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Perovskite solar cells (PSCs) have attracted significant attention as promising next-

generation photovoltaic technologies owing to their solution processability, low-cost potential, 

and rapid progress in power conversion efficiency (PCE), which has exceeded 28% within little 

more than a decade of research.1 However, their long-term stability remains a major challenge 

for practical applications. In particular, the commonly used hole transport material (HTL) spiro-

OMeTAD requires p-type dopants such as Li-TFSI to enhance its intrinsically limited hole 

mobility, while the hygroscopic nature of these additives can accelerate device degradation. 

Therefore, the development of efficient dopant-free small-molecule HTLs represents an 

important strategy toward more stable PSCs. 

 

In this work, two novel indenofluorene (IF)-based p-type organic semiconductors, IFDK-

TPA-OMe and IFDK-TPA-Me, were developed as dopant-free HTLs for PSCs. The highly 

planar IF π-core was employed as an electron-accepting unit to promote efficient π–π stacking 

and charge transport, while triphenylamine (TPA) donor groups were introduced at both ends 

to construct a D–A–D molecular architecture. The resulting molecules exhibited strong 

intramolecular charge-transfer characteristics and high dipole moments, facilitating efficient 

charge extraction. In addition to their favorable electronic properties, the ketone-functionalized 

IF core provides oxygen-containing sites capable of establishing non-covalent interactions 

within the molecular layer and at the HTL/perovskite interface. In particular, interactions 

between the oxygen atoms of the HTL and undercoordinated Pb²⁺ ions at the perovskite surface 

can contribute to surface defect passivation, thereby suppressing non-radiative recombination 

pathways. The structural and physicochemical properties of IFDK-TPA-OMe and IFDK-TPA-

Me were systematically investigated, and their relationships with PSC performance and 

stability were evaluated. The developed IF-based materials demonstrated the potential to serve 

not only as dopant-free alternatives to conventional HTLs such as spiro-OMeTAD, but also as 

multifunctional materials capable of simultaneously facilitating charge transport and improving 

the stability of perovskite devices. Overall, this work provides a new molecular design strategy 

for dopant-free IF-based HTLs and demonstrates the potential of multifunctional 

semiconductor materials for achieving efficient and environmentally stable PSCs. 
 

[1] https://www.nlr.gov/pv/interactive-cell-efficiency 

 


