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LAMPIRAN 

1. Pengujian I-V pada suhu 300 °C 

Tegangan (mV) I (mA) J(A/cm2) Pout efisiensi 

(%) 

50.7 0.0257 0.011422 5.79107E-07 0.104086804 

47.9 0.0266 0.011822 5.66284E-07 0.101782178 

44.1 0.0274 0.012178 5.3704E-07 0.096525874 

40.6 0.0279 0.0124 5.0344E-07 0.090486716 

35.8 0.029 0.012889 4.61422E-07 0.082934573 

31.5 0.0294 0.013067 4.116E-07 0.073979684 

30.2 0.0264 0.011733 3.54347E-07 0.063689151 

28.2 0.0251 0.011156 3.14587E-07 0.056542814 

26 0.0235 0.010444 2.71556E-07 0.048808538 

24.8 0.0228 0.010133 2.51307E-07 0.045169067 

23.9 0.0216 0.0096 2.2944E-07 0.041238821 

Menghitung efisiensi 

Diketahui: 

Vmaks = 50.7 mV 

Imaks = 0.0257 mA 

A = 2.25 cm2 

Voc = 23.9 mV 

Isc = 0.0257 mA 

Pin = 0.000556369 mW/cm2 

  Penyelesaian: 

  Jsc =
Isc

A
  =

0.0257

2.25
 

     = 0.01142222 

  FF =
Jmaks∙Vmaks

Jsc∙Voc
  =

(0.0257)(50.7)

(0.01142222)(43.9)
 

       = 83.68% 

  Pout = Jmaks ∙ Vmaks   = (0.011422) (50.7) 

       = 5.7910x10-7 mW/cm2 

  η =
Pout

Pin
× 100%  =

5.7910x10-7 

0.000556369
× 100% 

       = 0.1040 % 
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Gunakan rumus yang sama untuk variasi suhu 400°C dan 500°C. 

2. Pengujian I-V 400°C 

Tegangan (mV) I (mA) J(A/cm2) Pout efisiensi 

(%) 

57.3 0.0291 0.012933 7.4108E-07 0.133199379 

54.3 0.0301 0.013378 7.26413E-07 0.130563239 

53.4 0.031 0.013778 7.35733E-07 0.132238386 

49.4 0.0321 0.014267 7.04773E-07 0.126673733 

47.8 0.0329 0.014622 6.98942E-07 0.125625668 

34.7 0.0331 0.014711 5.10476E-07 0.091751264 

32.6 0.0337 0.014978 4.88276E-07 0.087761106 

30.8 0.034 0.015111 4.65422E-07 0.08365352 

28.3 0.0345 0.015333 4.33933E-07 0.077993807 

25.1 0.0349 0.015511 3.89329E-07 0.069976745 

22.1 0.035 0.015556 3.43778E-07 0.061789532 

 

3. Pengujian I-V 500°C 

Tegangan (mV) I (mA) J(A/cm2) Pout efisiensi 

(%) 

94 0.0465 0.020667 1.94267E-06 0.349168772 

87.7 0.0487 0.021644 1.89822E-06 0.341179669 

81.7 0.0507 0.022533 1.84097E-06 0.330890733 

74 0.0511 0.022711 1.68062E-06 0.302069731 

65.6 0.0521 0.023156 1.519E-06 0.273021062 

52 0.0529 0.023511 1.22258E-06 0.219742269 

42 0.054 0.024 0.000001008 0.181174737 

39.1 0.0549 0.0244 9.5404E-07 0.171476137 

37.4 0.0551 0.024489 9.15884E-07 0.164618178 

35.6 0.0557 0.024756 8.81298E-07 0.15840168 

33.8 0.0562 0.024978 8.44249E-07 0.151742629 
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Abstract: Improving the efficiency of dye sensitized solar cell (DSSC) by applying 

hybrid materials in the form of rGO combined with TiO2 on the photoanode. In addition, 

the optimal TiO2 deposition method can increase energy conversion efficiency. The 

hybrid material synthesis method is carried out by integrating rGO into the TiO2 structure 

to increase electrical conductivity and improve optoelectronic properties, the material 

characterization is carried out by various analyses, including spectroscopy and 

microscopy. This review provides information on the characteristics of TiO2 as a 

photoanode, characteristics of (rGO) development of rGO/TiO2 as a photoanode, methods 

of deposition TiO2 on glass substrates. This review will help researchers conduct research 

in the field of DSSC enhancement using rGO. 

Keyword: Efficiency; Reduced Graphene Oxide; Titanium Dioxide.  

 

1. Introduction 

 Energy is a primary requirement in life activities around the world, with a daily 

consumption of about 17,4 TW [1]. Rapid population growth and global economy 

increase energy demand in the mid-21st century, increasing energy demand will lead to 

energy crisis, climate change, fossil fuel shortages and environmental issues [2].  

The source of greenhouse gas emissions comes from the use of fossil fuels that produce 

carbon dioxide (CO2), the continuous production of CO2 will form a blanket, retaining 

earth’s heat nd projecting it into space and will further cause planetary warming [3]. 

 Conventional energy sources are generally obtained from petroleum, coal and 

natural gas, but their continuous use causes damage to ecosystems and human health,  

so renewable energy source are required sourced from solar, wind, geothermal, 

hydropower and biomass [4]. The most promising renewable energy is solar cell because 
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it is obtained from the sun, providing clean energy [5]. The solar energy that can be 

generated in a year is 3.8 EJ, which is able to convert energy from sunlight into light and 

warmth that trigger chemical processes in plants and produced energy [6]. Photovoltaic 

(PV) technology has the advantage of low production costs and no toxic effects on the 

environment [7]. 

 PV is generally based on inorganic materials which require high cost, difficult 

fabrication, some toxic materials and little availability in nature [8]. The presence of 

organic-based PV is the answer to these problems called Dye Sensitized Solar cell. DSSC 

are the third generation of solar cells that are very attractive because they are semi-

transparent, low fabrication cost, and low energy consumption [9], high flexibility, 

environmental friendliness and abundant material availability [10]. Photoanode, 

electrolyte and cathode from the DSSC structure. As a contender to silicob-based solar 

cell, DSSC has demonstrated a very promising photoconversion efficiency 14% [11] 

Titanium Dioxide is the most widely used photoanode due to its n-type 

semiconductor features, wide band gap energy, high transmittance in the range of visible 

light, environmentally friendly, ease of production and good chemical and thermal, 

however the conductivity in TiO2 is low and the nanocrystalline particles in  TiO2 inability 

to withstand external electric fields has an impact on DSSC performance [12]. To 

overcome these problems, improving the performance of photoanodes is done by adding 

various TiO2-based composite materials such as carbon nanotube-TiO2 [13], [14], 

Graphene-TiO2 [15], [16], reduced graphene TiO2 [17], [18]. Graphene a material with 

strong electron mobility, a vast surface area and exceptional optical transparency, is the 

source of rGO [18]. The fusion of rGO to TiO2, will form a Schottky barrier on the surface 

of rGO/ TiO2, which causes electron recombination to be reduced so that the rGO/TiO2 

composite system will include an acceleration of electron transport [19].  

