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Second-Order Nonlinear Optical Properties of a Series of Y-Shaped

Organic Molecules with a Thiazole Chromophore

LUO Shan-Shan QIU Yong-Qing" LIU Xiao-Dong LIU Chun-Guang SU Zhong-Min

(Institute of Functional Material Chemistry, Faculty of Chemistry, Northeast Normal University, Changchun 130024, P. R. China)

Abstract: Density functional theory (DFT) B3LYP/6-31G* method was employed to optimize the structures of a
series of Y-shaped organic heterocyclic molecules containing a thiazole chromophore. Based on the obtained stable
molecular configuration, we adopted the finite field (FF) method and time-dependent density-functional theory (TD-
DFT) to calculate and analyze the nonlinear optical (NLO) properties and electric spectra of these molecules. Results
show that the molecules possess A-m-D-77-A (A: acceptor, D: donor) structures, and the dipole moment of the ground
state, the polarizability, and the second-order NLO coefficient (8) of the molecules increase with increase of the length of
conjugate bridge of the branched chain and the conjugation effect of the chromophore. The total virtual value of
second-order polarizability (8,,) of the series of organic heterocyclic molecules was found to be related to the energy
gap of the frontier molecular orbital. The molecule with smaller energy gap of the frontier molecular orbital shows
larger values of S,

Key Words: Density functional theory; Y-shaped organic molecule; Thiazole chromophore; Second-order
nonlinear optical property
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Fig.1 Geometric structures of Y-shaped organic heterocychc molecules



No.9 BN SR e Y Y-RUE LT R B AR e ot R 1869

B B RESE, F, oNAMEIGTE | 7 o, w A
TSR ] 1 0 i, o N — I R A Rk
B Ty 53R 53+ A =B NLO F#%%. it it
B—FRINAF R TIRR M SRR, 158 —4 2,
WAL SR AR 3] o B F y By 53 HEE. ARG 2L 53+
ML 4544, R F TD-DFT J7 5215 T BT
WG . 43R K F Gaussian 03 F 7129,

2 ZER5VHE
21 FREBEAGBESH

Ji L far AN ) T HL 2 B, S AT ) o,
SRR EE AR R . (H A —E R R
IS s e Rl €3£ 7N 10 N 2 T 1 Y € 2
ORI AT RS, R R A BRI Ak S i
WA SUE Ber), HEMARTFEAF ) NLO 16, 7
fE AT SR R W g o A G O, SCHH LA HLAIR 50+
O3RN ZASERSR WAy T OB RS EME A A 4]
SR ILHIHR MR 4 10, A A A L 3R 1 R A
H SR EEHLTE (NBO) 5 113815 8 1 431 v =584
L1y 43 AT B L.

2R 1Al AL B oo T A D el
fiaf, S Y IER 43 FTAE R 431 I 45 R (D) S 435 843
LA A B2 E R, R B AT BCER 7, ORI 3]
A e LA VR, RGBT 25 ek iy 2
B &R0 T Ygafi G G Ha far, AT ULAE AR by 0 H -
B R 3Z AR (A)FB 4. 1 NBO Jr ki $ s
AR, A SCE R g — > S (RIAF k- AL A - e
M A 0 1] Ko ROIBOPC - BT - 25 I ) 73X 4

1 HFH=EMIMBELR
Table 1 Charge distribution of three-part of

ST oA, PR ENTCN A-m-D-m-A 451,
HoF il otk 2] 7 AR A 1E H.

MR 1 =ER R A E R BRI T
HBA T A LA JL TR, YRR 43 G4y TDAR ],
R BRI BEBT, 3843 T Ry 1F H A B (0 22,
R BUREEG I AR IR, #5431 BTy 1E H oy B 0080/ ),
AL DL S 25 L BB ORI 5 Y 25 AR 4 G
53 DRI, FEIEHTREGE I, 254 5 57 123 (i) it s 3
K, iR IE LA D, BARCKRE, T B
HE R FFEHOAT ) S X 53 N L AT A3 AT S TR AN R
{HEAREE R ek s, BT B2 i3 i S AL 44000
BN, i1 5300 far A RS AR B A AR Ak, T 23k
AR R AR AL ZE R A A b 5.

2.2 BIREFRLE

TR A B 2 — ANk, Hoy i A IEH
fap FRC i 1) B H g . A BB R R A3 A
S preR=T =S/ W RN - AL (U =58 ) M VAR LK i O 11 | EE5
PR o A5 o, R R PR TR — A R
br. 2 1 Al IR R IE AT EEAE DT Y-RI50F
AR R 4, 7 oy R BLAR TR AERS S, L EATZ
JE) AR KB 2552 i 3 1R R A AR R P A/

2 NI o F IS MIE u AR LR o
. IR 2 AT, Y50 1 L Hu e AR [R], (E B R B
BRI R (ARG TS N, B AR UL R S H LA
ARIREST, WS A €0 A BT IF ey 2R A ARAREAN ], (EL
BEEUACEE R 38K, 4K 52K R &R, 24546
YRR 45 SRR AR R IR Bl 2 38 K S BOCEE R AR,
TR SR I R S K, H A —C=C—3:4i

