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ABSTRAK 

 

PENGARUH pH PENGEKSTRASI DAN KONSENTRASI DAUN 

BANDOTAN (Ageratum conyzoides L) PADA PROSES EKSTRASI 

TERHADAP SIFAT OPTIK FOTOSENSITIZER DAN KINERJA DYE-

SENSITIZED SOLAR CELL 

 

Oleh 

Sandi Muhammad Roziq 

NIM 2003988 

(Program Studi Fisika) 

Dye-Sensitized Solar Cell (DSSC) adalah salah satu jenis sel surya generasi ketiga 

yang menggunakan dye sebagai lapisan pemeka cahaya dan saat ini masih dalam 

tahap pengembangan. DSSC menawarkan beberapa keunggulan dibandingkan 

generasi sebelumnya, seperti biaya produksi yang rendah, proses pembuatan yang 

sederhana, ramah lingkungan, tidak beracun, dan ringan. Namun, dalam 

pengembangannya, dye alami yang berasal dari bahan-bahan alam menghasilkan 

efisiensi yang lebih rendah dibandingkan dengan dye konvensional seperti N719. 

Penelitian ini difokuskan pada sifat optik dan kinerja DSSC yang dipengaruhi oleh 

pH pelarut dan konsentrasi daun bandotan (Ageratum conyzoides L). Dalam 

penelitian ini, pH pelarut divariasikan pada pH 1,00, 1,66, 2,27, dan 3,00. Dye 

dengan pH perlarut yang memiliki efisiensi terbaik kemudian divariasikan 

konsentrasi menjadi 1,25𝑔𝑟/50𝑚𝑙, 2,5𝑔𝑟/50𝑚𝑙, 3,75𝑔𝑟/50𝑚𝑙, dan 5𝑔𝑟/50𝑚𝑙. 
Karakterisasi Fourier Transform Infrared (FTIR) digunakan untuk 

mengidentifikasi pigmen yang terkandung dalam dye. UV-Vis spectroscopy, cyclic 

voltammetry, dan pengukuran karakteristik J-V dilakukan untuk menganalisis sifat 

optik dan kinerja DSSC. Hasil penelitian menunjukkan bahwa sampel dye dalam 

pelarut pH 1,00 dengan konsentrasi 2,5𝑔𝑟/50𝑚𝑙 terhadap volume pelarut memiliki 

kinerja terbaik dengan rata-rata 𝐽𝑠𝑐
̅̅ ̅ 0,197 𝑚𝐴/𝑐𝑚2, 𝑉𝑂𝐶

̅̅ ̅̅ ̅ 0,525 V, 𝐹𝐹̅̅ ̅̅  58,4%, dan 

rata rata efisiensi �̅� sebesar 0,000598%. Penelitian ini juga menunjukkan bahwa 

perubahan pH pelarut dapat memengaruhi struktur molekul penyusun dye dan lebar 

band gap, sementara perubahan konsentrasi larutan dapat memengaruhi 

kemampuan penyerapan cahaya pada DSSC. 
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ABSTRACT 

 

EFFECT OF EXTRACTANT pH AND CONCENTRATION OF AGERATUM 

CONYZOIDES L LEAF ON THE OPTICAL PROPERTIES OF 

PHOTOSENSITIZERS AND PERFORMANCE OF DYE-SENSITISED 

SOLAR CELLS 

By 

Sandi Muhammad Roziq 

NIM 2003988 

(Physics Study Program) 

Dye-Sensitised Solar Cell (DSSC) is a type of third-generation solar cell that uses 

dye as a light-sensitising layer and is currently still under development. DSSCs 

offer several advantages over previous generations, such as low production costs, 

simple manufacturing processes, environmentally friendly, non-toxic, and 

lightweight. However, in its development, natural dyes derived from natural 

materials produce lower efficiency compared to conventional dyes such as N719. 

This study focused on the optical properties and performance of DSSC as affected 

by variations in solvent pH and leaf weight to solvent volume from bandotan leaves 

(Ageratum conyzoides L). In this study, the pH of the solvent was varied at pH 1.00, 

1.66, 2.27, and 3.00. Dye with solvent pH that has the best efficiency was then 

varied in concentration to 1,25𝑔𝑟/50𝑚𝑙, 2,5𝑔𝑟/50𝑚𝑙, 3,75𝑔𝑟/50𝑚𝑙, dan 

5𝑔𝑟/50𝑚𝑙. Fourier Transform Infrared (FTIR) characterisation was used to 

identify the pigments contained in the dye. UV-Vis spectroscopy, cyclic 

voltammetry, and J-V characteristic measurements were performed to analyse the 

optical properties and performance of the DSSC. The results showed that the dye 

sample in pH 1.00 solvent with 2,5𝑔𝑟/50𝑚𝑙 concentration had the best 

performance with an average 𝐽𝑠𝑐
̅̅ ̅  0.197 𝑚𝐴/𝑐𝑚2, 𝑉𝑂𝐶

̅̅ ̅̅ ̅ 0.525 V, 𝐹𝐹̅̅ ̅̅  58.4%, and an 

average efficiency �̅� 0.000598%. This study also shows that changes in solvent pH 

can affect the molecular structure of dye constituents and band gap width, while 

changes in solution concentration can affect the light absorption ability of DSSC. 

  



 

 

ix 

 

DAFTAR ISI 

LEMBAR HAK CIPTA .......................................................................................... ii 

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

LEMBAR PENGESAHAN ................................................................................... iv 

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

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

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

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

DAFTAR GAMBAR ............................................................................................. xi 

DAFTAR TABEL ................................................................................................ xiii 

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

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

1.2 Rumusan Masalah .................................................................................... 4 

1.3 Tujuan Penelitian ...................................................................................... 5 

1.4 Batasan Penelitian .................................................................................... 5 

1.5 Manfaat Penelitian .................................................................................... 5 

1.6 Sistematika Penulisan ............................................................................... 6 

BAB II KAJIAN PUSTAKA .................................................................................. 7 

2.1 Sel Surya ................................................................................................... 7 

2.2 Dye sensitized Solar Cell (DSSC) ............................................................ 8 

2.3 Komponen dan Prinsip Kerja DSSC ........................................................ 9 

2.4 Daun Bandotan sebagai Fotosensitizer ................................................... 14 

BAB III METODE PENELITIAN........................................................................ 18 

3.1 Waktu dan Tempat Penelitian ................................................................ 18 

3.2 Desain Penelitian .................................................................................... 18 

3.3 Alat dan Bahan ....................................................................................... 19 

3.4 Prosedur Penelitian ................................................................................. 20 

3.4.1 Ekstrasi Dye ..................................................................................... 20 

3.4.2 Sintesis Fotoanoda ........................................................................... 21 

3.4.3 Sistesis Elektroda Balik.................................................................... 21 

3.4.4 Fabrikasi DSSC ................................................................................ 21 

3.5 Karakterisasi ........................................................................................... 22 

3.5.1 Karakterisasi Gugus Fungsi ............................................................. 22 



x 

 

