1 hour. Next, 

the FTO glass coated with TiO2 is left to cool and used for 

immersion using dye from butterfly pea flower extract [18]. 

 

Preparation of Electrolyte Solution 
To make the electrolyte solution, start by weighing 

0.0092 grams of iodine (I2), 0.06 grams of potassium iodide 

(KI), 0.4 grams of propylene carbonate (PC), and 0.4 grams 

of ethylene carbonate (EC) solution, which is then added 

into a beaker and stirred using a magnetic hotplate stirrer at 

a speed of 100 rpm for 30 minutes [18]. 
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Preparation of PSf/PEG Polymer 
Making the PSf/PEG polymer solution begins by 

weighing 5 grams of DMAc solution, as well as PSf and 

PEG powders with varying compositions (M0, M1, M2, 

M3, M4, and M5), then putting the ingredients into a beaker 

and stirring using a magnetic hotplate stirrer with speed of 

270 rpm at a temperature of 60 oC for 90 minutes.  

The polymer solution was cast using the casting 

knife method on glass measuring 14x14 cm2 with an 

immersion temperature of 30 oC for 30 minutes. The solid 

PSf/PEG membrane was washed using 500 mL of distilled 

water for 1 minute with two repetitions. Then, the PSf/PEG 

membrane was dried at room temperature for 24 hours. 

 

Making a Counter Electrode (Cathode) 
The reference electrode is made by coating carbon 

on the conductive side of the FTO glass. Look for the side 

of the FTO glass first, then heat that side over a candle 

flame to get a layer of carbon. The heating lasts long until 

the glass layer is black and its thickness can be seen evenly. 

 

DSSC Fabrication    
DSSC consists of FTO anode and FTO cathode glass 

and electrolytes arranged in a sandwich system. This 

research uses variations in PSf/PEG membrane composition 

as a trap for DSSC performance. For polymer membrane-

based electrolytes, PSf/PEG membranes with a thickness of 

0.2 mm and 2x1.5 cm2 were soaked in 1 mL of electrolyte 

solution for 60 minutes. The anode FTO glass is coated 

with TiO2 and washed in 10 mL of photosensitizer butterfly 

pea for 24 hours. Meanwhile, cathode FTO glass is FTO 

glass coated with carbon. A DSSC sandwich is made in the 

following sequence: FTO glass anode-electrolyte-FTO 

glass cathode [18]. 

 

DSSC Characterization 
In this research, the characterization was carried out 

using UV-Vis spectrophotometry to measure the 

wavelength absorption of photosensitizers. Next, cyclic 

voltammetry is used for energy bandgap analysis of the 

photosensitizer. The solid PSf/PEG polymer layer 

morphology was observed using an optical microscope with 

SEM instruments. XRD crystallinity analysis was carried 

out to determine the level of regularity of the 

atomic/molecular structure that makes up the PSf/PEG 

polymer layer. On the DSSC circuit, measurements were 

carried out using a multimeter (resistance 200 kΩ and 

voltage 200 mV) to obtain Voc, Jsc, fill factor, and efficiency 

(η) values. 

 

Results and Discussion 

 
Spectrophotometer UV-Vis Analysis 

 

Before being used as a natural dye, the extract was 

characterized using a Spectrophotometer UV-Vis 

instrument to determine the specific wavelength. Testing is 

carried out in the wavelength range of 400-800 nm because 

the requirements for dye sensitizers in DSSC must have a 

wavelength absorption area in the 400-800 nm range [23]. 

Butterfly pea extract has a characteristic purplish blue color 

and contains anthocyanin pigments [24]. Anthocyanins 

absorb visible light in the wavelength range from 480 to 

580 nm [25-26]. Anthocyanins contain carbonyl and 

hydroxyl groups bound to the surface of the TiO2 

semiconductor layer, which helps the conduction band 

stimulate and transfer electrons [24].  

Figure 1 shows the UV-Vis spectrum of butterfly 

pea extract has a specific wavelength at 573 nm with an 

absorbance of 0.9258, which is included in the anthocyanin 

wavelength range (480-580). This shows that butterfly pea 

extract has potential as a photosensitizer in DSSC because 

it has a wavelength that meets the requirements and has a 

high absorption value so that it can harvest photons from 

solar irradiation [11, 27]. 
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Figure 1. UV-Vis Spectrum of Butterfly Pea 

Photosensitizer 

 

Cyclic Voltammetry Analysis  

 

