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Abstract Organic semiconductor materials are widely used in organic light-emitting diodes (OLEDs), organic field-effect
transistors (OFETs), and organic solar cells (OSCs), but their low mobility is not conducive to electron transport. In this
work, a novel class of grid structures based on fluorene (OF) with a “I1” structure has been designed and calculated, which
has a geometric structure that can extend laterally compared with ordinary macrocyclic molecules. Density functional theory
was utilized to study its molecular structure, ring strain energy, and various electronic properties, including molecular orbit-
als, adiabatic ionization potential, adiabatic electron affinity potentials, and reorganization energies. In addition, the weak
interactions within molecules and the contribution of each vibration mode to the reorganization energy of OF were investi-
gated by using non-covalent interaction analysis and Normal Mode (NM) analysis, respectively. The results show that OF has
a weak ring strain energy (8.20 kJ/mol) which will be easily synthesized. Through intramolecular weak interaction analysis, it
is found that in cis-OF the two fluorene elements on the beam are close and produce a certain angle, the n-n interaction is
generated. Compared with Bis-F11, Bis-F12, Quarter-F11 and Quarter-F12, the energy gap of OF molecules decreases, the
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highest occupied molecular orbital (HOMO) energy level increases, and the lowest unoccupied molecular orbital (LUMO)
energy level decreases, corresponding to adiabatic ionization potential (IPa) and adiabatic electron affinity(EAa), that is, the
IPa of OF molecules decreases and EAa increases, which proves that the lattice effect can improve the hole and electron in-
jection ability of molecules. At the same time, OF has a lower IPa which would be a very potential p-type molecular material.
Interestingly, the reorganization energy of both OF molecules decreased compared with BF and QF, indicating that the lattice
effect is an effective way to reduce the hole and electron reorganization energy which provides a strategy for the design of
organic semiconductor materials with excellent charge transport properties.

Keywords fluorine; density functional theory; weak interactions; reorganization energy; electron transport
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Figure 3 Schematic diagram of OF molecular ring strain energy calculation of isobond reactions and homodesmotic reaction
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£ 2 HHCT BF1, BF2, QF1, QF2, cis-OF I trans-OF %5/ H 20 /¢
Mh), HTEALRE A(e), A ESRE TP, L ToRAN% EA,, S
G5K4 vs BB - 377 AR AR ZE (H RMSD(VSH), L2454 vs B85
M7 AR W2 E RMSD(VS-)

Table 2 The internal reorganization energies (eV) calculated by AP
method of BF1, BF2, QF1, QF2, cis-OF and trans-OF, as well as the IP,
and EA, values; the root mean square displacement value RMSD (VS+)
of neutral structure vs cationic state, and the value of RMSD (VS-) of
neutral structure vs anion state

SYFERR AMh) TP, RMSD(VS+) i) EA, RMSD(VS-)
BF1 0.146 6856  0.104  0.177 -0.287  0.138
BF2 0.255 6428 0202 0355 0.180  0.369
QF1 0203 6.073 0395 0276 0.574  0.684
QF2 0.153 6280  0.185 0216 0324  0.484
cis-OF 0128 5829  0.140  0.148 0.708  0.121
trans-OF  0.121 5848  0.093  0.145 0.735  0.115
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ization energy and (b) electron reorganization energy
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