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TD-DFT Study on Electronic Spectrum Properties of
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LI Zhi-Feng™' LU Ling-Ling" YUAN Kun' KANG Jing-Wan®
(*College of Life Science and Chemistry, Tianshui Normal University, Tianshui, Gansu 741001)
(*Department of Chemisiry, Northwest Normal University, Lanzhou 730070)

Abstract: The structures of bis(2-phenyl-8-hydorxyquinolato)zine (Zn(qPh),) and its derivatives were optimized in
the ground states using ab initto HF and B3LYP methods. The molecular structure of the first singlet excited
state for Zn(qPh), and its derivatives were optimized by CIS/6-31G. The absorption and excite spectra based on
the above structure were obtained by the time-dependent density functional theory (TD-DFT) by the B3LYP
method with the 6-31G basis set. The calculated results of emission spectrum for Zn(qPh), and its derivatives
have good agreement with the experimental data. All compounds are excellent electrontransporting materials,
luminescence wave bands of which can be tuned little by different metals on the ligand of 8-hydroxyquinolinateo

anion.
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Fig.1 Optimized geometry of (a) Zng, and (b) Zn(qPh),

F1 Zn(gPh), M1 Zng, BA(S)RE—BEMES(S)EENLMEHSH
Table 1 Optimized patameters of ground state (S,) and the lowest excited state (S;) for Zn(qPh), and Znq,

(bond length (nm), bond angles and dihedral angles (°))

So S, So S,
Parameters Zn(qPh), Zngs Zn(qPh),  Zng, || Parameters Zn(qPh), Zng. Zn(qPh),  Zng;

B3LYP HF B3LYP CIS B3LYP  HF  B3LYP CIS

6-31G 6-31G 6-31G 6-31G

R12 01945 01923 01939 01968 01968  A123 11150 11488  111.65 11357 113.49
R15 02075 02143 0206 1 02082 0.2063| Al54 107.02 10671  107.69 108.50  109.21
A215 85.26 8275  85.11 8253 8248 D1234 1.28 2.08 0.73 0.27 1.17
A615 12237 12386  118.94 12597  123.96 D5198  127.62 12731  122.09 12867  126.58
A519 12581 12291  121.93 127.17  121.96 D5123 -1.00  -1.89  -0.85 064  -1.19
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% 2 M(gPh),, Zn(tgPh), % Znq, KI¥R3h 5 #
Table 2 Vibrational analysis of M(qPh),, Zn(tqPh), and Znq,

Compound Frequency / em™ Intensity / (km-mol™)

Zn(qPh), 18.65 25.31 26.39 0.046 7 0.489 3 0.327 2
Be(qPh), 18.11 24.20 29.70 0.005 7 0.508 1 0.618 0
Mg(qPh), 16.39 21.40 23.95 0.057 2 0.429 6 0.327 6
Zn(tqPh), 7.70 23.29 37.95 0.068 9 0.692 3 0.305 4
Znq, 22.82 27.55 30.06 1.693 9 0.007 1 0.868 9

SR R N (WO N =R R S T
Wt B AR B0 o F LAy B AT R R 2 50 T
Znqy, M(qPh)(M=Zn, Mg, Be) & Zn(tqPh), Y 3 /> /s
P 2l (4 S RS B SR AT DU | 78 4R gh ot ik
R L AR U R A B B

22 HBFEHMSHFHE

e &9 B D6 TE I BT 0 1 LTSS R DA OG
KRV & 4 JE LA M(qPh), 1Y HL - BRAEE 55T
X M(qPh), 282485 RO S oL 250 AT R 580
Bt LA B3LYP/6-31G fLAL45 3 58 JUAnT #4 AL oy Kk
M, S 5 EN&RIEF30 1 A WH0E 2500
S5 A 4 BRI AR A S FRUE T
TR , 53T M(qPh), J& 25 25 1 v 45 J@ FEC AL 1R 1 iy
L FEE Y . K M(qPh), TR TR0 R 4 3
g3 (1) MMk M oot (1), 46 1~9 SJE ;) M
i 3)MEk C(I), ALFE 1~9 5 J5F; (4) R FEHUR
5L Ph, SR 3,

3 AT LA, ATk FRLE T 4 )8 bR T
Zn,Mg,Be MY BLFERAR /DN, U W] 43 J8 2 A B X &
JERY BTk, TE S S HUE HOMO | c(DRY 5T
k5 81.16% ,C(D T 18.46%, i AR FEHUR I b AR AT
HLF 2 B 40, DA JE S 1 HOMO i F = £ %

LUMO(131)

LUMO+1(132)

AR AEMERER I 7R AR 2S Bl LuMo L, c(DRY 5T
wk 5 31.83% ,C(ID) A9 o3 ®k 5 50.02% , 7 3