Bandgap energy is the minimum energy required for 

electrons to excite from the valence band (HOMO) to the 

conduction band (LUMO) [28]. Bandgap energy is related 

to the electrochemical properties of the photosensitizer, 

which determines the potential of the dye as a 

photosensitizer in DSSC [29]. Band gap energy occurs in 

the charge separation process when the pigment absorbs 

photon energy from visible light. Electrons will be excited 

from HOMO to LUMO and then transferred to the 

semiconductor conduction band. The smaller the difference 

between the HOMO and LUMO values, the better the 

quality of the extracted dye. The ability to regenerate the 

dye indicates the ease of electron transfer from the 

electrolyte I-/I3
- to the HOMO band of the substance. This is 

related to the more straightforward process of excitation of 

dye electrons from the valence band to the conduction 

band. Enough energy makes the band gap energy small, and 

electrons can be easily excited. The conduction band is 

affected by TiO2, which has an effect that is in line with the 

LUMO of the dye, which makes it easier for electron 

injection [30]. The dye sensitizer-based dye in the DSSC 

system has a lower LUMO value requirement than the TiO2 

conduction band (-4.0 eV) and a lower bandgap value than 

the TiO2 semiconductor (3.2 eV) [24]. 

Figure 2 is a natural dye voltammogram of butterfly 

pea extract, which produces the Eox price from the Ipa value 

and the Ered price from the Ipc value. These prices are 

entered in equations 1-3, and calculations are carried out, 

resulting in HOMO, LUMO, and bandgap prices that meet 

the requirements of DSSC photosensitizers (Table 1). 
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Figure 2. Voltammogram of Butterfly Pea Photosensitizer 

 

ELUMO = −e (Eox + 4,40)eV  (1) 

EHOMO = −e (Ered + 4,40)eV  (2) 

Eg = ELUMO – EHOMO  (3) 

 

Table 1. Results of Voltammetric Analysis of Butterfly Pea 

Photosensitizer 

Eox 

(eV) 

HOMO 

(eV) 
Ered (eV) 

LUMO 

(eV) 

Bandgap 

(eV) 

0.1014 -4.5014 -0.4118 -3.9882 0.5132 

 

Performance of DSSC with PSf/PEG Membrane-Based 

Electrolyte 

 

Voltage and current tests were carried out by making 

an open circuit consisting of a resistor, multimeter, and 

DSSC circuit. In this measurement, the voltage and current 

values were observed using a multimeter on each DSSC 

circuit with variations in PSf/PEG composition in the 

membrane electrolyte. Each sample’s voltage and current 

measurements were plotted to determine the maximum 

power the DSSC can generate. Measurements were made 

twice, namely after assembly (0 hours) and after 72 hours. 

This was done to compare the efficiency and stability of 

DSSC with liquid electrolyte and polymer electrolyte-based 

PSf/PEG/DMAc membranes. 

 

𝐹𝐹 =
𝑃𝑚𝑎𝑘𝑠

𝑃𝑇
=

𝐽𝑚𝑎𝑘𝑠𝑉𝑚𝑎𝑘𝑠

𝐽𝑠𝑐𝑉𝑜𝑐
 (4) 

𝜂 =
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
=

𝐽𝑠𝑐𝑉𝑜𝑐𝐹𝐹

𝑃𝑖𝑛
 (5) 

 

To determine the conversion efficiency of the 

DSSC, calculations were made using equations 4 and 5. 

Using these equations shows that the efficiency value of the 

liquid electrolyte DSSC in the initial measurement (0 

hours) is 1.66%. Membrane electrolyte-based DSSCs with 

variations in PSf/PEG composition from M0-M5 were 0.69, 

1.11, 1.38, 1.13, 0.92, and 0.42%, respectively, at the time 

of initial measurement (0 hours). The DSSC efficiency 

value in this study is higher than the efficiency value in the 

research of Ludin et al. (2018), which is 0.13%, despite 

using the same photosensitizer (butterfly pea extract). 

Figure 3 and Table 2 show that the best performance results 

are in DSSC with liquid electrolytes and decreased 

efficiency in DSSC using membrane electrolytes. The 

PSf/PEG membrane electrolyte-based DSSC experienced 

an increase in efficiency for variations M0-M2 

(composition 18/0, 17/1, and 16/2), but at M3-M5 

(composition 15/3, 14/4, and 13/5) it experienced a 

decrease in efficiency again. In this case, the liquid 

electrolyte DSSC has a higher efficiency than the 

membrane electrolyte-based DSSC due to better penetration 

of the liquid electrolyte into the porous TiO2 layer. Several 

studies have also reported that the high efficiency of liquid 

electrolyte DSSCs is due to direct contact between the 

electrolyte and semiconductor without obstructing other 

polymers [31]. However, liquid electrolyte DSSCs can 

experience a significant decrease in efficiency in the long 

term compared to membrane electrolyte-based DSSCs. This 

is because the membrane functions as a liquid electrolyte 

trapping matrix, which results in the liquid electrolyte in the 

DSSC experiencing little solvent evaporation. After all, it is 

trapped in the membrane matrix. 

