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Fig. 1. Structure of the mer-Alqs molecule.

F 1 mer-Algy 7T HIEEK
Table 1.  Bond lengths of the mer-Alqs.

Bond B3LYP/6-31G*/A  Experimental results/Al!

Al-Na 2.08377 2.0502
Al-Nb 2.12565 2.0872
Al-Nc 2.06431 2.0172
Al-Oa 1.85545 1.8502
Al-Ob 1.88106 1.8602
Al-Oc 1.88398 1.8572
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Fig. 2. Infrared absorption spectrum of mer-Algs.
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Identification of partial vibration modes of mer-Alqs.
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Fig. 3. Raman spectrum of mer-Alqs.

*®3
Table 3.
of mer-Alqs.
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Table 4.  Frontier molecular orbital energy levels (in arb.units) and distribution (in %) of mer-Alqs.

. N a b c
T PuE (1243 Al . - o o S o
o) ES ke 0 7 Mtk o) S Ui
H-2 -0.19584 1.51 0.16 0.85 0.93 20.36 64.59 19.94 0.24 0.74 1.15
H-1 -0.19204 1.57 2.05 8.50 2.56 0.36 1.18 1.17 17.19 58.30 17.72
H -0.18397 1.47  19.25 57.52 17.84 0.36 0.20 0.24 3.58 7.26 2.42
L -0.06363 1.60 0.06 0.18 0.91 1.66 25.28 64.81 0.29 4.55 12.18
L+1 —0.05496 1.36 0.62 8.41 20.90 0.24 3.24 7.25 1.33 19.64 47.98
L+2 -0.05218 1.28 1.72 21.57 56.03 0.54 1.83 5.13 0.81 6.32 16.59
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4 mer-Algy B 28 57 F HUIH 4 A (a) HOMO-2 81 30 48 4 Il (b) HOMO-1 %L 3t 4+ 4 /8 ; (c) HOMO %l it 4 i [
(d) LUMO #1843 45 ;5 (¢) LUMO+1 Ul 4345 181 (f) LUMO+2 #U1E 53 i ]
Fig. 4. Frontier molecular orbits of mer-Algsy: (a) HOMO-2 distribution; (b) HOMO-1 distribution; (¢) HOMO distribution;
(d) LUMO distribution; (¢) LUMO+1 distribution; (f) LUMO+2 distribution.
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Fig. 5. UV-Vis absorption spectrum of mer-Alqs.

# 5  mer-Algy 7 TR FEE TR

Table 5.  The analysis of electron excitation of mer-Alqs.

Excited state A/nm f Transition nature (contribution > 10%) Transition energy/eV
119121 (45.9956%); 119—122 (23.0683%);
2 427.15 0.0672 118120 (21.1263%) 2.9026
4 417.31 0.0425 117—120 (88.1022%) 2.9710
11 304.03 0.0151 119—124 (38.2445%); 119—125 (23.0208%) 4.0781
12 302.87 0.0214 117123 (66.2078%); 114—120 (20.1638%) 4.0937
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Table 6. Excited state parameters of mer-Alqs.

D/A S,/arb.units H/A  t/A

S0 — S2 0.18 0.61 3.57 012
S0 — S4 0.99 0.59 295 041
S0 — S11 0.88 0.79 3.84 -1.38
S0 — S14 0.68 0.43 347 2.00
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Fig. 6. Electron-hole, Chole-Cele and S, distributions of mer-Alqs respectively: (a)—(c) Electron-hole, Chole-Cele, S, distribution at
S2 state geometry; (d)—(f) Electron-hole, Chole-Cele, S, distribution at S4 state geometry; (g)—(i) Electron-hole, Chole-Cele, S, dis-
tribution at S11 state geometry; (j)—(1) Electron-hole, Chole-Cele, S, distribution at S14 state geometry.
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Density functional theory calculation of spectrum and
excitation properties of mer-Alq;”

Peng Jie  Zhang Si-Jie! Wang Ke  Dove Martin

(Sino-British Materials Research Institute, College of Physics, Sichuan University, Chengdu 610065, China)
( Received 23 September 2019; revised manuscript received 30 October 2019 )

Abstract

Meridional tris(8-hydroxyquinoline)aluminum (III) (mer-Alqs) is an organometallic semiconductor material
with phenomenal photo-electric properties. In order to understand the molecular luminescence properties of
mer-Alg,, the density functional theoretical (B3LYP) method with 6-31G" basis set is employed to calculate its
structure, infrared spectrum and Raman spectrum and the frontier molecular orbital of its ground state. The
UV-vis absorption and the excited state characteristics are investigated by the time-dependent density
functional theory (TD-DFT) method. The results show that the calculated spectral characteristics are in good
agreement with the experimental data. The electron cloud of the highest occupied molecular orbital (HOMO) is
located mostly on the phenoxide ring, whereas that of the lowest unoccupied molecular orbital (LUMO) sits on
the pyridine ring. The absorption peaks of the UV-visible absorption spectrum are located in the visible and
ultraviolet region. S0—S2 is attributed to the superposition of the m-n" local excitation in the direction from
benzene ring to pyridine ring and the n-n" local excitation in the direction from oxygen atom to pyridine ring.
The n-n" local excitation from benzene ring to pyridine ring is SO—S4. The superposition of 7-n local excitation
from benzene to carbon and n-n local excitation from oxygen to carbon are excited by S0—S11. S0—S14 is
charge-transfer excitation and contributed by the superposition of m-n" in the direction from benzene ring to
pyridine ring and n-n" in the direction from oxygen atom to pyridine ring. This work is significant for
understanding the basic properties of mer-Algs and the mechanisms of electron excitations. It provides a deeper
insight into the luminescence mechanism of mer-Alqgs, thus playing a guidance role in further improving the

luminescence efficiency and regulating the spectral range of the light-emitting mer-Algs.
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