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Design and Performance of a Carbazole-Terminated Arylamine-
Based Linear Hole Transport Material

Liu Nan', Zhang Zhaoyang®, Guo Yuting', Cheng Juan'
(1. School of Chemistry and Chemical Engineering, North University of China, Taiyuan 030051, China;
2. Institute of Molecular Science, Shanxi University, Taiyuan 030006, China)

Abstract: To address the strong dependence of conventional hole transport material (HTM) on external dopants
and their susceptibility to compromised long-term stability in perovskite solar cells, a linear D-w-D-type small-
molecule hole transport material, N,N’-diphenyl-N, N’ -bis(N-n-butylcarbazolyl)-4,4 " -biphenyldiamine (HTM-
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Bu), was designed and synthesized by using biphenyldiamine as the dominant conjugated backbone and
introducing N-butylcarbazole units. The structures of HTM-Bu and intermediates were confirmed by nuclear
magnetic resonance spectroscopy. The photophysical properties, thermal stability, electrochemical energy
levels, and frontier molecular orbital distributions were investigated by ultraviolet-visible absorption spec-
troscopy, fluorescence emission spectroscopy, thermogravimetric analysis, cyclic voltammetry, and theoretical
calculations. The results show that HTM-Bu exhibits main absorption peaks at approximately 305 nm and
355 nm, with an optical band gap of 3. 06 eV. Its fluorescence emission peaks are located in the range from
431 to 451 nm and show a slight red shift with increasing solvent polarity, indicating a certain excited-state
charge-transfer character. Thermogravimetric analysis demonstrates that the main molecular framework has
high thermal stability, with a 10% weight-loss temperature of 444 °C. Cyclic voltammetry gives highest
occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energy levels of
—5.26 eV and —2. 20 eV, respectively. These energy levels are well matched with the valence band of the
perovskite absorber, which is favorable for hole extraction and suppression of electron back transfer. Theoretical
calculations indicate that HTM-Bu possesses an extended m-conjugated structure with a linear but non-fully
coplanar molecular configuration. The HOMO is mainly delocalized along the biphenyldiamine backbone,
whereas the LUMO is more distributed over the carbazole-related regions, resulting in a certain spatial charge-
separation feature. These results suggest that HTM-Bu exhibits coordinated characteristics in terms of energy-
level alignment, thermal stability, and theoretical electronic-structure regulation, showing potential value for
further study as a dopant-free hole transport material.

Key words: hole transport material; carbazole derivative; benzidine; linear structure; alkyl substitution;

triarylamine
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