
 
 

115 

References 
 
 
 
 
Agresti, A., Pazniak, A., Pescetelli, S., Di Vito, A., Rossi, D., Pecchia, A., Auf der Maur, M., Liedl, A., 

Larciprete, R., Kuznetsov, D. V., Saranin, D., and Di Carlo, A., (2019), "Titanium-carbide MXenes for 
work function and interface engineering in perovskite solar cells", Nature Materials, Vol.18, No.11, 
pp.1228–1234. 

Ahmad, S., Fu, P., Yu, S., Yang, Q., Liu, X., Wang, X., Wang, X., Guo, X., and Li, C., (2019), "Dion-Jacobson 
Phase 2D Layered Perovskites for Solar Cells with Ultrahigh Stability", Joule, Vol.3, No.3, pp.794–
806. 

Ahmad, S., George, C., Beesley, D. J., Baumberg, J. J., and Volder, M. De, (2018), "Photo-Rechargeable 
Organo-Halide Perovskite Batteries", Nano Letters, Vol.18, No.3, pp.1856–1862. 

Ahmad, S., Kanaujia, P. K., Beeson, H. J., Abate, A., Deschler, F., Credgington, D., Steiner, U., Prakash, G. 
V., and Baumberg, J. J., (2015), "Strong Photocurrent from Two-Dimensional Excitons in Solution-
Processed Stacked Perovskite Semiconductor Sheets", ACS Applied Materials and Interfaces, Vol.7, 
No.45, pp.25227–25236. 

Ahmad, S., Kanaujia, P. K., Niu, W., Baumberg, J. J., and Vijaya Prakash, G., (2014a), "In situ intercalation 
dynamics in inorganic-organic layered perovskite thin films", ACS Applied Materials and Interfaces, 
Vol.6, No.13, pp.10238–10247. 

Ahmad, S., and Prakash, G. V., (2014b), "Strong room-temperature ultraviolet to red excitons from 
inorganic organic-layered perovskites, (R-NH3)2MX4 (M=Pb2+, Sn2+, Hg2+; X=I−, Br−)", Journal of 
Nanophotonics, Vol.8, No.1, pp.083892. 

Al-Dainy, G. A., Bourdo, S. E., Saini, V., Berry, B. C., and Biris, A. S., (2017), "Hybrid Perovskite 
Photovoltaic Devices: Properties, Architecture, and Fabrication Methods", Energy Technology, Vol.5, 
No.3, pp.373–401. 

Alcocer, M. J. P., Leijtens, T., Herz, L. M., Petrozza, A., and Snaith, H. J., (2013), "Electron-Hole Diffusion 
Lengths Exceeding Trihalide Perovskite Absorber", Science, Vol.342, No.October, pp.341–344. 

Aldakov, D., and Reiss, P., (2019), "Safer-by-Design Fluorescent Nanocrystals: Metal Halide Perovskites vs 
Semiconductor Quantum Dots", Journal of Physical Chemistry C, Vol.123, No.20, pp.12527–12541. 

Ali, N., Attique, S., Rahimi-Iman, A., Ali, S., Akram, F., Dai, N., and Wu, H., (2023), "Beyond lead: 
Progress in stable and non-toxic lower-dimensional perovskites for high-performance 
photodetection", Sustainable Materials and Technologies, Vol.38, No.October, pp.e00759. 

Altinkaya, C., Aydin, E., Ugur, E., Isikgor, F. H., Subbiah, A. S., De Bastiani, M., Liu, J., Babayigit, A., 
Allen, T. G., Laquai, F., Yildiz, A., and De Wolf, S., (2021), "Tin Oxide Electron-Selective Layers for 
Efficient, Stable, and Scalable Perovskite Solar Cells", Advanced Materials, Vol.33, No.15, pp.1–32. 

Anaraki, E. H., Kermanpur, A., Steier, L., Domanski, K., Matsui, T., Tress, W., Saliba, M., Abate, A., 
Grätzel, M., Hagfeldt, A., and Correa-Baena, J. P., (2016), "Highly efficient and stable planar 
perovskite solar cells by solution-processed tin oxide", Energy and Environmental Science, Vol.9, 
No.10, pp.3128–3134. 

Ansari, R. M., Salunke, A. D., Rahil, M., and Ahmad, S., (2023a), "Strong Photocurrent from Solution-
Processed Ruddlesden–Popper 2D Perovskite–MoS2 Hybrid Heterojunctions", Advanced Materials 
Interfaces, Vol.10, No.10, pp.2202170. 

Ansari, R. M., Salunke, A. D., Rahil, M., and Ahmad, S., (2023b), "Strong Photocurrent from 
Solution‐Processed Ruddlesden–Popper 2D Perovskite–MoS2 Hybrid Heterojunctions", Advanced 
Materials Interfaces, Vol.10, No.10. 

Chen, P., Bai, Y., Lyu, M., Yun, J. H., Hao, M., and Wang, L., (2018), "Progress and Perspective in Low-
Dimensional Metal Halide Perovskites for Optoelectronic Applications", Solar RRL, Vol.2, No.3. 

Arabpour Roghabadi, F., Alidaei, M., Mousavi, S. M., Ashjari, T., Tehrani, A. S., Ahmadi, V., and 
Sadrameli, S. M., (2019), "Stability progress of perovskite solar cells dependent on the crystalline 
structure: From 3D ABX3 to 2D Ruddlesden-Popper perovskite absorbers", Journal of Materials 
Chemistry A, Vol.7, No.11, pp.5898–5933. 

Bangalore, D. M., and Tessmer, I., (2018), "Unique insight into protein-DNA interactions from single 
molecule atomic force microscopy", AIMS Biophysics, Vol.5, No.3, pp.194–216. 

Behera, S. A., and Achary, P. G. R., (2023), "Lead free perovskite based heterojunction photodetectors: A 
mini review", Applied Surface Science Advances, Vol.14, No.December 2022, pp.100393. 

Blancon, J. C., Stier, A. V., Tsai, H., Nie, W., Stoumpos, C. C., Traoré, B., Pedesseau, L., Kepenekian, M., 



 

116 

Katsutani, F., Noe, G. T., Kono, J., Tretiak, S., Crooker, S. A., Katan, C., Kanatzidis, M. G., Crochet, J. 
J., Even, J., and Mohite, A. D., (2018), "Scaling law for excitons in 2D perovskite quantum wells", 
Nature Communications, Vol.9, No.1, pp.1–10. 

Boruah, B. D., Mathieson, A., Park, S. K., Zhang, X., Wen, B., Tan, L., Boies, A., and De Volder, M., (2021a), 
"Vanadium Dioxide Cathodes for High-Rate Photo-Rechargeable Zinc-Ion Batteries", Advanced 
Energy Materials, Vol.11, No.13, pp.1–8. 

Boruah, B. D., Wen, B., and De Volder, M., (2021b), "Light Rechargeable Lithium-Ion Batteries Using 
V2O5Cathodes", Nano Letters, Vol.21, No.8, pp.3527–3532. 

Brivio, F., Butler, K. T., Walsh, A., and Van Schilfgaarde, M., (2014), "Relativistic quasiparticle self-
consistent electronic structure of hybrid halide perovskite photovoltaic absorbers", Physical Review B 
- Condensed Matter and Materials Physics, Vol.89, No.15, pp.1–6. 

Burany, S., (2003), " Scanning Electron Microscopy and X-Ray Microanalysis . J. Goldstein, D. Newbury, 
D. Joy, C, Lyman, P. Echlin, E. Lifshin, L. Sawyer, and J. Michael. Kluwer Academic, Plenum 
Publishers, New York; 2003, 688 pages (Hardback, $75.00) ISBN 0-306-47292-9 ", Microscopy and 
Microanalysis, Vol.9, No.5, pp.484–484. 

Burgos-Caminal, A., Moreno-Naranjo, J. M., Willauer, A. R., Paraecattil, A. A., Ajdarzadeh, A., and Moser, 
J.-E., (2019), "Hot Carrier Mobility Dynamics Unravel Competing Sub-ps Cooling Processes in Lead 
Halide Perovskites". 

Byranvand, M. M., Kim, T., Song, S., Kang, G., Ryu, S. U., and Park, T., (2018), "p-Type CuI Islands on 
TiO2 Electron Transport Layer for a Highly Efficient Planar-Perovskite Solar Cell with Negligible 
Hysteresis", Advanced Energy Materials, Vol.8, No.5, pp.1–7. 

Byranvand, M. M., and Saliba, M., (2021a), "Charge carrier management for developing high-efficiency 
perovskite solar cells", Matter, Vol.4, No.6, pp.1758–1759. 

Byranvand, M. M., and Saliba, M., (2021b), "Defect Passivation of Perovskite Films for Highly Efficient 
and Stable Solar Cells", Solar RRL, Vol.5, No.8. 

Byranvand, M. M., Zuo, W., Imani, R., Pazoki, M., and Saliba, M., (2022), "Tin-based halide perovskite 
materials: properties and applications", Chemical Science, Vol.13, No.23, pp.6766–6781. 

Cao, D. H., Stoumpos, C. C., Farha, O. K., Hupp, J. T., and Kanatzidis, M. G., (2015), "2D Homologous 
Perovskites as Light-Absorbing Materials for Solar Cell Applications", Journal of the American 
Chemical Society, Vol.137, No.24, pp.7843–7850. 

Capasso, A., Matteocci, F., Najafi, L., Prato, M., Buha, J., Cinà, L., Pellegrini, V., Carlo, A. Di, and 
Bonaccorso, F., (2016), "Few-Layer MoS2 Flakes as Active Buffer Layer for Stable Perovskite Solar 
Cells", Advanced Energy Materials, Vol.6, No.16, pp.1600920. 

Cappella, B., and Dietler, G., (n.d.), "Force-distance curves by atomic force microscopy". 
Caputo, M., Cefarin, N., Radivo, A., Demitri, N., Gigli, L., Plaisier, J. R., Panighel, M., Di Santo, G., 
Moretti, S., Giglia, A., Polentarutti, M., De Angelis, F., Mosconi, E., Umari, P., Tormen, M., and 
Goldoni, A., (2019), "Electronic structure of MAPbI6 and MAPbCl3: importance of band alignment", 
Scientific Reports, Vol.9, No.1, pp.1–11. 

Chamola, S., and Ahmad, S., (2023), "High Performance Photorechargeable Li‐Ion Batteries Based on 
Nanoporous Fe2O3 Photocathodes", Advanced Sustainable Systems, Vol.7, No.6, pp.2300043. 

