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Global warming caused by burning of fossil fuels is increasing world’s attention to renewable energy sources and 

solar energy is of the most promising sources, which could theoretically satisfy energy needs of mankind. Therefore, 

development of technologies utilizing solar energy is stimulated in various ways. Currently, silicon solar cells are the 

mostly used on the market, however, due to their high production costs, intensive research of alternative technologies is 

underway. One of them is perovskite solar cells, which have rapidly become the hottest topic in photovoltaics due to 

their unique optical and electrical properties. Since 2009 power conversion efficiency of perovskite solar cells devices 

has increased dramatically and currently exceeds 25% [1]. These solar cells are characterized by simplicity of 

construction and inexpensive raw materials. Although perovskite solar cells have achieved high efficiency, there are still 

several challenges limiting their commercialization. One of them is long-term stability. The perovskite layer is prone to 

rapid degradation when the device is exposed to high temperature [2], humidity [3], oxygen [4]. Therefore, the 

development of new materials for perovskite solar cells construction remains highly relevant. 

In this work, organic semiconductors with two N-carbazolyl chromophores linked together by different length 

aliphatic chains have been developed to function as hole transporting materials in perovskite solar cells. 

 

 
 

Fig. 1. Synthesis route to compounds C1, C3, C6, C9 and C10. 

Organic materials were obtained via two-step synthesis (Fig. 1). The structures of the newly synthesized hole 

transporting materials was confirmed by 1H NMR and 13C NMR spectroscopy. Thermal properties of target compounds 

proved that they are molecular glasses and are thermally stable at relatively high temperatures. Photoelectron 

spectroscopy in air method was used to measure ionization potentials of the investigated compounds. Obtained Ip 

values (5.06–5.11 eV) indicate that the HOMO energy level of the synthesized organic semiconductors optimally offsets 

with the perovskite valence band energy (∼5.5 eV), therefore, effective hole transport from the photoactive perovskite 

to the electrode should be achieved. Charge transport properties were measured using xerographic time-of-flight 

technique. At high electric fields, hole transporting materials reach the hole drift mobility up to μ = 1.5·10-3 cm2/V·s. 

Therefore, compounds C1, C3, C6, C9 and C10 could potentially be used in construction of solar cells. 
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