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Fig. 1  Calculation models of Liq and its derivatives, (a)
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Table 1  Energy of Liq and its derivatives substituted by —CN Ha
Energy Liq 2-CN-Liq 3-CN-Liq 4-CN-Liq 5-CN-Liq 6-CN-Liq 7-CN-Liq
Total _484.1434  -576.3879  -576.3867  -576.3857  -576.3951  -576.3894  -576.3928
Binding -3.5955 -3.9365 -3.9353 -3.934 29 -3.9437 -3.9380 -3.941 4
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Table 2 The key bond length of Liq and its derivatives nm
Bond lengths Liq 5-CN-Liq 5-Cl-Liq 5-CFy-Liq  5-OCH,-Liq 5-CH,CH,CH,-Liq  5-CH;-Liq
011—Lil2 0.178 0 0.179 0 0.179 1 0.178 4 0.177 2 0.17717 0.177 4
N1—Lil12 0.197 7 0.198 5 0.198 0 0.197 4 0.197 4 0.197 1 0.197 1
C5—Cl 0.175 8
C5—O0CH; 0.138 2
C5—CH;4 0.150 8
C5—CN 0.1420
C5—CF, 0.148 8
C5—CH, CH,CH; 0.1509
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Table 3 LUMO, HOMO energy level and band gap for Liq,
5-CN-Liq, 5-Cl-Liq, 5-CF;-Liq eV
Liq 5-CN-Liq  5-Cl-Liq  5-CF;-Liq
Epomo -4.87 -5.65 -5.02 -5.54
Eyumo -2.33 -2.93 -2.57 -2.75
AE 2.54 2.72 2.45 2.79

(AE = Eyumo—Enomo )
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Table 4 LUMO, HOMO energy level and band gap for Liq,
5-CH,-Liq, 5-CH;CH,CH,-Liq and 5-OCH,-Liq
eV

Liq 5-CH,-Liq 5-CH,CH,CH,-Liq 5-OCH,-Liq

Epono -4.87  -4.72 -4.73 -4.39
Eymo -2.33  =2.26 -2.30 -2.24
AE  2.54 2.46 2.43 2.15
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Fig.2  Calculation methods for EA and A,
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Table 5 The calculated EA of Liq and its derivatives eV
Liq 5.CN-Liq  5-Cl-Liq 5-CFy-Liq  5-OCH,-Liq  5-CH,CH,CH,-Liq 5-CH,-Liq
EA, 0.105 0.598 0.189 0.379 0.148 0.048 0.114
EA, 0.257 0.928 0.551 0.778 0.243 0.304 0.239
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Table 6 The reorganization energies of Liq and its derivatives eV
Liq 5-CN-Liq 5-Cl-Liq 5-CF;-Liq  5-OCH;-Liq 5-CH,CH,CH,-Liq  5-CH;-Liq
Ay 0.182 0.168 0.183 0.205 0.199 0.179 0. 180
Ay 0.179 0.162 0.179 0.194 0.193 0.173 0.172
A 0.361 0.330 0.362 0.399 0.392 0.352 0.353
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Theoretical Investigation on Photoelectric Properties and
Substituent Effect of 8-hydroxyquinoline Lithium

FANG Xiao-hong' |, HAO Yu-ying®’, XU Bing-she’
(1. College of Mining, Taiyuan University of Technology, Taiyuan 030024, China;
2. College of Science, Taiyuan University of Technology, Taiyuan 030024, China;
3. Key Laboratory of Interface Science and Engineering in Advanced Materials, Ministry of Education, Taiyuan 030024, China)

Abstract: In this paper, the influences of electron donating and withdrawing substituents on photoelectric
properties of 8-hydroxyquinoline lithium ( Liq) are systematically studied by density functional theory ( DFT) ,
several significant research results were achieved to provide theoretical guidance for further improving the per-
formance of Liq. The research results showed that the different substituents form different conjugate with the
parent population. The substituents of —CN, —OCH, participate in the r-conjugated system properly, and
have a great influence on the properties of the system. While the substituents of —CF;, —CH,, —CH,CH,CH, ,
—ClI have the weaker conjugated effects with the system, and relatively a little influence on the properties of
the system is obtained. The electron donating substituents enhance O-Li electrostatic interaction and N-Li co-
valency, and the electron withdrawing substituents weaken O-Li electrostatic interaction and N-Li covalency.
The electron withdrawing groups of —CF,, —CN, —Cl,which is attached to 5-position of Liq, make LUMO
and HOMO energy level lower, but the dependence of the LUMO, HOMO and band gap on their inductive
effect strength lack regularity. The —CF;, —CN broadens band gap of Liq, however the —Cl leads to band
gap of Liq reducing. Here, the synergistic action of conjugated effects should be included. The electron dona-
ting groups of —CH,, —CH,CH,CH,, —OCH,; which is attached to 5- position of Liq, make LUMO and HO-
MO energy level rise and band gap contract, the stronger interaction between the substituent and the molecular
orbital, the more remarkable the influence on the frontier molecular orbital. The —CN substitution at 5-posi-
tion of Liq make the electron affinity significant increase, the reorganization energy decrease, so that electron
injection and transport become more easy. It can be concluded that 5-CN-Liq is a kind of better electron injec-

tion and transport materials than Liq and other derivatives of Liq.
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