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ABSTRAK  

PENGARUH KETEBALAN LAPISAN FOTOELEKTRODA TiO₂ 

TERHADAP SIFAT OPTIK DAN KINERJA DSSC 

 

Oleh  

Siti Maryam  

NIM 1901689 

(Program Studi Fisika) 

 

Dye Sensitized Cells (DSSC) merupakan jenis sel surya silikon konvensional yang 

memanfaatkan proses fotoelektrokimia, untuk mengubah energi cahaya matahari 

menjadi energi listrik. Sel surya ini termasuk sel surya generasi ketiga dan 

digunakan karena memiliki biaya yang murah, ramah lingkungan, proses fabrikasi 

yang mudah dan sederhana, dan juga menghasilkan sel surya yang ringan. 

Penelitian ini memfokuskan pada pengaruh ketebalan dari fotoelektroda TiO₂ 

(TTIP) dengan sifat optik dye standar N719 pada kinerja DSSC ditentukan oleh 

nilai absorbansi, nilai bandgap dan persentase LHE menggunakan UV-Vis 

Spectrophotometer, sedangkan pengaruh ketebalan terhadap kinerja DSSC 

ditentukan oleh sifat listrik meliputi 𝐽𝑠𝑐, 𝑉𝑜𝑐, 𝐹𝐹 serta efisiensi. Hasil yang diperoleh 

yaitu ketebalan yang lebih besar memiliki sifat optik dan kinerja DSSC yang lebih 

baik dilihat dari meningkatnya puncak absorbansi, persentase LHE, 𝐽𝑠𝑐, dan 

efisiensi. Sampel terbaik yang di hasilkan pada penelitian ini adalah sampel dengan 

ketebalan 3,6 μm dengan nilai efisiensi sebesar 4,3 × 10−7 %,  𝐽𝑠𝑐 3,52 × 10−5 

mA/cm², 𝑉𝑜𝑐 0.0656 V, dan 𝐹𝐹 0,251 %. Hal ini disebabkan oleh adanya energi 

foton yang terabsorpsi pada permukaan TiO₂, serta proses difusi elektron pada 

proses transfer elektron berlangsung secara cepat. 

 

Kata kunci : dye-sensitized solar cell, TiO₂, TTIP, N719 
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ABSTRACT 

EFFECT OF THICKNESS OF TiO₂ PHOTELECTRODA LAYERS ON 

OPTICAL FEATURES AND PERFORMANCE OF DSSCs 

by 

Siti Maryam  

NIM 1901689 

(Physics Study Program) 

 

Dye Sensitized Cells (DSSC) are a type of conventional silicon solar cell that 

utilizes photoelectrochemical processes, to convert sunlight energy into electrical 

energy. These solar cells include third generation solar cells and are used because 

they have low cost, environmentally friendly, easy and simple fabrication process, 

and also produce lightweight solar cells. This study focuses on the effect of the 

thickness of the TiO₂ (TTIP) photoelectrode with the optical properties of standard 

dye N719 on DSSC performance determined by absorbance value, bandgap value 

and LHE percentage using a UV-Vis Spectrophotometer, while the effect of 

thickness on DSSC performance is determined by electrical properties including 

𝐽𝑠𝑐, 𝑉𝑜𝑐, 𝐹𝐹 and efficiency. The results obtained are that the greater thickness has 

better optical properties and DSSC performance seen from the increase in 

absorbance value, LHE percentage, 𝐽𝑠𝑐, and efficiency. The best sample produced 

in this study is the sample with a thickness of 3.6 μm with an efficiency value of 

4,3 × 10−7 %,  𝐽𝑠𝑐 3,52 × 10−5 mA/cm², 𝑉𝑜𝑐 0.0656 V, and 𝐹𝐹 0,251 %. This is due 

to the photon energy that is absorbed on the TiO₂ surface, and the elektron diffusion 

process in the elektron transfer process takes place quickly. 

