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Table 1 Selected bond distances(nm) and bond angles(°) at optimized ground and ionic states

Neutral ( Cation-Neutral ) / (' Anion-Neutral ) /
Species B ) Cation Anion
Expt. (U)BH and HLYP* UB3LYP Neutral (% ) Neutral (% )
Ni—N 0.1832 0.1856 0.1854 0.1877 1.241 0.1871 0.917
C1—N 0.1377 0.1342 0.1342 0.1321 -1.565 0.1355 0.969
C1—C2 0.1412 0. 1449 0. 1448 0.1471 1.588 0. 1446 -0.138
C2—C3 0.1414 0.1418 0.1419 0. 1430 0.775 0. 1409 -0.705
C3—C4 0. 1365 0.1380 0.1381 0. 1367 -1.014 0.1398 1.231
C4—C5 0. 1427 0. 1421 0.1421 0.1443 1.548 0.1403 -1.267
N7—Ni—N8 85.9 — 83.7 83.1 -0.717 83.1 -0.717
Ni—N7—cCl 113.9 — 115.7 115.7 0.000 116.0 0.259
N7—C1—C2 113.1 — 112.5 112.7 0.178 112.5 0. 000
C1—C2—C3 119.9 — 119.5 119.5 0.000 119.1 -0.335
C2—C3—C4 119.3 — 119.5 118.7 -0.669 120.4 0.753
C3—C4—C5 120.8 — 121.0 121.7 0.579 120.4 -0.496

a. Experimental values for PHDANI, from Ref. [49]; b. the values are calculated by the (U)BH and HLYP method using the SDD basis set
for Ni and the 631G ™ basis set for other atoms[®].
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Fig.3 Frontier molecular orbitals of PHDANI
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Fig.4 Carrier transport pathways of PHDANI
(A) In ac plane, (B) in be plane.

FH B AT RAS B R4 A T 2 ORI PR 91 T3 2. R 2 ATLUIZE Y, PHDANI
23 ORI L, FAB S AR B e AR (48X 18) 43 12 0. 100 eV (FRA2 1) F14.00 x 1072 eV (F{42 9) 5 fe/IMH
(HEXHE) S35 2. 30 x 107 eV (42 16) 1 6.29 x 10 ™ eV (#5412 16) . &5 KNS Tl (CM)
PERAFE—E VIR AR, BUC BRI, fdm i T2 ; (HIFARBUOB BL, f24 AR omBoR.
N TR R R S S T B ERIERY 3 AR BUE R AR, Hoh, =
AL, A AR RN 0UE D K HOMO A HOMO - 1; W FAEHIE, Sy KM LUMO F
LUMO +1.

Table 2 Calculated hole and electron transfer integrals of PHDANI

Dimer CM Dimer CM
Path Virge/ €V Vitearon” €V Path Vi’ eV Vitearon” €V
distance/nm distance/nm
1 0. 4644 0.100 1.67 x1072 9 0.5845 -6.95x1073 -4.00x1072
2 0.5208 -6.06 x10 3 -2.28 x102 10 0.5845 -6.95x107? -4.00x1072
3 1.4836 7.57 x10 77 -7.56%x107° 11 1.2500 -3.70 x10 % -2.92x10"?
4 1.2294 9.26 x10 3 -4.54x1073 12 1.4641 3.95x107° -1.68x107°
5 1.3938 2.21x107* 1.36 x1073 13 0.4644 0.100 1.67x1072
6 1.2636 -6.39x107? 2.72 %1073 14 1.2181 1.08 x10 2 -6.90x1073
7 1.3938 2.21 x10°* 1.36 x10°3 15 1.4538 -3.57x107° -9.86x10°
8 1.2636 -6.39x1073 2.73 x1073 16 1.4633 -2.30x1073 -6.29 107
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Theory Study on Ambipolar Carrier Transport Properties of
Bis ( o-diiminobenzosemiquinonate ) Nickel( I ) Complex

TANG Xiao-Dan', GAO Hong-Ze”, Geng Yun', LIAO Yi'”*, SU Zhong-Min""
(1. Institute of Functional Material Chemistry, College of Chemistry, Northeast Normal University, Changchun 130024, China;
2. Fundamental Department, Chinese People's Armed Police Force Academy, Langfang 065000, China;
3. College of Chemistry, Capital Normal University, Beijing 100048 , China)

Abstract By means of the density functional theory level with UB3LYP function, the ground state and ionic
structures of the complex bis ( o-diiminobenzosemiquinonate ) nickel( II ) (PHDANI) were optimized and the
diradical character of PHDANI was successfully simulated. The hole and the electron reorganization energies
were evaluated directly from the adiabatic potential-energy surface and the transfer integrals were calculated
using direct method. Then, the charge carrier transport properties of PHDANI were investigated based on
Marcus electron transfer theory. The results indicate that the hole and the electron mobilities of PHDANI,
which are in the same order of magnitude, are 0. 253 and 0. 135 cm® - V™' = s 7' respectively. In theory, the
transport properties of PHDANI are quite well as an ambipolar carrier transport material.

Keywords Bis ( o-diiminobenzosemiquinonate ) nickel ( I ) ; Diradical; Charge carrier transport; Density

functional theory
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