Chandrasekar, P. V., Yang, S., Hu, J., Sulaman, M., Saleem, M. I., Tang, Y., Jiang, Y., and Zou, B., (2019), 
"A one-step method to synthesize CH3NH3PbI3:MoS2 nanohybrids for high-performance solution-
processed photodetectors in the visible region", Nanotechnology, Vol.30, No.8, pp.085707. 

Chen, B., Rudd, P. N., Yang, S., Yuan, Y., and Huang, J., (2019a), "Imperfections and their passivation in 
halide perovskite solar cells", Chemical Society Reviews, Vol.48, No.14, pp.3842–3867. 

Chen, H., Yang, D., Zhang, Q., Jin, S., Guo, L., Deng, J., Li, X., and Chen, X., (2019b), "A Series of MAX 
Phases with MA-Triangular-Prism Bilayers and Elastic Properties", Angewandte Chemie - International 
Edition, Vol.58, No.14, pp.4576–4580. 

Ansari, R. M., Yadav, A., Singh, S., Irziqat, B., Aivalioti, C., Zhou, R., Abulikemu, M., Azam, A., Fatayer, 
S., and Ahmad, S., (2025), "Additive Engineering of Ruddlesden–Popper Perovskites with MXene 
Nanoflakes: Toward Enhanced Photoresponsivity, Detectivity, and Stability", ACS Materials Letters, 
pp.2115–2124. 

Chen, T., Tong, G., Xu, E., Li, H., Li, P., Zhu, Z., Tang, J., Qi, Y., and Jiang, Y., (2019c), "Accelerating hole 
extraction by inserting 2D Ti3C2-MXene interlayer to all inorganic perovskite solar cells with long-
term stability", Journal of Materials Chemistry A, Vol.7, No.36, pp.20597–20603. 

Chen, X., Shi, Z., Tian, Y., Lin, P., Wu, D., Li, X., Dong, B., Xu, W., and Fang, X., (2021), "Two-dimensional 
Ti3C2 MXene-based nanostructures for emerging optoelectronic applications", Materials Horizons, 
Vol.8, No.11, pp.2929–2963. 

Chen, Y., Chen, Z., Zhang, X., Chen, J., and Wang, Y., (2022a), "An organic-halide perovskite-based photo-



 
 

 117 

assisted Li-ion battery for photoelectrochemical storage", Nanoscale, Vol.14, No.30, pp.10903–10909. 
Chen, Z., Wang, M., Yin, B., Dai, C., and Zhang, C., (2022b), "Phase-Pure Layered Perovskite Films for 

Photodetectors with Enhanced Performance and Stability", ACS Applied Electronic Materials, Vol.4, 
No.1, pp.326–333. 

Cheng, Y.-L., Lee, C.-Y., Huang, Y.-L., 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., Mathijssen, R. H. J., (2016), "We are IntechOpen , the world ’ s leading 
publisher of Open Access books Built by scientists , for scientists TOP 1 %", Intech, Vol.11, 
No.tourism, pp.13. 

Cho, J., and Kamat, P. V., (2021), "Photoinduced Phase Segregation in Mixed Halide Perovskites: 
Thermodynamic and Kinetic Aspects of Cl–Br Segregation", Advanced Optical Materials, Vol.9, No.18, 
pp.1–9. 

Cong, X., Yin, H., Zheng, Y., and He, W., (2024), "Recent progress of group III-V materials-based 
nanostructures for photodetection", Nanotechnology, Vol.35, No.38. 

Cunningham, G., Lotya, M., Cucinotta, C. S., Sanvito, S., Bergin, S. D., Menzel, R., Shaffer, M. S. P., and 
Coleman, J. N., (2012), "Solvent exfoliation of transition metal dichalcogenides: Dispersibility of 
exfoliated nanosheets varies only weakly between compounds", ACS Nano, Vol.6, No.4, pp.3468–
3480. 

Darman, P., Yaghoobi, A., and Darbari, S., (2023), "Pinhole-free 2D Ruddlesden–Popper perovskite layer 
with close packed large crystalline grains, suitable for optoelectronic applications", Scientific Reports, 
Vol.13, No.1, pp.1–15. 

Dawson, J. A., Naylor, A. J., Eames, C., Roberts, M., Zhang, W., Snaith, H. J., Bruce, P. G., and Saiful Islam, 
M., (2017), "Mechanisms of Lithium Intercalation and Conversion Processes in Organic-Inorganic 
Halide Perovskites", ACS Energy Letters, Vol.2, No.8, pp.1818–1824. 

Dillon, A. D., Ghidiu, M. J., Krick, A. L., Griggs, J., May, S. J., Gogotsi, Y., Barsoum, M. W., and Fafarman, 
A. T., (2016), "Highly Conductive Optical Quality Solution-Processed Films of 2D Titanium 
Carbide", Advanced Functional Materials, Vol.26, No.23, pp.4162–4168. 

Dong, H., Chen, D., Wang, K., and Zhang, R., (2016), "High-Yield Preparation and Electrochemical 
Properties of Few-Layer MoS2 Nanosheets by Exfoliating Natural Molybdenite Powders Directly via 
a Coupled Ultrasonication-Milling Process", Nanoscale Research Letters, Vol.11, No.1. 

Dong, R., Lan, C., Xu, X., Liang, X., Hu, X., Li, D., Zhou, Z., Shu, L., Yip, S., Li, C., Tsang, S., and Ho, J. C., 
(2018a), "Novel Series of Quasi-2D Ruddlesden−Popper Perovskites Based on Short-Chained Spacer 
Cation for Enhanced Photodetection". 

Dong, R., Lan, C., Xu, X., Liang, X., Hu, X., Li, D., Zhou, Z., Shu, L., Yip, S., Li, C., Tsang, S. W., and Ho, J. 
C., (2018b), "Novel Series of Quasi-2D Ruddlesden-Popper Perovskites Based on Short-Chained 
Spacer Cation for Enhanced Photodetection", ACS Applied Materials and Interfaces. 

Dong, R., Lan, C., Xu, X., Liang, X., Hu, X., Li, D., Zhou, Z., Shu, L., Yip, S., Li, C., Tsang, S. W., and Ho, J. 
C., (2018c), "Novel Series of Quasi-2D Ruddlesden-Popper Perovskites Based on Short-Chained 
Spacer Cation for Enhanced Photodetection", ACS Applied Materials and Interfaces, Vol.10, No.22, 
pp.19019–19026. 

Dualeh, A., Gao, P., Seok, S. Il, Nazeeruddin, M. K., and Grätzel, M., (2014), "Thermal behavior of 
methylammonium lead-trihalide perovskite photovoltaic light harvesters", Chemistry of Materials, 
Vol.26, No.21, pp.6160–6164. 

Eperon, G. E., Stranks, S. D., Menelaou, C., Johnston, M. B., Herz, L. M., and Snaith, H. J., (2014a), 
"Environmental Science Formamidinium lead trihalide : a broadly tunable perovskite for e ffi cient 
planar heterojunction solar", pp.982–988. 

Eperon, G. E., Stranks, S. D., Menelaou, C., Johnston, M. B., Herz, L. M., and Snaith, H. J., (2014b), 
"Formamidinium lead trihalide: A broadly tunable perovskite for efficient planar heterojunction 
solar cells", Energy and Environmental Science, Vol.7, No.3, pp.982–988. 

Fang, C., Wang, H., Shen, Z., Shen, H., Wang, S., Ma, J., Wang, J., Luo, H., and Li, D., (2019), "High-
Performance Photodetectors Based on Lead-Free 2D Ruddlesden-Popper Perovskite/MoS2 
Heterostructures", ACS Applied Materials and Interfaces, Vol.11, No.8, pp.8419–8427. 

Gao, W., and Chen, C., (2024a), "Nano Energy Perovskites and their constructed near-infrared 
photodetectors", Vol.128, No.June. 

Gao, W. H., and Chen, C., (2024b), "Perovskites and their constructed near-infrared photodetectors", Nano 
Energy, Vol.128, No.PB, pp.109904. 

Ghosh, S., Shankar, H., and Kar, P., (2022), "Recent developments of lead-free halide double perovskites: a 
new superstar in the optoelectronic field", Materials Advances, Vol.3, No.1, pp.3742–3765. 

Guo, P., Liu, C., Li, X., Chen, Z., Zhu, H., Zhu, L., Zhang, X., Zhao, W., Jia, N., Ye, Q., Xu, X., Chen, R., Liu, 



 

118 

Z., Fan, X., Zhi, C., and Wang, H., (2022), "Laser Manufactured Nano-MXenes with Tailored 
Halogen Terminations Enable Interfacial Ionic Stabilization of High Performance Perovskite Solar 
Cells", Advanced Energy Materials, Vol.12, No.46, pp.1–12. 

Guo, W., Xue, X., Wang, S., Lin, C., and Wang, Z. L., (2012), "An integrated power pack of dye-sensitized 
solar cell and Li battery based on double-sided TiO2 nanotube arrays", Nano Letters, Vol.12, No.5, 
pp.2520–2523. 

Guo, Z., Gao, L., Xu, Z., Teo, S., Zhang, C., Kamata, Y., Hayase, S., and Ma, T., (2018), "High Electrical 
Conductivity 2D MXene Serves as Additive of Perovskite for Efficient Solar Cells", Small, Vol.14, 
No.47, pp.1–8. 

Gupta, A., Arunachalam, V., and Vasudevan, S., (2016), "Liquid-Phase Exfoliation of MoS2 Nanosheets: 
The Critical Role of Trace Water", Journal of Physical Chemistry Letters, Vol.7, No.23, pp.4884–4890. 

Han, S., Yao, Y., Liu, X., Li, B., Ji, C., Sun, Z., Hong, M., and Luo, J., (2019), "Highly Oriented Thin Films of 
2D Ruddlesden-Popper Hybrid Perovskite toward Superfast Response Photodetectors", Small, 
Vol.15, No.39, pp.1–6. 

Hashemi, M., Ansari, N., and Vazayefi, M., (2022), "MoS2-based absorbers with whole visible spectrum 
coverage and high efficiency", Scientific Reports, Vol.12, No.1, pp.1–9. 

He, M., Chen, Y., Liu, H., Wang, J., Fang, X., and Liang, Z., (2015), "Chemical decoration of CH3NH3PbI3 
perovskites with graphene oxides for photodetector applications", Chemical Communications, Vol.51, 
No.47, pp.9659–9661. 

Herz, L. M., (2017), "Charge-Carrier Mobilities in Metal Halide Perovskites: Fundamental Mechanisms 
and Limits", ACS Energy Letters, Vol.2, No.7, pp.1539–1548. 