 

Key : dye-sensitized solar cell, TiO₂, TTIP, N719 

  



 

ix 
Siti Maryam, 2023 
PENGARUH KETEBALAN LAPISAN FOTOELEKTRODA TiO₂ TERHADAP SIFAT OPTIK DAN KINERJA 
DSSC 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR ISI 

LEMBAR PENGESAHAN .................................................................................... ii 

PERNYATAAN ..................................................................................................... iii 

KATA PENGANTAR ........................................................................................... iv 

UCAPAN TERIMA KASIH ................................................................................... v 

ABSTRAK ............................................................................................................ vii 

ABSTRACT ......................................................................................................... viii 

DAFTAR ISI .......................................................................................................... ix 

DAFTAR GAMBAR ............................................................................................ xii 

DAFTAR TABEL ................................................................................................ xiv 

BAB I  PENDAHULUAN ...................................................................................... 1 

1. 1. Latar Belakang ...................................................................................... 1 

1. 2. Rumusan Masalah ................................................................................. 4 

1. 3. Tujuan Penelitisn .................................................................................. 4 

1. 4. Batasan masalah .................................................................................... 5 

1. 5. Manfaat Penelitian ................................................................................ 5 

1. 6. Sistematika Penulisan ........................................................................... 5 

BAB II  KAJIAN PUSTAKA ................................................................................. 6 

2. 1. Sel Surya (Photovoltaic) ....................................................................... 6 

2. 2. Dye Sensitized Cells (DSSC) ................................................................ 8 

2. 3. Komponen DSSC .................................................................................. 9 

2. 3. 1 Kaca konduksi Indium Tin Oxide (ITO) ......................................... 10 

2. 3. 2 Fotoelektroda TiO₂ .......................................................................... 10 

2. 3. 3 Fotosentizer ..................................................................................... 11 

2. 3. 4 Elektrolit .......................................................................................... 12 

2. 3. 5 Elektroda balik ................................................................................ 13 



 

x 
Siti Maryam, 2023 
PENGARUH KETEBALAN LAPISAN FOTOELEKTRODA TiO₂ TERHADAP SIFAT OPTIK DAN KINERJA 
DSSC 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

2. 4. Prinsip Kerja DSSC ............................................................................ 14 

2. 5. Pengaruh sifat bahan fotoelektroda terhadap DSSC ........................... 15 

BAB III  METODE PENELITIAN....................................................................... 16 

3. 1. Waktu dan Tempat Penelitian ............................................................. 16 

3. 2. Desain Penelitian ................................................................................ 16 

3. 3. Prosedur Penelitian ............................................................................. 17 

3. 3. 1 Pembersihan kaca Indium Tin Oxide (ITO) sebagai substrat .......... 17 

3. 3. 2 Sintesis TiO2 (TTIP) ....................................................................... 18 

3. 3. 3 Preparasi TiO2 Thin Film Standar ................................................... 19 

3. 3. 4 Preparasi N719 sebagai dye ............................................................ 21 

3. 3. 5 Sintesis Spiro-OMeTAD sebagai HTM .......................................... 22 

3. 3. 6 Sintesis rGO sebagai Elektroda balik .............................................. 22 

3. 4. Karakterisasi ....................................................................................... 23 

3. 4. 1 Karakterisasi Sifat Optik lapisan TiO₂ ............................................ 23 

3. 5. Analisis Data ....................................................................................... 24 

3.5.1 Analisis Pengaruh Ketebalan Terhadap Sifat Optik Lapisan TiO₂ . 24 

3.5.2 Analisis Pengaruh Ketebalan TiO₂ Terhadap Kinerja DSSC.......... 25 

BAB IV HASIL DAN PEMBAHASAN .............................................................. 27 

4. 1. Sifat optik lapisan TiO₂ ....................................................................... 27 

4. 1. 1 Absorbansi ...................................................................................... 27 

4. 1. 2 Bandgap .......................................................................................... 30 

4. 1. 3 Light Harvesting Efficiency ............................................................ 32 

4. 2. Pengaruh Ketebalan lapisan TiO₂ terhadap Kinerja DSSC ................ 34 

BAB V SIMPULAN, IMPLIKASI, DAN REKOMENDASI .............................. 38 

5. 1. Simpulan ............................................................................................. 38 