Several investigations have revealed in recent years use of graphene in TiO2 

photoanodes including Kumar Subalakshmi et al [20], using rGO/TiO2 as a photoanode 

in solar cell fabrication with a resulting efficiency of 6.14% under sunlight with an 

illumination of 100 mW/cm2 [20]. Ghasem Habibi et al, also reported the addition of 

0.001% rGO was able to increase the current density from 10.18 mAcm-2 to 10.79 10.18 

mAcm-2 [21]. 



 

 Based on the review of several journals, this review describes the addition of rGO 

to TiO2 semiconductor as a photoanode in solar cells. This topic is important to discuss 

because rGO has the ability to increase electron transfer efficiency and mechanical and 

thermal stability. This research contributes to the scientific literature and understanding 

of the addition of rGO in TiO2 to obtain better efficiency. Through better understanding, 

this research can be used as a reference for further researchers in developing TiO2 doped 

by other materials.  

2. Titanium Dioxide (TiO2) as photoanode material  

  Because of its larger conduction band gap, ample surface area for loading 

photosynthetic sensitizers, and effective recombination with holes, defects, and crystal 

boundaries, TiO2 material is employed in DSSCs with great efficacy [22], [23]. TiO2 is 

classified in different crystal forms namely brookite, rutile and anatase shown in  

Figure 1(a). Anatase TiO2 polymorphs are more efficient because they support the process 

of charge transportation and charge separation compared to rutile, this is supported by the 

nature of anatase, namely higher electrical conductivity so that it is able to transport 

electrons and energy production [24]. The difference of refractive index in the rutile phase 

may intensify the dispersion impact, in brookite phase the energy band gap is larger than 

other phases, brookite phase has the highest open circuit voltage (Voc) evaluation and the 

most negative conduction band edge. However, the brookite phase hs a small surface and 

low conductivity, which makes it less effective in collecting charge and dye load at the 

same time [25]. 

 In terms of the small size of semiconductor nanoparticles, it is capable offering  

semiconductors with a large surface and high porosity ratio [3]. Figure 1(b) shows a 

FESEM of a semiconductor film of TiO2 nanoparticles that has a surface thickness of 

approximately 10 µm, porosity of about 50% and excellent surface area for dye absorption 

[26]. The thick mesopores structure offers a high surface area that is useful for attaching 

dye molecules to the photoanode; thus, the photoanode's morphology which includes its 

particle size, porosity, pore size, and nanostructure plays a crucial role in controlling the 

photovoltaic properties [27]. 



TiO2 may create a variety of nanoarchitectures as photoanodes, including one-

dimensional (1D) structures like nanorods, nanofibers, and nanotubes, zero-dimensional 

(0D) structures like TiO2 nanoparticles, and three-dimensional (3D) structures like 

1D/0D composites and effective 1D/1D composites for DSSC [28]. TiO2 is generally 

synthesized by sol-gel, hydrothermal and electrochemical methods, which will form 

nano-TiO2 morphologies such as TiO2 nanotubes (TNTs), TiO2 nanorods (TNRs), TiO2 

nanosheets (TNSs), hierarchical TiO2, multi-shelled TiO2 hollow nanoparticle, ellipsoidal 

TiO2, TiO2 nanoparticle (TNPs), cubic TiO2, illustrated in Figure 2. 

 

Figure 1. (a) Structure of Anatase, Rutile dan Brookite [29] (b) FESEM images of TiO2 

nanoparticles deposition onto FTO glass (a) TiO2 morphology (b) TiO2 nanoparticles 

onto FTO cross-section [26] 

 



 

Figure 2. SEM images (a) TNTs[30]–[32] (b) TNRs[33]–[35] (c)TNSs[36], [37]         

(d) Hierarchical TiO2[38], [39] (e) Multi shelted-TiO2 [40], [41](f) Ellipsoidal TiO2 [42]  

(g) TNPs [43]–[45](h) Cubic TiO2 [46], [47]. 

 

 

3. Structure and Properties of reduced graphene oxide (rGO) 

According to the international Union of Pure and Applied Chemistry (IUPAC), 

graphene is a single carbon sheet derived from the graphite structure. It is comparable to 

a quasi-infinite sized polycyclic aromatic hydrocarbon  [48]. Graphene-based materials 

as affordable price, safety, prosperity, particular area of surface, flexibility, and greater 

stability, graphene based materials can be used in DSSC [24]. 

 

 



 Due to its quicky charge carrier mobility and great light transparency, graphene is 

an effective photoanode in deep solar cell technology. The carbon material network is 

shown in figure 3(a), where a single layer of 2D graphene is thought to be the dominating 

material 1D rolled nanotubes, 3D stacked graphite and 0D folded fulcrums [3] powder 

based nanomaterials for the development of graphene include graphene oxide (GO), 

nanowire, nanoparticle plats, and quantum dots, among other forms of pure graphene 

nanostructure [49]  

  To produce graphene oxide, GO is generally chemically clamped and reduced to 

rGO [50]. In rGO, each carbon atom employs three of its four outer orbital electrons to 

establish three sigma bonds with an angle of 120° with three nearby carbon atoms in the 

same plane. rGO is a two-dimensional material with a single-layered structure and zero 

band gap. As seen in figure 3(b), this permits the fourth electron to travel, allowing the 

electrons in rGO to behave as relativistic particles free from the restrictions of a crystal 

lattice [12].  

Researches have been drawn to rGO because of its mechanical, thermal, electrical 

and optical qualities. Figure 4 shows some of its physical characteristics. The synthesis 

of GO into rGO generally uses chemical, microwave, photoreduction, electrochemical 

and other methods [51], the advantages and disadvantages of the rGO synthesis process 

are shown in table 1. rGO through chemical techniques, results in rGO that has a wrinkled 

structure, aggregated sheets, and low hydrophilic properties. These limitations have been 

overcome with the creation of a new technique. The thermal reduced rGO exhibits a 10:1 

C/O ratio and strong electrical conductivity, suggesting a successful reduction [52]. The 

newly discovered method produces rGO with improved thermal and electrical 

conductivity and a reduced oxygen content [53].  

  



 

Figure 3. (a) family of carbon networks under 2D graphene [3] (b) Reduction process of 

graphite to rGO [54] 

 

Figure 4. Physical properties rGO 

 



Table 1. Advantages and disadvantages of rGO synthesis methods 

Synthesis Metode Advantages Disadvantages ref 

Thermal Reduction Easy fabrication, properties and 

characteristics of rGO. 

High energy consumption, exhaust 

emissions, defect limitation and control 

[55] 

 

Chemical Reduction Stabilty, economical Difficult fabrication process, toxic to the 

environment 

[56] 

 

Microwave-reduction Good effectiveness, 

saving time and 

production costs. 

Non-scalable, unsuitable for monitoring the 

reaction. 