 

 

3.5.2 Karakterisasi Serapan Optik ............................................................. 22 

3.5.3 Karakterisasi Tingkat Energi Molekular Dye .................................. 23 

3.5.4 Karakterisasi J-V DSSC ................................................................... 23 

3.6 Analisis Data .......................................................................................... 23 

3.6.1 Analisis Pengaruh pH Pelarut dan Konsentrasi terhadap Sifat 

Optik ................................................................................................. 23 

3.6.2 Analisis Pengaruh pH Pelarut dan Konsentrasi terhadap Kinerja 

DSSC  ............................................................................................... 25 

BAB IV TEMUAN DAN PEMBAHASAN ......................................................... 26 

4.1 Pengaruh pH Larutan Pengekstrasi Dye terhadap Sifat Optik................ 26 

4.2 Pengaruh pH Larutan Pengekstrasi Dye terhadap Kinerja DSSC .......... 34 

4.3. Pengaruh Konsentrasi Pengekstrasi Dye terhadap Sifat Optik ............... 37 

4.3 Pengaruh Konsentrasi Pengekstrasi Dye terhadap Kinerja DSSC ......... 43 

BAB V SIMPULAN, IMPLIKASI, DAN REKOMENDASI .............................. 45 

5.1. Simpulan ................................................................................................. 45 

5.2. Implikasi ................................................................................................. 45 

5.3. Rekomendasi .......................................................................................... 46 

DAFTAR PUSTAKA ........................................................................................... 47 

LAMPIRAN  ....................................................................................................... 64 



 

 

xi 

 

DAFTAR GAMBAR 

Gambar 2.1 Ilustrasi skema aliran pembawa pada sambungan p–n yang  

menyala dalam kasus hubung singkat (Soga, 2006) ........................ 7 

Gambar 2.2 Prinsip Kerja DSSC (Kumara dkk. 2017) ....................................... 9 

Gambar 2.3 Daun Bandotan (Dinas Perkebunan Provinsi Jawa Timur,  

2021) .............................................................................................. 15 

Gambar 2.4 Struktur rangka utama Flavonoid (Calogero dkk. 2015) ............... 16 

Gambar 2.5 Struktur klorofil ............................................................................. 16 

Gambar 3.1 Struktur lapisan DSSC. .................................................................. 19 

Gambar 3.2 Tahap Penelitian ............................................................................ 19 

Gambar 4.1 Spektrum FTIR sampel dye dengan pH pelarut ............................ 26 

Gambar 4.2 Spektrum penyerapan UV-Vis dye dengan pH pelarut, inset: (i) 

klorofil A; dan (ii) cyanidin 3,5 diglukosida. ................................ 28 

Gambar 4.3 Grafik UV-Vis Spectrometry pada 𝑇𝑖𝑂2 + 𝐷𝑦𝑒 terhadap 

pengaruh pH larutan (i) dan grafik UV-Vis Spectrometry pada 

𝑇𝑖𝑂2 + 𝐷𝑦𝑒 terhadap pengaruh pH larutan pada rentang 300 −

800 𝑛𝑚 (ii), inset: sampel 𝑇𝑖𝑂2 yang diwarnai dye dengan 

pelarut pH 1,00 (a), pH 1,66 (b), pH 2,27 (c), pH 3,00 (d), dan 

fotoanoda 𝑇𝑖𝑂2 standar (e)............................................................ 30 

Gambar 4.4 Tauc’s plot sampel dye dengan pH pelarut .................................... 32 

Gambar 4.5 Persentase Light Harvesting Efficiency (LHE) sampel dye dengan 

pH pelarut ...................................................................................... 32 

Gambar 4.7 Grafik Cyclic Voltammetry sampel dye dengan pH pelarut. ......... 33 

Gambar 4.8 Diagram skema level energi dye dengan pH pelarut. .................... 34 

Gambar 4.9 Spektrum penyerapan UV-Vis dye dengan berat serbuk daun 

bandotan terhadap pelarut. ............................................................. 37 

Gambar 4.10 Grafik UV-Vis Spectrometry pada 𝑇𝑖𝑂2 + 𝐷𝑦𝑒 terhadap 

pengaruh konsentrasi pelarut (i) dan grafik UV-Vis Spectrometry 

pada 𝑇𝑖𝑂2 + 𝐷𝑦𝑒 terhadap pengaruh konsentrasi pelarut pada 

rentang 300 − 800 𝑛𝑚 (ii), inset: sampel 𝑇𝑖𝑂2 yang diwarnai 

dye dengan berat serbuk daun 1,25g/50ml (a), 2,5g/50ml (b), 

3,75g/50ml (c), dan 5g/50ml (d). ................................................... 39 



xii 

 

 

 

Gambar 4.11 Tauc's plot sampel dye dengan konsentrasi pelarut. ...................... 40 

Gambar 4.12 Persentasi Light Harvesting Efficiency (LHE) sampel dye 

terhadap konsentrasi pelarut. ......................................................... 41 

Gambar 4.13 Grafik Cyclic Voltammetry sampel dye dengan konsentrasi 

pelarut ............................................................................................ 42 

Gambar 4.14 Diagram skema level energi dye dengan konsentrasi pelarut. ....... 42 

Gambar 4.15 Kurva J-V sampel DSSC dengan pH pelarut (i), kurva J-V sampel 

DSSC dengan dye N719, dan sampel DSSC dengan pH pelarut 

(iii) ................................................................................................. 35 

Gambar 4.16 Kurva J-V sampel DSSC dengan konsentrasi pelarut. .................. 43 

  



 

 

xiii 

 

DAFTAR TABEL 

Tabel 2.1 Taksonomi daun bandotan (United States Department of 

Agriculture Natural Resources Conservation Service). ................ 15 

Tabel 2.2 Puncak serapan fitokonstiuen ........................................................ 16 

Tabel 3.1 Variabel Eksperimen ..................................................................... 18 

Tabel 4.1 Identifikasi dan analisa puncak penyerapan FTIR ........................ 26 

Tabel 4.2 Pengaruh pH pengekstrasi terhadap konsentrasi kandungan 

fitokonstituen ................................................................................. 29 

Tabel 4.3 Parameter elektrokimia sampel dye dengan pH pelarut ................ 33 

Tabel 4.4 Pengaruh perubahan konsentrasi pelarut terhadap konsentrasi 

klorofil A. ...................................................................................... 37 

Tabel 4.5 Pengaruh perubahan konsentrasi pelarut terhadap konsentrasi 

Cyanidin 3,5-diglukosida. ............................................................. 38 

Tabel 4.6 Parameter elektrokimia sampel dye dengan konsentrasi ............... 41 

Tabel 4.7 Parameter fotovoltaik sampel DSSC dengan pH pelarut .............. 36 

Tabel 4.8 Komparasi sampel DSSC .............................................................. 36 