Hong, X., Ishihara, T., and Nurmikko, A. V., (1992), "Dielectric confinement effect on excitons in PbI4-
based layered semiconductors", Physical Review B, Vol.45, No.12, pp.6961–6964. 

Hou, C., and Yu, H., (2021), "ZnO/Ti3C2Tx monolayer electron transport layers with enhanced 
conductivity for highly efficient inverted polymer solar cells", Chemical Engineering Journal, Vol.407, 
No. September, pp.127192. 

          https://testbook.com/chemistry/photoelectron-spectroscopy, (n.d.). 
          https://www.nanoscience.com/techniques/scanning-electron-microscopy/, (n.d.). 
          https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/photchem.htm, (n.d.). 
Hu, M., Zhu, Y., Zhou, Z., Hao, M., Harnmanasvate, C., Waiyawat, J., Wang, Y., Lu, J., An, Q., Li, X., 

Zhang, T., Zhou, Y., Cheacharoen, R., and Rong, Y., (2023), "Post-Treatment of Metal Halide 
Perovskites: From Morphology Control, Defect Passivation to Band Alignment and Construction of 
Heterostructures", Advanced Energy Materials, Vol.13, No.41, pp.1–26. 

Hu, Y., Bai, Y., Luo, B., Wang, S., Hu, H., Chen, P., Lyu, M., Shapter, J., Rowan, A., and Wang, L., (2019), 
"A Portable and Efficient Solar-Rechargeable Battery with Ultrafast Photo-Charge/Discharge Rate", 
Advanced Energy Materials, Vol.9, No.28, pp.1–9. 

Huang, L., Zhou, X., Xue, R., Xu, P., Wang, S., Xu, C., Zeng, W., Xiong, Y., Sang, H., and Liang, D., (2020), 
"Low-Temperature Growing Anatase TiO2/SnO2 Multi-dimensional Heterojunctions at MXene 
Conductive Network for High-Efficient Perovskite Solar Cells", Nano-Micro Letters, Vol.12, No.1, 
pp.1–19. 

Huo, N., Yang, Y., Wu, Y. N., Zhang, X. G., Pantelides, S. T., and Konstantatos, G., (2018), "High carrier 
mobility in monolayer CVD-grown MoS2 through phonon suppression", Nanoscale, Vol.10, No.31, 
pp.15071–15077. 

Hwang, B., and Lee, J., (2019), "2D Perovskite‐Based Self‐Aligned Lateral Heterostructure Photodetectors 
Utilizing Vapor Deposition", Advanced Optical Materials, Vol.7, No.3. 

Iqbal, A., Hong, J., Ko, T. Y., and Koo, C. M., (2021), "Improving oxidation stability of 2D MXenes: 
synthesis, storage media, and conditions", Nano Convergence, Vol.8, No.1. 

Jadhav, H. S., Rai, A. K., Lee, J. Y., Kim, J., and Park, C. J., (2014), "Enhanced electrochemical performance 
of flower-like Co3O4 as an anode material for high performance lithium-ion batteries", Electrochimica 
Acta, Vol.146, pp.270–277. 

Jadhav, H. S., Thorat, G. M., Mun, J., and Seo, J. G., (2016), "Self-assembled hierarchical 3D - NiO 
microspheres with ultra-thin porous nanoflakes for lithium-ion batteries", Journal of Power Sources, 
Vol.302, pp.13–21. 

Jeong, J., Kim, M., Seo, J., Lu, H., Ahlawat, P., Mishra, A., Yang, Y., Hope, M. A., Eickemeyer, F. T., Kim, 
M., Yoon, Y. J., Choi, I. W., Darwich, B. P., Choi, S. J., Jo, Y., Lee, J. H., Walker, B., Zakeeruddin, S. 
M., … Kim, J. Y., (2021), "Pseudo-halide anion engineering for α-FAPbI3 perovskite solar cells", 
Nature, Vol.592, No.7854, pp.381–385. 

Jin, L., Ren, N., Wang, P., Li, R., Xue, Q., Huang, F., Zhang, X., Zhao, Y., and Zhang, X., (2023), "Secondary 
Anti-Solvent Treatment for Efficient 2D Dion–Jacobson Perovskite Solar Cells", Small, Vol.19, No.3, 



 
 

 119 

pp.1–8. 
Johnsson, M., and Lemmens, P., (2007), "Crystallography and Chemistry of Perovskites", Handbook of 

Magnetism and Advanced Magnetic Materials, Vol.4, pp.1–9. 
Kang, D. H., Pae, S. R., Shim, J., Yoo, G., Jeon, J., Leem, J. W., Yu, J. S., Lee, S., Shin, B., and Park, J. H., 

(2016), "An Ultrahigh-Performance Photodetector based on a Perovskite–Transition-Metal-
Dichalcogenide Hybrid Structure", Advanced Materials, Vol.28, No.35, pp.7799–7806. 

Katan, C., Mercier, N., and Even, J., (2019), "Quantum and Dielectric Confinement Effects in Lower-
Dimensional Hybrid Perovskite Semiconductors". 

Khorshidi, E., Rezaei, B., Kavousighahfarokhi, A., Hanisch, J., Reus, M. A., Müller-Buschbaum, P., and 
Ameri, T., (2022), "Antisolvent Additive Engineering for Boosting Performance and Stability of 
Graded Heterojunction Perovskite Solar Cells Using Amide-Functionalized Graphene Quantum 
Dots", ACS Applied Materials and Interfaces, Vol.14, No.49, pp.54623–54634. 

Kieslich, G., Sun, S., and Cheetham, A. K., (2014), "Solid-state principles applied to organic–inorganic 
perovskites: New tricks for an old dog", Chemical Science, Vol.5, No.12, pp.4712–4715. 

Kim, G. W., Choi, H., Kim, M., Lee, J., Son, S. Y., and Park, T., (2020a), "Hole Transport Materials in 
Conventional Structural (n–i–p) Perovskite Solar Cells: From Past to the Future", Advanced Energy 
Materials, Vol.10, No.8, pp.1–30. 

Kim, S., Park, W., Kim, D., Kang, J., Lee, J., Jang, H. Y., Song, S. H., Cho, B., and Lee, D., (2020b), "Novel 
exfoliation of high-quality 2h-MoS2 nanoflakes for solution-processed photodetector", Nanomaterials, 
Vol.10, No.6, pp.1–10. 

Klein, J., Kampermann, L., Mockenhaupt, B., Behrens, M., Strunk, J., and Bacher, G., (2023), "Limitations 
of the Tauc Plot Method", Advanced Functional Materials, Vol.33, No.47, pp.1–19. 

Kohnehpoushi, S., Nazari, P., Nejand, B. A., and Eskandari, M., (2018), "MoS2: A two-dimensional hole-
transporting material for high-efficiency, low-cost perovskite solar cells", Nanotechnology, Vol.29, 
No.20, pp.205201. 

Kojima, A., Teshima, K., Shirai, Y., and Miyasaka, T., (2009), "Organometal halide perovskites as visible-
light sensitizers for photovoltaic cells", Journal of the American Chemical Society, Vol.131, No.17, 
pp.6050–6051. 

Krishna, A., Gottis, S., and Nazeeruddin, M. K., (2019), "Mixed Dimensional 2D/3D Hybrid Perovskite 
Absorbers : The Future of Perovskite Solar Cells ?", Vol.1806482, pp.1–20. 

Krishnamoorthy, T., Ding, H., Yan, C., Leong, W. L., Baikie, T., Zhang, Z., Sherburne, M., Li, S., Asta, M., 
Mathews, N., and Mhaisalkar, S. G., (2015), "Lead-free germanium iodide perovskite materials for 
photovoltaic applications", Journal of Materials Chemistry A, Vol.3, No.47, pp.23829–23832. 

Kumar, A., Thakur, P., Sharma, R., Puthirath, A. B., Ajayan, P. M., and Narayanan, T. N., (2021), "Photo 
Rechargeable Li-Ion Batteries Using Nanorod Heterostructure Electrodes", Small, Vol.17, No.51, 
pp.1–10. 

Kumar, R., Kumar, A., Shukla, P. S., Varma, G. Das, Venkataraman, D., and Bag, M., (2022), 
"Photorechargeable Hybrid Halide Perovskite Supercapacitors", ACS Applied Materials and Interfaces, 
Vol.14, No.31, pp.35592–35599. 

Lee, H. S., Min, S. W., Chang, Y. G., Park, M. K., Nam, T., Kim, H., Kim, J. H., Ryu, S., and Im, S., (2012), 
"MoS2 nanosheet phototransistors with thickness-modulated optical energy gap", Nano Letters, 
Vol.12, No.7, pp.3695–3700. 

Lee, J. W., Seol, D. J., Cho, A. N., and Park, N. G., (2014), "High-efficiency perovskite solar cells based on 
the black polymorph of HC(NH2)2PbI3", Advanced Materials, Vol.26, No.29, pp.4991–4998. 

Lee, Y., Kwon, J., Hwang, E., Ra, C. H., Yoo, W. J., Ahn, J. H., Park, J. H., and Cho, J. H., (2015), "High-
performance perovskite-graphene hybrid photodetector", Advanced Materials, Vol.27, No.1, pp.41–46. 

Leguy, A. M. A., Azarhoosh, P., Alonso, M. I., Campoy-Quiles, M., Weber, O. J., Yao, J., Bryant, D., Weller, 
M. T., Nelson, J., Walsh, A., Van Schilfgaarde, M., and Barnes, P. R. F., (2016), "Experimental and 
theoretical optical properties of methylammonium lead halide perovskites", Nanoscale, Vol.8, No.12, 
pp.6317–6327. 

Leijtens, T., Bush, K., Cheacharoen, R., Beal, R., Bowring, A., and McGehee, M. D., (2017), "Towards 
enabling stable lead halide perovskite solar cells; Interplay between structural, environmental, and 
thermal stability", Journal of Materials Chemistry A, Vol.5, No.23, pp.11483–11500. 

Leung, T. L., Ahmad, I., Syed, A. A., Man, A., and Ng, C., (2022), "and devices", pp.1–10. 
Li, C., Ma, Y., Xiao, Y., Shen, L., and Ding, L., (2020), "Advances in perovskite photodetectors", InfoMat, 

Vol.2, No.6, pp.1247–1256. 
Li, D., Xing, Z., Meng, X., Hu, X., Hu, T., and Chen, Y., (2023a), "Selection of Functional Spacer Cations for 

Efficient 2D/3D Perovskite Solar Cells", CCS Chemistry, Vol.5, No.4, pp.71–801. 
Li, M., Gao, Q., Liu, P., Liao, Q., Zhang, H., Yao, J., Hu, W., Wu, Y., and Fu, H., (2018), "Amplified 



 

120 

Spontaneous Emission Based on 2D Ruddlesden–Popper Perovskites", Advanced Functional Materials, 
Vol.28, No.17, pp.1–9. 