[57] 

 

 

4. Development of rGO/TiO2 as Photoanode 

  TiO2 nanomaterial is a good photocatalyst used in DSSC, however weak 

power conversion efficiency (PCE) is caused by significant electron-hole pair 

recombination, a possible substance to increase the effectiveness of DSSC, which is 

typically used as a photocathode, is graphene film [58].  In a DSSC, TiO2 transports 

electrons from the dye to the conduction band of TiO2 as well as from the photoanode 

to the external circuit. However, charge recombination occurs, necessitating the use 

of techniques to improve electron transport, such as combining charge carriers to 



direct light-generated electrons in the external circuit, adding doping elements to 

TiO2, and combining composite semiconductors with different bandgaps. [59].  TiO2 

nanoparticles can be bonded to rGO, which allows rGO to provide a fast electron 

transport channel, which accelerates electron transport, reduces recombination losses, 

and increases light scattering. Therefore, rGO/ TiO2 nanocomposites can be used in 

DSSC because of the unique properties of rGO[60]. In accordance with the literature, 

the synthesis of TiO2/rGO nanocomposites is currently aimed at various applications, 

enhancing the functionality of lithium-ion batteries, solar cell, photocatalysts and 

photodetectors, among other devices. Compared to pure TiO2, TiO2/rGO has 

photocatalytic activity that is many times greater [61]. The purpose of inserting rGO 

sheets into the TiO2 anode is to decrease resistance and raise chemical capacitance 

(Cμ) [62].  

 



 

Figure 5. (a)-(e) J-V characteristic DSSC [63] [64] [65] [17] [66], (f) efficiency values 

from J-V plot of DSSC (a)-(e) 



Table 2 shows the parameters efficiency of rGO/TiO2-based DSSCs from various 

references. Prior to the deposition of the nanopores TiO2 film over TCO, rGO was 

integrated into a thin rGO/TiO2 interfacial thin layer to reduce recombination of electrons. 

This layer's potential resistance was shown by a rise in the open-circuit voltage with an 

unchanged short photon current Jsc. Several subsequent studies showed how to create 

rGO/TiO2 composites, which may be used in place of pure TiO2 in DSSC working 

electrodes [11].  

Merazga et al.[17] was reported also the impact of rGO on DSSC by varying mass 

fractions of rGO and TiO2 were combined in distilled water solution, ranging from 0 to 

5%. The optical properties of the rGO/TiO2 composite film are responsible for its 

photovoltaic features. The effectiveness of DSSC rises linearly as the fraction of rGO 

increases. The researcher Gao et al. [67] was demonstrated N-doped TiO2/graphene 

nanofiber for DSSC photoanode with photo-conversion efficiency (PCE) of 5.01%. In 

another study, Venkatraman et al. [68] found that a 3% RGO/ TiO2 composite had a 

photo-conversion efficiency (PCE) of 6.58%. Figure 5 (a)-(e) shown the J-V 

characteristic of DSSC use TiO2 with rGO. Figure 5 (f) shows the efficiency value 

obtained from Figure 6 (a)-(e) which shows different efficiency values, this is influenced 

by the addition of different rGO compositions to TiO2, as in Figure 5 (a) obtained an 

efficiency value of 3.60 with 5% rGO while in Figure 5 (b) obtained an efficiency value 

of 7.17 with NaBH4-doped rGO. Figure 5(c) obtained an efficiency value of 1.21% with 

the addition of 0.1% wt rGO and figure 5(d) shows value of 3.39% with the addition of 6 

mg rGO and figure 5(e) is 4.43% with the addition of 5%wt rGO. 

 

 

Table 2. Some research related to rGO/TiO2 

Material Deposition 

Method 

Jsc 

(mA/cm2) 

Voc (V) Fill 

Factor 

η (%) Ref 

rGO/TiO2 Spin Coating 14.08 0.73 66.35 6.87 [69] 

rGO/TiO2 Doctor Blade 28.36 0.54 0.47 7.20 [70] 

rGO/TiO2 Spin Coating 15.29 0.74 0.66 7.48 [71] 



TiO2-rGO 0.5% Spin Coating 7.2 0.74 0.67 3.6 [72] 

TiO2-rGO Doctor Blade 14.68 0.78 0.54 7.68 [73] 

TiO2-rGO Spin Coating 25.02 0.63 0.54 8.51 [74] 

TiO2-rGO 3% Doctor Blade 6.95 0.64 0.68 3.09 [75] 

TiO2-rGO 2mg Doctor Blade 10.82 0.647 58.61 4.10 [66] 

rGO/TiO2 Doctor Blade 10.92 0.65 0.62 4.43 [66] 

rGO/TiO2 Spin Coating 16.27 0.59 0.72 6.90 [76] 

0.1 wt% TiO2-rGO Spin Coating 0.049 0.600 0.612 1.21 [65] 

TiO2/rGO Doctor Blade 13.42 0.66 0.47 4.63 [64] 

 

5. TiO2 deposition method on glass substrate 

a. Doctor Blade 

Doctor blade known as blade coating is one of the most economical, 

flexible and simple thin film fabrication methods [58]. This method involves 

pouring a slurry combination containing nanoparticles onto the substrate and 

continuously moving it between the blade and the substrate. This modifies the 

distance between the substrate and the blade, ensuring a thin layer thickness. It is 

also possible to add thin layers of film or thicken the film by repeating this process. 

The spread is cleansed and allowed to dry after a consistent coating has developed 

[77], as shown in figure 6(a). 

The doctor blade method has a thickness that varies from 10 to 150 µm 

[78]. Research conducted by Zhi et al[79], A modest quantity of 3D graphene 

mixed with nanocrystalline TiO2 film has been used to study the composition of 

flexible DSSC photoanodes. Using the doctor blade method, the film was applied 

on ITO/PET, and N719 dye was utilized as a sensitizer. The results indicate that 

the maximum rate of 6.41% may be obtained by incorporating 0.85% by weight 

of 3D graphene into 13 μm-thick TiO2 nanoparticles. 

 

b. Spin coating 

A common and fast procedure known as spin coating is used to coat 

conductive substrates with a thin and uniform layer. The substrate surface is 



covered with drops of solution, which are subsequently uniformly distributed by 

the strong spin action. The coating and spin process factors, such the rotation 

speed have an impact on the final film thickness, surface tension, solids, viscosity, 

and drying rate [80]. Fabrication of nanocrystalline thin films using sol-gel spin 

coating, showing homogeneous and uniform TiO2 thin films, which are in 

crystalline anatase phase with a band gap reaching 2.69 eV, shown in Figure 6(b).  

 

c. Screen Printing  

Screen printing uses a high-density TiO2 paste during the printing process, 

which enables the attachment of bigger dye molecules, it is regarded as an 

effective manufacturing approach. The photoanode paste and the conductive 

substrate are separated by a mesh, and the paste is pressed into the substrate with 

a racket to create a pattern depending on the holes in the mesh. [80]. 