Tabel 4.9 Parameter fotovoltaik sampel DSSC dengan konsentrasi. ............ 44 

 

  



 

 

xiv 

 

DAFTAR PUSTAKA 

Al Qibtiya, M., Prima, E. C., Yuliarto, B., & Suyatman, S. (2016). pH Influences 

on Optical Absorption of Anthocyanin from Black Rice as Sensitizer for Dye 

Sensitized Solar Cell TiO2 Nanoparticles. Materials Science Forum, 864, 154–

158. https://doi.org/10.4028/www.scientific.net/MSF.864.154 

Alauhdin, M., Tirza Eden, W., & Alighiri, D. (2021). Aplikasi Spektroskopi 

Inframerah untuk Analisis Tanaman dan Obat Herbal. Inovasi Sains dan 

Kesehatan, 84–118. https://doi.org/10.15294/.v0i0.15 

Assresahegn, B. D., & Bélanger, D. (2017). Synthesis of binder-like molecules 

covalently linked to silicon nanoparticles and application as anode material for 

lithium-ion batteries without the use of electrolyte additives. Journal of Power 

Sources, 345(June 2016), 190–201. 

https://doi.org/10.1016/j.jpowsour.2017.01.135 

Aziza, M. R., Maulana, E., Mudjirahardjo, P., & Jumiadi. (2023). Performance 

improvement of dye-sensitized solar cells by using natural chlorophyll and 

anthocyanin dyes. Indonesian Journal of Electrical Engineering and 

Computer Science, 29(3), 1290–1299. 

https://doi.org/10.11591/ijeecs.v29.i3.pp1290-1299 

Barraza-Jiménez, D., Flores-Hidalgo, H. I., Torres-Herrera, S. I., Olvera-Corral, R. 

A., & Flores-Hidalgo, M. A. (2022). Excited States of Six Anthocyanidin 

Variants with Different Solvents as Dye Sensitizers for Photocatalysis (N. S. 

Awwad, S. S. Alarfaji, & A. Alomary (ed.); hal. Ch. 11). IntechOpen. 

https://doi.org/10.5772/intechopen.108158 

Bhattacharjee, N., & Biswas, A. B. (2020). Pyrolysis of Ageratum conyzoides (goat 

weed): Parametric influence on the product yield and product characterization. 

Journal of Thermal Analysis and Calorimetry, 139(2), 1515–1536. 

https://doi.org/10.1007/s10973-019-08437-9 

Bhogaita, M., Shukla, A. D., & Nalini, R. P. (2016). Recent advances in hybrid 

solar cells based on natural dye extracts from Indian plant pigment as 

sensitizers. Solar Energy, 137, 212–224. 



xv 

 

 

 

https://doi.org/10.1016/j.solener.2016.08.003 

Bhuiyan, M. M. H., Kabir, F., Manir, M. S., Rahaman, M. S., Hossain, M. R., Barua, 

P., Ghosh, B., Mitsugi, F., Ikegami, T., Huque, S., & Khan, M. A. (2021). 

Effect of Combination of Natural Dyes and the Blocking Layer on the 

Performance of DSSC (A. M. Elseman (ed.); hal. Ch. 15). IntechOpen. 

https://doi.org/10.5772/intechopen.94760 

Bist, A., & Chatterjee, S. (2021). Review on Efficiency Enhancement Using Natural 

Extract Mediated Dye-Sensitized Solar Cell for Sustainable Photovoltaics. 

Energy Technology, 9(8), 1–19. https://doi.org/10.1002/ente.202001058 

Błaszczyk, A., Joachimiak-Lechman, K., Sady, S., Tański, T., Szindler, M., & 

Drygała, A. (2021). Environmental performance of dye-sensitized solar cells 

based on natural dyes. Solar Energy, 215, 346–355. 

https://doi.org/https://doi.org/10.1016/j.solener.2020.12.040 

Bombaldi De Souza, F. C., Bombaldi De Souza, R. F., & Moraes, A. M. (2016). 

Incorporation and release kinetics of alpha-bisabolol from PCL and 

Chitosan/guar gum membranes. Brazilian Journal of Chemical Engineering, 

33(3), 453–467. https://doi.org/10.1590/0104-6632.20160333s20150083 

Borbón, S., Lugo, S., Pourjafari, D., Pineda Aguilar, N., Oskam, G., & López, I. 

(2020). Open-Circuit Voltage (VOC) Enhancement in TiO2-Based DSSC: 

Incorporation of ZnO Nanoflowers and Au Nanoparticles. ACS Omega, 5(19), 

10977–10986. https://doi.org/10.1021/acsomega.0c00794 

Buckner, C. A., Lafrenie, R. M., Dénommée, J. A., Caswell, J. M., Want, D. A., 

Gan, G. G., Leong, Y. C., Bee, P. C., Chin, E., Teh, A. K. H., Picco, S., 

Villegas, L., Tonelli, F., Merlo, M., Rigau, J., Diaz, D., Masuelli, M., 

Korrapati, S., Kurra, P., … Mathijssen, R. H. J. (2016). Chlorophyll as 

Photosensitizer in Dye-Sensitized Solar Cells. Intech, 11(tourism), 13. 

https://www.intechopen.com/books/advanced-biometric-

technologies/liveness-detection-in-biometrics 

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

Investigation of Anthocyanidin Aglycones as Photosensitizers for Dye-



xvi 

 

 

 

Sensitized TiO&lt;sub&gt;2&lt;/sub&gt; Solar Cells. Advanced Materials 

Research, 1112, 317–320. 

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

Çakar, S., Özacar, M., & Fındık, F. (2022). Chapter 22 - MOFs-based dye-

sensitized photovoltaics. In R. K. Gupta, T. A. Nguyen, & G. B. T.-M.-O. F.-

B. N. for E. C. and S. Yasin (Ed.), Micro and Nano Technologies (hal. 487–

506). Elsevier. https://doi.org/https://doi.org/10.1016/B978-0-323-91179-

5.00033-4 

Calogero, G., Bartolotta, A., Di Marco, G., Di Carlo, A., & Bonaccorso, F. (2015). 

