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Optoelectronic Properties of
9,9-Bis-(3-(9-phenyl-carbazoyl))-2,7-dipyrenylfluorene
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Liu, Yanling™* Liu, Pengjun™*
(“ College of Chemistry and Chemical Engineering, Hainan Normal University, Haikou 571158)
(* State Key Laboratory of Theoretical and Computational Chemistry, Jilin University, Changchun 130023)

Abstract Fluorene derivatives have attracted considerable attention in recent years as organic
light-emitting materials due to their high brightness and high performance. In this paper, theoretical analysis
on optoelectronic properties of a novel emitting material, 9,9-bis-(3-(9-phenyl-carbazoyl))-2,7-dipyrenyl-
fluorene (DCDPF) is systematically characterized by quantum-chemical methods. And the authors pay at-
tention to its geometric structures of the ground state and excited state, frontier molecular orbital, energy
gap, ionization potential, electron affinity, reorganization energy, absorption and emission spectra. All the
calculated results show that the molecule gives rise to fluorescent emission at 450.6 nm and is promising as a
blue light emitting material in the organic light-emitting diodes (OLEDs).
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Figure 1 Sketch map of the structure of DCDPF

1 HE R
KM DFT/B3LYP/6-31G(d) /7 1% 2,7- TR .

9-(3-(9- A IE M ))-2,7- B K 4y« 9,9- - -(3-(9- R IR 4
H))-2,7- LEFE D or 5 S AT T LA, SR 6-311
+ +G(dp) BBt — D U5 T A5 0 1 T IR,
PAF T 1K T IATEPUE Y KRR REFR. HL A RE.
WL AR E A Be. 72 LS Hartree-Fock (HF) /%
P19 B Fa e A B fl b, &5 & SR S AR T AE
(Single excition configuration interaction, CIS) /7%, 5%
T FIECRASAL. A, T3R50 1 B Ok,
K 5 %5 5 72 R P18 (Time-dependent  density func-
tional theory, TDDFT) /7%, {EAH[RIZEA KV Eit&E T

T IS GRE RN K 6. 43t H Gaussian 03
FEFEALTEIE G 05 EP850-GF2 IRSs o b 5E k.

2 HERMITIR

21 SFHILAE

KH DFT. HF 1 CIS J7¥EX%F 9,9-—-(3-(9- KM
F))-2,7- Wy o 1 AT JLATAAL, 45 BRSNS
Iy TR AL, ARAL S 11 0 52— Tl R T 32 2 ) i
RGERY(DFT JPEAF5S 7 TRl 2 Jor). 401
PR Ar JLT 4, g, SR K AT 1. R
1 AT%n, BR T 25 BRFNEEIR 2 (8] i ff1 4, DFT F1 HF J5i%
TR )5 RS U TS E I, KA 22/ T
2.0 pm, BEMAAAZE 0.1°, HF J79545 210 27 SRR FR 2
B fK) - THI A 4 61.0°, Eb DFT J7yiit SIS K 9.3°. 24
HL PR A BKIE I, 9,9- -(3-(9- A M3k ))-2,7- T HE 4 43
TIUAH B AL B, RS A MR A, HEER 1
H HF # CIS Jiikat 4 T 4, 07 s M Ao,
/NT0.4 0, 3T AR 2R AR AE T IR (B
WS IR 2 s KM A, B, 45
C(1)—C(2), C(4)—C(5), C(6)—C(7)#4i%i, C(2)—C(3),
C(3)—C), C(5)—C(6), C(H—C(O) MK, ZAb T
4.0 pm. Z5 1 %5 BRFEE BR 2 JA) B K [C(3)—C(14)
C(11)—C(17)]H1 149.6 pm 4% %] 145.9 pm, £ 3.7 pm,
T 61.0°08/MF] 38.8°, 4 21.2°0. HAh, fESr T
BT ER 9= | N (PI4T35 MR e S 42 1)
WA 25K, I BLAE H SR R R R I 141 L AT 45 )
JUPANEAR, I B HILE 21 A0 47 B8 907 Fg | AL
BT LA 531 18] m-n MERR al L4 S Ve ik, 19
SRR, W RS OGIELR.