   Screen printing is one of the oldest and most commonly used deposition 

methods [81]. During the screen printing process, paste is forced onto the surface 

of the wafer through holes in the emulsion layer. This allows the paste to move 

through the screen in a predetermined pattern, aligned with the pattern to be 

moved, as shown in figure 6(c) 

 

   



 

Figure 6. (a) Diagrammatic representation of the doctor blade method [58]. (b) Spin 

coating method [78] (c) Schematic illustration of screen printing process [82]. 

 

 

 

 

d. Electrophoretic Deposition 

This deposition technique offers a lot of benefits. The EPD process 

produces an electric current when an electric current passes through a solution or 

solvent and charged particles move. Some of these benefits are simple equipment, 



cheap cost, high deposition rate, enabling the fabrication of suitable conductive 

substrates, and excellent repeatability  [83].  

There are two steps in the EPD technique. The particles gravitate toward 

one of the electrodes when an electric field is added to the solution. The 

migration process is influenced by the bath's real field strength as well as 

additional colloidal dispersion properties as bath conductivity, surface charge 

density, viscosity, size distribution, and particle concentration. Complicated 

aggregation and electrochemical processes help to advance the deposition phase. 

The particles must lose charge after being deposited on the electrode in order to 

create a dense and cohesive deposit [78], shown in figure 7(a). 

 

e. Electrospray Deposition 

One drop of sample solution is deposited at a time using the 

straightforward electrospray deposition technique, which allows for the creation 

of nano-sized spheres of photoanode nanoparticles and the production of 

substructures in film [84]. Figure 7(b) shows an example of a spray deposition 

system configuration design consisting of a sprayer, a pipe connecting the pump 

to the sprayer, a beaker for the precursor solution, and a pump, either manually or 

automatically operated [78]. 

A nozzle that atomizes droplets and a power source that charges the 

atomized droplets make up an electrospray deposition (ESD) device. The pump 

applies pressure to the solution. These charged droplets deposition upon reaching 

the grounded substrate. This method uses less nanoparticles and wastes between 

5 and 8% of them [85]. 

 

 

f. Pulse Laser Deposition (PLD) 

Thin film production frequently uses PLD, a kind of physical vapor deposition. 

The material's target surface is diluted, ionized, and evaporated as a result of the 

laser pulse width's high power density and limited frequency bandwidth. After 

drying, the substance is applied to the substrate thinly. Furthermore, a heating step 



of the substrate is necessary to guarantee that the atoms on its surface are 

thoroughly absorbed. A strong vacuum is also necessary to remove impurities that 

might degrade the thin layer's quality [86], shown in figure 7(c). 

 

Figure 7. (a) Schematic of the EPD [78], (b) Spray deposition system setup design [78] 

  (c) Schematic presentation of PLD technique [86].] 

 

6. Conclusion, Limitation and Challenges and Future research prospect 

Conclusion 

Dye sensitized solar cell (DSSC) performance has been effectively increased by the use 

of hybrid materials on the photoanode, such as rGO with TiO2. Integration of rGO 

contributes positively to electrical conductivity and optoelectronic properties, which has 

a positive impact on energy conversion efficiency. This review places emphasis on 

developing an optimal TiO2 deposition method for DSSC photoanodes. This deposition 

method is intended to ensure the TiO2 layer has a structure that matches the performance 

requirements of the solar cell. A deeper understanding of the interaction between 

materials and deposition methods is key in improving solar cell efficiency. The use of 

various characterization techniques, such as spectroscopy and microscopy, in this study 

provides an in-depth understanding of the optical and structural properties of the rGO/ 



TiO2 hybrid material. This analysis is important to understand the impact of changes at 

the microscopic level on DSSC performance. This review makes an important 

contribution to the development of DSSC technology by integrating hybrid materials and 

optimizing TiO2 deposition methods. Improving the performance of dye-sensitive solar 

cells through this approach could open up wider potential applications in solar energy 

conversion. This review has significant relevance to the development of renewable 

energy. Increased energy conversion efficiency from sunlight can support the 

advancement of solar cell technology as a more sustainable energy source. Thus, the 

conclusion of this review emphasizes that the incorporation of rGO/ TiO2 hybrid materials 

and the optimization of TiO2 deposition methods can positively affect DSSC 

performance, opening up the potential for significant improvements in dye-sensitive solar 

cell technology. Limitations and challenges as well as future research prospects regarding 

the addition of rGO in TiO2 as a photoanode are described in detail as follows: 

Limitation and Challenges 

1. Recombination: The efficiency of the solar cell may be decreased by unintended 

recombination between the injected electrons and the electrolyte on the 

TiO2/electrolyte interface, even if rGO can enchance electron transport.  

2. Stability dan Disperse rGO: The stability and disperse of rGO in the mixture 

can be challenging. Ensuring that the rGO remains well dispersed and stable in 

the TiO2 matrix. 

3. Production Price Growth: If the production process of rGO/TiO2 is inefficient 

or the raw materials used are expensive, which can affect the production price and 

can be an obstacle to mass application. 

4. Electronic Properties rGO: although rGO improves electron transfer, its 

electronic properties that are not as optimal as pure graphene may limit overall 

performance. 

5. Limited Improvement Efficiency: although rGO can improve the power 

conversion efficiency of DSSC, the improvement may have certain limits and 

such challenges need to be overcome to achieve more significant improvements. 

Future Research Prospect 



1. Structure and Composition Optimization: Further research in optimizing the 

structure and composition of rGO/TiO2 to improve solar cell performance. 

Involve variations in rGO to TiO2 ratio, particle size and distribution, and more 

efficient synthesis methods. 

2. Stability and Durability: Focus on improving the stability and durability of 

rGO/TiO2 under solar cell operational conditions to ensure long-term performance 

and address potential issues such as material degradation. 

3. Improved Energy Conversion Efficiency: Focus on developing new strategies 

to improve energy conversion efficiency in DSSCs utilizing rGO/TiO2, such as 

enhancing the interaction between rGO and TiO2 to improve electron transfer. 

4. Integration with latest technology: Exploration of the potential of rGO/TiO2 

with current technologies, such as smart use, renewable energy management, or 

development of materials for other energy applications. 

5. Other Application Development: Exploration of the potential of rGO/TiO2 in 

applications other than DSSC, such as photocatalysis for water or air treatment, 

sensors, and energy storage technologies. 

 

 

 

 

 

 

 

 

REFERENCE 

[1] M. Yahya, A. Bouziani, C. Ocak, Z. Seferoğlu, and M. Sillanpää, “Organic/metal-

organic photosensitizers for dye-sensitized solar cells (DSSC): Recent 

developments, new trends, and future perceptions,” Dye. Pigment., vol. 192, no. 

February, 2021, doi: 10.1016/j.dyepig.2021.109227. 

[2] C. R. K. J and M. A. Majid, “Renewable energy for sustainable development in 

India: current status, future prospects, challenges, employment, and investment 



opportunities. Energy, Sustainability and Society, 10(1) | 10.1186/s13705-019-

0232-1,” Energy. Sustain. Soc., vol. 10, no. 2, pp. 1–36, 2020, [Online]. Available: 

https://sci-hub.se/https://doi.org/10.1186/s13705-019-0232-1. 