Vegetable-based dye-sensitized solar cells. Chemical Society Reviews, 44(10), 

3244–3294. https://doi.org/10.1039/C4CS00309H 

Calogero, G., Citro, I., Crupi, C., Carini, G., Arigò, D., Spinella, G., Bartolotta, A., 

& Di Marco, G. (2019). Absorption spectra, thermal analysis, 

photoelectrochemical characterization and stability test of vegetable-based 

dye-sensitized solar cells. Optical Materials, 88, 24–29. 

https://doi.org/https://doi.org/10.1016/j.optmat.2018.11.005 

Calogero, G., & Marco, G. Di. (2008). Red Sicilian orange and purple eggplant 

fruits as natural sensitizers for dye-sensitized solar cells. Solar Energy 

Materials and Solar Cells, 92(11), 1341–1346. 

https://doi.org/https://doi.org/10.1016/j.solmat.2008.05.007 

Calvini, P., & Gorassini, A. (2002). FTIR - Deconvolution spectra of paper 

documents. Restaurator, 23(1), 48–66. https://doi.org/10.1515/REST.2002.48 

Castillo-Robles, J. A., Rocha-Rangel, E., Ramírez-De-león, J. A., Caballero-Rico, 

F. C., & Armendáriz-Mireles, E. N. (2021). Advances on dye-sensitized solar 

cells (DSSC) nanostructures and natural colorants: A review. Journal of 

Composites Science, 5(11), 1–25. https://doi.org/10.3390/jcs5110288 

Cheng, P., Yang, L., Liu, Y., Liu, J., & Fan, Y. (2023). Promotion of Sugar 

Extraction from Sewage Sludge by Microwave Combined with Thermal-

Alkaline Pretreatment. Water (Switzerland), 15(7). 

https://doi.org/10.3390/w15071291 



xvii 

 

 

 

Cherepy, N. J., Smestad, G. P., Grätzel, M., & Zhang, J. Z. (1997). Ultrafast 

Electron Injection:  Implications for a Photoelectrochemical Cell Utilizing an 

Anthocyanin Dye-Sensitized TiO2 Nanocrystalline Electrode. The Journal of 

Physical Chemistry B, 101(45), 9342–9351. 

https://doi.org/10.1021/jp972197w 

Chien, C. Y., & Hsu, B. D. (2013). Optimization of the dye-sensitized solar cell 

with anthocyanin as photosensitizer. Solar Energy, 98(PC), 203–211. 

https://doi.org/10.1016/j.solener.2013.09.035 

Ciambelli, P., La Guardia, G., & Vitale, L. (2020). Chapter 7 - Nanotechnology for 

green materials and processes. In A. Basile, G. Centi, M. De Falco, & G. B. 

T.-S. in S. S. and C. Iaquaniello (Ed.), Catalysis, Green Chemistry and 

Sustainable Energy (Vol. 179, hal. 97–116). Elsevier. 

https://doi.org/https://doi.org/10.1016/B978-0-444-64337-7.00007-0 

Clemen-Pascual, L. M., Macahig, R. A. S., & Rojas, N. R. L. (2022). Comparative 

toxicity, phytochemistry, and use of 53 Philippine medicinal plants. 

Toxicology Reports, 9, 22–35. 

https://doi.org/https://doi.org/10.1016/j.toxrep.2021.12.002 

Conjugated aromatic systems. (2023). Nature Synthesis, 2(9), 799. 

https://doi.org/10.1038/s44160-023-00404-5 

Conradie, J. (2024). Effective dyes for DSSCs–Important experimental and 

calculated parameters. Energy Nexus, 13(January), 100282. 

https://doi.org/10.1016/j.nexus.2024.100282 

Crespilho, F. N., Zucolotto, V., Siqueira, J. R., Carvalho, A. J. F., Nart, F. C., & 

Oliveira, O. N. (2006). Using Electrochemical Data to Obtain Energy 

Diagrams forLayer-By-Layer Films from Metallic Phthalocyanines. 

International Journal of Electrochemical Science, 1(4), 151–159. 

https://doi.org/https://doi.org/10.1016/S1452-3981(23)17145-8 

Dambhare, M. V., Butey, B., & Moharil, S. V. (2021). Solar photovoltaic 

technology: A review of different types of solar cells and its future trends. 

Journal of Physics: Conference Series, 1913(1). https://doi.org/10.1088/1742-



xviii 

 

 

 

6596/1913/1/012053 

Dar, M. I., Chandiran, A. K., Grätzel, M., Nazeeruddin, M. K., & Shivashankar, S. 

A. (2014). Controlled synthesis of TiO2 nanoparticles and nanospheres using 

a microwave assisted approach for their application in dye-sensitized solar 

cells. Journal of Materials Chemistry A, 2(6), 1662–1667. 

https://doi.org/10.1039/c3ta14130f 

Dedeepya, G., Shanmugan, S., Sunita Sundari, G., Latha Devi, N. S. M. P., 

Meenachi, M., Gnana Kiran, M., & Selvaraju, P. (2022). Dyes prepared from 

leaf extract of siriyanangai (Andrographis Paniculata) with the effect of TiO2 

based DSSCs. Materials Today: Proceedings, 66, 3644–3650. 

https://doi.org/10.1016/j.matpr.2022.07.188 

Dinas Perkebunan Provinsi Jawa Timur. (2021). Peranan Babandotan (Ageratum 

conyzoides L.) Sebagai Pestisida Nabati. 

https://disbun.jatimprov.go.id/web/baca/peranan-babandotan-ageratum-

conyzoides-l-sebagai-pestisida-nabati.html 

Elmaghraby, E. K., Abdelaal, S., Abdelhady, A. M., Fares, S., Salama, S., & 

Mansour, N. A. (2019). Correspondence and difference between gamma-ray 

and neutron irradiation effects on organic materials in marine environment. 

Egyptian Journal of Aquatic Biology and Fisheries, 23(5 Special Issue), 1–16. 

https://doi.org/10.21608/ejabf.2019.63408 

Endo, T., Reddy, L., Nishikawa, H., Kaneko, S., Nakamura, Y., & Endo, K. (2017). 

Composite Engineering - Direct Bonding of plastic PET Films by Plasma 

Irradiation. Procedia Engineering, 171(September 2016), 88–103. 

https://doi.org/10.1016/j.proeng.2017.01.315 

Erdogdu, M., Atilgan, A., Erdogdu, Y., & Yildiz, A. (2024). Flavonoid from Hedera 

helix fruits: A promising new natural sensitizer for DSSCs. Journal of 

Photochemistry and Photobiology A: Chemistry, 448, 115288. 

https://doi.org/https://doi.org/10.1016/j.jphotochem.2023.115288 

Faqih, P., Aini, N. A., & Mardhiyah, Z. (2019). Effect of concentration of red 

dragon fruit (Hylocereus costaricensis) peels extract as a dye of dye-sensitized 



xix 

 

 

 

solar cell (DSSC) on DSSC efficiency. International Conference on Science 

and Applied Science (ICSAS). 

https://doi.org/https://doi.org/10.1063/1.5141733 

Ferati, F. (2020). Structural information from ratio bands in the ftir spectra of long 

chain and branched alkanes in petrodiesel samples. Journal of Environmental 

Treatment Techniques, 8(3), 1140–1143. 