5. 2. Implikasi ............................................................................................. 38 



 

xi 
Siti Maryam, 2023 
PENGARUH KETEBALAN LAPISAN FOTOELEKTRODA TiO₂ TERHADAP SIFAT OPTIK DAN KINERJA 
DSSC 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

5. 3. Rekomendasi ....................................................................................... 38 

DAFTAR PUSTAKA ........................................................................................... 39 

  



 

39 
Siti Maryam, 2023 
PENGARUH KETEBALAN LAPISAN FOTOELEKTRODA TiO₂ TERHADAP SIFAT OPTIK DAN KINERJA 
DSSC 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR PUSTAKA 

Abd El-Kodous, M. (2018). C-DOTS DISPESED MACROMESOPOROUS TIO2 

NANOSPHERES AS AN EFFICIENT PHOTOCATALYST FOR WASTE-

WATER TREATMENT Preparation and characterization of new recyclable 

visible-light responsive nanocomposite for photocatalysis applications View 

project. May. https://doi.org/10.13140/RG.2.2.25280.38404 

Abermann, S. (2013). Non-vacuum processed next generation thin film 

photovoltaics: Towards marketable efficiency and production of CZTS based 

solar cells. Solar Energy, 94, 37–70. 

https://doi.org/10.1016/j.solener.2013.04.017 

Archana, J., Navaneethan, M., & Hayakawa, Y. (2013). Solvothermal growth of 

high surface area mesoporous anatase TiO2 nanospheres and investigation of 

dye-sensitized solar cell properties. Journal of Power Sources, 242, 803–810. 

https://doi.org/10.1016/j.jpowsour.2013.05.126 

Astinchap, B., Moradian, R., & Gholami, K. (2017). Effect of sputtering power on 

optical properties of prepared TiO2 thin films by thermal oxidation of 

sputtered Ti layers. Materials Science in Semiconductor Processing, 

63(November 2016), 169–175. https://doi.org/10.1016/j.mssp.2017.02.007 

Baglio, V., Girolamo, M., Antonucci, V., & Aricò, A. S. (2011). Influence of TiO2 

film thickness on the electrochemical behaviour of dye-sensitized solar cells. 

International Journal of Electrochemical Science, 6(8), 3375–3384. 

Brédas, J. L., Silbey, R., Boudreaux, D. S., & Chance, R. R. (1983). Chain-Length 

Dependence of Electronic and Electrochemical Properties of Conjugated 

Systems: Polyacetylene, Polyphenylene, Polythiophene, and Polypyrrole. 

Journal of the American Chemical Society, 105(22), 6555–6559. 

https://doi.org/10.1021/ja00360a004 

Brian O’Regan & Michael Gratzer. (1991). © 19 9 1 Nature Publishing Group 

그라첼꺼. Nature, 354, 737–740. 



40 

 
Siti Maryam, 2023 
PENGARUH KETEBALAN LAPISAN FOTOELEKTRODA TiO₂ TERHADAP SIFAT OPTIK DAN KINERJA 
DSSC 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Cahya Prima, E., Yuliarto, B., Suyatman, & Dipojono, H. K. (2015). Theoretical 

Investigation of Anthocyanidin Aglycones as Photosensitizers for Dye-

Sensitized TiO2 Solar Cells. Advanced Materials Research, 1112, 317–320. 

https://doi.org/10.4028/www.scientific.net/amr.1112.317 

Chang, R. D., Zuo, J., Zhao, Z. Y., Zillante, G., Gan, X. L., & Soebarto, V. (2017). 

Evolving theories of sustainability and firms: History, future directions and 

implications for renewable energy research. Renewable and Sustainable 

Energy Reviews, 72(November 2015), 48–56. 

https://doi.org/10.1016/j.rser.2017.01.029 

Clifford, J. N., Martínez-Ferrero, E., Viterisi, A., & Palomares, E. (2011). Sensitizer 

molecular structure-device efficiency relationship in dye sensitized solar cells. 