] 4

1,.." e J‘-J 3" g9- ‘Q‘*J

_ 2. A P

:?&ﬁiiafgerd
'e- j"J“ ,‘ 2 4 ,“f , 9

Bl 2 DFT/B3LYP/6-31G(d) /7 ikt ib&4) DCDPF 7311
HALE

Figure 2 Ground structure of compound DCDPF optimized by
DFT//B3LYP/6-31G(d)
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Table 1
compound DCDPF in the ground and lowest excited states at

Main optimized geometry structural parameters of

B3LYP, HF, and CIS levels, respectively (the atomic numbering
scheme as seen in Figure 1)

Parameter DFT HF CIS
Bond length/pm
C(H—C(2) 138.8 138.2 136.4
C(2)—C@3) 140.8 139.3 141.6
C(3)—C#) 1409  139.6 142.0
C(4)—C(5) 139.4 1384  136.7
C(5)—C(6) 139.7  138.6  140.8
C(1)—C(6) 140.7  139.0 1415
C(6)—C(7) 146.5 147.0 1423
C(1)—C©) 1542 1539 1539
C(3)—C(14) 1489  149.6 1459
can—ca7 148.9 149.6 1459
C(9)—C(20) 154.6 1545 154.4
C(9)—C(27) 154.6 1545 154.4
Bond angle/(°)
C(2)-C(3)-C(14) 119.8 1199 1203
C(3)-C(14)-C(15) 118.1 118.2 118.1
C(10)-C(11)-C(17) 119.8 1199 1203
C(11)-C(17)-C(18) 118.1 118.2 118.1
C(1)-C(9)-C(20) 108.2 108.3 108.1
C(8)-C(9)-C(27) 108.2 108.3 108.1
Dihedral angle/(°)
C(2)-C(3)-C(14)-C(15) 51.7 61.0 38.8
C(10)-C(11)-C(17)-C(18) 51.7 61.0 38.8
C(1)-C(9)-C(20)-C(21) 86.4 86.7 87.1
C(8)-C(9)-C(27)-C(28) 86.4 86.7 87.1
C(23)-N(24)-C(25)-C(26) 55.0 72.5 73.5
C(30)-N(31)-C(32)-C(33) 55.0 72.5 73.5
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Figure 3 Frontier molecular orbitals of compound DCDPF by
DFT
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Figure 4 Frontier molecular orbitals of compounds DPF and CDPF by DFT
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Table 2 Electrochemical properties of compounds DPF, CDPF and DCDPF (in eV)

~— €HOMO EXPa —éLumo Epr Apr  E g(TD) IP(v) IP(a) HEP EA(v) EA(a) EEP  Apole  Aelectron
DPF 5.38 1.97 341 3.15 6.30 623 6.15 1.06 1.16 1.27 0.15 0.21
CDPF 5.34 1.94 340 3.13 6.20 6.15 6.07 1.06 1.16 1.27 0.13 0.21
DCDPF 5.32 5.9 1.92 3.0 340 3.11 6.10 6.08 6.01 1.08 1.18 1.30 0.09 0.22
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Figure 5 Internal reorganization energy for hole transfer
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Table 3 Optical properties of compounds DPF, CDPF and DCDPF

TDDFT//B3LYP/6-31G(d)

b

Molecule Electronic transition Exp. Exp.
A/nm f Main configurations
Absorption
DPF So—S, 393.8 1.20 HOMO—LUMO 0.67
CDPF So—S; 396.2 1.16 HOMO—LUMO 0.67
DCDPF So—S; 398.8 1.06 HOMO—LUMO 0.66
Emission
LUMO—HOMO—1 —0.10

DPF S,—So 441.0 1.55

LUMO—HOMO 0.63
CDPF S,1—So 443.8 1.53 LUMO—HOMO 0.63
DCDPF S1—So 450.6 1.57 LUMO—HOMO 0.67 423 453

AE SR I S O A e .
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