Li, W., Wu, Q., Lu, L., Tian, Y., Luo, H., Yun, Y., Jiang, S., Chen, M., and Li, C., (2023b), "Molecular 
engineering for sensitive, fast and stable quasi-two-dimensional perovskite photodetectors", Journal 
of Materials Chemistry C, Vol.11, No.9, pp.3314–3324. 

Li, X., Gao, X., Zhang, X., Shen, X., Lu, M., Wu, J., Shi, Z., Colvin, V. L., Hu, J., Bai, X., Yu, W. W., and 
Zhang, Y., (2021a), "Lead-Free Halide Perovskites for Light Emission: Recent Advances and 
Perspectives", Advanced Science, Vol.8, No.4, pp.1–33. 

Li, X., and Zhu, H., (2015), "Two-dimensional MoS2: Properties, preparation, and applications", Journal of 
Materiomics, Vol.1, No.1, pp.33–44. 

Li, Y., Ma, J., Xu, L., Liu, T., Xiao, T., Chen, D., Song, Z., Qiu, J., and Zhang, Y., (2023c), "Enhancement of 
Charge Separation and NIR Light Harvesting through Construction of 2D–2D Bi4O5I2/BiOBr:Yb3+, 
Er3+ Z-Scheme Heterojunctions for Improved Full-Spectrum Photocatalytic Performance", Advanced 
Science, Vol.10, No.13, pp.1–14. 

Li, Y., Sun, X., Li, Y., Deng, F., Li, S., and Tao, X., (2023d), "Polymer-Assisted Heterogeneous Lead Iodide 
in a Two-Step Process: Fabrication of Efficient and Stable Perovskite Solar Cells", Solar RRL, Vol.7, 
No.10, pp.1–10. 

Li, Z., Wang, P., Ma, C., Igbari, F., Kang, Y., Wang, K. L., Song, W., Dong, C., Li, Y., Yao, J., Meng, D., 
Wang, Z. K., and Yang, Y., (2021b), "Single-Layered MXene Nanosheets Doping TiO2 for Efficient 
and Stable Double Perovskite Solar Cells", Journal of the American Chemical Society, Vol.143, No.6, 
pp.2593–2600. 

Lim, A. C., Jadhav, H. S., Kwon, H. J., and Seo, J. G., (2019), "High-loading carbon nanotubes on polymer 
nanofibers as stand-alone anode materials for li-ion batteries", ACS Omega, Vol.4, No.2, pp.4129–
4137. 

Lin, J. D. A., Mikhnenko, O. V., Chen, J., Masri, Z., Ruseckas, A., Mikhailovsky, A., Raab, R. P., Liu, J., 
Blom, P. W. M., Loi, M. A., García-Cervera, C. J., Samuel, I. D. W., and Nguyen, T. Q., (2014), 
"Systematic study of exciton diffusion length in organic semiconductors by six experimental 
methods", Materials Horizons, Vol.1, No.2, pp.280–285. 

Liu, G., Qiu, C., Tian, B., Pan, X., Ding, D., Chen, Y., Ren, C., He, T., Shi, Y., Su, C., Li, Y., Gao, Y., and Fan, 
D., (2019), "Influence of the Organic Chain on the Optical Properties of Two-Dimensional Organic-
Inorganic Hybrid Lead Iodide Perovskites", ACS Applied Electronic Materials, Vol.1, No.11, pp.2253–
2259. 

Liu, H., Wu, P., Wang, R., Meng, H., Zhang, Y., Bao, W., and Li, J., (2022), "A Photo-rechargeable Aqueous 
Zinc-Tellurium Battery Enabled by the Janus-Jointed Perovskite/Te Photocathode", ACS Nano, 
Vol.17, pp.1560–1569. 

Liu, M., Zhong, G., Yin, Y., Miao, J., Li, K., Wang, C., Xu, X., Shen, C., and Meng, H., (2017), "Aluminum-
Doped Cesium Lead Bromide Perovskite Nanocrystals with Stable Blue Photoluminescence Used for 
Display Backlight", Advanced Science, Vol.4, No.11, pp.1–8. 

Liu, Y., Li, N., Wu, S., Liao, K., Zhu, K., Yi, J., and Zhou, H., (2015), "Reducing the charging voltage of a Li-
O2 battery to 1.9 v by incorporating a photocatalyst", Energy and Environmental Science, Vol.8, No.9, 
pp.2664–2667. 

Liu, Z., Liu, K., Zhang, F., Jain, S. M., He, T., Jiang, Y., Liu, P., Yang, J., Liu, H., and Yuan, M., (2020), 
"CH3NH3PbI3:MoS2 heterostructure for stable and efficient inverted perovskite solar cell", Solar 
Energy, Vol.195, No.August 2019, pp.436–445. 

Loi, H. L., Cao, J., Guo, X., Liu, C. K., Wang, N., Song, J., Tang, G., Zhu, Y., and Yan, F., (2020), "Gradient 
2D/3D Perovskite Films Prepared by Hot-Casting for Sensitive Photodetectors", Advanced Science, 
Vol.7, No.14, pp.1–9. 

Lu, J., Carvalho, A., Liu, H., Lim, S. X., Castro Neto, A. H., and Sow, C. H., (2016a), "Hybrid Bilayer WSe2–
CH3NH3PbI3 Organolead Halide Perovskite as a High-Performance Photodetector", Angewandte 
Chemie - International Edition, Vol.55, No.39, pp.11945–11949. 

Lu, S. S., Du, C., and Shi, H., (2016b), "As featured in :", pp.2–8. 
Lv, Q., Zhu, Z., Zhao, S., Wang, L., Zhao, Q., Li, F., Archer, L. A., and Chen, J., (2021), "Semiconducting 

Metal-Organic Polymer Nanosheets for a Photoinvolved Li-O2 Battery under Visible Light", Journal 
of the American Chemical Society, Vol.143, No.4, pp.1941–1947. 

Majee, B. P., Mishra, S., Pandey, R. K., Prakash, R., and Mishra, A. K., (2019), "Multifunctional Few-Layer 
MoS2 for Photodetection and Surface-Enhanced Raman Spectroscopy Application with 
Ultrasensitive and Repeatable Detectability", Journal of Physical Chemistry C, Vol.123, No.29, 
pp.18071–18078. 

Manser, J. S., Christians, J. A., and Kamat, P. V., (2016), "Intriguing Optoelectronic Properties of Metal 



 
 

 121 

Halide Perovskites", Chemical Reviews, Vol.116, No.21, pp.12956–13008. 
Martos, M., Morales, J., and Sánchez, L., (2003), "Lead-based systems as suitable anode materials for Li-ion 

batteries", Electrochimica Acta, Vol.48, No.6, pp.615–621. 
Mathieson, A., Rahil, M., Zhang, Y., Dose, W. M., Lee, J. T., Deschler, F., Ahmad, S., and De Volder, M., 

(2021a), "Ruddlesden Popper 2D perovskites as Li-ion battery electrodes", Materials Advances, Vol.2, 
No.10, pp.3370–3377. 

Mathieson, A., Rahil, M., Zhang, Y., Dose, W. M., Lee, J. T., Deschler, F., Ahmad, S., and De Volder, M., 
(2021b), "Ruddlesden Popper 2D perovskites as Li-ion battery electrodes", Materials Advances, Vol.2, 
No.10, pp.3370–3377. 

Mathis, T. S., Maleski, K., Goad, A., Sarycheva, A., Anayee, M., Foucher, A. C., Hantanasirisakul, K., 
Shuck, C. E., Stach, E. A., and Gogotsi, Y., (2021), "Modified MAX Phase Synthesis for 
Environmentally Stable and Highly Conductive Ti3C2 MXene", ACS Nano, Vol.15, No.4, pp.6420–
6429. 

Mehra, S., Pandey, R., Madan, J., Sharma, R., Goswami, L., Gupta, G., Singh, V. N., Srivastava, A. K., and 
Sharma, S. N., (2024), "Experimental and Theoretical Investigations of MAPbX3-Based Perovskites 
(X=Cl, Br, I) for Photovoltaic Applications", ChemistryOpen, Vol.13, No.2. 

Merryweather, A. J., Schnedermann, C., Jacquet, Q., Grey, C. P., and Rao, A., (2021), "Operando optical 
tracking of single-particle ion dynamics in batteries", Nature, Vol.594, No.7864, pp.522–528. 

Microscope, S. E., (1988), "U . S . Patent Feb . 9 , 1988", , No.19. 
Mohammadi, A. V., Rosen, J., and Gogotsi, Y., (2021), "The world of two-dimensional carbides and 

nitrides (MXenes)", Science, Vol.372, No.6547. 
Mohammed, Z. Y., Sami, S. A., and Salih, J. M., (2023), "FIRST-PRINCIPLES CALCULATION OF 

STRUCTURAL, ELECTRONIC, AND OPTICAL PROPERTIES OF CUBIC PEROVSKITE CsPbF3", 
East European Journal of Physics, Vol.2023, No.3, pp.263–270. 

Mohammedy, F. M., and Jamal Deen, M., (2009), "Growth and fabrication issues of GaSb-based detectors", 
Journal of Materials Science: Materials in Electronics, Vol.20, No.11, pp.1039–1058. 

Mokkapati, S., and Jagadish, C., (2009), "III-V compound SC for optoelectronic devices", Materials Today, 
Vol.12, No.4, pp.22–32. 

Mosconi, E., Umari, P., and De Angelis, F., (2016), "Electronic and optical properties of MAPbX3 
perovskites (X = I, Br, Cl): A unified DFT and GW theoretical analysis", Physical Chemistry Chemical 
Physics, Vol.18, No.39, pp.27158–27164. 

Munir, N., Hanif, M., Dias, D. A., and Abideen, Z., (2021), "The role of halophytic nanoparticles towards 
the remediation of degraded and saline agricultural lands", Environmental Science and Pollution 
Research, Vol.28, No.43, pp.60383–60405. 

Mutlu, A., Yeşil, T., Klymaz, D., and Zafer, C., (2022), "Simultaneous Optimization of Charge Transport 
Properties in a Triple-Cation Perovskite Layer and Triple-Cation Perovskite/Spiro-OMeTAD 
Interface by Dual Passivation", ACS Omega, Vol.7, No.21, pp.17907–17920. 

