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Theory Calculation of 2,7'-(Ethylene)-bis-8-hydroxyquinoline
and Its Metal-organic Compounds by Means of DFT and NBO
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Abstract: The structures of 2,7'-(Ethylene)-bis-8-hydroxyquinoline [2,7'-Ethq,] and its metal-organic compounds
M(2,7'-Ethqy), (M=Zn, Mg, Be) were optimized at B3LYP/6-31G level. The absorption spectra based on the above
structure were obtained by the time-dependent density functional theory TD-B3LYP with the 6-31G basis set and
ZINDO methods. At the same time, dihydrogen bond in 2,7'-Ethq, and M(2,7'-Ethq,), have been studied using
NBO analysis. The calculated results of absorption spectrum for 2,7’ -Ethq, are in good agreement with the
experimental data. All compounds are excellent electrontransporting materials, absorption spectrum wave bands of
which can be tuned little by different metals on the ligand of 2,7’ -(Ethylene)-bis-8-hydroxyquinoline anion. The
absorption of M (2,7' -Ethq,), have a substance red shift compared with that of 2,7’ -Ethqg,. There are also

intramolecular hydrogen bonds in the molecules, which make the molecules more stable.
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Fig.1 Optimized geometry of 2,7'-Ethq,, M(2,7'-Ethqy), and selected optimized parameters (bond length: 107 nm)
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Fig.2 Interaction of LP(N) with o*(H-0) bond in 2,7'-Ethq, and M(2,7'-Ethq,), (M=Be, Mg)

2.3 BI&SD FHIERRKARE

LB R G AR O TP A WL AL & R A WL & Y
R AN &G CR BL F HL F BR AT R AR
B B S PIATA o F9UE 5 i e R C R %
Yl LA B3LYP/6-31G J7iEXT 2,7 -Ethq, X3 M(2,7
-Ethqp,), 77 FHUE B #4750, 2 5 A6 1526
JF- 1 BT 2R B R 4y Bk R OR %R T
XTRTZEHLIE HOMO 5% LUMO [ 53k, 4 Ff 4+ 11
A4 HiE HOMO A LUMO #UiE B} 45 J5 5% 18
(1) T k43 1) WL 3(a)~3(d).,

MIE 3(a) 0] LLE X&) 2,7 -Ethq, 5 5
di P HLE HOMO BTk e K J5 S ME bk A T i
O1 &5, HKh co I+, mimEmk B H1i C17 S
Wk A H ) C4 JRF X HOMO S48 %A BTk ; 78 i fik
23 BIE LUMO ™, 5T Bk d K B S ek B A Y N2 J
+, R TR 10% 4240, kb 16, 5 9% AT,
MR A H11%) C8 & C10 XF LUMO %A si#k, nf LA
Fifh, BTN HOMO M LUMO BRiEHf L+ =
R A [ EERR B KR T R {H HOMO M

LUMO %3l o 2 40 A5 ¥ HA B 30 R AE . DA
B W] LA Hi,2,7 -Ethgy 5 M(M=Zn,Mg, Be)JE . i
G X E ) L = A A A AR K Ut 3
Pl 4 J& Be 5 9 47 9 HOMO AT LUMO 437 B A A
RIRRRAE . ZEBCG P HOMO H ik A b 01 1
ok e K, 4l 5 26.93% (Zn) 25.86% (Mg) I
26.73%(Be), Hk k€6 F1 C8, MMk A XF HOMO o1
Bk 43 B ST R 84.19% (Zn) (84.15% (Mg) il
84.28%(Be), % W] HOMO #UiE oL ¥ = 19 73 A A
CRE R RRAE 7 LUMO sk A Rk B 1Y 5T
BRAH Y, 50 01 N 42.54% 39.61% ,42.38% 41.43%F1
40.54% 41.20% , % ¥ M(2,7' -Ethqy,), 1 LUOMO
HL 2= 1Y 40 A B B < B B0 A RRAE R U Y
&, BAREE M5 2,7 -Ethq, WA X F = 7E
2,7'-Ethq, &5 HLoT 50 A A AR RS2, {H A
Kl 3(b)~(c)FT LAE I, & )8 M B 14 5 X i L HL i
B DTRRAN K, B 4 Ja8 B85 AR B % & 1 BTk
PL ST 22 B0 2,7 -Ethq, 3525 39 & & 1 BK
if, FE R MEMmR A W B I H TR M MQ2,7 -



108 Jd Hl fk

A 24 %

o ooy senests

10 E HOMO B LUMO -

MO decomposition / %

[ g " ot
0p TR0 re@ >

E HOMO B LUMO

Atom site number
K13 2,7'-Ethq, X M(2,7'-Ethq,)|M=Zn , Mg, Be |1 il £& 73 %18 20 1
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Table 1 Energy gap of frontier molecular orbitals

Orbital 2,7'-Ethq, 7Zn(2,7'-Ethqy), Mg(2,7'-Ethqy), Be(2,7'-Ethqp),
HOMO-3 -0.266 09 -0.210 31 -0.209 42 -0.211 04
HOMO-2 -0.240 89 -0.209 96 -0.209 31 -0.210 78
HOMO-1 -0.21606 -0.18801 -0.1885 -0.19071
HOMO -0.200 2 -0.186 78 -0.186 98 -0.189 8
Energy gap / eV 3.38 2.92 2.95 2.98
LUMO -0.075 94 -0.079 47 -0.078 49 -0.080 14
LUMO+1 -0.055 64 -0.079 24 -0.078 31 -0.079 77
LUMO+2 -0.038 38 -0.056 25 -0.055 49 -0.057 04
LUMO+3 -0.013 29 -0.055 41 -0.054 68 -0.056 07
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Table 2 Absorption wavelength (A.,) of 2,7'-Ethq,
and M(2,7'-Ethq,), [M=Zn, Mg, Be]

At / nm
Compound
TD-DET ZINDO Exp!'
2,7'-Ethq, 397.14, 386.53" 347.9 377
Zn(2,7'-Ethqy), 493.03 — —
Mg(2.7'-Ethqy), 483.21 402.86
Be(2,7'-Ethqy), 486.34 402.91

“Denotes the absorption wavelength of 2,7'-Ethq; in solvent
of CHCl;

H W) Mg(2,7'-Ethqy), ' F 2 JE HOMO(169)—LUMO
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Table 3 Calculated results of ionization potential I, and electron affinities £, for M(qPh),

2,7'-Ethq, Zn(2,7'-Ethqy), Mg(2.7'-Ethqy), Be(2,7'-Fthqy),
I/ eV 6.78 6.26 6.27
Ey/ eV 0.76 111 1.18
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