[3] F. W. Low and C. W. Lai, “Recent developments of graphene-TiO2 composite 

nanomaterials as efficient photoelectrodes in dye-sensitized solar cells: A review,” 

Renew. Sustain. Energy Rev., vol. 82, no. August 2017, pp. 103–125, 2018, doi: 

10.1016/j.rser.2017.09.024. 

[4] G. Richhariya, A. Kumar, P. Tekasakul, and B. Gupta, “Natural dyes for dye 

sensitized solar cell: A review,” Renew. Sustain. Energy Rev., vol. 69, no. 

November 2016, pp. 705–718, 2017, doi: 10.1016/j.rser.2016.11.198. 

[5] E. Singh and H. S. Nalwa, “Graphene-based dye-sensitized solar cells: A review,” 

Sci. Adv. Mater., vol. 7, no. 10, pp. 1863–1912, 2015, doi: 10.1166/sam.2015.2438. 

[6] S. M. Korobkov, K. P. Birin, A. N. Khodan, O. Y. Grafov, Y. G. Gorbunova, and 

A. Y. Tsivadze, “Nanostructured Aluminum Oxyhydroxide—A Prospective 

Support for Functional Porphyrin-Based Materials,” Int. J. Mol. Sci., vol. 24, no. 

15, 2023, doi: 10.3390/ijms241512165. 

[7] E. T. Bekele and Y. D. Sintayehu, “Recent Progress, Advancements, and 

Efficiency Improvement Techniques of Natural Plant Pigment-Based 

Photosensitizers for Dye-Sensitized Solar Cells,” J. Nanomater., vol. 2022, 2022, 

doi: 10.1155/2022/1024100. 

[8] M. Giannouli, “Current Status of Emerging PV Technologies: A Comparative 

Study of Dye-Sensitized, Organic, and Perovskite Solar Cells,” Int. J. 

Photoenergy, vol. 2021, no. i, 2021, doi: 10.1155/2021/6692858. 

[9] A. Mukhtar et al., “Current status and challenges in the heterogeneous catalysis for 

biodiesel production,” Renew. Sustain. Energy Rev., vol. 157, no. December 2021, 

p. 112012, 2022, doi: 10.1016/j.rser.2021.112012. 

[10] G. Jeon, H. Choi, D. J. Park, N. T. Nguyen, Y. H. Kim, and J. Min, “Melanin 

Treatment Effect of Vacuoles-Zinc Oxide Nanoparticles Combined with Ascorbic 

Acid,” Mol. Biotechnol., vol. 65, no. 7, pp. 1119–1128, 2023, doi: 10.1007/s12033-

022-00608-8. 

[11] S. W. Chong, C. W. Lai, J. C. Juan, and B. F. Leo, “An investigation on surface 



modified TiO2 incorporated with graphene oxide for dye-sensitized solar cell,” 

Sol. Energy, vol. 191, no. July, pp. 663–671, 2019, doi: 

10.1016/j.solener.2019.08.065. 

[12] L. Wei, S. Chen, Y. Yang, Y. Dong, W. Song, and R. Fan, “Reduced graphene 

oxide modified TiO2 semiconductor materials for dye-sensitized solar cells,” RSC 

Adv., vol. 6, no. 103, pp. 100866–100875, 2016, doi: 10.1039/c6ra22112b. 

[13] M. Younas, M. A. Gondal, M. A. Dastageer, and K. Harrabi, “Efficient and cost-

effective dye-sensitized solar cells using MWCNT-TiO2 nanocomposite as 

photoanode and MWCNT as Pt-free counter electrode,” Sol. Energy, vol. 188, no. 

January, pp. 1178–1188, 2019, doi: 10.1016/j.solener.2019.07.009. 

[14] D. Benetti et al., “Functionalized multi-wall carbon nanotubes/TiO2 composites as 

efficient photoanodes for dye sensitized solar cells,” J. Mater. Chem. C, vol. 4, no. 

16, pp. 3555–3562, 2016, doi: 10.1039/c6tc00800c. 

[15] R. Nagraik, A. Sharma, D. Kumar, S. Mukherjee, and F. Sen, “Amalgamation of 

biosensors and nanotechnology in disease diagnosis :,” Sensors Int., vol. 2, no. 

December 2020, p. 100089, 2021, doi: 10.1016/j.sintl.2021.100089. 

[16] M. A. M. Al-Alwani et al., “Natural dye extracted from Pandannus amaryllifolius 

leaves as sensitizer in fabrication of dye-sensitized solar cells,” Int. J. Electrochem. 

Sci., vol. 12, no. 1, pp. 747–761, 2017, doi: 10.20964/2017.01.56. 

[17] A. Merazga, J. Al-Zahrani, A. Al-Baradi, B. Omer, A. Badawi, and S. Al-Omairy, 

“Optical band-gap of reduced graphene oxide/TiO2 composite and performance of 

associated dye-sensitized solar cells,” Mater. Sci. Eng. B, vol. 259, no. April, 2020, 

doi: 10.1016/j.mseb.2020.114581. 

[18] I. Irwan, M. Z. Muzakkar, A. A. Umar, M. Maulidiyah, L. O. A. Salim, and M. 

Nurdin, “Effect of hexamethylenetetramine surfactant in morphology and optical 

properties of TiO2nanoparticle for dye-sensitized solar cells,” J. Phys. Conf. Ser., 

vol. 1899, no. 1, 2021, doi: 10.1088/1742-6596/1899/1/012045. 

[19] K. Subalakshmi, W. Chung, and S. Lee, “Synergistically improved photovoltaic 

performances of dye-sensitized solar cells with metal-free organic cosensitizer and 

hybrid rGO-TiO2 photoanode,” Dye. Pigment., vol. 209, no. PB, p. 110892, 2023, 

doi: 10.1016/j.dyepig.2022.110892. 



[20] K. Subalakshmi, W. Chung, and S. Lee, “Dyes and Pigments Synergistically 

improved photovoltaic performances of dye-sensitized solar cells with metal-free 

organic cosensitizer and hybrid rGO-TiO 2 photoanode,” vol. 209, no. October 

2022, 2023. 

[21] G. Habibi Jetani and M. B. Rahmani, “TiO2/GO nanocomposites: synthesis, 

characterization, and DSSC application,” Eur. Phys. J. Plus, vol. 135, no. 9, 2020, 

doi: 10.1140/epjp/s13360-020-00739-4. 

[22] J. Wang, X. He, and S. Peeta, “Sensitivity analysis based approximation models 

for day-to-day link flow evolution process,” Transp. Res. Part B Methodol., vol. 

92, pp. 35–53, 2016, doi: 10.1016/j.trb.2015.09.010. 

[23]  zhuang jia wen qiuxiang, yu jun, sun xiaoyoung, “Hydrothermal Treatment TiO2 

film by Hydrochloric acid for rfficirnt dye-sensitized solar cell,” J. Mater. Chem. 