R2 HTFHESBREpA0® C-m)FRELE a(a.u.)
Table 2 Dipole moments u(10° C-m) of ground state

molecules and polarizabilities a(a.u.) of molecules
Molecule o)/e o(I/e Q(III)/e Molecule I [, ,, Q.. o
al 0.0545 0.4602 -0.5147 al 32.8127 119.231 299.901 304.087  241.073
a2 0.0647 0.4543 -0.5191 a2 35.5132 136.215  319.728 359.890 271.944
a3 0.0480 0.4665 -0.5145 a3 40.1191 138.096  348.012 535.512  340.540
ad 0.0495 0.4653 -0.5148 ad 40.8249 156.448  368.063 608.051  377.521
bl 0.0292 0.4851 -0.5143 bl 37.0136  208.575 709.157 692954  536.895
b2 0.0380 0.4767 -0.5147 b2 39.4189  225.830 731.200 766.946  574.658
b3 0.0198 0.4934 -0.5132 b3 42.4864  228.370 745.986 971.206  648.521
b4 0.0213 0.4920 -0.5133 b4 43.7996  246.789 767.058 1054.544  689.464
cl 0.0311 0.4913 -0.5224 cl 39.3772  204.071 724.927 717332 548.777
c2 0.0401 0.4841 -0.5242 c2 42.0477  221.233 745.339 789.378  585.317
c3 0.0225 0.5013 -0.5238 c3 45.3964  223.821 763.202 992.702  659.908
c4 0.0241 0.5000 -0.5241 c4 46.8364  242.138 783.964 1074.229  700.110

I: substituting group (R) and thiazole chromophore; II: conjugate
bridge of branched-chain; III: nitro group

The data of «,,, a,,, and «,, are the components of « in x-direction,

y-direction, and z-direction, respectively.
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Table 3 The second-order NLO coefficients (a.u.) of molecules

Molecule Bew Bes B B B By Bz B Bz B
al -1.630 11.620 12.462 -1446.079 43.977 —-2543.692 13.509 1375.134  -3144.547  5644.626
(3294.547)
a2 -2.643 7.712 17.319 -1535.088 73.814 —2892.992 24.247 1956.740 -4699.265 7530.794
(4223.853)
a3 -3.283 12.086 14912 -1302.079 33.854 -3160.011 54.032 2679.875 -12355.739 15544.298
(8393.560)
a4 -2.136 8.120 18.139 -1313.882 95.122  -3367.854 67.073 3366.946 -17211.449 20587.789
(10613.438)
bl -18.730 26.790  -427.037 -8889.946 39.573 -19104.226 -486.086 6776.397 -17294.136 36430.543
(15842.542)
b2 -16.962 24.771 -472.687 -9334.377 72.800 -21864.155 -609.296 9327.367 -23236.545 45041.312
(18463.933)
b3 —24.695 33.850 -416.778 -8653.467 18.697 -21582.486 -772.269 9664.808 -35512.827 57099.086
(22798.939)
b4 -22.617 32.350  -434.224 -8702.742 79.566 -23163.902 -913.423 11601.819 -44889.226 68050.540
(25745.436)
cl -3.116 9.567 202.855 -8359.414 82.286 —14377.747 80.083  5357.501 —14803.547 29253.797
(14154.963)
c2 -10.462 11.658 216473 —-8794.155 120.002 -16276.849 93.148 7292.161 -19427.974 35617.272
(16338.975)
c3 -3.419 11.889 207.967 -8300.899 70.893 -15854.211 112.463 6942.912 -28361.264 44166.238
(20278.511)
c4 -5.186 11.658 213.117 -8402.355 133.536 —-16837.020 135.251 8182.534 -35534.566 52239.591
(23022.065)

The data in the parentheses are obtained by BHandHLYP/6-31G" method.
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Table 4 Leading electronic transitions of six

molecules
Molecule EleV A/nm fus Main contribution
al 2.8836 42997  0.2429 HOMO—LUMO
3.2522  381.23  0.1041 HOMO—LUMO+1
4.6646  265.80  0.1210 HOMO-2—LUMO+1
HOMO-1—LUMO+1
a2 2.7365  453.07  0.2170 HOMO—LUMO
4.5286  273.78  0.2007 HOMO-7—LUMO

HOMO-3—LUMO
HOMO-1—LUMO+1
HOMO-1—LUMO
HOMO—LUMO
HOMO-8—LUMO
HOMO-8—LUMO+1
HOMO-7—LUMO+1

4.1443  299.17  0.1682
a3 2.5343  489.23  0.1835
3.7111  334.09 04531

HOMO—LUMO+2
3.6021  344.20 0.1776 HOMO-1—LUMO
a4 24066 51518 0.1768  HOMO—LUMO
3.5635 34792  0.7482  HOMO-1—LUMO+1
HOMO—LUMO+2
34818 356.09 0.1990 HOMO-1—LUMO
bl 22997  539.13 04496 HOMO—LUMO
3.3483 37028 04988 HOMO-1—LUMO+1
HOMO—LUMO+2
32978 37596 0.2948 HOMO-1—LUMO
cl 2.5344 48921 0.5543 HOMO—LUMO
3.3940 36531 0.6683 HOMO-1—LUMO+1
HOMO—LUMO+2
3.3556 36948 04714 HOMO-1—LUMO

E: the transition energy; A: the absorption wavelength;

[ the oscillator strength
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