Golshan, M., Osfouri, S., Azin, R., Jalali, T., & Moheimani, N. R. (2021). Co-

sensitization of natural and low-cost dyes for efficient panchromatic light-

harvesting using dye-sensitized solar cells. Journal of Photochemistry and 

Photobiology A: Chemistry, 417(February), 113345. 

https://doi.org/10.1016/j.jphotochem.2021.113345 

Greco, I., Varon, C., & Iorio, C. S. (2022). Synthesis and Characterization of a new 

Alginate-Gelatine Aerogel for Tissue Engineering. Proceedings of the Annual 

International Conference of the IEEE Engineering in Medicine and Biology 

Society, EMBS, 2022-July, 3915–3918. 

https://doi.org/10.1109/EMBC48229.2022.9871508 

Guo, Y., & Wu, P. (2008). FTIR spectroscopic study of the acrylamide states in 

AOT reversed micelles. Journal of Molecular Structure, 883–884(1–3), 31–

37. https://doi.org/10.1016/j.molstruc.2007.11.009 

Hagfeldt, A., Boschloo, G., Sun, L., Kloo, L., & Pettersson, H. (2010). Dye-

Sensitized Solar Cells. Chemical Reviews, 110(11), 6595–6663. 

https://doi.org/10.1021/cr900356p 

Harefa, S. K., Zega, U., & Bago, A. S. (2022). PEMANFAATAN DAUN 

BANDOTAN (Ageratum conyzoides L.) SEBAGAI OBAT TRADISIONAL 

DI DESA BAWOZA’UA KECAMATAN TELUKDALAM KABUPATEN 

NIAS SELATAN. Jurnal Pendidikan Biologi, 3(1), 14–24. 

https://jurnal.uniraya.ac.id/index.php/Tunas/article/view/477 

Hilaliyah, R. (2021). Pemanfaatan Tumbuhan Liar Bandotan (Ageratum 

conyzoides L.) sebagai Obat Tradisional dan Aktivitas Farmakologinya. 

Bioscientiae, 18(1), 28. https://doi.org/10.20527/b.v18i1.4065 



xx 

 

 

 

Hindryawati, N., Hiyahara, I. A., Saputra, H., Arief, M. S., & Maniam, G. P. (2021). 

Preparation of Dye-Sensitized Solar Cell (DSSC) Using TiO2 and Mahkota 

Dewa Fruit (Phaleria Macrocarpa (Scheff) Boerl.) Extract. Jurnal Bahan Alam 

Terbarukan, 10(1), 43–49. https://doi.org/10.15294/jbat.v10i1.32378 

Hirashima, Y., Sato, H., Miyashita, Y., & Suzuki, A. (2005). ATR-FTIR 

spcctroscopic study on hydrogen bonding of polyelectrolyte hydrogels. 

Polymer Preprints, Japan, 54(1), 1270. 

Hosseinnezhad, M., Ghahari, M., Mobarhan, G., Rouhani, S., & Fathi, M. (2023). 

Towards low cost and green photovoltaic devices: Using natural 

photosensitizers and MoS2/Graphene oxide composite counter electrodes. 

Optical Materials, 139, 113775. 

https://doi.org/https://doi.org/10.1016/j.optmat.2023.113775 

Ibrahim, I. M., Yunus, S., & Hashim, M. A. (2013). Relative performance of 

isoproopylamine, pyrrole and pyridine as corrosion inhibitors for carbon steels 

in saline water at mildly elevated temperatures. International Journal of 

Scientific & Engineering Research, 4(2), 1–12. 

Iqbal, M. Z., Ali, S. R., & Khan, S. (2019). Progress in dye sensitized solar cell by 

incorporating natural photosensitizers. Solar Energy, 181, 490–509. 

https://doi.org/https://doi.org/10.1016/j.solener.2019.02.023 

Jinchu, I., Sreekala, C. O., & Sreelatha, K. S. (2014). Dye sensitized solar cell using 

natural dyes as chromophores-review. Materials Science Forum, 771, 39–51. 

https://doi.org/10.4028/www.scientific.net/MSF.771.39 

Kabir, F., Manir, S., Bhuiyan, M. M. H., Aftab, S., Ghanbari, H., Hasani, A., Fawzy, 

M., De Silva, G. L. T., Mohammadzadeh, M. R., Ahmadi, R., Abnavi, A., 

Askar, A. M., & Adachi, M. M. (2022). Instability of dye-sensitized solar cells 

using natural dyes and approaches to improving stability – An overview. 

Sustainable Energy Technologies and Assessments, 52, 102196. 

https://doi.org/https://doi.org/10.1016/j.seta.2022.102196 

Khan, M., Iqbal, M. A., Malik, M., Hashmi, S. U. M., Bakhsh, S., Sohail, M., 

Qamar, M. T., Al-Bahrani, M., Capangpangan, R. Y., Alguno, A. C., & Choi, 



xxi 

 

 

 

J. R. (2023). Improving the efficiency of dye-sensitized solar cells based on 

rare-earth metal modified bismuth ferrites. In Scientific Reports (Vol. 13, 

Nomor 1). https://doi.org/10.1038/s41598-023-30000-8 

Khyade, M., Sanstha, S. P., & Arts, S. N. (2016). Chemical profiling and free 

radical scavenging potential of Oxalis corniculata. June, 88–93. 

Kokkonen, M., Talebi, P., Zhou, J., Asgari, S., Soomro, S. A., Elsehrawy, F., 

Halme, J., Ahmad, S., Hagfeldt, A., & Hashmi, S. G. (2021). Advanced 

research trends in dye-sensitized solar cells. Journal of Materials Chemistry 

A, 9(17), 10527–10545. https://doi.org/10.1039/d1ta00690h 

Kosar, N., Kanwal, S., Hamid, M. H. S. A., Ayub, K., Gilani, M. A., Imran, M., 

Arshad, M., Alkhalifah, M. A., Sheikh, N. S., & Mahmood, T. (2023). Role of 

Delocalization, Asymmetric Distribution of π-Electrons and Elongated 

Conjugation System for Enhancement of NLO Response of Open Form of 

Spiropyran-Based Thermochromes. In Molecules (Vol. 28, Nomor 17). 

https://doi.org/10.3390/molecules28176283 

Koyama, Y., Umemoto, Y., Akamatsu, A., Uehara, K., & Tanaka, M. (1986). 

Raman spectra of chlorophyll forms. Journal of Molecular Structure, 146(C), 

273–287. https://doi.org/10.1016/0022-2860(86)80299-X 

Kumar, S. N. A., Ritesh, S. K., Sharmila, G., & Muthukumaran, C. (2017). 

Extraction optimization and characterization of water soluble red purple 

pigment from floral bracts of Bougainvillea glabra. Arabian Journal of 

Chemistry, 10(June 2015), S2145–S2150. 

https://doi.org/10.1016/j.arabjc.2013.07.047 

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, 301–317. 

https://doi.org/https://doi.org/10.1016/j.rser.2017.04.075 

Kustrin, S. A., Gegechkori, V., Petrovich, D. S., Ilinichna, K. T., & Morton, D. W. 

(2021). ATR-FTIR characterisation of major flavonoids and polyphenolics. 