Chemical Society Reviews, 40(3), 1635–1646. 

https://doi.org/10.1039/b920664g 

da Fonseca, B. T., D’Elia, E., Siqueira Júnior, J. M., de Oliveira, S. M., dos Santos 

Castro, K. L., & Ribeiro, E. S. (2021). Study of the characteristics and 

properties of the SiO2/TiO2/Nb2O5 material obtained by the sol–gel process. 

Scientific Reports, 11(1), 1–15. https://doi.org/10.1038/s41598-020-80310-4 

Das, T. K., Ilaiyaraja, P., & Sudakar, C. (2018). Whispering Gallery Mode Assisted 

Enhancement in the Power Conversion Efficiency of DSSC and QDSSC 

Devices Using TiO2 Microsphere Photoanodes. ACS Applied Energy 

Materials, 1(2), 765–774. https://doi.org/10.1021/acsaem.7b00207 

Dewi, N. A., Nurosyid, F., & Supriyanto, A. (2016). Pengaruh Ketebalan Elektroda 

Kerja TiO2 Transparan terhadap Kinerja Dye Sensitized Solar Cell (DSSC) 

sebagai Aplikasi Solar Window. Indonesian Journal of Applied Physics, 6(02), 

73–78. 

Dewi, N. A., Nurosyid, F., Supriyanto, A., & Suryana, R. (2017). Effect of 

thickness Type on Transparent TiO2 as the Working Electrode of Dye 

sensitized Solar Cell (DSSC) for Solar Windows Applications. Indonesian 

Journal of Applied Physics, 6(02), 73. 

https://doi.org/10.13057/ijap.v6i02.1362 



41 

 
Siti Maryam, 2023 
PENGARUH KETEBALAN LAPISAN FOTOELEKTRODA TiO₂ TERHADAP SIFAT OPTIK DAN KINERJA 
DSSC 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Ebrahim, K. (2011). Dye Sensitized Solar Cells - Working Principles, Challenges 

and Opportunities. Solar Cells - Dye-Sensitized Devices. 

https://doi.org/10.5772/19749 

Eka, C. P., Brian, Y., Suyatman, & Hermawan, K. D. (2017). Donor-modified 

anthocyanin dye-sensitized solar cell with TiO2 nanoparticles: Density 

functional theory investigation. Materials Science Forum, 889 MSF, 178–183. 

https://doi.org/10.4028/www.scientific.net/MSF.889.178 

Fukui, K., Yonezawa, T., & Shingu, H. (1952). A molecular orbital theory of 

reactivity in aromatic hydrocarbons. The Journal of Chemical Physics, 20(4), 

722–725. https://doi.org/10.1063/1.1700523 

Gaal, D. A., McGarrah, J. E., Liu, F., Cook, J. E., & Hupp, J. T. (2004). 

Nonadiabatic electron transfer at the nanoscale tin-oxide 

semiconductor/aqueous solution interface. Photochemical and 

Photobiological Sciences, 3(3), 240–245. https://doi.org/10.1039/b313694a 

Ganta, D., Combrink, K., & Villanueva, R. (2019). Natural Dye-Sensitized Solar 

Cells: Fabrication, Characterization, and Challenges. Energy, Environment, 

and Sustainability, 129–155. https://doi.org/10.1007/978-981-13-3302-6_5 

Ghann, W., Kang, H., Sheikh, T., Yadav, S., Chavez-Gil, T., Nesbitt, F., & Uddin, 

J. (2017). Fabrication, Optimization and Characterization of Natural Dye 

Sensitized Solar Cell. Scientific Reports, 7(June 2016), 1–12. 

https://doi.org/10.1038/srep41470 

Gong, J., Liang, J., & Sumathy, K. (2012). Review on dye-sensitized solar cells 

(DSSCs): Fundamental concepts and novel materials. Renewable and 

Sustainable Energy Reviews, 16(8), 5848–5860. 

https://doi.org/10.1016/j.rser.2012.04.044 

Gray, J. L. (2011). The Physics of the Solar Cell. In Handbook of Photovoltaic 

Science and Engineering. https://doi.org/10.1002/9780470974704.ch3 

Hardani, H., Hendra, H., Darmawan, M. I., Cari, C., & Supriyanto, A. (2016). 