Nandigana, P., Saminathan, B., Sriram, P., Sujatha, D., Imthiaz Ahmed, M., Ram Prasanth, R., 
Subramanian, B., and Panda, S. K., (2024), "An ambient process for hole transport layer-free highly 
stable MAPbI3 by addition of MACl for efficient perovskite solar cells", Energy Advances, Vol.3, No.2, 
pp.442–450. 

Nasir, S., (2018), "Palm : A review of Alternative and Sustainable Carbon Sources for Carbon-based 
Nanomaterials Synthesis", , No.November. 

Nguyen, V. H., Hoang, T. K. A., Kurokawa, Y., and Usami, N., (2020), "The impact of highly excessive PbI2 
on the correlation of MAPbI3 perovskite morphology and carrier lifetimes", Journal of Materials 
Chemistry C, Vol.8, No.41, pp.14481–14489. 

Nie, W., Tsai, H., Asadpour, R., Neukirch, A. J., Gupta, G., Crochet, J. J., Chhowalla, M., Tretiak, S., Alam, 
M. A., and Wang, H., (2015), "High-efficiency solution-processed perovskite solar cells with 
millimeter-scale grains", Vol.347, No.6221, pp.522–526. 

Ochoa-Martinez, E., Ochoa, M., Ortuso, R. D., Ferdowsi, P., Carron, R., Tiwari, A. N., Steiner, U., and 
Saliba, M., (2021), "Physical Passivation of Grain Boundaries and Defects in Perovskite Solar Cells by 
an Isolating Thin Polymer", ACS Energy Letters, Vol.6, No.7, pp.2626–2634. 

Ollearo, R., Wang, J., Dyson, M. J., Weijtens, C. H. L., Fattori, M., van Gorkom, B. T., van Breemen, A. J. J. 
M., Meskers, S. C. J., Janssen, R. A. J., and Gelinck, G. H., (2021), "Ultralow dark current in near-
infrared perovskite photodiodes by reducing charge injection and interfacial charge generation", 
Nature Communications, Vol.12, No.1, pp.1–9. 

Pan, A., Ma, X., Huang, S., Wu, Y., Jia, M., Shi, Y., Liu, Y., Wangyang, P., He, L., and Liu, Y., (2019), 
"CsPbBr3 Perovskite Nanocrystal Grown on MXene Nanosheets for Enhanced Photoelectric 
Detection and Photocatalytic CO2 Reduction", Journal of Physical Chemistry Letters, Vol.10, No.21, 



 

122 

pp.6590–6597. 
Paolella, A., Faure, C., Bertoni, G., Marras, S., Guerfi, A., Darwiche, A., Hovington, P., Commarieu, B., 

Wang, Z., Prato, M., Colombo, M., Monaco, S., Zhu, W., Feng, Z., Vijh, A., George, C., Demopoulos, 
G. P., Armand, M., and Zaghib, K., (2017), "Light-assisted delithiation of lithium iron phosphate 
nanocrystals towards photo-rechargeable lithium ion batteries", Nature Communications, Vol.8, 
pp.14643. 

Rahaman, M. Z., Ge, S., Lin, C. H., Cui, Y., and Wu, T., (2021), "One-Dimensional Molecular Metal Halide 
Materials: Structures, Properties, and Applications", Small Structures, Vol.2, No.4. 

Rahil, M., Ansari, R. M., Ahmad, S., and Islam, S. S., (2023), "Nanostructured Ruddlesden-Popper-Layered 
Lead Bromide Perovskites with Stable and Selected Wavelength for Photodetection Applications", 
ACS Applied Nano Materials, Vol.6, No.7, pp.5187–5199. 

Rahil, M., Ansari, R. M., Prakash, C., Islam, S. S., Dixit, A., and Ahmad, S., (2022a), "Ruddlesden–Popper 
2D perovskites of type (C6H9C2H4NH3)2(CH3NH3)n−1PbnI3n+1 (n = 1–4) for optoelectronic 
applications", Scientific Reports, Vol.12, No.1, pp.1–13. 

Rahil, M., Ansari, R. M., Prakash, C., Islam, S. S., Dixit, A., and Ahmad, S., (2022b), "Ruddlesden–Popper 
2D perovskites of type (C6H9C2H4NH3)2(CH3NH3)n−1PbnI3n+1 (n = 1–4) for optoelectronic 
applications", Scientific Reports, Vol.12, No.1, pp.2176. 

Ramirez, D., Suto, Y., Rosero-Navarro, N. C., Miura, A., Tadanaga, K., and Jaramillo, F., (2018), "Structural 
and Electrochemical Evaluation of Three- and Two-Dimensional Organohalide Perovskites and 
Their Influence on the Reversibility of Lithium Intercalation", Inorganic Chemistry, Vol.57, No.7, 
pp.4181–4188. 

Rocha, F. S., Gomes, A. J., Lunardi, C. N., Kaliaguine, S., and Patience, G. S., (2018), "Experimental 
methods in chemical engineering: Ultraviolet visible spectroscopy—UV-Vis", Canadian Journal of 
Chemical Engineering, Vol.96, No.12, pp.2512–2517. 

Romano, V., Agresti, A., Verduci, R., and D’Angelo, G., (2022), "Advances in Perovskites for Photovoltaic 
Applications in Space", ACS Energy Letters, Vol.7, No.8, pp.2490–2514. 

S. Teets, T., (2021), "Photoluminescence",ACS In Focus. 
Sahoo, D., Kumar, B., Sinha, J., Ghosh, S., Roy, S. S., and Kaviraj, B., (2020), "Cost effective liquid phase 

exfoliation of MoS2 nanosheets and photocatalytic activity for wastewater treatment enforced by 
visible light", Scientific Reports, Vol.10, No.1, pp.1–12. 

Saki, Z., Sveinbjörnsson, K., Boschloo, G., and Taghavinia, N., (2019), "The Effect of Lithium Doping in 
Solution‐Processed Nickel Oxide Films for Perovskite Solar Cells", ChemPhysChem, Vol.20, No.24, 
pp.3322–3327. 

Saliba, M., Matsui, T., Seo, J. Y., Domanski, K., Correa-Baena, J. P., Nazeeruddin, M. K., Zakeeruddin, S. 
M., Tress, W., Abate, A., Hagfeldt, A., and Grätzel, M., (2016), "Cesium-containing triple cation 
perovskite solar cells: Improved stability, reproducibility and high efficiency", Energy and 
Environmental Science, Vol.9, No.6, pp.1989–1997. 

Salunke, A. D., Chamola, S., Mathieson, A., Boruah, B. D., De Volder, M., and Ahmad, S., (2022), "Photo-
Rechargeable Li-Ion Batteries: Device Configurations, Mechanisms, and Materials", ACS Applied 
Energy Materials, Vol.5, No.7, pp.7891–7912. 

Ščajev, P., Miasojedovas, S., and Juršėnas, S., (2020), "A carrier density dependent diffusion coefficient, 
recombination rate and diffusion length in MAPbI3 and MAPbBr3 crystals measured under one- And 
two-photon excitations", Journal of Materials Chemistry C, Vol.8, No.30, pp.10290–10301. 

Seo, J., Song, T., Rasool, S., Park, S., and Kim, J. Y., (2023), "An Overview of Lead, Tin, and Mixed Tin–
Lead-Based ABI3 Perovskite Solar Cells", Advanced Energy and Sustainability Research, Vol.4, No.5. 

Sheng, R., Ho-Baillie, A., Huang, S., Chen, S., Wen, X., Hao, X., and Green, M. A., (2015), 
"Methylammonium lead bromide perovskite-based solar cells by vapor-assisted deposition", Journal 
of Physical Chemistry C, Vol.119, No.7, pp.3545–3549. 

Sheng, X., Li, S., Huang, H., Zhao, Y., Chen, Y., Zhang, L., and Xie, D., (2021), "Anticorrosive and UV-
blocking waterborne polyurethane composite coating containing novel two-dimensional Ti3C2 
MXene nanosheets", Journal of Materials Science, Vol.56, No.6, pp.4212–4224. 

Shrestha, S., Li, X., Tsai, H., Hou, C.-H., Huang, H.-H., Ghosh, D., Shyue, J.-J., Wang, L., Tretiak, S., Ma, 
X., and Nie, W., (2022), "Long carrier diffusion length in two-dimensional lead halide perovskite 
single crystals", Chem, Vol.8, No.4, pp.1107–1120. 

Singh, R., Giri, A., Pal, M., Thiyagarajan, K., Kwak, J., Lee, J. J., Jeong, U., and Cho, K., (2019), "Perovskite 
solar cells with an MoS2 electron transport layer", Journal of Materials Chemistry A, Vol.7, No.12, 
pp.7151–7158. 

Smith, I. C., Hoke, E. T., Solis-Ibarra, D., McGehee, M. D., and Karunadasa, H. I., (2014), "A Layered 
Hybrid Perovskite Solar-Cell Absorber with Enhanced Moisture Stability", Angewandte Chemie, 



 
 

 123 

Vol.126, No.42, pp.11414–11417. 
Spina, M., Lehmann, M., Náfrádi, B., Bernard, L., Bonvin, E., Gaál, R., Magrez, A., Forrõ, L., and Horváth, 

E., (2015), "Microengineered CH3NH3PbI3 Nanowire/Graphene Phototransistor for Low-Intensity 
Light Detection at Room Temperature", Small, Vol.11, No.37, pp.4824–4828. 

Splendiani, A., Sun, L., Zhang, Y., Li, T., Kim, J., Chim, C. Y., Galli, G., and Wang, F., (2010), "Emerging 
photoluminescence in monolayer MoS2", Nano Letters, Vol.10, No.4, pp.1271–1275. 

Steinhoff, A., Kim, J. H., Jahnke, F., Rösner, M., Kim, D. S., Lee, C., Han, G. H., Jeong, M. S., Wehling, T. 
O., and Gies, C., (2015), "Efficient Excitonic Photoluminescence in Direct and Indirect Band Gap 
Monolayer MoS2", Nano Letters, Vol.15, No.10, pp.6841–6847. 

Stokes, D. J., (2008), "Principles and Practice of Variable Pressure/Environmental Scanning Electron Microscopy 
(VP-ESEM)",Principles and Practice of Variable Pressure/Environmental Scanning Electron Microscopy 
(VP-ESEM). 

Stoumpos, C. C., Cao, D. H., Clark, D. J., Young, J., Rondinelli, J. M., Jang, J. I., Hupp, J. T., and Kanatzidis, 
M. G., (2016), "Ruddlesden-Popper Hybrid Lead Iodide Perovskite 2D Homologous 
Semiconductors", Chemistry of Materials, Vol.28, No.8, pp.2852–2867. 