C, vol. 3, pp. 10715–10722, 2015, doi: 10.1039/b000000x. 

[24] C. Lin et al., “Go/tio2 composites as a highly active photocatalyst for the 

degradation of methyl orange,” J. Mater. Res., vol. 35, no. 10, pp. 1307–1315, 

2020, doi: 10.1557/jmr.2020.41. 

[25] G. Nandan Arka, S. Bhushan Prasad, and S. Singh, “Comprehensive study on dye 

sensitized solar cell in subsystem level to excel performance potential: A review,” 

Sol. Energy, vol. 226, no. July, pp. 192–213, 2021, doi: 

10.1016/j.solener.2021.08.037. 

 

 

 

[26] A. Agrawal, S. A. Siddiqui, A. Soni, K. Khandelwal, and G. D. Sharma, 

“Performance analysis of TiO2 based dye sensitized solar cell prepared by screen 

printing and doctor blade deposition techniques,” Sol. Energy, vol. 226, no. May, 

pp. 9–19, 2021, doi: 10.1016/j.solener.2021.08.001. 

[27] C. W. Lai, F. W. Low, S. Z. B. Mohamed Siddick, and J. C. Juan, “Graphene/TiO2 

nanocomposites: Synthesis routes, characterization, and solar cell applications,” 

Handb. Graphene, vol. 8, pp. 353–394, 2019, doi: 10.1002/9781119468455.ch64. 

[28] K. Kakiage, H. Osada, Y. Aoyama, T. Yano, K. Oya, and S. Iwamoto, 



“Achievement of over 1 . 4 V photovoltage in a dye-sensitized solar cell by the 

application of a silyl-anchor coumarin dye,” Nat. Publ. Gr., no. June, pp. 1–5, 

2016, doi: 10.1038/srep35888. 

[29] M. mustaghfiri anang mochammad, “View of Green synthesis of TiO2 

nanoparticles_ dye-sensitized solar cells (DSSC) Applications _ a review.pdf.” . 

[30] O. Maurya et al., “Effective transformation of hydrothermally grown TiO2 

nanorods to nanotube arrays for improved PEC hydrogen evolution,” Electrochim. 

Acta, vol. 471, no. October, p. 143391, 2023, doi: 

10.1016/j.electacta.2023.143391. 

[31] L. Duan et al., “Atom substitution method to construct full-solar-spectrum 

absorption MoSeS/TiO2 nanotube arrays for highly efficient hydrogen evolution,” 

J. Alloys Compd., vol. 889, p. 161694, 2022, doi: 10.1016/j.jallcom.2021.161694. 

[32] R. R. Ikreedeegh and M. Tahir, “Ternary nanocomposite of NH2-MIL-125(Ti) 

MOF-modified TiO2 nanotube arrays (TNTs) with GO electron mediator for 

enhanced photocatalytic conversion of CO2 to solar fuels under visible light,” J. 

Alloys Compd., vol. 969, no. October, p. 172465, 2023, doi: 

10.1016/j.jallcom.2023.172465. 

[33] M. H. Nguyen, S. H. Yoon, and K. S. Kim, “Hydrothermally fabricated TiO2 

heterostructure boosts efficiency of MAPbI3 perovskite solar cells,” J. Ind. Eng. 

Chem., vol. 106, pp. 382–392, 2022, doi: 10.1016/j.jiec.2021.11.013. 

 

[34] D. K. Jarwal et al., “Fabrication and TCAD simulation of TiO2 nanorods electron 

transport layer based perovskite solar cells,” Superlattices Microstruct., vol. 140, 

no. January, p. 106463, 2020, doi: 10.1016/j.spmi.2020.106463. 

[35] J. Zhang et al., “Facile fabrication of SnO2 modified TiO2 nanorods film for 

efficient photocathodic protection of 304 stainless steel under simulated solar 

light,” Corros. Sci., vol. 176, no. July, 2020, doi: 10.1016/j.corsci.2020.108927. 

[36] X. Tian, Q. Wang, Q. Zhao, L. Qiu, X. Zhang, and S. Gao, “SILAR deposition of 

CuO nanosheets on the TiO2 nanotube arrays for the high performance solar cells 

and photocatalysts,” Sep. Purif. Technol., vol. 209, no. July 2018, pp. 368–374, 

2019, doi: 10.1016/j.seppur.2018.07.057. 



[37] C. Zhu, Y. Shen, F. Yang, P. Zhu, and C. An, “Engineering hydrogenated TiO2 

nanosheets by rational deposition of Ni clusters and Pt single atoms onto exposing 

facets for high-performance solar fuel production,” Chem. Eng. J., vol. 466, no. 

November 2022, p. 143174, 2023, doi: 10.1016/j.cej.2023.143174. 

[38] G. Arthi, R. Selvam, C. Muthamizhchelvan, Y. Hayakawa, and S. Ganesh 

Ramaraj, “Thorn-like morphology of TiO2 hierarchical structures for efficient dye-

sensitized solar cell application,” Mater. Lett., vol. 347, no. May, p. 134654, 2023, 

doi: 10.1016/j.matlet.2023.134654. 

[39] W. A. Farooq et al., “Photovoltaic and capacitance measurements of solar cells 

comprise of Al-doped CdS (QD) and hierarchical flower-like TiO2 nanostructured 

electrode,” Results Phys., vol. 16, no. November 2019, p. 102827, 2020, doi: 

10.1016/j.rinp.2019.102827. 

[40] D. Ursu, M. Miclau, C. Casut, D. Albulescu, C. Birtok-Baneasa, and M. Vajda, 

“Efficient indoor dye-sensitized solar cells based on TiO2 hollow sphere,” J. 

Alloys Compd., vol. 976, no. December 2023, p. 173134, 2024, doi: 

10.1016/j.jallcom.2023.173134. 

[41] S. Zhang, S. Dun, X. Guo, and J. Zhang, “A synergistic effect of 

NaYF4:Yb,Er@NaGdF4:Nd@SiO2 upconversion nanoparticles and TiO2 hollow 

spheres to enhance photovoltaic performance of dye-sensitized solar cells,” 

Electrochim. Acta, vol. 421, no. April, 2022, doi: 10.1016/j.electacta.2022.140435. 

[42] M. Di, Y. Li, H. Wang, Y. Rui, W. Jia, and Q. Zhang, “Ellipsoidal TiO2 

mesocrystals as bi-functional photoanode materials for dye-sensitized solar cells,” 

Electrochim. Acta, vol. 261, pp. 365–374, 2018, doi: 

10.1016/j.electacta.2017.12.156. 

[43] M. Shobana, P. Balraju, N. Muthukumarasamy, and D. Velauthapillai, “Glycerol-

supportive Y3+ infused TiO2 nanoparticles: An electrode material for dye 

sensitized solar cell and supercapacitor applications,” J. Energy Storage, vol. 73, 

no. PB, p. 108943, 2023, doi: 10.1016/j.est.2023.108943. 

