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Fig.1 Optimized structures of complexes Zn,(n°-E;),(E=N, P, As and Sb)

Bond length in nm, Wiberg bond intensity(in bold font) , natural charge(in parentheses).
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] Y Wiberg £8:2% /7 1.408 (1), 1.346(2), 1.333 Energy 1 2 3 4
(3) A1 1.298 (4), b T Hr o B8 (1.0) B4 E o -390  -3.15  -3.11  -3.11
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# H-L: The difference of energy between HOMO and LUMO.
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Table 2 Computed absorption wavelength, transition moment(in 10 * C - m) , oscillator

strengths(f) , and transition nature of the studied systems

System State A /M TM( z direction) f Major contribution

1 A" 193. 88 -20.95 0. 956 HOMO-8—LUMO(72% )
2 A," 232.52 -26.09 1.237 HOMO—LUMO +4(84% )
3 Ay 252.03 -19.12 0. 613 HOMO—LUMO +4(32% )

A" 250.23 -16.73 0.473 HOMO—LUMO +4(38% )
4 A" 313. 46 -26.30 0.932 HOMO—LUMO +8(83% )
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Fig.2 Frontier molecular orbitals constitutting maximal absorption to systems 1—4
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AR N B FE bR, THEAS B =B A3 S i L3 3. FERIAE TR TR T Rk = B"%%M
AL (y) 8. 134(10 7 esu) , AT R 1 ~4 19 =i S AL R 5 A A BRI &, 7
WISk 20. 465, 37. 534, 45.754 F1109.325(10 P esu), T H1 < 2 < 3 < 4. LEZENra, XT<7> ES
LR TTHRIE v,..., BT C5 M) (2 Jm)).

Table 3 Calculated static third-order polarizabilities(10 = esu)

System g2 P2 Y e Yery Y s Yy $2
1 3.626 3.626 71. 180 1.209 5.3810 5.381 20. 465
2 1.693 1. 693 159. 800 0. 564 5. 4880 5.488 37.534
3 2.059 2.059 196. 400 0. 686 6.7180 6.718 45.754
4 3.243 3.045 484. 900 1.048 13. 2900 12.890 109. 325

XFT SOS Frik, = MR AbZ S B ply KT (B S RIBRAT g pke s, B RHF 9T 3 B BROT g 2 e s = i
PERR P TP 2200 BRI, B AWM K o o7 1) F T BREE Yo 2 = A Ak R /N 2 S 1 .
T2 RAREM, A, UF R < 2 <3 < 4, SHR =R RN—5 BEE SR T Hdks (N—
Sh) , RRBIBRGEVEFRAS , (HREMS T W B, (R el B4 RS, k2B Sk A L T BR AT % A
TE 2 F71], e Zn—7n 8 o BEEBLE S Zn—Zn (1 o RBEHLE, WU T v A 78R R h )
(y) TRk KRB A.
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Theoretical Studies on Electronic Structures and Third-order
Nonlinear Optical Properties of Di-metallocene Complexes
Zn2<7’5'E5>2(E =N7 P, AS, Sb)

ZHAO Shu-Kui', SUN Xiu-Yun'", FANG Liang’, ZHU Yu-Lan’”
(1. School of Science Jilin Institute of Chemical Technology, Jilin 132022, China;
2. Institute of Functional Material Chemistry, Faculty of Chemistry,
Northeast Normal University, Changchun 130024, China;

3. Department of Chemistry, Huaiyin Teachers College, Huai'an 223001, China)

Abstract FElectronic structures of di-metallocene complexes Zn, (9°-E;),(E =N, P, As, Sb) were investi-
gated with DFT PBEQ method. Charge distribution and bonding characters are analyzed with Natural Bond Or-
bital (NBO) Theory. The results show that a single o-bond of Zn—Z7n exists in these complexes with a nearly
pure s character. The nonlinear third-order polarizabilities (y) were calculated for the four di-metallocene
complexes by time-dependent density functional theory ( TD-DFT ) combined with sum-over-states ( SOS)
method. The calculated results show that 7y value is in direct proportion to the maximum absorption wavelength
(A

(Zn—Zn o-bond —Zn—7Zn o " -bond ) along z-axis direction plays a key role in the nonlinear optical re-

wa ) - Analysis of the main contributions to the third-order polarizability suggests that electron transfer
sponse.

Keywords Di-metallocene complexes; NLO property; NBO; TD-DFT; SOS method
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