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Electronic Structures and Spectroscopic Properties of
4-[(1,2-Diphenyl)-4'-(N,N-diphenyl-4-vinylbenzenamine)] Biphenyl and
Its Difluorinated Derivatives

CUI Ming-Xia' DONG Shi-Hong' WANG Wen-Liang"* YIN Shi-Wei' LU Jian?
('"Key Laboratory for Macromolecular Science of Shaanxi Province, School of Chemistry and Materials Science, Shaanxi Normal
University, Xi'an 710062, P. R. China;, *Xi'an Institute of Modern Chemistry, Xi'an 710065, P. R. China)

Abstract: Electronic structures and spectroscopic properties of 4-[(1,2-diphenyl)-4' -(N,N-diphenyl-4-
vinylbenzenamine)] biphenyl and its difluorinated derivatives were studied. B3LYP/6-31G(d) and CIS/6-31G(d) methods
were used to optimize the ground and excited state geometries, respectively, and the data for ionization potentials (IPs)
and electron affinities (EAs) were also obtained. Absorption and emission spectra were calculated using time-dependent
density functional theory (TD-DFT) based on ground and excited state geometries. We found that the main emission peak
intensity at 469—474 nm is far more larger than the second emission peak at 372—-387 nm, which indicates that this type
of compound has its own highly pure emission wavelength. Difluoro-substituted derivatives on the benzene of the
main chain (B, C and D) cause an energy lowering of the lowest unoccupied molecular orbital (LUMO) energy
levels obviously, which facilitates the injection of electron carriers from the metal electrode. Difluoro-substituted
derivatives on the benzene of benzenamine (D and E) cause an energy lowering of the highest occupied molecular
orbitals (HOMO) obviously. The increasing of IP and energy gap, which is proper to hold hole transfer from the
emission layer to the electron transport layer, reduces the formation of exciplexes at the interface and causes a blue-
shift of spectra. The difluoro-substituted derivative of benzene on both the main chain and benzenamine (D) is better for
a balance of electron and hole injection which should result in even better emission properties.
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Fig.1 The calculated model structures of compounds A-F
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Table 1 Selected geometry parameters for the ground and excited states optimized at

B3LYP/6-31G(d) and CIS/6-31G(d) levels

A

B

C

D

E

F

L(C34—C33)/nm
L(C34—C29)/nm
L(C31—C30)/nm
L(C30—C29)/nm
L(C29—C28)/nm
L(C28—C27)/nm
L(C27—C24)/nm
L(C26—C21)/nm
L(C25—C24)/nm
L(C24—C23)/nm
L(C23—C22)/nm
L(C22—C21)/nm
L(C21—C18)/nm
L(C20—C19)/nm
A(C37T—N35—C32)/(°)
A(C37—N35—C36)/(°)
A(C36—N35—C32)/(°)
D(C38C37C32C33)/(°)
D(C47C36C32C31)/(°)
D(C30C29C24C23)/(°)
D(C22C21C18C17)/(°)
D(C16C15C3C2)/(°)
D(C20C15C9C10)/(°)

0.1389(0.1364)
0.1408(0.1422)
0.1387(0.1368)
0.1410(0.1424)
0.1461(0.1414)
0.1351(0.1390)
0.1462(0.1408)
0.1408(0.1414)
0.1410(0.1429)
0.1408(0.1426)
0.1390(0.1361)
0.1405(0.1421)
0.1481(0.1455)
0.1390(0.1375)
120.2(120.5)
119.5(119.0)
120.3(120.5)
68.6(71.3)
68.3(71.8)
—9.1(-1.2)
34.5(22.8)
—62.6(~71.4)
—73.9(-77.9)

0.1389(0.1363)
0.1408(0.1425)
0.1387(0.1367)
0.1410(0.1427)
0.1461(0.1410)
0.1351(0.1393)
0.1462(0.1408)
0.1409(0.1412)
0.1409(0.1428)
0.1408(0.1426)
0.1390(0.1362)
0.1406(0.1418)
0.1481(0.1460)
0.1388(0.1372)
120.3(120.6)
119.4(118.9)
120.3(120.5)
85.0(81.6)
85.4(80.8)
12.3(1.5)
-36.8(-29.8)
-103.2(-87.2)
~75.6(~68.2)

0.1389(0.1362)
0.1408(0.1425)
0.1386(0.1366)
0.1410(0.1427)
0.1460(0.1409)
0.1351(0.1393)
0.1460(0.1407)
0.1411(0.1413)
0.1411(0.1428)
0.1402(0.1418)
0.1391(0.1357)
0.1400(0.1411)
0.1481(0.1462)
0.1390(0.1376)
120.3(120.6)
119.3(118.8)
120.4(120.6)
85.3(82.1)
85.6(81.3)
10.0(1.4)
~36.8(-30.6)
~100.4(-89.5)
~79.2(-73.8)

