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Abstract 

New branched hole transporting materials containing two, three, and four linked diphenylamine-substituted carbazole fragments were 
synthesized and tested. Maximal value of charge drift mobility µ0 = 4*10-4 cm2V-1s-1 allows estimating the carbazole derivatives as 
prominent material for solar cell manufacturing.  
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1 Introduction 

Nowadays, solar energy market expands very rapidly. 
Traditional crystalline silicon equipment plays significant 
role in solar energetics. Otherwise, usage of molecular 
devices increases step by step due to economical purposes 
because they are relatively inexpensive for manufacturing 
and exploitation. Due to high absorption coefficient of polar 
π-conjugated molecules, thin-layered material can adsorb 
the big amount of light, especially in UV-VIS region. Such 
advantages promote the design and production of molecular 
devices. In comparison to traditional silicon devices, several 
disadvantages are well known: low molecular and thermal 
stability, low photovoltaic stability, low strength stability. 

Carbazole and fluorene compounds play a very important 
role in molecular electronics [1] due to such circumstances: 
they are mechanically flexible, chemically stable at room 
temperature and electronically well π-conjugated. Carbazole 
as a tricyclic structure consists of nitrogen-containing 
pentagon and two six-membered hexagon rings and belongs 
to the basic materials for the dye industry. 

This work is aimed for systematic estimation of novel 
molecular materials where polar π-conjugated system of 
core (phenyl bridge) is related with the several carbazole 
substitutes [2]. Existing of stable amorphous phase in films 
without transition to crystalline state was estimated as the 
important condition for cell manufacturing. Thermal 
analysis of the synthesized materials revealed that their 
thermal stability is high enough for the practical application 
in photovoltaic devices.  Electronic absorption spectra 
contain several bands in the near UV region and that is 
beneficial for the application in the photovoltaic solar cells. 
Maximal value of charge drift mobility is equal to µ0 = 4*10-

4 cm2V-1s-1. 
Double-, triple- and quadro-substituted molecular 

structures were synthesized and analysed by physical non-
invasive methods. Most stabile derivatives – V957 and 
V1039 - are presented in one-conformational form (see 
Figure 1 and 2). Big number of conformational motions 
allows existing many conformational forms. While, 
additional branches introduced in V1039 and V957 or 
substitution of methoxy groups to methyl ones did not lead 
to the higher efficiency. Overall, it is evident that this type 

of molecules holds great promise for practical wide-scale 
application in commercial perovskite solar cells. 

2 Quantum chemical simulations 

Quantum chemical calculations of the carbazole-containing 
derivatives were performed by means of Gaussian09 [3] 
software using density functional (DFT) method B3LYP. 
Optimization of the ground-state geometry was done using 6-
31G(d) basis set supplemented with polarization functions. 
Singlet transition energies, corresponding oscillator strengths, 
and spatial distributions of electron density for the HOMO 
and nextHOMO as well as the LUMO and nextLUMO were 
obtained by means of the semi empirical TD method. 

Fig. 1 represents the conformer V957 containing two 
carbazole fragments bridged by phenyl in 1,2 positions and 
next two – in 5,6 positions, respectively. Carbazole fragments 
are oriented parallel to each other and perpendicular to phenyl 
fragment. Due to high symmetry in several compounds, the 
initial assumption about the possible dimerization and 
following crystallization must be analysed. 

Fig. 2 represent spatial atomic distribution of three 
conformers after ground state geometry optimization, when 
three carbazole fragments are bridged by phenyl in 1,3,5 
positions. Three carbazole fragments are rotated through [–
CH2–] junction in the phenyl plane. Due to interfragmental 
interactions of biphenyl-amino groups belonging to the different 
carbazole fragments, the orientation of carbazole fragments is 
chaotic. Two carbazole fragments are directed down from the 
phenyl plane, and one – to opposite direction. Interfragmental 
orientation could be estimated in range [20..30] deg. 

For all presented structures, HOMO and nextHOMO 
states represent the charge redistribution in carbazole 
fragment with both biphenyl-amino fragments. For all 
presented structures, LUMO and nextLUMO states 
represent the charge redistribution in carbazole fragment 
only. Due to high symmetry in several compounds, 
especially V957a, the population of lowest excited 
electronic state is not allowed (oscillator strength for 
transition S0→S1 is very small). It could be concluded that 
charge localization in excited state is limited by carbazole 
without biphenyl-amino substitutes. 
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FIGURE 1 V957 FIGURE 2 V1039 
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