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Abstract  

Three diarylfluorene derivatives with phenyl, biphenyl, and naphthyl fragments (which can form amorphous layers with glass transition 
temperatures of 31–74 C) were analysed by means of quantum chemistry methods. Simulations of diarylfluorene compounds in the 
framework of the molecular charge redistribution processes allows concluding that a partially broken -conjugated system of the core is 
related to the rotation motion of substituents which effectively modified the -conjugated properties of fluorene core. 
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1 Introduction 

Electroactive photostable molecular compounds with high 
quantum yield play an important role in manufacturing of 
different devices: contemporary solid-state lighting as well 
as digital displays. Organic light-emitting diodes (OLEDs) 
represent a technical solution where the film of organic 
compound emits the light stream, where stream parameters 
depend on the current between electrodes [1]. The 
development of such devices requires extremally stable core 
molecular material with well-defined -conjugated 
properties. Fluorene derivatives (core) belong to class of 
stable dyes, where additional substituents to core could be 
useful for managing the donor/acceptor properties [2,3]. 
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Figure 1 Projections of DEF-Ph conformer with optimized geometry. 

Simulations using B3LYP/6-31G(d) method with solvent impact 

(chloroform) in the framework of PCM. 

This work is devoted to systematic analysis of the 
influence of core substituents on optical and electro-
luminescent properties related to the molecular charge 
redistribution processes. 

 
 

2 Object of quantum chemistry simulation  

Three most promised fluorene derivatives – 2,7-diaryl-9,9-
diethylfluorenes (DEF-Ar), where Ar represents phenyl 
(Ph), biphenyl (BPh), and naphthyl (Naph), substituents, 
were investigated by means of quantum chemistry 
simulations.  Molecular geometry optimization of DEF-Ph, 
DEF-BPh and DEF-Naph molecular structures was 
provided using Gaussian16 package [4] by means of 
exchange-correlation functional B3LYP and 6-31G(d) basis 
set including polarization functions. The Polarizable 
Continuum Model (PCM) was used for evaluation of the 
solvent environment (in that case chloroform). Electronic 
excitation energies, oscillator strengths and corresponding 
HOMO-LUMO electronic charge distributions were 
obtained by means of semiempirical TD-DFT method for 
singlet transitions only. Fig 1 represents two projections of 
DEF-Ph conformer with optimized geometry. First problem 
of simulation is related with the big number of possible 
conformers due to rotational moieties of substituents (four 
conformers of DEF-Ph and DEF-BPh and sixteen of DEF-
Naph), where changes of fragment-to-core dihedral angle 
p1, p2 takes place. Fig 2 represents the three-dimensional 
distribution of total energy E of DEF-Naph on two reaction 
coordinates: p1 and p2.  
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Figure 2 Distribution of total energy E of DEF-Naph on two reaction 

coordinates: p1 (dihedral angle of the left naphthyl fragment on core) and 

p2 (dihedral angle of the right naphthyl fragment on core). Energy (in 

colours) is presented in interval [0.0; 0.1] eV to cover the value of 3kT (for 

room temperature T= 300 K, kT=0.03 eV) 

Second problem is related to the molecular charge 
redistribution in core-substituent system, when substituents 
could play the role of significant key. Parameters of 
simulated electronic excitations of DEF-Ar compounds are 
presented in Table 1. Fig 3 represents molecular charge 
distributions at HOMO and LUMO for pure Franck-Condon 
transition. 

Discussion 

All “spectroscopic” transitions S0S1 (which are allowed 
in all three structures, oscillator strength >1, see Table 1) are 
of HOMOLUMO type and dominate in all cases. 
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Oscillator strength for S0S1  
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Table 1. Parameters of simulated electronic excitations of DEF-Ar 

compounds. Simulations using semiempirical TD-DFT 

(singlets) method with solvent impact (chloroform) in the 

framework of PCM. 

 
Figure 3 Molecular charge distributions at HOMO and LUMO in X0Y 

projection for pure Franck-Condon transition at minimum of ground state 

energy distribution: M =40 deg for DEF-Ph and DEF-BPh and M 

=50 deg for DEF-Naph. Simulations using semiempirical TD (singlets) 

method with solvent impact (chloroform) in the framework of PCM. 

Bathochromic shift for DEF-BPh, DEF-Naph (in 
comparison with DEF-Ph) might be explained by the 
presence of two rings in different orientations (increasing of 
-conjugated system in core-substituents system). 
Transition S0S1 could be estimated as partially or fully 
allowed, and most probable conformations occur, when 
dihedral fragment-to-core angle  is presented in interval 
40-50 deg. High energetic barrier (>5 eV) at ground state for 
DEF-Naph could be explained by steric effects [5]. 

Conclusion 

 
According to DFT simulations, partially broken the -
conjugated system of the core is related to the rotation 
motion of substituents. Fixing of molecule in the space (by 
placing into matrix or in amorphous film) allows avoiding 
the termination of chaotic fragment orientation. Planarity of 
whole molecular system allows the effective charge 
redistribution by excitation, unfortunately, rotation of 
fragments complicates this process. According to that, 1-
naphthyl- substituent (for DEF-Naph) could be titled as the 
most effective substituent for modification of -conjugated 
properties of core [6]. 
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