Stoumpos, C. C., Malliakas, C. D., and Kanatzidis, M. G., (2013), "Semiconducting Tin and Lead Iodide 
Perovskites with Organic Cations: Phase Transitions, High Mobilities, and Near-Infrared 
Photoluminescent Properties". 

Stoumpos, C. C., Soe, C. M. M., Tsai, H., Nie, W., Blancon, J. C., Cao, D. H., Liu, F., Traoré, B., Katan, C., 
Even, J., Mohite, A. D., and Kanatzidis, M. G., (2017), "High Members of the 2D Ruddlesden-Popper 
Halide Perovskites: Synthesis, Optical Properties, and Solar Cells of 
(CH3(CH2)3NH3)2(CH3NH3)4Pb5I16", Chem, Vol.2, No.3, pp.427–440. 

Straus, D. B., and Kagan, C. R., (2018), "Electrons, Excitons, and Phonons in Two-Dimensional Hybrid 
Perovskites: Connecting Structural, Optical, and Electronic Properties". 

Sun, Y., Peng, J., Chen, Y., Yao, Y., and Liang, Z., (2017), "Triple-cation mixed-halide perovskites: Towards 
efficient, annealing-free and air-stable solar cells enabled by Pb(SCN)2 additive", Scientific Reports, 
Vol.7, No.March, pp.1–7. 

Sun, Z., Aigouy, L., and Chen, Z., (2016), "Plasmonic-enhanced perovskite-graphene hybrid 
photodetectors", Nanoscale, Vol.8, No.14, pp.7377–7383. 

Tao, S., Schmidt, I., Brocks, G., Jiang, J., Tranca, I., Meerholz, K., and Olthof, S., (2019), "Absolute energy 
level positions in tin- and lead-based halide perovskites", Nature Communications, Vol.10, No.1. 

Targhi, F. F., Jalili, Y. S., and Kanjouri, F., (2018), "MAPbI3 and FAPbI3 perovskites as solar cells: Case 
study on structural, electrical and optical properties", Results in Physics, Vol.10, No.July, pp.616–627. 

Tathavadekar, M., Krishnamurthy, S., Banerjee, A., Nagane, S., Gawli, Y., Suryawanshi, A., Bhat, S., 
Puthusseri, D., Mohite, A. D., and Ogale, S., (2017), "Low-dimensional hybrid perovskites as high 
performance anodes for alkali-ion batteries", Journal of Materials Chemistry A, Vol.5, No.35, pp.18634–
18642. 

Tauc, J., (1968), "Optical properties and electronic structure of amorphous Ge and Si", Materials Research 
Bulletin, Vol.3, No.1, pp.37–46. 

Tebyetekerwa, M., Zhang, J., Xu, Z., Truong, T. N., Yin, Z., Lu, Y., Ramakrishna, S., Macdonald, D., and 
Nguyen, H. T., (2020), "Mechanisms and applications of steady-state photoluminescence 
spectroscopy in two-dimensional transition-metal dichalcogenides", ACS Nano, Vol.14, No.11, 
pp.14579–14604. 

Tewari, N., Lam, D., Li, C. H. A., and Halpert, J. E., (2022), "Recent advancements in batteries and photo-
batteries using metal halide perovskites", APL Materials, Vol.10, No.4, pp.040905. 

Tewari, N., Shivarudraiah, S. B., and Halpert, J. E., (2021), "Photorechargeable Lead-Free Perovskite 
Lithium-Ion Batteries Using Hexagonal Cs3Bi2I9 Nanosheets", Nano Letters, Vol.21, No.13, pp.5578–
5585. 

Travis, W., Glover, E. N. K., Bronstein, H., Scanlon, D. O., and Palgrave, R. G., (2016), "On the application 
of the tolerance factor to inorganic and hybrid halide perovskites: A revised system", Chemical 
Science, Vol.7, No.7, pp.4548–4556. 

Tsai, H., Nie, W., Blancon, J. C., Stoumpos, C. C., Asadpour, R., Harutyunyan, B., Neukirch, A. J., 
Verduzco, R., Crochet, J. J., Tretiak, S., Pedesseau, L., Even, J., Alam, M. A., Gupta, G., Lou, J., 
Ajayan, P. M., Bedzyk, M. J., Kanatzidis, M. G., and Mohite, A. D., (2016a), "High-efficiency two-
dimensional ruddlesden-popper perovskite solar cells", Nature, Vol.536, No.7616, pp.312–317. 

Tsai, H., Nie, W., Blancon, J. C., Stoumpos, C. C., Asadpour, R., Harutyunyan, B., Neukirch, A. J., 
Verduzco, R., Crochet, J. J., Tretiak, S., Pedesseau, L., Even, J., Alam, M. A., Gupta, G., Lou, J., 
Ajayan, P. M., Bedzyk, M. J., Kanatzidis, M. G., and Mohite, A. D., (2016b), "High-efficiency two-
dimensional ruddlesden-popper perovskite solar cells", Nature, Vol.536, No.7616, pp.312–317. 



 

124 

Umebayashi, T., Asai, K., Umebayashi, T., Asai, K., Kondo, T., Kondo, T., and Nakao, A., (2003), 
"Electronic structures of lead iodide based low-dimensional crystals", Physical Review B - Condensed 
Matter and Materials Physics, Vol.67, No.15, pp.2–7. 

Uribe, J. I., Ramirez, D., Osorio-Guillén, J. M., Osorio, J., and Jaramillo, F., (2016), "CH3NH3CaI3 
perovskite: Synthesis, characterization, and first-principles studies", Journal of Physical Chemistry C, 
Vol.120, No.30, pp.16393–16398. 

Ventrapragada, L. K., Zhu, J., Creager, S. E., Rao, A. M., and Podila, R., (2018), "A Versatile Carbon 
Nanotube-Based Scalable Approach for Improving Interfaces in Li-Ion Battery Electrodes", ACS 
Omega, Vol.3, No.4, pp.4502–4508. 

Vicente, N., Bresser, D., Passerini, S., and Garcia‐Belmonte, G., (2019), "Probing the 3‐step Lithium Storage 
Mechanism in CH3NH3PbBr3 Perovskite Electrode by Operando ‐XRD Analysis", ChemElectroChem, 
Vol.6, No.2, pp.456–460. 

Vicente, N., and Garcia-Belmonte, G., (2017), "Methylammonium Lead Bromide Perovskite Battery 
Anodes Reversibly Host High Li-Ion Concentrations", Journal of Physical Chemistry Letters, Vol.8, 
No.7, pp.1371–1374. 

Wang, G., Zhang, J., Yang, S., Wang, F., Zhuang, X., Müllen, K., and Feng, X., (2018), "Vertically Aligned 
MoS2 Nanosheets Patterned on Electrochemically Exfoliated Graphene for High-Performance 
Lithium and Sodium Storage", Advanced Energy Materials, Vol.8, No.8. 

Wang, H. P., Li, S., Liu, X., Shi, Z., Fang, X., and He, J. H., (2021), "Low-Dimensional Metal Halide 
Perovskite Photodetectors", Advanced Materials, Vol.33, No.7, pp.1–42. 

Wang, H., and Wang, H., (2017a), "Perovskite-based photodetectors: materials and devices", Chemical 
Society Reviews, Vol.46, No.17, pp.5204–5236. 

Wang, J., Wang, Y., Zhu, C., and Liu, B., (2022), "Photoinduced Rechargeable Lithium-Ion Battery", ACS 
Applied Materials and Interfaces, Vol.14, No.3, pp.4071–4078. 

Wang, K., Wang, J., Fan, J., Lotya, M., O’Neill, A., Fox, D., Feng, Y., Zhang, X., Jiang, B., Zhao, Q., Zhang, 
H., Coleman, J. N., Zhang, L., and Blau, W. J., (2013), "Ultrafast saturable absorption of two-
dimensional MoS2 nanosheets", ACS Nano, Vol.7, No.10, pp.9260–9267. 

Wang, S., Li, L., Weng, W., Ji, C., Liu, X., Sun, Z., Lin, W., Hong, M., and Luo, J., (2020), "Trilayered Lead 
Chloride Perovskite Ferroelectric Affording Self-Powered Visible-Blind Ultraviolet Photodetection 
with Large Zero-Bias Photocurrent", Journal of the American Chemical Society, Vol.142, No.1, pp.55–59. 

Wang, Y., Fullon, R., Acerce, M., Petoukhoff, C. E., Yang, J., Chen, C., Du, S., Lai, S. K., Lau, S. P., Voiry, 
D., O’Carroll, D., Gupta, G., Mohite, A. D., Zhang, S., Zhou, H., and Chhowalla, M., (2017b), 
"Solution-Processed MoS2/Organolead Trihalide Perovskite Photodetectors", Advanced Materials, 
Vol.29, No.4, pp.1–7. 

Wang, Y., Fullon, R., Acerce, M., Petoukhoff, C. E., Yang, J., Chen, C., Du, S., Lai, S. K., Lau, S. P., Voiry, 
D., O’Carroll, D., Gupta, G., Mohite, A. D., Zhang, S., Zhou, H., and Chhowalla, M., (2017c), 
"Solution-Processed MoS2/Organolead Trihalide Perovskite Photodetectors", Advanced Materials, 
Vol.29, No.4, pp.10–13. 

Weber, D., (1978), "CH3NH3PbX3, ein Pb(II)-System mit kubischer Perowskite strukture/CH3NH3PbX3, a 
Pb(II)-System with Cubic Perovskite Structure", Zeitschrift Für Naturforschung B, Vol.33, No.12, 
pp.1443–1445. 

Wells, H. L., (1893), "Über die Cäsium‐ und Kalium‐Bleihalogenide", Zeitschrift Für Anorganische Chemie, 
Vol.3, No.1, pp.195–210. 

Ishihara, T., Takahashi, J., and Goto, T., (1990), "Optical properties due to electronic transitions in two-
dimensional semiconductors (CnH2n+1NH3)2PbI4", Physical Review B, Vol.42, No.17, pp.11099–11107. 

Ishihara, T., and Goto, T., (1994), "Exciton Features in 0-, 2-, and 3-Dimensional Networks of [Pbl6]4-

Octahedra", Journal of the Physical Society of Japan. 
Mitzi, D. B., (2004), "Solution-processed inorganic semiconductors", Journal of Materials Chemistry, Vol.14, 

No.15, pp.2355–2365. 
Mitzi, D. B., Wang, S., Feild, C. A., Chess, C. A., and Guloy, A. M., (1995), "Conducting layered organic-

inorganic halides containing 〈110〉-oriented perovskite sheets", Science, Vol.267, No.5203, pp.1473–
1476. 