Molecules, 26(6892), 1–15. 



xxii 

 

 

 

Kusumadewi, A. P., Martien, R., Pramono, S., Setyawan, A. A., Windarsih, A., & 

Rohman, A. (2022). Application of FTIR spectroscopy and chemometrics for 

correlation of antioxidant activities, phenolics and flavonoid contents of 

Indonesian Curcuma xanthorrhiza. International Journal of Food Properties, 

25(1), 2364–2372. https://doi.org/10.1080/10942912.2022.2134418 

Lao, W., Li, G., Zhou, Q., & Qin, T. (2014). Quantitative analysis of biomass in 

three types of wood-plastic composites by FTIR spectroscopy. BioResources, 

9(4), 6073–6086. https://doi.org/10.15376/biores.9.4.6073-6086 

Lefrant, S., Baibarac, M., & Baltog, I. (2009). Raman and FTIR spectroscopy as 

valuable tools for the characterization of polymer and carbon nanotube based 

composites. Journal of Materials Chemistry, 19(32), 5690–5704. 

https://doi.org/10.1039/b821136a 

Mahajan, U., Prajapat, K., Dhonde, M., Sahu, K., & Shirage, P. M. (2024). Natural 

dyes for dye-sensitized solar cells (DSSCs): An overview of extraction, 

characterization and performance. Nano-Structures & Nano-Objects, 37, 

101111. https://doi.org/https://doi.org/10.1016/j.nanoso.2024.101111 

Mahalingam, S., & Abdullah, H. (2016). Electron transport study of indium oxide 

as photoanode in DSSCs: A review. Renewable and Sustainable Energy 

Reviews, 63, 245–255. https://doi.org/10.1016/j.rser.2016.05.067 

Mandal, R., & Dutta, G. (2020). From photosynthesis to biosensing: Chlorophyll 

proves to be a versatile molecule. Sensors International, 1(September). 

https://doi.org/10.1016/j.sintl.2020.100058 

Martineau, D. (2012). Dye Solar Cells for Real The Assembly Guide for Making 

Your Own Solar Cells. Solaronix SA. https://www.solaronix.com/ 

Mejica, G. F. C., Unpaprom, Y., Balakrishnan, D., Dussadee, N., Buochareon, S., 

& Ramaraj, R. (2022). Anthocyanin pigment-based dye-sensitized solar cells 

with improved pH-dependent photovoltaic properties. Sustainable Energy 

Technologies and Assessments, 51(September 2021). 

https://doi.org/10.1016/j.seta.2022.101971 



xxiii 

 

 

 

Munim, A. (2005). Isolasi Dan Elusidasi Struktur Senyawa Flavonoida Dari 

Crotalaria Anagyroides. Pharmaceutical Sciences and Research, 2(1), 22–29. 

https://doi.org/10.7454/psr.v2i1.3381 

Mustansar Hussain, C. B. T.-H. of N. for I. A. (Ed.). (2018). Engineered 

Nanomaterials for Energy Applications. In Micro and Nano Technologies (hal. 

751–767). Elsevier. https://doi.org/https://doi.org/10.1016/B978-0-12-

813351-4.00043-2 

Mutingatun, S., Fachriyah, E., & Kusrini, D. (2022). Isolation, Identification, and 

Antioxidant Activity of Flavonoid Compounds in the Ethanol Extract in 

Bandotan Leaves (Ageratum conyzoides). Jurnal Kimia Sains dan Aplikasi; 

Vol 25, No 12 (2022): Volume 25 Issue 12 Year 2022DO  - 

10.14710/jksa.25.12.456-466 . 

https://ejournal.undip.ac.id/index.php/ksa/article/view/53056 

Najihah, M. Z., Noor, I. M., & Winie, T. (2022). Long-run performance of dye-

sensitized solar cell using natural dye extracted from Costus woodsonii leaves. 

Optical Materials, 123, 111915. 

https://doi.org/https://doi.org/10.1016/j.optmat.2021.111915 

Nakhaei, R., Razeghizadeh, A., Shabani, P., Ganji, J., & Tabatabaee, S. S. (2022). 

Combination of co-sensitization and Förster resonance energy transfer in 

natural-synthetic dye sensitized solar cells. Optical Materials, 131, 112690. 

https://doi.org/https://doi.org/10.1016/j.optmat.2022.112690 

Namie, M., Kim, J.-H., & Yonezawa, S. (2023). Enhanced Dyeing of 

Polypropylene Using Fluorine–Oxygen Gas Mixtures. Colorants, 2(3), 552–

564. https://doi.org/10.3390/colorants2030027 

Nandiyanto, A. B. D., Oktiani, R., & Ragadhita, R. (2019). How to read and 

interpret ftir spectroscope of organic material. Indonesian Journal of Science 

and Technology, 4(1), 97–118. https://doi.org/10.17509/ijost.v4i1.15806 

Nasyori, A., & Noor, F. A. (2021). The Effects of the Concentration of Red and 

Yellow Gambier Fruit Dyes on the Short-Circuit Photocurrent in Dye-

Sensitised Solar Cells. Journal of Physics: Conference Series. 



xxiv 

 

 

 

https://doi.org/10.1088/1742-6596/1811/1/012067 

Nature. (2023). Conjugated aromatic systems. Nature Synthesis, 2(9), 799. 

https://doi.org/10.1038/s44160-023-00404-5 

Nelson, J., & Chandler, R. E. (2004). Random walk models of charge transfer and 

transport in dye sensitized systems. Coordination Chemistry Reviews, 

248(13), 1181–1194. https://doi.org/https://doi.org/10.1016/j.ccr.2004.04.001 

Nurfaizah, C., Krisdiyanto, D., Khamidinal, K., & Sudarlin, S. (2015). Krokot 

Extract (Portulaca Oleracea. L) as Natural Light-harvesting pigments for Dye-

Sensitized Solar Cells (DSSCs) : Influence of Dye Acidity. Biology, Medicine, 

& Natural Product Chemistry, 4(1), 17. 

https://doi.org/10.14421/biomedich.2015.41.17-24 

O’Regan, B., & Grätzel, M. (1991). A low-cost, high-efficiency solar cell based on 

dye-sensitized colloidal TiO2 films. Nature, 353(6346), 737–740. 

https://doi.org/10.1038/353737a0 

Oliveira, R. N., Mancini, M. C., de Oliveira, F. C. S., Passos, T. M., Quilty, B., 

Thiré, R. M. da S. M., & McGuinness, G. B. (2016). Análise por FTIR e 

quantificação de fenóis e flavonóides de cinco produtos naturais disponíveis 

comercialmente utilizados no tratamento de feridas. Revista Materia, 21(3), 

767–779. https://doi.org/10.1590/S1517-707620160003.0072 

Pangajavalli, S., Ranjithkumar, R., Sridhar, B., & Ramaswamy, S. (2018). 

Hirshfeld and Vibrational Analysis of 5-Benzyl-7a-Hydroxy-1-Methyl-

2,3,5,6,7,7a-Hexahydro-1H-3a, 7-Methanoindeno [2,1-d]Pyrrolo[3,2-

c]Azepine-12,13(4H)-Dione. 13. 

