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In this work, we have studied the effects of various
substituted amino groups and the conjugation length on the
molecular hyperpolarizabilities of 1-4 by ab initio method
(Chart 1). We were interested in learning whether such 1non-

traditional2 effect is operating in more complex compounds,
which might be more interesting to organic materials chemists.
We now report that the effect indeed exists in small compounds
and decreases as the conjugation length between donor and
acceptor increases. 
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||β ||a ∆,- φ
c φ�d ZNO2
e Zspacer

f Zamine
g

1a 9.01 10h 0.37685 0.0 - -0.631466 0.868111 -0.236645
1b 12.8 13h 0.36367 0.1 - -0.637593 0.922515 -0.284922
1c 15.4 - 0.36661 0.0 (0.0) 90.7 -0.636633 0.942306 -0.305673
1d 18.0 24h 0.34774 20.2 62.3 (62.2) -0.628188 0.948310 -0.320122

2a 23.1 - 0.32872 0.3 - -0.606618 0.866734 -0.260116
2b 28.8 - 0.31974 0.9 - -0.607862 0.922873 -0.315011
2c 31.8 - 0.32232 6.7 (3.1) 82.3 -0.607574 0.942697 -0.335123
2d 27.9 - 0.31008 36.2 51.2 (51.1) -0.602405 0.948695 -0.346290

3a 51.7 - 0.30517 0.3 (0.1) - -0.609434 0.869278 -0.259844
3b 63.0 - 0.29877 0.4 (0.2) - -0.610288 0.925348 -0.315060
3c 68.0 - 0.30081 2.5 (1.4) 87.5 -0.610050 0.946193 -0.336143
3d 59.5 - 0.29523 36.5 (36.3) 51.0 (50.5) -0.605637 0.953433 -0.347796

4a 83.1 - 0.29010 0.0 (0.0) - -0.609544 0.871186 -0.261642
4b 97.7 - 0.28533 0.1 (0.0) - -0.610029 0.927522 -0.317493
4c 105 - 0.28681 0.0 (0.0) 90.6 -0.610022 0.948724 -0.338702
4d 88.2 - 0.28522 38.4 (37.7) 50.3 (49.3) -0.606432 0.956743 -0.350311

M1i) 18.0 - 0.34775 20.2 62.3 (62.2) -0.628188 0.948310 -0.320122
M2 41.0 - 0.31872 26.0 (25.3) 58.4 (57.4) -0.572301 0.901998 -0.329697
M3 69.2 - 0.30043 30.8 (30.1) 55.0 (54.0) -0.571149 0.909601 -0.338452
M4 101 - 0.28781 34.4 (33.8) 52.6 (51.7) -0.570125 0.914407 -0.344282
TPA 0.005 - 0.39341 45.9 45.9 - - -0.359835

a10−30 esu. b∆E = Elumo−Ehomo (a.u.). cTorsion angle, degree (o), (a-b-c-d, a'-b-c-d'). dTorsion angle, degree (o), (b-c-d-e, b-c-d'-e'). eTotal charge of NO2-
acceptor. fTotal charge of π-spacer. gTotal charge of amine-donor. hβµ  values using EFISH experiment at 1907 nm in chloroform (see ref. 6). iM1 is same
as 1d.
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