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Computational details

The separation of the exchange term into a short-range DFT and a long-range HF is
defined by the interelectronic distance 7|, and the error function erf (x)! as following

formula:
1, =r, lerfe(on, Y+, lerf(or;,) M

The range-separation parameter ® represents the inverse of the distance at which
the exchange changes from DFT-like to HF-like. In exact Kohn—Sham (KS) theory,
the negative HOMO energy — ey(N) for an N-electron system should be equal to the
vertical ionization potential (IP). This optimal tuning method, in brief, is determined

nonempirically through minimizing the following equation:
J=|e,(N)+IP(N)| (2)

A more refined target functional as shown below was proposed particularly for

“better” description of HOMO—-LUMO gap or transport gap:

1 2
J*=Y [en(N +i)+IP(N +i)] 3)
i=0
The above equation simultaneously applies the IP criterion for both neutral (N) and
anion (N + 1) systems.
Champagne et al®> developed an effective method to evaluate the hyper-Rayleigh
scattering (HRS) response furs(-20; ®, ®). The second-order NLO response that can

be extracted by Bersohn’s expression:

Prirs (20, 0,0) = \/<:Bzzzz> + <ﬁzzxx> 3)

while the associated depolarization ratio (DR), which reveals the shape of the NLO-

phore, given by:
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<ﬂZZZZ> and <,BZZXX> are the orientational average of the molecular £ tensor

DR =

components without assuming Kleinman’s conditions® 4. Full expressions for the

relationships between these averages (in the laboratory frame) and the molecular
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tensor components (in the molecular frame) can be found in relative papers.>

N B 2 ﬂ 2
Brirs =\ Brrs )—\/ T 18, s 18, (5)

The py1 and fy3 are the dipolar [<I) I :1/(1+p)]and octupolar

[CD s =p/(+ p)]contributions to the HRS hyperpolarizability, respectively, where

considered their absolute values. The relative contribution of the octupolar and dipolar
components is given by the nonlinear anisotropy ratio p = |f=3|/|f)=1|. Furthermore,
assuming a general elliptically polarized incident light propagating along the X
direction, with a state of polarization characterized by two angles (¥, 0), the intensity
of the harmonic light scattered at 90° along the Y direction, and vertically (V)

polarized (along the Z axis) is given by the Bersohn’s expression* >:
L5 o <ﬂzxx2>cos4 W+ <ﬂzzzz>5in4 y +sin’ y cos” ‘//<(,BZXZ + B )’ = 28122, >

(6)



Table S1 The p values (<1030 esu) of all studied molecules calculated at the

®B97XD/6-3+G(d) level.

Compound Bx By B, Brot

CzPhTrz -26.2 0.3 -0.3 26.2

Gas CzpPhTrz -27.8 0.8 1.5 279
TCz-Trz -28.5 0.6 -1.7 28.6

CzPhTrz -31.7 0.4 -0.3 31.7

PCM CzpPhTrz -34.2 1.0 1.3 34.2
TCz-Trz -33.3 0.9 -2.0 334

Table S2 The B values (x103° esu) of all studied molecules calculated at the

oB97XD methods with different basis set.

Compound 6-31G(d,p) 6-311G(d,p) 6-3+G(d) 6-311+G(d,p) 6-311++G(d,p)

CzPhTrz 26.7 26.5 26.2 26.0 26.0
CzpPhTrz 28.7 279 279 27.7 27.7
TCz-Trz 28.9 29.0 28.6 28.6 28.6

Table S3 The By values (x103° esu) of all studied molecules calculated at the

different methods with 6-31+G(d) basis set.

®*B97XD CAM-
Compound BHandHLYP Toluene
(o*, bohr!) B3LYP
CzPhTrz  36.3 (0.132) 30.6 29.3 31.7
CzpPhTrz 38.7 (0.135) 32.4 31.1 342

TCz-Trz  41.3 (0.128) 33.6 324 33.4




Table S4 The y, values (x10° a.u.) of all studied molecules calculated at the

®B97XD/6-3+G(d) level in toluene.

Compound Vx Yy Yz Veot
CzPhTrz 3.4 1.1 0.5 3.6
CzpPhTrz 3.8 1.2 0.6 4.0
TCz-Trz 3.8 1.5 1.0 4.2
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