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Abstract: A theoretical study of static first hyperpolarizabilities /3 of four octopolar molecules without dipole
moments, 1,3,5-triazine and 1,3,5-tricyano-benzene derivatives with the donor groups 4-N, N-diethylamino-
phenyl and 4-N, N-diethlaminophenylethynyl, are reported. The series of molecules have been calculated at
level HF/D95V. The trend of the calculated values is the same as those obtained by experiment. The electric
correlation and solvent effects are estimated from smaller model molecules calculation based on assuming
that these effects are same for the model and real molecules.
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Figure 1. Structure of four molecules with D3 symmetry
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KBNS O Wolff 25ME L, J£FH Hyper
Rayleigh Scattering(HRS) /7 i1l & T B A1 g5 &
B Buye S1E4EIH Electric Field Induced Second Har-
monic Generation(EFISH)!"J5i5:ANE, HRS J7iE7El
EIABAINNEY, T RANEIEER T K
RN AT RS, Wolff iR T XLk W0 &
(EPNGN TIPS

XA SCHE TR W R B &, BSR4
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P, RIAEE MP2 IXFE & W SRR THE . R4h, H
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ERE R T — SRR R . FRATTAR I I 0 AT
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Figure 2. Optimized structure of molecule(l)
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Figure 3. Optimized structure of molecule(l11)
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Table 1. Results of molecule (1) with different electric field at
HF/D95V level by FF method and at HF/D95V, HF/D95V + levels
by CPHF method
F 1. 9F()EHF/DBY KFEREBIFHEE T FFHHEM HF/DI5V
F HF/D95V+7KF CPHF HHEMER

CPHF/D95 CPHF/D95

F 0.001 0.002 0.004 0.006

\% v+
4 00000 0.0000 0.0005 0.0024 0.0 0.0
o 5411 5411 5411 5410 5411 566.6
@y 5411 5411 5411 5410 5411 566.6
@ 2132 2132 2132 2132 2132 248.4
a 4318 4318 4318 4317 4318 521.2
By 4202 4224 4273 4362 4204 4274
By 4224 4252 4416 4704 4204 4274
By 079 418 014  -0.28 0.0 0.0
B 2121 2382 -143.14 -34228 0.0 0.0

FRAEXI BRI ESR,  IERRITH A LR 45 5
Hy=0s au= gy Boy= By Pay=0, B,=0. fRITK
09 CPHF JjVETETHEIN 25 18 1 AR, BT LA 21X
SeFIR . 7E DSV HEAL LA b3 0 ok B ek ko
D95V+, b CPHF/DISV JikMgs R, HATHRL
BB,y RIEINT 1.7%. T2&FT LA N D95V FEH B4
Wi T BATE K.

AV T 73 TAE y Ry T5 1B SR R
(L 1), BreAERA RS 50 E s oy Bawr Beoy
B, B A2 A Bl 2 R XFRIERI R . R 1 AR
i, BEEEDHER, AR E R g, KEZ T
Ko WAV REERN AR RS, Lo MM
ZNERD R, HRATEF =0.0014, GRAHIL
Rfclt o RATHUXA 3750 E AT PRI 7EA
ST VEEL, AT R EE Y F =0.001.
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Table 2. Linear and non-linear optical propertiesfor four
octopolar moleculesat HF/D95V level
2. A HF/D95V K+ HEIPURN) \ MR 5 F LRt MR Lk e

FFER
F molecule (I) molecule(Il) molecule(Ill) molecule (IV)
1y 0.0000 0.0001 0.0000 0.0003
Oty 541.1 7213 566.6 856.1
ayy 541.1 721.2 566.6 856.1
Oz 213.2 235.5 299.0 256.4
a 431.8 559.3 477.4 656.2
Py 4202 7991 3008 11550
Loy —4224 -8139 -3052 -11850
Py 0.79 0.04 -3.62 10.42
B -21.21 -148.0 —47.62 —289.6
Lo (expt) 19643 43028 13407 133450

A B SE 4y —FF, B85 7 i B A Ak 1 SR
B3LYP/D95V /K~F-o R FrA 8L 431 #EAT AT 4u AL,
HAEIZ b LA e O FRE M AL, BT S A
FHUR, HERTF M1, M2, M4 [ Dy, BB R R
N TR T M3, U BT AR 2R R
Z AN % (R LA, R B B B 1Y) S - ANAE ] — P i =,
[FE S AR, 52 Dy M8, L 830 5 AR R 3R
F%55.4 B o FRATHARAL B AS 2 A B TR T H
Fl D95V FE41, HF. MP2 J7ik it SAHSC N, 25 50
* 3