Because adding PEG to the polymer composition 

can increase the number of pores and pore size of the 

membrane, due to the water-soluble nature of PEG and 

polymer compatibility, it can suppress the formation of 

microvoids [22,32]. The increase in DSSC performance 

(M0-M5) is due to the increase in PEG composition, which 

increases the number and size of membrane pores, which 

can increase the recombination of the PT/electrolyte 

interface. This resulted in the liquid electrolyte being easily 

trapped, thus reducing the evaporation of the liquid 

electrolyte solvent. The increase in membrane pore size can 

also increase the recombination of the PT/electrolyte 

interface, which impacts increasing the short circuit current 

(Jsc). In this study, the addition of PEG reached the 

optimum point at M2 (PSf/PEG 16/2). The addition of PEG 

at M3-M5 decreased the performance of DSSC because the 

addition of porogen would increase the membrane pore 

size. A pore size that is too large will facilitate the 

evaporation of liquid electrolyte solvents, so electron 

transport has difficulty in the PT/electrolyte interface 

recombination mechanism, resulting in a short circuit 

current (Jsc) that decreases with increasing PEG porogen 

composition [33]. 

The increase and decrease in DSSC performance 

with variations in PSf/PEG polymer composition are in line 

with the membrane’s main characteristics, namely 

selectivity and permeability values. Permeability is a 

membrane flow rate that is reviewed from the flux value to 

determine the membrane’s level of porosity (number of 

pores). The increase in membrane porosity affects the faster 

electron transport rate. On the other hand, the higher the 

PEG composition, the greater the particle density level, so 

the thrust force needed to pass particles through the 

membrane is significant, and the speed of the feed solution 

passing through the membrane is lower. Selectivity is 

reviewed based on the value of rejection, where the more 

PEG increases, the greater the membrane density, so the 

electron transport speed decreases [18,34]. 
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Figure 3. I-V Curve of DSSC in Various Electrolyte 

Variations for 0 Hours 
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Figure 4. I-V Curve of DSSC in Various Electrolyte 

Variations for 72 Hours 

Table 2. DSSC Photovoltaic Test Results for 0 Hours 

Co-de Composition of PSf/PEG (%) Jsc (A/cm2) Voc (V) FF (%)   𝜂 (%) Decreased  𝜂 (%) 

Mx - 5.5 x 10-5 0.289 71.54 0.77 53.43 

M0 18/0 3.3 x 10-5 0.306 73.31 0.55 19.84 

M1 17/1 5.2 x 10-5 0.318 70.95 0.89 19.75 

M2 16/2 5.4 x 10-5 0.325 85.63 1.11 19.33 

M3 15/3 5.2 x 10-5 0.321 72.98 0.91 19.52 

M4 14/4 3.7 x 10-5 0.317 84.68 0.74 19.74 

M5 13/5 2.5 x 10-5 0.293 62.31 0.34 20.17 

 

Table 3. DSSC Photovoltaic Test Results for 72 Hours 

Code Composition of PSf/PEG (%) Jsc (A/cm2) Voc (V) FF (%)   𝜂 (%) 

Mx - 7.9 x 10-5 0.397 71.54 1.66 

M0 18/0 3.7 x 10-5 0.344 73.31 0.69 

M1 17/1 5.9 x 10-5 0.358 70.95 1.11 

M2 16/2 6.0 x 10-5 0.363 85.63 1.38 

M3 15/3 5.8 x 10-5 0.361 72.98 1.13 

M4 14/4 4.1 x 10-5 0.357 84.68 0.92 

M5 13/5 2.8 x 10-5 0.329 62.31 0.42 

 

The electron transfer flow rate is inversely 

proportional to the stability or lifetime of the DSSC. The 

performance stability of the liquid and polymer electrolyte 

DSSCs was compared by measuring the DSSCs after 

standing for 72 hours. Figure 4 and Table 3 show the I-V 

curves of DSSC and the results of DSSC performance after 

72 hours. This study states that DSSC with polymer 

electrolyte experienced a decrease in efficiency of 19.33-

20.17%, while DSSC with liquid electrolyte experienced a 

reduction in efficiency of 53.43%. 

 
Scanning Electron Microscopy (SEM) Characterization 

of Electrolyte Membrane 

 

This study characterized the electrolyte membrane 

that produces the best performance in the DSSC system. 

The membrane was characterized using an SEM instrument 

to determine the surface morphology and cross-section. 

Membrane morphology affects the performance of DSSC 

because, as a liquid electrolyte matrix, the membrane must 

have the appropriate pore size and porosity so that electron 

transport runs smoothly [35-36]. The results of SEM 

characterization on the membrane that produces the best 

DSSC performance (M2) can be seen in Figure 5 below. 