0.1387(0.1366)
0.1412(0.1422)
0.1389(0.1366)
0.1405(0.1413)
0.1459(0.1420)
0.1353(0.1386)
0.1463(0.1410)
0.1409(0.1419)
0.1409(0.1431)
0.1408(0.1427)
0.1390(0.1359)
0.1405(0.1425)
0.1481(0.1448)
0.1390(0.1372)
119.1(119.2)
120.1(119.9)
120.3(120.3)
77.7(72.4)
85.6(76.9)
1.3(L.1)
-35.0(-19.5)
-101.7(-97.2)
—82.2(-77.2)

0.1390(0.1369)
0.1408(0.1424)
0.1387(0.1365)
0.1410(0.1422)
0.1462(0.1414)
0.1351(0.1390)
0.1463(0.1408)
0.1409(0.1421)
0.1410(0.1426)
0.1408(0.1430)
0.1390(0.1363)
0.1405(0.1415)
0.1481(0.1455)
0.1390(0.1375)
120.3(120.5)
119.8(119.2)
119.9(120.2)
68.2(70.9)
71.2(74.6)
-14.4(-1.2)
34.8(22.1)
62.7(72.2)
~71.8(-67.7)

0.1389(0.1368)
0.1410(0.1425)
0.1387(0.1364)
0.1410(0.1423)
0.1460(0.1412)
0.1351(0.1391)
0.1463(0.1408)
0.1408(0.1420)
0.1410(0.1426)
0.1408(0.1430)
0.1390(0.1364)
0.1405(0.1413)
0.1481(0.1457)
0.1390(0.1376)
120.2(120.5)
119.7(119.0)
120.1(120.5)
69.2(71.1)
68.7(71.6)
6.9(-0.2)
—35.4(~24.0)
~79.3(-92.0)
—71.4(-77.6)

The data in parentheses are bond length, and dihedral angles, for the excited states computed at CIS/6-31G(d) level.
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transition diagrams of compounds A-F
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Table 2 Absorption and emission wavelength (1), oscillator strength (f), and

excitation energy (Ey) of compounds A-F computed by TD-DFT

Abs? Expt.” Em® Expt.”
Compd.

A/nm f Ey/eV  Transition(%) A/nm A/nm f Ey/eV  Transition(%) A/nm
A 445.2 1.79 2.79 H—L(89) 385 473.8 2.27 2.62 L—H(82) 469.0

363.0 0.43 3.42 H-1—L(81) 307 378.0 0.25 3.28 L—H-1(53)
B 437.0 1.54 2.84 H—L(90) 473.1 2.16 2.62 L—H(81)

367.0 0.46 3.38 H—L+1(81) - 374.1 0.25 3.31 L+1—H(63) -
C 436.8 1.65 2.84 H—L(89) 473.0 222 2.62 L—H(8I)

366.4 0.51 3.38 H-1—-L(73) - 376.5 0.21 3.29 L—H-1(72) -
D 421.9 1.81 2.94 H—L(88) 469.1 2.30 2.64 L—H(82)

320.0 0.45 3.87 H-2—L(48) N 387.3 0.24 3.20 L—H-1(86) N
E 421.7 1.83 2.94 H—L(88) 469.6 2.32 2.64 L—H(81)

360.4 0.41 3.44 H-1—L(79) - 378.2 0.20 3.28 L—H-1(74) -
F 433.3 1.49 2.86 H—L(89) 472.4 2.17 2.62 L—H(81)

349.7 0.64 3.55 H-1—L(88) - 372.5 0.22 3.33 L+1—H(72) -

a) absorption spectrum, b) The values are experimental data taken from Ref.[8], ¢) emission spectrum; H, H-1, H-2, L and L+1 represent HOMO,
HOMO-1, HOMO-2, LUMO and LUMO+1, respectively.
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Table 3 Vertical ionization potential IPy, adiabatic 1

ionization potential IP,, vertical electron affinity EAy,
adiabatic electron affinity EA, of compounds A-F at

B3LYP/6-31G(d) level
Compd. IP\/eV 1P,/eV EA/eV EAJeV
A 5.79 5.69 0.61 0.82
B 5.86 5.76 0.69 0.91
C 5.89 5.80 0.73 0.94
D 5.95 5.85 0.72 0.91
E 5.92 5.80 0.68 0.88
F 5.86 5.76 0.67 0.89
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