Pengaruh Konsentrasi Ruthenium (N719) sebagai Fotosensitizer dalam Dye-



42 

 
Siti Maryam, 2023 
PENGARUH KETEBALAN LAPISAN FOTOELEKTRODA TiO₂ TERHADAP SIFAT OPTIK DAN KINERJA 
DSSC 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Sensitized Solar Cells (DSSC) Transparan. Jurnal Fisika dan Aplikasinya, 

12(3), 104. https://doi.org/10.12962/j24604682.v12i3.1340 

Hasan, M. H., Mahlia, T. M. I., & Nur, H. (2012). A review on energy scenario and 

sustainable energy in Indonesia. Renewable and Sustainable Energy Reviews, 

16(4), 2316–2328. https://doi.org/10.1016/j.rser.2011.12.007 

Hastuti, E. (2012). ANALISA DIFRAKSI SINAR X TiO2 DALAM PENYIAPAN 

BAHAN SEL SURYA TERSENSITISASI PEWARNA. Jurnal Neutrino, 

2010, 93–100. https://doi.org/10.18860/neu.v0i0.2416 

Hayashi, M., Shimizu, T., Imamura, M., Fujibayashi, S., Yamaguchi, S., Goto, K., 

Otsuki, B., Kawai, T., Okuzu, Y., & Matsuda, S. (2021). Optimizing the layer 

thickness of sol–gel-derived TiO2 coating on polyetheretherketone. Scientific 

Reports, 11(1), 1–9. https://doi.org/10.1038/s41598-021-95572-9 

Hedley, G. J., Ruseckas, A., & Samuel, I. D. W. (2017). Light harvesting for organic 

photovoltaics. Chemical Reviews, 117(2), 796–837. 

https://doi.org/10.1021/acs.chemrev.6b00215 

Irshad, M. A., Nawaz, R., Zia ur Rehman, M., Imran, M., Ahmad, J., Ahmad, S., 

Inam, A., Razzaq, A., Rizwan, M., & Ali, S. (2020). Synthesis and 

characterization of titanium dioxide nanoparticles by chemical and green 

methods and their antifungal activities against wheat rust. Chemosphere, 258, 

127352. https://doi.org/10.1016/j.chemosphere.2020.127352 

James, S., & Contractor, R. (2018). Study on Nature-inspired Fractal Design-based 

Flexible Counter Electrodes for Dye-Sensitized Solar Cells Fabricated using 

Additive Manufacturing. Scientific Reports, 8(1), 1–12. 

https://doi.org/10.1038/s41598-018-35388-2 

Jiang, G., Geng, K., Wu, Y., Han, Y., & Shen, X. (2018). High photocatalytic 

performance of ruthenium complexes sensitizing g-C3N4/TiO2 hybrid in 

visible light irradiation. Applied Catalysis B: Environmental, 227, 366–375. 

https://doi.org/10.1016/j.apcatb.2018.01.034 

Kakiage, K., Aoyama, Y., Yano, T., Oya, K., Fujisawa, J. I., & Hanaya, M. (2015). 



43 

 
Siti Maryam, 2023 
PENGARUH KETEBALAN LAPISAN FOTOELEKTRODA TiO₂ TERHADAP SIFAT OPTIK DAN KINERJA 
DSSC 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Highly-efficient dye-sensitized solar cells with collaborative sensitization by 

silyl-anchor and carboxy-anchor dyes. Chemical Communications, 51(88), 

15894–15897. https://doi.org/10.1039/c5cc06759f 

Kartikay, P., Nemala, S. S., & Mallick, S. (2017). One-dimensional TiO2 

nanostructured photoanode for dye-sensitized solar cells by hydrothermal 

synthesis. Journal of Materials Science: Materials in Electronics, 28(15), 

11528–11533. https://doi.org/10.1007/s10854-017-6950-2 

Kay, A., & Grätzel, M. (1996). Low cost photovoltaic modules based on dye 

sensitized nanocrystalline titanium dioxide and carbon powder. Solar Energy 

Materials and Solar Cells, 44(1), 99–117. https://doi.org/10.1016/0927-

0248(96)00063-3 

Kumara, N. T. R. N., Lim, A., Lim, C. M., Petra, M. I., & Ekanayake, P. (2017). 