Randle, M. D., Lipatov, A., and Mansaray, I., (2021), "Collections Articles You May Be Interested in", Appl. 
Phys. Lett, Vol.118, No.June 2013, pp.210502. 

Whitten, J. E., (2023), "Ultraviolet photoelectron spectroscopy: Practical aspects and best practices", Applied 
Surface Science Advances, Vol.13, No.November 2022, pp.100384. 

Wood, S. M., Klavetter, K. C., Heller, A., and Mullins, C. B., (2014), "Fast lithium transport in PbTe for 
lithium-ion battery anodes", Journal of Materials Chemistry A, Vol.2, No.20, pp.7238–7243. 

Wood, S. M., Pham, C. H., Heller, A., and Mullins, C. B., (2016), "Communication—Stages in the Dynamic 



 
 

 125 

Electrochemical Lithiation of Lead", Journal of The Electrochemical Society, Vol.163, No.6, pp.A1027–
A1029. 

Wu, C. Y., Wang, Z., Liang, L., Gui, T., Zhong, W., Du, R. C., Xie, C., Wang, L., and Luo, L. B., (2019), 
"Graphene-Assisted Growth of Patterned Perovskite Films for Sensitive Light Detector and Optical 
Image Sensor Application", Small, Vol.15, No.19, pp.1–9. 

Wu, P., Wang, S., Heo, J. H., Liu, H., and Chen, X., (2023a), "Mixed Cations Enabled Combined Bulk and 
Interfacial Passivation for Efficient and Stable Perovskite Solar Cells", Nano-Micro Letters, Vol.15, 
No.1, pp.1–12. 

Wu, S. C., Lai, Z., Dong, R., Tang, S. Y., Wang, K., Yang, T. Y., Shen, Y. C., Liao, H. J., Su, T. Y., Cheng, C. 
R., Ai, Y., Chen, Y. Z., Wang, Y. C., Lee, L., Yu, Y. J., Ho, J. C., and Chueh, Y. L., (2023b), "Long-chain 
alkylammonium organic–inorganic hybrid perovskite for high performance rechargeable aluminon-
ion battery", Nano Energy, Vol.110, No.October 2022, pp.108273. 

Xia, H. R., Sun, W. T., and Peng, L. M., (2015), "Hydrothermal synthesis of organometal halide perovskites 
for Li-ion batteries", Chemical Communications, Vol.51, No.72, pp.13787–13790. 

Xia, J., Liang, C., Gu, H., Mei, S., Cai, Y., and Xing, G., (2022), "Two-Dimensional Heterostructure of 
MoS2/BA2PbI4 2D Ruddlesden-Popper Perovskite with an S Scheme Alignment for Solar Cells: A 
First-Principles Study", ACS Applied Electronic Materials, Vol.4, No.4, pp.1939–1948. 

Xian, S., Hou, S., Zhang, H., Yang, J., Pan, G., Gao, H., You, W., Zhang, Z., Zhu, B., and Mao, Y., (2023), 
"High quality quasi-two-dimensional organic-inorganic hybrid halide perovskite film for high 
performance photodetector", Applied Physics Letters, Vol.122, No.10. 

Xie, H., Liu, X., Lyu, L., Niu, D., Wang, Q., Huang, J., and Gao, Y., (2016), "Effects of Precursor Ratios and 
Annealing on Electronic Structure and Surface Composition of CH3NH3PbI3 Perovskite Films", 
Journal of Physical Chemistry C, Vol.120, No.1, pp.215–220. 

Xie, X., Fang, Z., Yang, M., Zhu, F., and Yu, D., (2021), "Harvesting Air and Light Energy via “All-in-One” 
Polymer Cathodes for High-Capacity, Self-Chargeable, and Multimode-Switching Zinc Batteries", 
Advanced Functional Materials, Vol.31, No.13, pp.1–11. 

Xin, C., Zhang, J., Zhou, X., Ma, L., Hou, F., Shi, B., Pan, S., Chen, B., Wang, P., Zhang, D., Chen, X., Zhao, 
Y., Bakulin, A. A., Li, Y., and Zhang, X., (2020), "Defects Healing in Two-Step Deposited Perovskite 
Solar Cells via Formamidinium Iodide Compensation", ACS Applied Energy Materials, Vol.3, No.4, 
pp.3318–3327. 

Xin, D., Tie, S., Yuan, R., Zheng, X., Zhu, J., and Zhang, W. H., (2019), "Defect Passivation in Hybrid 
Perovskite Solar Cells by Tailoring the Electron Density Distribution in Passivation Molecules", ACS 
Applied Materials and Interfaces. 

Xu, J., Chen, Y., and Dai, L., (2015), "Efficiently photo-charging lithium-ion battery by perovskite solar 
cell", Nature Communications, Vol.6, No.5, pp.1–7. 

Yadegarifard, A., Lee, H., Seok, H. J., Kim, I., Ju, B. K., Kim, H. K., and Lee, D. K., (2023), "FA/Cs-based 
mixed Pb–Sn perovskite solar cells: A review of recent advances in stability and efficiency", Nano 
Energy, Vol.112, No.February, pp.108481. 

Yan, K., Long, M., Zhang, T., Wei, Z., Chen, H., Yang, S., and Xu, J., (2015), "Hybrid Halide Perovskite 
Solar Cell Precursors: Colloidal Chemistry and Coordination Engineering behind Device Processing 
for High Efficiency", Journal of the American Chemical Society, Vol.137, No.13, pp.4460–4468. 

Yan, N. F., Li, G. R., and Gao, X. P., (2013), "Solar rechargeable redox flow battery based on Li2WO4/LiI 
couples in dual-phase electrolytes", Journal of Materials Chemistry A, Vol.1, No.24, pp.7012–7015. 

Yang, H., Liu, Y., Ding, Y., Li, F., Wang, L., Cai, B., Zhang, F., Liu, T., Boschloo, G., Johansson, E. M. J., and 
Sun, L., (2023), "Monolithic FAPbBr3 photoanode for photoelectrochemical water oxidation with low 
onset-potential and enhanced stability", Nature Communications, Vol.14, No.1. 

Yang, K., Liu, T., and Zhang, X. D., (2019), "Bandgap Engineering and Near-Infrared-II Optical Properties 
of Monolayer MoS2 : A First-Principle Study". 

Yang, L., Dall’Agnese, C., Dall’Agnese, Y., Chen, G., Gao, Y., Sanehira, Y., Jena, A. K., Wang, X. F., 
Gogotsi, Y., and Miyasaka, T., (2019a), "Surface-Modified Metallic Ti3C2Tx MXene as Electron 
Transport Layer for Planar Heterojunction Perovskite Solar Cells", Advanced Functional Materials, 
Vol.29, No.46. 

Yang, L., Dall’Agnese, Y., Hantanasirisakul, K., Shuck, C. E., Maleski, K., Alhabeb, M., Chen, G., Gao, Y., 
Sanehira, Y., Jena, A. K., Shen, L., Dall’Agnese, C., Wang, X. F., Gogotsi, Y., and Miyasaka, T., 
(2019b), "SnO2-Ti3C2 MXene electron transport layers for perovskite solar cells", Journal of Materials 
Chemistry A, Vol.7, No.10, pp.5635–5642. 

Yang, L., Wang, B., Dall’agnese, C., Dall’agnese, Y., Chen, G., Jena, A. K., Wang, X. F., and Miyasaka, T., 
(2021), "Hybridization of SnO2 and an In-Situ-Oxidized Ti3C2Tx MXene Electron Transport Bilayer 
for High-Performance Planar Perovskite Solar Cells", ACS Sustainable Chemistry and Engineering, 



 

126 

Vol.9, No.40, pp.13672–13680. 
Ye, J., Byranvand, M. M., Martínez, C. O., Hoye, R. L. Z., Saliba, M., and Polavarapu, L., (2021), "Defect 

Passivation in Lead-Halide Perovskite Nanocrystals and Thin Films: Toward Efficient LEDs and 
Solar Cells", Angewandte Chemie - International Edition, Vol.60, No.40, pp.21636–21660. 

Yin, Z., Li, H., Li, H., Jiang, L., Shi, Y., Sun, Y., Lu, G., Zhang, Q., Chen, X., and Zhang, H., (2012), "Single-
layer MoS2 phototransistors", ACS Nano, Vol.6, No.1, pp.74–80. 

Yoo, J. J., Seo, G., Chua, M. R., Park, T. G., Lu, Y., Rotermund, F., Kim, Y. K., Moon, C. S., Jeon, N. J., 
Correa-Baena, J. P., Bulović, V., Shin, S. S., Bawendi, M. G., and Seo, J., (2021), "Efficient perovskite 
solar cells via improved carrier management", Nature, Vol.590, No.7847, pp.587–593. 

Yu, D., Cao, F., Shen, Y., Liu, X., Zhu, Y., and Zeng, H., (2017), "Dimensionality and Interface Engineering 
of 2D Homologous Perovskites for Boosted Charge-Carrier Transport and Photodetection 
Performances", Journal of Physical Chemistry Letters, Vol.8, No.12, pp.2565–2572. 

Yu, S., Liu, P., and Xiao, S., (2021), "Review A review of main characterization methods for identifying 
two-dimensional organic – inorganic halide perovskites", Journal of Materials Science, Vol.56, No.20, 
pp.11656–11681. 

Yu, Y., Hu, Y., Yang, J., and Wei, Z., (2022), "Recent advances in wide-spectrum photodetectors based on 
low-dimensional semiconductors", Materials Today Electronics, Vol.2, pp.100013. 

Yu, Y., Nam, G., He, Q., Wu, X., Zhang, K., and Yang, Z., (2018), "High phase-purity 1T′-MoS2- and 1T′-
MoSe2-layered crystals", Nature Chemistry, Vol.10, pp.638–643. 

Zhang, F., Kim, D. H., Lu, H., Park, J. S., Larson, B. W., Hu, J., Gao, L., Xiao, C., Reid, O. G., Chen, X., 
Zhao, Q., Ndione, P. F., Berry, J. J., You, W., Walsh, A., Beard, M. C., and Zhu, K., (2019), "Enhanced 
Charge Transport in 2D Perovskites via Fluorination of Organic Cation", Journal of the American 
Chemical Society, Vol.141, No.14, pp.5972–5979. 

Zhang, F., and Zhu, K., (2020a), "Additive Engineering for Efficient and Stable Perovskite Solar Cells", 
Advanced Energy Materials, Vol.10, No.13, pp.1–26. 

Zhang, H., and Park, N., (2024a), "DeCarbon Progress and issues in p-i-n type perovskite solar cells", 
DeCarbon, Vol.3, No.August 2023, pp.100025. 