0.0 —

- LUMO+3
1.0 5 - -
ATTTIT ™

> -3.0 1

° 3.39 3.27 3.28 3.36 2.84

Q4.0 j l
5.0 1 i i — - HOMO
-6.0 =

= - ~ — HOMO-3
707 Zng,  Zn(qPh), Me(qPh), Be(qPh), Zn(iqPh),
2 HIZr VB RESOR B
Fig.2 Sketch map of the frontier molecular orbital
energy level
% 3 M(gPh),(M=Zn, Mg, Be)k % F#iE H

Table 3 Molecular orbital components of M(qPh),
(M=Zn, Mg, Be)(%)

M(qPh
Orbital (aPh.
M Ph c(D) c(m
LUMO(131) 1.63* 1.67" 0.56° 18.00°  31.83*  50.02°
HOMO(130) 1.19° 0.82" 0.63¢ 0.00* 81.16° 18.46°

Superscript a, b and ¢ denote the M is Zn, Mg and Be re-

spectively.
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LUMO+2(133)
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B3 Zn(qPh), HORTZ 4L
Fig.3  Frontier molecular orbital diagrams for Zn(qPh),



662

T Hl

2

n2
¥

=2 %23 %

18.00%, i & A BT HLFH C(D)m) C(I) A 28 £ He
I Ph KA TR AR 43 U3 B4 43 B RT LA
EH BT NS RIT R A SN BT TR
HFaMamEmeEEi, NE2EH, 5
Znq, A, M(qPh), & Zn(tqPh), 68 BR8]y | 5 HL RE
T35 TR A WO KK R A L0 1T Zn(tgPh),
LR AR E R, i BEME EZ R T T I A
RO | LA B K RE R R A
i Ji - BURE , He o IR A B R K B R B
W, AT FHLER TR 3 LA,
HOMO-1 #il HOMO,HOMO-3 #1 HOMO-2 % LUMO
A LUMO+1,LUMO+2 F1 LUMO+3 /& it fiif I # 15 |
3R THEA Y Zn(qPh), BT 5 F 50 1 4 i
FHE
2.3 MUK IEFIE GG R B FFEMEE

FH TD-B3LYP/6-31G 7515 43 5l %F M(qPh), %74
IR — WOk Sp R A Y 45 A0 T B L BRATE RE 15 BT
WA A, KSDGIG B B, B3 1, S 7R
fE Ey. W& 4T LIE W BLCEY Zn(qPh), B 5 KK
WO 15 U8 K R 464.22 nm, 5 L HE 465 nm!P{X
A 0.017% M AHXF 1R 22 | HOGTE L Zng, KAA 5
PLETHEZ R —3, Zn(qPh), BY 5 R W g 32 225

THEE R — WO S TP HOMO — LUMO
(m — )% HOMO-1 — LUMO+1 Z[Al () B AT | BRiE
JUERI3 50K 59%H1 33% ., K AHEBRIT IS |, L5 10 B I
FREREFHE A

ST TEAY Zng, LHATAY K EE A
B, AR B A L, LR TR A B, 4R
HL R M3 By, RORSHGIE R (E), NEITUE
e Zng, K AN TR A 04 H B 3R T 2% 3
22 BRI Zng, EE G ¥ Be(qPh),, Zn(qPh), Hl
Mg(qPh), LS SR/ Ui HL 745 2 g, 2k
ML B9 #2207 DN Zin(qPh), ] Mg(qPh),, Be(qPh),
H Zngy, HLF SR M FBAR I/ | B4 52 - 1) 3 22
MRUIG N, Bz DA B AR SR A R T BT
W, A\ Znq, — Be(qPh), — Zn(qPh), — Mg(qPh),, 1t
BYRKBEG KRBT RAE SR, BKE e
KN 5 Zng, MG M(qPh), ) HL 5% FTRESS I,
HAK Zn,Mg,Be MBEA W/, EATHY T4 RE T
YR R0 FAE A B Zng, B 5ROR & %
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Table 4 Absorption spectrum for Zng,, M(qPh), and Zn(tqPh), with TD-B3LYP/6-31G

State A / nm E.leV I Excitation
1 464.22 440.96" 461.05" 449.70° 536.94" 2.670 8 0.050 129 — 132(33%)
130 — 131(59%)
2 458.51 2.704 1 0.012 129 — 131(61%)
130 — 132(27%)
3 445.26 2.784 6 0.002 129 — 132(60%)
130 — 131(36%)

A is wavelength, E., is excitation energy, f is oscillator strengths

Superscript a, b, ¢ and d denote compound Znq,, Mg(qPh),, Be(qPh), and Zn(iqPh), respectively.

&5 M(qPh), BEE LEFEME E, MESRIBRK EHITHEHER

Table 5 Calculated results of ionization potential I, electron affinities £, and emission spectrum E; for M(qPh),

Zng; Zn(gPh), Mg(qPh), Be(qPh),
In 6.62 6.43 6.41 6.52
I, 6.56 6.33 6.33 6.40
Ev/eV 0.48 0.66 0.64 0.61
En/leV 0.56 0.77 0.75 0.70
E,/nm 484.35 497.49 495.50 485.12
I 0.073 5 0.048 5 0.040 4 0.039 2

" is oscillator strengths.
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