Recent progress and utilization of natural pigments in dye sensitized solar 

cells: A review. Renewable and Sustainable Energy Reviews, 78(February), 

301–317. https://doi.org/10.1016/j.rser.2017.04.075 

Kumari, J. M. K. W., Sanjeevadharshini, N., Dissanayake, M. A. K. L., Senadeera, 

G. K. R., & Thotawatthage, C. A. (2016). The effect of TiO2 photo anode film 

thickness on photovoltaic properties of dye-sensitized solar cells. Ceylon 

Journal of Science, 45(1), 33. https://doi.org/10.4038/cjs.v45i1.7362 

Larson, R. A., Stackhouse, P. L., & Crowley, T. O. (1992). Riboflavin Tetraacetate: 

A Potentially Useful Photosensitizing Agent for the Treatment of 

Contaminated Waters. Environmental Science and Technology, 26(9), 1792–

1798. https://doi.org/10.1021/es00033a013 

Lee, J. K., & Yang, M. (2011). Progress in light harvesting and charge injection of 

dye-sensitized solar cells. Materials Science and Engineering B: Solid-State 

Materials for Advanced Technology, 176(15), 1142–1160. 

https://doi.org/10.1016/j.mseb.2011.06.018 

Lee, Y., Chae, J., & Kang, M. (2010). Comparison of the photovoltaic efficiency 

on DSSC for nanometer sized TiO2 using a conventional sol-gel and 



44 

 
Siti Maryam, 2023 
PENGARUH KETEBALAN LAPISAN FOTOELEKTRODA TiO₂ TERHADAP SIFAT OPTIK DAN KINERJA 
DSSC 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

solvothermal methods. Journal of Industrial and Engineering Chemistry, 

16(4), 609–614. https://doi.org/10.1016/j.jiec.2010.03.008 

Liu, X., Fang, J., Liu, Y., & Lin, T. (2016). Progress in nanostructured photoanodes 

for dye-sensitized solar cells. Frontiers of Materials Science, 10(3), 225–237. 

https://doi.org/10.1007/s11706-016-0341-0 

Maheswari, D., & Sreenivasan, D. (2015). Review of TiO2 nanowires in dye 

sensitized solar cell. Applied Solar Energy (English translation of 

Geliotekhnika), 51(2), 112–116. 

https://doi.org/10.3103/S0003701X15020085 

Maiaugree, W., Lowpa, S., Towannang, M., Rutphonsan, P., Tangtrakarn, A., 

Pimanpang, S., Maiaugree, P., Ratchapolthavisin, N., Sang-Aroon, W., 

Jarernboon, W., & Amornkitbamrung, V. (2015). A dye sensitized solar cell 

using natural counter electrode and natural dye derived from mangosteen peel 

waste. Scientific Reports, 5(May), 1–12. https://doi.org/10.1038/srep15230 

Mcdonald, S. A., Konstantatos, G., Zhang, S., Cyr, P. W., Klem, E. J. D., Levina, 

L., & Sargent, E. H. (2005). Solution-processed PbS quantum dot infrared 

photodetectors and photovoltaics. Nature Materials, 4(2), 138–142. 

https://doi.org/10.1038/nmat1299 

Meen, T. H., Tsai, J. K., Tu, Y. S., Wu, T. C., Hsu, W. D., & Chang, S. J. (2014). 

Optimization of the dye-sensitized solar cell performance by mechanical 

compression. Nanoscale Research Letters, 9(1), 1–8. 

https://doi.org/10.1186/1556-276X-9-523 

Narayan, M. R. (2012). Review: Dye sensitized solar cells based on natural 

photosensitizers. Renewable and Sustainable Energy Reviews, 16(1), 208–

215. https://doi.org/10.1016/j.rser.2011.07.148 

Nemala, S. S., Kartikay, P., Prathapani, S., Bohm, H. L. M., Bhargava, P., Bohm, 

S., & Mallick, S. (2017). Liquid phase high shear exfoliated graphene 

nanoplatelets as counter electrode material for dye-sensitized solar cells. 