[44] M. R. Venkatraman, G. Rajesh, S. Rajkumar, M. R. Ananthan, and G. Balaji, 

“Semi-transparent dye-sensitized solar cells (DSSC) for energy-efficient windows 

with microwave-prepared TiO2 nanoparticles as photoanodes,” Mater. Lett., vol. 



360, no. December 2023, p. 135953, 2024, doi: 10.1016/j.matlet.2024.135953. 

[45] A. K. Karan, D. Sahoo, and N. B. Manik, “Investigating the effects of TiO2 

nanoparticles on the barrier inhomogeneity of brilliant-blue fruit dye-base solar 

cell,” Curr. Appl. Phys., vol. 59, no. 1, pp. 95–104, 2024, doi: 

10.1016/j.cap.2023.12.009. 

[46] G. Veerappan, K. Zhang, S. Soman, N. Heo, and J. H. Park, “Stibnite sensitized 

hollow cubic TiO2 photoelectrodes for organic-inorganic heterojunction solar 

cells,” Sol. Energy, vol. 157, no. August, pp. 434–440, 2017, doi: 

10.1016/j.solener.2017.08.057. 

[47] H. Asgari Moghaddam, M. R. Mohammadi, and S. M. Seyed Reyhani, “Improved 

photon to current conversion in nanostructured TiO2 dye-sensitized solar cells by 

incorporating cubic BaTiO3 particles deliting incident,” Sol. Energy, vol. 132, pp. 

1–14, 2016, doi: 10.1016/j.solener.2016.02.026. 

[48] H. Khir et al., “Recent advancements and challenges in flexible low temperature 

dye sensitised solar cells,” Sustain. Energy Technol. Assessments, vol. 53, no. PC, 

p. 102745, 2022, doi: 10.1016/j.seta.2022.102745. 

[49] S. S. Kudnie et al., “Titanium dioxide (TiO2) doped reduced graphene oxide (rGO) 

with different dye for solar cell application,” Mater. Sci. Forum, vol. 997 MSF, pp. 

77–82, 2020, doi: 10.4028/www.scientific.net/MSF.997.77. 

[50] A. Timoumi, H. M. Albetran, H. R. Alamri, S. N. Alamri, and I. M. Low, “Impact 

of annealing temperature on structural, morphological and optical properties of 

GO-TiO2 thin films prepared by spin coating technique,” Superlattices 

Microstruct., vol. 139, no. December 2019, 2020, doi: 

10.1016/j.spmi.2020.106423. 

[51] F. Iskandar, U. Hikmah, E. Stavila, and A. H. Aimon, “Microwave-assisted 

reduction method under nitrogen atmosphere for synthesis and electrical 

conductivity improvement of reduced graphene oxide (rGO),” RSC Adv., vol. 7, 

no. 83, pp. 52391–52397, 2017, doi: 10.1039/c7ra10013b. 

[52] A. Ahmed, A. Singh, S. J. Young, V. Gupta, M. Singh, and S. Arya, “Synthesis 

techniques and advances in sensing applications of reduced graphene oxide (rGO) 

Composites: A review,” Compos. Part A Appl. Sci. Manuf., vol. 165, no. 



November 2022, 2023, doi: 10.1016/j.compositesa.2022.107373. 

[53] L. Evariste et al., “Thermal reduction of graphene oxide mitigates its in vivo 

genotoxicity toward xenopus laevis tadpoles,” Nanomaterials, vol. 9, no. 4, pp. 1–

16, 2019, doi: 10.3390/nano9040584. 

[54] S. Kumar et al., “Recent development in two-dimensional material-based 

advanced photoanodes for high-performance dye-sensitized solar cells,” Sol. 

Energy, vol. 249, no. September 2022, pp. 606–623, 2023, doi: 

10.1016/j.solener.2022.12.013. 

[55] A. A. Dinata, A. M. Rosyadi, S. Hamid, and R. Zainul, “CHEMICAL VAPOR 

DEPOSITION : PROCESS AND APPLICATION,” 2018. 

[56] D. J. Moss, “Graphene oxide : new opportunities for optoelectronic , electronic and 

photonic chips.” 

[57] A. Raza et al., “A comparative study of dirac 2D materials , TMDCs and 2D 

insulators with regard to their structures and photocatalytic / sonophotocatalytic 

behavior,” Appl. Nanosci., no. June, 2020, doi: 10.1007/s13204-020-01475-y. 

[58] S. Ghasemi, S. R. Hosseini, F. Hasanpoor, and S. Nabipour, “Amperometric 

hydrazine sensor based on the use of Pt-Pd nanoparticles placed on reduced 

graphene oxide nanosheets,” 2019. 

 

[59] S. K. Panda, G. Murugadoss, and R. Thangamuthu, “Graphene-Based 

nanocomposite as photoanode,” Interfacial Eng. Funct. Mater. Dye. Sol. Cells, pp. 

231–246, 2019, doi: 10.1002/9781119557401.ch11. 

[60] R. M. Memmott, A. R. Wolfe, D. P. Carbone, and T. M. Williams, 

“Graphene/GO/rGO based nanocomposite: Emerging energy and environmental 

application,” J. Thorac. Oncol., p. 101890, 2024, [Online]. Available: 

https://doi.org/10.1016/j.jtho.2021.03.017. 

[61] A. S. AlShammari, M. M. Halim, F. K. Yam, and N. H. M. Kaus, “Synthesis of 

Titanium Dioxide (TiO2)/Reduced Graphene Oxide (rGO) thin film composite by 

spray pyrolysis technique and its physical properties,” Mater. Sci. Semicond. 

Process., vol. 116, no. April, 2020, doi: 10.1016/j.mssp.2020.105140. 

[62] D. S. U. Peiris, P. Ekanayake, and M. I. Petra, “Stacked rGO–TiO2 photoanode 



via electrophoretic deposition for highly efficient dye-sensitized solar cells,” Org. 

Electron., vol. 59, pp. 399–405, 2018, doi: 10.1016/j.orgel.2018.05.059. 

[63] H. C. Chen, J. Y. Li, and T. F. Liu, “Economy and colors based on solution-process 

rGO-TiO2 dye-sensitized solar cells modulated with organic Fabry-Perot cavity 

for indoor photovoltaic,” Opt. Mater. (Amst)., vol. 143, no. May, 2023, doi: 

10.1016/j.optmat.2023.114292. 

[64] L. Van Cuong, D. Lam, T. Cuong, L. Tran, T. Nghia, and L. Khac, “Effect of 

reducing agents on co-precipitation synthesis of titanium dioxide / reduced 

graphene oxide composite materials for upgrading the performance of dye-

sensitized solar cells,” Chem. Eng. Sci., vol. 264, p. 118145, 2022, doi: 

10.1016/j.ces.2022.118145. 

[65] A. Baharin, S. K. Sahari, R. Kemat, and N. E. A. Azhar, “The effects of titanium 

dioxide (Tio2) and reduced graphene oxide (rgo) doping ratio variation to the 

performance of dye-sensitized solar cell (dssc),” Int. J. Nanoelectron. Mater., vol. 

13, no. 1, pp. 159–168, 2020. 