Peng, H., Sun, X., Weng, W., & Fang, X. (2017). Energy Harvesting Based on 

Polymer (H. Peng, X. Sun, W. Weng, & X. B. T.-P. M. for E. and E. A. Fang 

(Ed.); hal. 151–196). Academic Press. 

https://doi.org/https://doi.org/10.1016/B978-0-12-811091-1.00005-7 

Pigot, C., Noirbent, G., Bui, T. T., Péralta, S., Duval, S., Nechab, M., Gigmes, D., 

& Dumur, F. (2021). Synthesis, optical and electrochemical properties of a 



xxv 

 

 

 

series of push-pull dyes based on the 4,4-bis(4-methoxy phenyl)butadienyl 

donor. Dyes and Pigments, 194. https://doi.org/10.1016/j.dyepig.2021.109552 

Poater, J., Duran, M., Solà, M., & Silvi, B. (2005). Theoretical evaluation of 

electron delocalization in aromatic molecules by means of atoms in molecules 

(AIM) and electron localization function (ELF) topological approaches. 

Chemical Reviews, 105(10), 3911–3947. https://doi.org/10.1021/cr030085x 

Prakash, P., & Janarthanan, B. (2023). Review on the progress of light harvesting 

natural pigments as DSSC sensitizers with high potency. Inorganic Chemistry 

Communications, 152, 110638. 

https://doi.org/https://doi.org/10.1016/j.inoche.2023.110638 

Pratiwi, D. D., Nurosyid, F., Supriyanto, A., & Suryana, R. (2016). Optical 

properties of natural dyes on the dye-sensitized solar cells (DSSC) 

performance. Journal of Physics: Conference Series, 776(1). 

https://doi.org/10.1088/1742-6596/776/1/012007 

Prima, E. C. (2016). Electron transfer investigation of modified anthocyanin solar 

cells using spectroscopy and density functional theory methods. Institut 

Teknologi Bandung. 

Prima, E. C., Nuruddin, A., Yuliarto, B., Kawamura, G., & Matsuda, A. (2018). 

Combined spectroscopic and TDDFT study of single-double anthocyanins for 

application in dye-sensitized solar cells. New Journal of Chemistry, 42(14), 

11616–11628. https://doi.org/10.1039/c8nj01202d 

Prima, E. C., Rusliani, P. F., Suhendi, E., & Yuliarto, B. (2024). Performance of 

dye-sensitized solar cells with mixed three natural pigments and reduced 

graphene oxide as a counter electrode. Results in Optics, 14, 100592. 

https://doi.org/https://doi.org/10.1016/j.rio.2023.100592 

Qu, F., Gong, N., Wang, S., Gao, Y., Sun, C., Fang, W., & Men, Z. (2020). Effect 

of pH on fluorescence and absorption of aggregates of chlorophyll a and 

carotenoids. Dyes and Pigments, 173(October 2019). 

https://doi.org/10.1016/j.dyepig.2019.107975 



xxvi 

 

 

 

Queiroz, M. I., Fernandes, A. S., Deprá, M. C., Jacob-Lopes, E., & Zepka, L. Q. 

(2017). Introductory Chapter: Chlorophyll Molecules and Their Technological 

Relevance. Chlorophyll, 6–8. https://doi.org/10.5772/67953 

Rahman, A. Z. M. S. B. T.-R. M. in M. S. and M. E. (2016). Solid State Luminescent 

Materials: Applications. Elsevier. 

https://doi.org/https://doi.org/10.1016/B978-0-12-803581-8.04078-9 

Rápó, E., & Tonk, S. (2021). Factors affecting synthetic dye adsorption; desorption 

studies: A review of results from the last five years (2017–2021). Molecules, 

26(17). https://doi.org/10.3390/molecules26175419 

Rastogi, L., & Arunachalam, J. (2011). Sunlight based irradiation strategy for rapid 

green synthesis of highly stable silver nanoparticles using aqueous garlic 

(Allium sativum) extract and their antibacterial potential. Materials Chemistry 

and Physics, 129(1–2), 558–563. 

https://doi.org/10.1016/j.matchemphys.2011.04.068 

Retnowati, A., Rugayah, Rahajoe, J. S., & Arifiani, D. (2019). Status 

Keanekaragaman Hayati Indonesia : Kekayaan Jenis Tumbuhan dan Jamur 

Indonesia. In LIPI Press. Lembaga Ilmu Pengetahuan Indonesia. 

https://penerbit.brin.go.id/press/catalog/book/penerbit.brin.go.id/press/catalo

g/book/206 

Richhariya, G., Kumar, A., Tekasakul, P., & Gupta, B. (2017). Natural dyes for dye 

sensitized solar cell: A review. Renewable and Sustainable Energy Reviews, 

69(April 2015), 705–718. https://doi.org/10.1016/j.rser.2016.11.198 

S., K., & M., L. (2023). Replacement for platinum in dye sensitized solar cell. 

Materials Today: Proceedings, 92, 1544–1549. 

https://doi.org/https://doi.org/10.1016/j.matpr.2023.06.027 

Sadowska-Bartosz, I., & Bartosz, G. (2021). Biological properties and applications 

of betalains. Molecules, 26(9), 1–36. 

https://doi.org/10.3390/molecules26092520 

Sasikumar, R., Thirumalaisamy, S., Kim, B., & Hwang, B. (2024). Dye-sensitized 



xxvii 

 

 

 

solar cells: Insights and research divergence towards alternatives. Renewable 

and Sustainable Energy Reviews, 199(April), 114549. 

https://doi.org/10.1016/j.rser.2024.114549 

Saud, P. S., Bist, A., Kim, A. A., Yousef, A., Abutaleb, A., Park, M., Park, S. J., & 

Pant, B. (2024). Dye-sensitized solar cells: Fundamentals, recent progress, and 

Optoelectrical properties improvement strategies. Optical Materials, 

150(March), 115242. https://doi.org/10.1016/j.optmat.2024.115242 

Selim, Y., & Mohamed, A. (2017). Role of Dyestuff in Improving Dye-Sensitized 

Solar Cell Performance. Renewable Energy and Sustainable Development, 

3(1), 79–82. https://doi.org/10.21622/resd.2017.03.1.079 

Setiarso, P., Harsono, R. V., & Kusumawati, N. (2023). Fabrication of Dye 

Sensitized Solar Cell (DSSC) Using Combination of Dyes Extracted from 

Curcuma (Curcuma xanthorrhiza) Rhizome and Binahong (Anredera 

cordifolia) Leaf with Treatment in pH of the Extraction. Indonesian Journal 

of Chemistry, 23(4), 924–936. https://doi.org/10.22146/ijc.77860 

Sharma, K., Sharma, V., & Sharma, S. S. (2018). Dye-Sensitized Solar Cells: 