Journal of Colloid and Interface Science, 499, 9–16. 



45 

 
Siti Maryam, 2023 
PENGARUH KETEBALAN LAPISAN FOTOELEKTRODA TiO₂ TERHADAP SIFAT OPTIK DAN KINERJA 
DSSC 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

https://doi.org/10.1016/j.jcis.2017.03.083 

Papageorgiou, D. G., Kinloch, I. A., & Young, R. J. (2015). Graphene/elastomer 

nanocomposites. Carbon, 95, 460–484. 

https://doi.org/10.1016/j.carbon.2015.08.055 

Park, K. H., Kim, S. J., Gomes, R., & Bhaumik, A. (2015). High performance dye-

sensitized solar cell by using porous polyaniline nanotubes as counter 

electrode. Chemical Engineering Journal, 260, 393–398. 

https://doi.org/10.1016/j.cej.2014.08.105 

Portillo-Cortez, K., Martínez, A., Dutt, A., & Santana, G. (2019). N719 Derivatives 

for Application in a Dye-Sensitized Solar Cell (DSSC): A Theoretical Study. 

Journal of Physical Chemistry A, 123(51), 10930–10939. 

https://doi.org/10.1021/acs.jpca.9b09024 

Qu, S., Hua, J., & Tian, H. (2012). New D-π-A dyes for efficient dye-sensitized 

solar cells. Science China Chemistry, 55(5), 677–697. 

https://doi.org/10.1007/s11426-012-4517-x 

Raj, C. C., & Prasanth, R. (2016). A critical review of recent developments in 

nanomaterials for photoelectrodes in dye sensitized solar cells. Journal of 

Power Sources, 317, 120–132. 

https://doi.org/10.1016/j.jpowsour.2016.03.016 

Sabataityte, J., Oja, I., Lenzmann, F., Volobujeva, O., & Krunks, M. (2006). 

Characterization of nanoporous TiO2 films prepared by sol-gel method. 

Comptes Rendus Chimie, 9(5–6), 708–712. 

https://doi.org/10.1016/j.crci.2005.05.019 

Schneider, K., & Benick, J. (2017). Multicrystalline Silicon Solar Cell with 21.9 

Percent Efficiency: Fraunhofer ISE Again Holds World Record. Fraunhofer 

Institute for Solar Energy Systems ISE, 3–5. 

Šegota, S., Ćurković, L., Ljubas, D., Svetličić, V., Houra, I. F., & Tomašić, N. 

(2011). Synthesis, characterization and photocatalytic properties of sol-gel 

TiO2 films. Ceramics International, 37(4), 1153–1160. 



46 

 
Siti Maryam, 2023 
PENGARUH KETEBALAN LAPISAN FOTOELEKTRODA TiO₂ TERHADAP SIFAT OPTIK DAN KINERJA 
DSSC 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

https://doi.org/10.1016/j.ceramint.2010.10.034 

Sinha, D., De, D., & Ayaz, A. (2020). Photo sensitizing and electrochemical 

performance analysis of mixed natural dye and nanostructured ZnO based 

DSSC. Sadhana - Academy Proceedings in Engineering Sciences, 45(1). 

https://doi.org/10.1007/s12046-020-01415-0 

Suparwoko, & Qamar, F. A. (2022). Techno-economic analysis of rooftop solar 

power plant implementation and policy on mosques: an Indonesian case study. 

Scientific Reports, 12(1), 1–18. https://doi.org/10.1038/s41598-022-08968-6 

Todinova, A., Idígoras, J., Salado, M., Kazim, S., & Anta, J. A. (2015). Universal 

Features of Electron Dynamics in Solar Cells with TiO2 Contact: From Dye 

Solar Cells to Perovskite Solar Cells. Journal of Physical Chemistry Letters, 

6(19), 3923–3930. https://doi.org/10.1021/acs.jpclett.5b01696 

Umale, S., Sudhakar, V., Sontakke, S. M., Krishnamoorthy, K., & Pandit, A. B. 