Zhang, L., Mei, L., Wang, K., Lv, Y., Zhang, S., Lian, Y., Liu, X., Ma, Z., Xiao, G., Liu, Q., Zhai, S., Zhang, 
S., Liu, G., Yuan, L., Guo, B., Chen, Z., Wei, K., Liu, A., Ding, L., (2023), "Advances in the Application of 
Perovskite Materials",Nano-Micro Letters (Vol. 15). Springer Nature Singapore. 

Zhang, Y., Abdi-jalebi, M., Larson, B. W., and Zhang, F., (2024b), "What Matters for the Charge Transport 
of 2D Perovskites ?", Vol.2404517, pp.1–40. 

Zhang, Y., Keshavarz, M., Debroye, E., Fron, E., Rodríguez González, M. C., Naumenko, D., Amenitsch, 
H., van de Vondel, J., de Feyter, S., Heremans, P., Roeffaers, M. B. J., Qiu, W., Pradhan, B., and 
Hofkens, J., (2021), "Two-dimensional perovskites with alternating cations in the interlayer space for 
stable light-emitting diodes", Nanophotonics, Vol.10, No.8, pp.2145–2156. 

Zhang, Z., Li, Y., Liang, C., Yu, G., Zhao, J., Luo, S., Huang, Y., Su, C., and Xing, G., (2020b), "In Situ 
Growth of MAPbBr3 Nanocrystals on Few-Layer MXene Nanosheets with Efficient Energy 
Transfer", Small, Vol.16, No.17. 

Zhao, H. B., Liao, J. F., Teng, Y., Chen, H. Y., and Kuang, D. Bin, (2022), "Inorganic Copper-Based Halide 
Perovskite for Efficient Photocatalytic CO2 Reduction", ACS Applied Materials and Interfaces, Vol.14, 
No.38, pp.43354–43361. 

Zhao, Q., Li, G. R., Song, J., Zhao, Y., Qiang, Y., and Gao, X. P., (2016a), "Improving the photovoltaic 
performance of perovskite solar cells with acetate", Scientific Reports, Vol.6, No.December, pp.1–10. 

Zhao, T., Chueh, C. C., Chen, Q., Rajagopal, A., and Jen, A. K. Y., (2016b), "Defect Passivation of Organic-
Inorganic Hybrid Perovskites by Diammonium Iodide toward High-Performance Photovoltaic 
Devices", ACS Energy Letters, Vol.1, No.4, pp.757–763. 

Zhao, X., Chen, S., Yin, H., Jiang, S., Zhao, K., Kang, J., Liu, P. F., Jiang, L., Zhu, Z., Cui, D., Liu, P., Han, 
X., Yang, H. G., and Zhao, H., (2020), "Perovskite Microcrystals with Intercalated Monolayer MoS2 
Nanosheets as Advanced Photocatalyst for Solar-Powered Hydrogen Generation", Matter, Vol.3, 
No.3, pp.935–949. 

Zheng, H., Wang, Y., Niu, B., Ge, R., Lei, Y., Yan, L., Si, J., Zhong, P., and Ma, X., (2021), "Controlling the 
Defect Density of Perovskite Films by MXene/SnO2 Hybrid Electron Transport Layers for Efficient 
and Stable Photovoltaics", Journal of Physical Chemistry C, Vol.125, No.28, pp.15210–15222. 

Zheng, K., Chen, Y., Sun, Y., Chen, J., Chábera, P., Schaller, R., Al-Marri, M. J., Canton, S. E., Liang, Z., and 
Pullerits, T., (2018), "Inter-phase charge and energy transfer in Ruddlesden-Popper 2D perovskites: 
Critical role of the spacing cations", Journal of Materials Chemistry A, Vol.6, No.15, pp.6244–6250. 

Zhou, H., Lai, H., Sun, X., Zhang, N., Wang, Y., Liu, P., Zhou, Y., and Xie, W., (2022), "Van der Waals 
MoS2/Two-Dimensional Perovskite Heterostructure for Sensitive and Ultrafast Sub-Band-Gap 



 
 

 127 

Photodetection", ACS Applied Materials and Interfaces, Vol.14, No.2, pp.3356–3362. 
Zhou, J., Chu, Y., and Huang, J., (2016), "Photodetectors Based on Two-Dimensional Layer-Structured 

Hybrid Lead Iodide Perovskite Semiconductors", ACS Applied Materials and Interfaces, Vol.8, No.39, 
pp.25660–25666. 

Zhu, Y., Zhou, R., Zhang, F., and Appenzeller, J., (2017), "Vertical charge transport through transition 
metal dichalcogenides-a quantitative analysis", Nanoscale, Vol.9, No.48, pp.19108–19113. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

128 

 
 
 
 
 
 



 
 

129 

Appendix 
 
 
 
 

Publications included in Thesis 
 

1) Rashid M. Ansari, Shubham Chamola and Shahab Ahmad. “Ruddlesden-Popper 2D 
Perovskite-MoS2 Hybrid Heterojunction Photocathodes for Efficient and Scalable Photo-
Rechargeable Li-Ion Batteries.” Small 2024, 2401350, 1–13. (Link) 
 

2) Rashid M. Ansari, Akshay D. Salunke, Mohammad Rahil and Shahab Ahmad. “Strong 
Photocurrent from Solution-Processed Ruddlesden–Popper 2D Perovskite–MoS2 Hybrid 
Heterojunctions.” Adv. Mater. Interfaces 2023, 10 (10), 2202170. (Link) 
 

3) Rashid M. Ansari, Abhishek Yadav, Sarvar Singh, Bahaaeddin Irziqat, Chrysoula Aivalioti, 
Renqian Zhou, Mutalifu Abulikemu, Ameer Azam, Shadi Fatayer and Shahab Ahmad. 
“Additive Engineering of Ruddlesden Popper Perovskites with MXene Nanoflakes: Toward 
Enhanced Photoresponsivity, Detectivity and Stability.” ACS Mater. Lett. 2025, 7, 2115–2124. 
(Link) 
 

4) Rashid M. Ansari, Abhishek Yadav and Shahab Ahmad. “Role of Smaller Organic Cation in the 
Optoelectronic Properties of Ruddlesden-Popper Perovskites.”  Manuscript Under 
Preparation 
 

5) Rashid M. Ansari, Shubham Chamola and Shahab Ahmad. “Hybrid Heterojunctions based 
Photo-Rechargeable Li-Ion Batteries.” TechScape: The Science, Technology and Education 
Journal: IITJ (2024) (Link) 

 

Publications not included in Thesis 
 

1) Mohammad Rahil, Rashid M. Ansari, Shahab Ahmad and S. S. Islam. “Nanostructured 

Ruddlesden-Popper-Layered Lead Bromide Perovskites with Stable and Selected Wavelength 

for Photodetection Applications.” ACS Appl. Nano Mater. 2023, 6 (7), 5187–5199. (Link) 

 
2) Mohammad Rahil, Rashid M. Ansari, Chandra Prakash, S. S. Islam, Ambesh Dixit and Shahab 

Ahmad. “Ruddlesden–Popper 2D Perovskites of Type (C6H9C2H4NH3)2(CH3NH3)n−1PbnI3n+1 (n = 

1–4) for Optoelectronic Applications.” Sci. Rep. 2022, 12 (1), 2176. (Link) 

 

List of Conferences and Workshops 
 

1) Rashid M. Ansari and Shahab Ahmad. “Wavelength Selective Photodetection from 

Ruddlesden-Popper-Lead Bromide Perovskites.” International Conference on Hybrid Halide 

Perovskite-2023 (HyPe-2023), Indian Association for the Cultivation of Science, Kolkata, 22-23 

December 2023. (Poster Presentation; International Conference) 

 
2) Abhishek Yadav, Rashid M. Ansari and Shahab Ahmad. “Photovoltaic Assisted Bias-free H2 

Production.” Industry Day-2023 (Theme: Hydrogen Economy), Indian Institute of Technology 

Jodhpur, 3-4 February 2023. (Poster Presentation; National Conference; Best Poster Award) 

 

https://onlinelibrary.wiley.com/doi/10.1002/smll.202401350
https://onlinelibrary.wiley.com/doi/full/10.1002/admi.202202170
https://pubs.acs.org/doi/10.1021/acsmaterialslett.4c02691
https://iitj.ac.in/techscape/vol05/issue01/res_snippets/hybrid/
https://pubs.acs.org/doi/full/10.1021/acsanm.2c05092
https://www.nature.com/articles/s41598-022-06108-8


 

130 

3) Rashid M. Ansari and Shahab Ahmad. “Ruddlesden Popper Perovskite-MoS2 Hybrid 

Heterojunctions based Stable Lithium-Ion Batteries.” National Conference on Energy 

Materials & Devices (NC-EMAD-2022), Indian Institute of Technology Jodhpur, 16-18 

December 2022. (Oral Presentation; National Conference) 

 
4) Rashid M. Ansari, Mohammad Rahil and Shahab Ahmad. “Investigation of 2D Ruddlesden-

Popper Perovskites for Optoelectronic Devices.” Energy Storage and Conversion, AIP 

Publishing, 4-6 August 2021. (Poster Presentation- virtual, International Conference) (Link) 

 
5) Rashid M. Ansari and Shahab Ahmad. “Ruddlesden-Popper Perovskite-MoS2 Hybrid 

Heterojunctions for Stable and Efficient Self-powered Photodetectors.” European Materials 

Research Society (E-MRS), Warsaw University of Technology- Poland, 16-19 September 2024. 

(International Conference; Accepted for Oral Talk) 

 
6) Rashid M. Ansari and Shahab Ahmad. “Ruddlesden-Popper perovskite-MoS2 hybrid 

heterojunctions photocathode for Stable and Efficient Photo-Rechargeable Batteries.” 

European Materials Research Society (E-MRS), Warsaw University of Technology- Poland, 16-

19 September 2024. (International Conference; Accepted for Oral Talk) 

 
7) Rashid M. Ansari. “Indian Nanoelectronics User’s Programme – Idea to Innovation (INUP – 

i2i).” Indian Institute of Technology, Madras, 21-22 August 2023. (Virtual) 

 

… 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://underline.io/lecture/30868-investigation-of-2d-ruddlesden-popper-perovskites-optoelectronic-devices


 
 

 131 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ending note for my supervisor 
 

I am grateful to have your mentorship, and I am confident that the skills, knowledge, and values I have 
received will help me make significant contributions to science and society. I look forward to keeping in 
touch and hoping to make you proud as I begin my academic and professional journey. Thank you very 
much once again for everything. 

 
 

 



 
 

132 

 