Fundamentals and Current Status. Nanoscale Research Letters, 13. 

https://doi.org/10.1186/s11671-018-2760-6 

Sieck, P. A., Hukari, K., Countrywood, J., & Kodash, V. (2001). Stoichiometry of 

DC sputtered WO3. Solar and Switching Materials, 4458(November 2001), 

219–225. https://doi.org/10.1117/12.448259 

Singh, S., Maurya, I. C., Sharma, S., Kushwaha, S. P. S., Srivastava, P., & Bahadur, 

L. (2021). Application of new natural dyes extracted from Nasturtium flowers 

(Tropaeolum majus) as photosensitizer in dye-sensitized solar cells. Optik, 

243, 167331. https://doi.org/10.1016/j.ijleo.2021.167331 

Smestad, G. P., Spiekermann, S., Kowalik, J., Grant, C. D., Schwartzberg, A. M., 

Zhang, J., Tolbert, L. M., & Moons, E. (2003). A technique to compare 

polythiophene solid-state dye sensitized TiO2 solar cells to liquid junction 

devices. Solar Energy Materials and Solar Cells, 76(1), 85–105. 

https://doi.org/10.1016/S0927-0248(02)00252-0 



xxviii 

 

 

 

Sobhanardakani, S., Jafari, A., Zandipak, R., & Meidanchi, A. (2018). Removal of 

heavy metal (Hg(II) and Cr(VI)) ions from aqueous solutions using 

Fe2O3@SiO2 thin films as a novel adsorbent. Process Safety and 

Environmental Protection, 120(November 2020), 348–357. 

https://doi.org/10.1016/j.psep.2018.10.002 

Soga, T. (2006). Chapter 1 - Fundamentals of Solar Cell (T. B. T.-N. M. for S. E. 

C. Soga (Ed.); hal. 3–43). Elsevier. 

https://doi.org/https://doi.org/10.1016/B978-044452844-5/50002-0 

Sravan Kumar, S., Manoj, P., & Giridhar, P. (2015). Fourier transform infrared 

spectroscopy (FTIR) analysis, chlorophyll content and antioxidant properties 

of native and defatted foliage of green leafy vegetables. Journal of Food 

Science and Technology, 52(12), 8131–8139. https://doi.org/10.1007/s13197-

015-1959-0 

Supriyanto, A., Cari, C., Khairuddin, Suciatmoko, P. M., Kurniawan, D., & 

Septiawan, T. Y. (2019). The fabrication of DSSC TiO2 transparent thin layer 

with natural dye sweet potato (Ipomoea batatas L.). Journal of Physics: 

Conference Series, 1153(1), 8–12. https://doi.org/10.1088/1742-

6596/1153/1/012098 

Suyitno, S., Saputra, T. J., Supriyanto, A., & Arifin, Z. (2015). Stability and 

efficiency of dye-sensitized solar cells based on papaya-leaf dye. 

Spectrochimica Acta - Part A: Molecular and Biomolecular Spectroscopy, 

148, 99–104. https://doi.org/10.1016/j.saa.2015.03.107 

Tauc, J., Grigobovici, R., & Vancu, A. (1966). Optical Properties and Electronic 

Structure of Amorphous Germanium (E. Gutsche, K. Müller, & P. Görlich 

(Ed.); hal. 709–720). De Gruyter. 

https://doi.org/doi:10.1515/9783112492505-079 

Teja, A. S., Srivastava, A., Satrughna, J. A. K., Tiwari, M. K., Kanwade, A., Chand 

Yadav, S., & Shirage, P. M. (2023). Optimal processing methodology for 

futuristic natural dye-sensitized solar cells and novel applications. Dyes and 

Pigments, 210(September 2022). 



xxix 

 

 

 

https://doi.org/10.1016/j.dyepig.2022.110997 

Thummajitsakul, S., & Silprasit, K. (2022). Analysis of FTIR Spectra, Flavonoid 

Content and Anti-Tyrosinase Activity of Extracts and Lotion from Garcinia 

schomburgkiana by Multivariate Method. Trends in Sciences, 19(18). 

https://doi.org/10.48048/tis.2022.5780 

United States Department of Agriculture Natural Resources Conservation Service. 

(n.d.). Ageratum conyzoides L. 

https://plants.usda.gov/home/plantProfile?symbol=AGCO 

Wu, J., Lan, Z., Lin, J., Huang, M., Huang, Y., Fan, L., Luo, G., Lin, Y., Xie, Y., 

& Wei, Y. (2017). Counter electrodes in dye-sensitized solar cells. Chemical 

Society Reviews, 46(19), 5975–6023. https://doi.org/10.1039/c6cs00752j 

Yadav, N., Ganie, S. A., Singh, B., Chhillar, A. K., & Yadav, S. S. (2019). 

Phytochemical constituents and ethnopharmacological properties of Ageratum 

conyzoides L. Phytotherapy Research, 33(9), 2163–2178. 

https://doi.org/10.1002/ptr.6405 

Yadav, V., Negi, C. M. S., Kumar, D. K., & Gupta, S. K. (2021). Fabrication of 

eco-friendly, low-cost dye sensitized solar cells using harda fruit-based natural 

dye. Optical Materials, 122, 111800. 

https://doi.org/https://doi.org/10.1016/j.optmat.2021.111800 

Yahya, M., Bouziani, A., Ocak, C., Seferoğlu, Z., & Sillanpää, M. (2021). 

Organic/metal-organic photosensitizers for dye-sensitized solar cells (DSSC): 

Recent developments, new trends, and future perceptions. Dyes and Pigments, 

192, 109227. https://doi.org/https://doi.org/10.1016/j.dyepig.2021.109227 

Yenumala, S. R., Maity, S. K., & Shee, D. (2015). Hydrodeoxygenation of Karanja 

Oil over Supported Nickel Catalysts : Roles of support and nickel loading on 

yAl2O3. 4(1), 1–6. 

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 



xxx 

 

 

 

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

Zhang, Y., Liao, X., Chen, F., Wu, J., & Hu, X. (2008). Isolation, identification, 

and color characterization of cyanidin-3-glucoside and cyanidin-3-

sophoroside from red raspberry. European Food Research and Technology, 

226(3), 395–403. https://doi.org/10.1007/s00217-006-0550-3 

Zhao, X., Zhang, Y., Long, T., Wang, S., & Yang, J. (2022). Regulation Mechanism 

of Plant Pigments Biosynthesis: Anthocyanins, Carotenoids, and Betalains. 

Metabolites, 12(9). https://doi.org/10.3390/metabo12090871 

Zheng, D., Yang, X., Čuček, L., Wang, J., Ma, T., & Yin, C. (2024). 

Revolutionizing dye-sensitized solar cells with nanomaterials for enhanced 

photoelectric performance. Journal of Cleaner Production, 464, 142717. 

https://doi.org/https://doi.org/10.1016/j.jclepro.2024.142717 