[66] J. V Patil, J. S. Shaikh, A. P. Patil, and P. S. Patil, “In fl uence of reduced graphene 

oxide-TiO 2 composite nano fi bers in organic indoline DN350 based dye 

sensitized solar cells,” vol. 256, no. April, 2019. 

 

[67] N. Gao, T. Wan, Z. Xu, L. Ma, S. Ramakrishna, and Y. Liu, “Nitrogen doped 

TiO2/Graphene nanofibers as DSSCs photoanode,” Mater. Chem. Phys., vol. 255, 

no. April, p. 123542, 2020, doi: 10.1016/j.matchemphys.2020.123542. 

[68] S. Shanmugapriya, S. Surendran, Y. S. Lee, and R. K. Selvan, “Improved surface 

charge storage properties of Prosopis juliflora (pods) derived onion–like porous 

carbon through redox-mediated reactions for electric double layer capacitors,” 

Appl. Surf. Sci., vol. 492, pp. 896–908, 2019, doi: 10.1016/j.apsusc.2019.06.147. 

[69] H. Muhammad et al., “Advanced Ag / rGO / TiO 2 ternary nanocomposite based 

photoanode approaches to highly-efficient plasmonic dye-sensitized solar cells,” 

Opt. Commun., vol. 453, no. June, p. 124408, 2019, doi: 

10.1016/j.optcom.2019.124408. 

[70] V. A. Online et al., “Development of hydrophobic reduced graphene oxide as a 



new e ffi cient approach for,” pp. 12851–12863, 2020, doi: 10.1039/d0ra00186d. 

[71] P. Zheng et al., “Gut microbiome remodeling induces depressive-like behaviors 

through a pathway mediated by the host ’ s metabolism,” no. February, pp. 1–11, 

2016, doi: 10.1038/mp.2016.44. 

[72] H. Chen, J. Li, and T. Liu, “Economy and colors based on solution-process rGO-

TiO 2 dye-sensitized solar cells modulated with organic Fabry-Perot cavity for 

indoor photovoltaic,” Opt. Mater. (Amst)., vol. 143, no. August, p. 114292, 2023, 

doi: 10.1016/j.optmat.2023.114292. 

[73] S. A. Kazmi, S. Hameed, A. S. Ahmed, M. Arshad, and A. Azam, “Electrical and 

optical properties of graphene –TiO2 nanocomposite and its applications in dye 

sensitized solar cells (DSSC),” J. Alloys Compd., 2016, doi: 

10.1016/j.jallcom.2016.08.319. 

[74] A. Khan, N. Y. Bhosale, S. S. Mali, C. K. Hong, and A. V. Kadam, “Reduced 

graphene oxide layered WO3 thin film with enhanced electrochromic properties,” 

J. Colloid Interface Sci., vol. 571, pp. 185–193, 2020, doi: 

10.1016/j.jcis.2020.03.029. 

 

 

 

[75] A. Merazga, J. Al-zahrani, A. Al-baradi, B. Omer, A. Badawi, and S. Al-omairy, 

“Materials Science & Engineering B Optical band-gap of reduced graphene oxide 

/ TiO 2 composite and performance of associated dye-sensitized solar cells,” vol. 

259, no. April, 2020. 

[76] K. Ashok Kumar, K. Subalakshmi, M. Karl Chinnu, and J. Senthilselvan, 

“Polarization effect of dye-sensitizers on the current density and photovoltaic 

efficiency of co-sensitized DSSCs using metal-free and metal-based organic dyes,” 

J. Mater. Sci. Mater. Electron., vol. 30, no. 1, pp. 230–240, 2019, doi: 

10.1007/s10854-018-0285-5. 

[77] H. Khir et al., “Recent advancements and challenges in flexible low temperature 

dye sensitised solar cells,” Sustain. Energy Technol. Assessments, vol. 53, no. 5, 

2022, doi: 10.1016/j.seta.2022.102745. 



[78] H. Siddiqui, U. Ali, I. A. Sahito, S. A. Malik, K. C. Sun, and N. Mengal, 

“Comprehensive review of carbon materials as counter electrodes in dye-sensitized 

solar cells: Efficiency assessment and deposition methods,” Mater. Sci. Semicond. 

Process., vol. 172, no. November 2023, p. 108074, 2024, doi: 

10.1016/j.mssp.2023.108074. 

[79] J. Zhi, H. Cui, A. Chen, Y. Xie, and F. Huang, “Efficient highly flexible dye 

sensitized solar cells of three dimensional graphene decorated titanium dioxide 

nanoparticles on plastic substrate,” J. Power Sources, vol. 281, pp. 404–410, 2015, 

doi: 10.1016/j.jpowsour.2015.02.001. 

[80] E. S. Teixeira et al., “Building and testing a spin coater for the deposition of thin 

films on DSSCS,” Mater. Res., vol. 23, no. 6, 2020, doi: 10.1590/1980-5373-MR-

2020-0214. 

[81] F. Rodríguez-Mas, D. Valiente, J. C. Ferrer, J. L. Alonso, and S. Fernández de 

Ávila, “Towards a greener photovoltaic industry: Enhancing efficiency, 

environmental sustainability and manufacturing costs through solvent optimization 

in organic solar cells,” Heliyon, vol. 9, no. 12, 2023, doi: 

10.1016/j.heliyon.2023.e23099. 

 

 

[82] O. Access et al., “We are IntechOpen , the world ’ s leading publisher of Open 

Access books Built by scientists , for scientists TOP 1 %,” Intech, vol. i, no. 

tourism, p. 13, 2012, [Online]. Available: 

http://dx.doi.org/10.1039/C7RA00172J%0Ahttps://www.intechopen.com/books/a

dvanced-biometric-technologies/liveness-detection-in-

biometrics%0Ahttp://dx.doi.org/10.1016/j.colsurfa.2011.12.014. 

[83] J. Nguu, F. Nyongesa, R. Musembi, B. Aduda, and " Electrophoretic, “2 O 5 

Composite Thin Films for Dye Sensitized Solar Cells,” J. Mater. Phys. Chem., vol. 

6, no. 1, pp. 1–8, 2018, doi: 10.12691/jmpc-6-1-1. 

[84] X. Zhao and W. Deng, “Printing photovoltaics by electrospray,” vol. 3, no. 6, pp. 

1–22, 2020, doi: 10.29026/oea.2020.190038. 

[85] M. Shakeel Ahmad, A. K. Pandey, and N. Abd Rahim, “Advancements in the 



development of TiO2 photoanodes and its fabrication methods for dye sensitized 

solar cell (DSSC) applications. A review,” Renew. Sustain. Energy Rev., vol. 77, 

no. January, pp. 89–108, 2017, doi: 10.1016/j.rser.2017.03.129. 

[86] N. S. Noorasid et al., “Current advancement of flexible dye sensitized solar cell: 

A review,” Optik (Stuttg)., vol. 254, no. May 2021, p. 168089, 2022, doi: 

10.1016/j.ijleo.2021.168089. 

 

 