(2019). Improved efficiency of DSSC using combustion synthesized TiO2. 

Materials Research Bulletin, 109, 222–226. 

https://doi.org/10.1016/j.materresbull.2018.09.044 

Wang, Z. S., Kawauchi, H., Kashima, T., & Arakawa, H. (2004). Significant 

influence of TiO2 photoelectrode morphology on the energy conversion 

efficiency of N719 dye-sensitized solar cell. Coordination Chemistry Reviews, 

248(13–14), 1381–1389. https://doi.org/10.1016/j.ccr.2004.03.006 

Yan, J. (1996). Structural and electrical characterization of TiO2 grown from 

titanium tetrakis-isopropoxide (TTIP) and TTIP/H2O ambients. Journal of 

Vacuum Science & Technology B: Microelectronics and Nanometer 

Structures, 14(3), 1706. https://doi.org/10.1116/1.589214 

Yang, D., Yang, R., Priya, S., & Liu, S. (Frank). (2019). Recent Advances in 

Flexible Perovskite Solar Cells: Fabrication and Applications. Angewandte 

Chemie - International Edition, 58(14), 4466–4483. 

https://doi.org/10.1002/anie.201809781 

Yao, J., Bai, Y., Chen, N., Takahashi, M., & Yoko, T. (2011). Sol-gel preparation, 



47 

 
Siti Maryam, 2023 
PENGARUH KETEBALAN LAPISAN FOTOELEKTRODA TiO₂ TERHADAP SIFAT OPTIK DAN KINERJA 
DSSC 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

characterization, and photocatalytic activity of macroporous TiO2 thin films. 

Journal of the American Ceramic Society, 94(4), 1191–1197. 

https://doi.org/10.1111/j.1551-2916.2010.04205.x 

Yazid, S. A., Rosli, Z. M., & Juoi, J. M. (2019). Effect of titanium (IV) isopropoxide 

molarity on the crystallinity and photocatalytic activity of titanium dioxide 

thin film deposited via green sol-gel route. Journal of Materials Research and 

Technology, 8(1), 1434–1439. https://doi.org/10.1016/j.jmrt.2018.10.009 

Yu, J., & Zhao, X. (2001). Effect of surface treatment on the photocatalytic activity 

and hydrophilic property of the sol-gel derived TiO2 thin films. Materials 

Research Bulletin, 36(1–2), 97–107. https://doi.org/10.1016/S0025-

5408(00)00475-X 

Yuliarto, B., Septina, W., Fuadi, K., Fanani, F., Muliani, L., & Nugraha. (2010). 

Synthesis of nanoporous TiO2 and its potential applicability for dye-sensitized 

solar cell using antocyanine black rice. Advances in Materials Science and 

Engineering, 2010. https://doi.org/10.1155/2010/789541 

Zhang, Jin, Yu, C., Wang, L., Li, Y., Ren, Y., & Shum, K. (2014). Energy barrier 

at the N719-dye/CsSnI3 interface for photogenerated holes in dye-sensitized 

solar cells. Scientific Reports, 4, 3–8. https://doi.org/10.1038/srep06954 

Zhang, Jinbao, Hua, Y., Xu, B., Yang, L., Liu, P., Johansson, M. B., Vlachopoulos, 

N., Kloo, L., Boschloo, G., Johansson, E. M. J., Sun, L., & Hagfeldt, A. (2016). 

The Role of 3D Molecular Structural Control in New Hole Transport Materials 

Outperforming Spiro-OMeTAD in Perovskite Solar Cells. Advanced Energy 

Materials, 6(19). https://doi.org/10.1002/aenm.201601062 

Zhou, H., Wu, L., Gao, Y., & Ma, T. (2011). Dye-sensitized solar cells using 20 

natural dyes as sensitizers. Journal of Photochemistry and Photobiology A: 

Chemistry, 219(2–3), 188–194.  

 


