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Fig.1 Optimized geometries of (ZnS), ,, clusters(@S, & Zn)
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Table 1 Parameters for characterizing the geometry structures and stabilities of (ZnS), ,, clusters

Bond length/nm Bond angle/(°)
Cluster Tetragon® Hexagon® E/eV
Tetragon Hexagon® i
Zn—S—7n S—7Zn—S Zn—S—7n S—Z7Zn—S
(ZnS) 0.250 0.237 75.6 101. 1 98.9 137.3 3.9416
(ZnS), 0.242 0.235 75.2% 101. 6 99.3 125.8 3.7819
(ZnS)g 0.247 0.238 76.2 100. 6 101.3 129.2 4.0281
(ZnS), 0.243 0.234 76.9 99.8 102.2 128.9 4. 1054
(ZnS) 4, 0.244 0.237 76.2 99.9 105.5 127.8 3.9642
(ZnS) 0.244 0.237 79.7 100.2 105.3 127.6 4.0747
(ZnS) 1, 0.241 0.233 79.0 97.3 104.9 129.2 4.4314

a. The underlined data mean the average value; b. E, = Eyoyo — Erpyo-
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Fig.2 Atomic net charges and overlap populations of (ZnS),(A) and (ZnS), (B)
o S, @7Zn.
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Fig.3 Convergence behavior of static v, with number of excited states for the (ZnS), ,, clusters
* (ZnS)g; ® (ZnS);; M (ZnS)g; v (ZnS)y; & (ZnS),y; € (ZnS) ;5 » (ZnS) ;.

Table 2 Parameters for some special excited states of (ZnS),

Transition moment/(C + m)

State number Orbital Contribution ¥ v P Transition energy/eV  Oscillator strength
3 96—99 0. 68423 -0.6147 -0.0002 0. 0003 3.3186 0. 0307
13 88—99 0. 68776 -1.0393 -0.0013 -0. 0003 3.9027 0. 1033
23 96—100 0. 67596 -0. 1065 -0.0013 -0.0024 4.3651 0. 0012
26 96—100 0. 14688 -0.3988 -0.0017 -0. 0004 4.4027 0.0172
97—101 0. 44394
97—102 -0. 18050
98—101 0. 17874
98—102 0.44363
43 88—100 0. 16631 -0.0899 0. 0007 -0. 0004 4.7784 0. 0009
91—101 -0.24193
91—102 -0. 12881
92—101 -0. 12844
92—102 0.24335
93—102 -0. 17305
94—101 -0. 17325
96—103 0. 46893
44 88—100 0. 62889 -0.7809 0.0012 0. 0010 4. 8326 0. 0722
89—102 0. 10363
90—101 0. 10450
93—102 0. 14586
94—101 0. 14564
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Table 3 The y (static) of (ZnS), ,,

Species 102" N/em ™3 a/nm’ n f 10% <y > /esu 10" ¥ /esu
(ZnS), 4.21 3.01x1073 1.09 1.06 5.125 27.24
(ZnS), 3.61 3.57x1073 1.09 1.06 9.145 41.68
(ZnS) 5 3.16 3.69 x10 73 1.07 1.05 6.938 26. 65
(ZnS), 2.81 3.61 x1073 1. 06 1.04 5.391 17.72
(ZnS) o 2.53 4.29 103 1.07 1.05 8. 082 24. 85
(ZnS) 2.30 4.43 x10 3 1.07 1.05 6.843 19.13
(ZnS) 2.10 4.86 x10 73 1.06 1. 04 1. 849 4.54
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Theoretical Studies on Third-order Nonlinear Optical Property
of (ZnS), ,, Clusters

ZHANG Xin, HUANG Ting-Ting, TAN Kai, LIN Meng-Hai*, ZHANG Qian-Er
(State Key Laboratory of Physical Chemistry of Solid Surfaces, Center for Theoretical Chemistry, Department of Chemistry,
Xiamen University, Xiamen 361005, China)

Abstract The third-order nonlinear optical (NLO) properties of (ZnS),_,, were investigated under the time
dependent density functional theory( TDDFT) at B3LYP/ Lanl2DZ +6-31G "~ level. The static third-order sus-
ceptibilities y* and dynamic behavior of third-order polarizabilities y in 0—2.5 eV were calculated by using
the sum over states(SOS) method. The results show that the y*’ of (ZnS)_,, clusters are better than that of
the other semiconducting clusters. (ZnS), and (ZnS),,, respectively, had a remarkable vy value of —2.38 x
107" and 1.26 x 10" esu at 1.6 and 2.0 eV. The (ZnS), ,, clusters can produce an obvious phenomenon
of the third-order polarizabilities when they are excited in a large y value area.

Keywords 7nS; Semiconducting cluster; Third-order nonlinear optical property; Theoretical calculation
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