  
Figure 5. Morphology of M2 PSf/PEG/DMAc (16/2/82) 

Electrolyte Membrane viewed from the side of (a) Surface 

with 20,000x Magnification, (b) Cross Section with 500x 

Magnification 

(b) (a) 
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It was observed that the morphology of the 

electrolyte membrane that produced the best performance 

on the DSSC was the M2 membrane. The membrane has a 

small pore size and large porosity, as shown in the surface 

morphology (Figure 5a). The surface pores' nature is 

influenced by adding PEG to the membrane polymer. It was 

reported in the research of [37] that the PSf/DMAc 

membrane (without the addition of PEG) shows a smaller 

pore size and fewer pores than PSf/PEG/DMAc [37-38]. 

Figure 5b shows the SEM image of the cross-section of the 

electrolyte membrane that produces the best DSSC (M2) 

performance. It is shown that the M2 membrane has an 

asymmetric structure consisting of a dense upper surface 

layer (skin layer, airside) and a porous sublayer (support 

layer). The skin layer acts as a separation layer, and the 

support layer provides mechanical strength. The sublayer 

has visible finger-like voids under the top surface layer and 

large voids near the bottom of the surface layer. It was 

reported in the work of [38] that the size and number of 

finger-like pores were found to increase when the PEG 

composition was increased. In this study, the membrane 

morphology of the finger pore was found to have 

significant and prominent cavities. PEG is a pore shaper 

that forms membrane structures and can cause changes in 

pore size [38]. The presence of PEG in the PSf polymer 

solution has an effect, namely that adding PEG consumes 

some of the solvent and causes the polymer concentration 

and viscosity of the polymer solution to be higher [39]. The 

polymer solution is thermodynamically less stable, resulting 

in rapid demixing when immersed in the coagulation bath. 

The second effect is that PEG is hydrophilic, thus 

increasing the rate of entry of water diffusion in the 

polymer solution and forming a larger finger pore [40]. 

 

XRD Characterization of Electrolyte Membrane 

 

The electrolyte membrane's polymer structure was 

analyzed using an X-ray diffraction (XRD) instrument. 

Electrolyte membrane polymers have crystallinity 

characteristics that are important to observe because they 

directly affect the electrolyte's ionic conductivity in the 

DSSC system. An increase in the crystallinity of the 

electrolyte membrane polymer leads to a decrease in ionic 

movement through the polymer matrix [41-42]. In this 

study, X-ray diffraction (XRD) was performed to 

characterize the surface crystalline phase of the 

PSf/PEG/DMAc membrane that produced the best 

performance in DSSC (M2). 

Crystallinity can affect the electron transfer 

properties of the membrane. The higher the crystallinity of 

a membrane material, the more regular the molecular 

arrangement of its constituent atoms. The regularity of this 

crystal structure facilitates electron transfer because the 

distance between molecules or atoms is closer and more 

symmetrical [43]. Electrons can more easily jump from one 

molecule to another in materials with a crystalline structure. 

High crystallinity is also related to increased membrane 

surface area [44]. A large surface area allows more contact 

between molecules, making electron transfer more efficient. 

However, too much crystallinity can inhibit electron 

transfer because its rigid and tight structure hinders electron 

diffusion. Therefore, the membrane requires an optimum 

crystallinity level to obtain maximum electron transfer [45]. 
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Figure 6. XRD Graph of Polymer Membrane M2 

 

It can be seen in Figure 6 that the M2 membrane 

shows a broad peak at 18.0626°, which is due to hydrogen 

bonding as well as the formation of DMAc used as a 

solvent [46]. This evidence, based on the amorphous 

polymer's XRD results, also shows a similar peak. These 

peaks are due to the introduction of groups along the chain 

that can form hydrogen bridge bonds between and within 

the chains, which allows for a more ordered structure and 

the appearance of crystalline behavior in PSf. A suitable 

membrane for use as a polymer electrolyte in DSSCs has a 

semi-crystalline structure. A material is semi-crystalline if 

it has a degree of crystallinity of 35-70% [47]. In this study, 

the degree of crystallinity of the M2 membrane was 

obtained at 28.12%, which has properties close to semi-

crystalline.  

 

Conclusion  

 
Based on the results of the characterization of the 

dye sensitizer, which shows a maximum absorption 

wavelength of 573 nm and a bandgap of 0.5114 eV, a 

DSSC system was prepared with variations in the 

PSf/PaEG polymer electrolyte composition. Good DSSC 

performance is obtained from high values of open-circuit 

voltage (Voc), short-circuit current density (Jsc), fill factor 

(FF), and efficiency (η), but low percentage values of 

efficiency reduction. The research results with the best 

DSSC performance were DSSC with PSf/PEG membrane 

electrolyte composition 16/2, which produced a Voc of 

0.363 V, Jsc of 6.0 x 10-5 A/cm2, %FF of 85.63, and η of 

1.33%, and a decrease in efficiency after 72 hours of 

19.33%. 
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