MF 3 W LAE BB 5> 7E HF, MP2 /K1t
1S3 I 5 SCIE AR L, RS 5 50 SR Ak 24,
DA 6 1] DL s 2 B A S5 7 R T S 38 o
A, X FE R AR AT

3.2. IR

NS IR W i e R UE | SF573 ) R i ol = !
I (C40,Hg, dioxane) ¥ i 52 M. FRATTH PCM
(polarizable continuum model)FE #4712 FE 35 577 2 v o 1H
FLSEAT TR, B X 2650 F1H RIS TN A R A

Table 3. Linear and non-linear optical properties of model
molecules by HF, M P2 methods

| 3. HF, MP2 S AT ER B S MR MR IE R MR F R

BT BT AL 47 1T 5 S SR B (A AR A, AN
B o TSR VA RIS (52 ma , AR S5 7 P
P — N RS FER T AR R .

THEOH S O, B ERE, o
THRMEARZ . AN 5 B E S E L
WRAMF(CEHDIHN 2209, Hkih 2.023). &
TR BRI TN . TR RIS R S50 8
Fil Gaussian98 [P E S5, — L AR ARLLE G2
PR A AN AT AT TR AR S
TESMREE R, BATR A EE A N =B
WorF R, T B A TSR B DL
AT AR T 4R HOA DO R B R s e 2 /NI, i ELAG 2R
(1IN B AR HoF HE2R M G 2P SRR AR /N R IR
W% 4.

ERSAFAERT, TGS AL 701 M4 fETHE
HTSRELR, ST MP2 IS S R, 76 MP2
AP M4 B85 RARMEUSL, BT DATER AR T H
M4 7£ MP2 7KF_FAH R TH R 45

SRR AR, TATHE 4 REFERHRBEUE
R 3 MRS ) SEUE AT LAt . KB AT BN
ZRAE By = By R AEFW, ALE LR A A AT RE5E
ARG, P DA 2 A B RSP 3EAE A By T By
Ykt BN B = (B |+[B,)[2 0 FIFE s .
FHh HF RoR B2 HF MR R, 1M HF(S)FR NI
HZE AL, HF(S)/HF R & [ HU (A R 2.

Table4. Linear and non-linear optical properties of model
molecules by HF, M P2 methodsin solution

& 4. HF, MP2 St EHR B L SUI7E R R R M AIE R e S R

Hy Oyy ﬂuv ﬂvvv ﬁ::v ﬂv
Ml HF  0.0000 422.0 4000 4038 198  -57.8
MP2  0.0000 481.4 6498 -6280 144  203.6
M2 HF  0.0002 607.3 8469 8510 3.6 -37.4
MP2  0.0001  661.5 14160 -14280  54.7 —65.3
M3 HF  0.0007 446.8 2843 2741 12.8 114.8
MP2  0.0009  478.1 4047 3881 313 197.3
M4  HF  0.0001 7527 12130 -12290 -120.0 -280.0

Hy Gy Bew Bow By B
M1  CPHF 0. 372.7 2769 2769 0.0 0.0
HF  0.0000 372.6 2771 2774 0.2 -32
MP2  0.0000 396.8 4340 4349 04 94
M2 CPHF 0.0000 541.1 5657 —5657 0.0 0.0
HF  0.0000 541.4 5667 —5669 0.1 -1.9
MP2 0.0000 578.3 9071 9164 275 -120.5
M3 CPHF 0.0000 396.9 1855 —-1855 0.0 0.0
HF 0.0001 397.0 2096 -1788  187.0  495.0
MP2 0.0001 421.0 2821 —2460  457.0  818.0
M4 CPHF 0.0000 663.1 7957 7957 0.0 0.0
HF  0.0000 663.2 7967 -8156 37.8 -151.2
MP2 0.0000 702.3 12490 -12680 1123 777

Table 5. The comparison of gvalues of model moleculesin vacuum
and in solution

% 5. REMASWERSPHENERT AEIELR

Copyright © 2011 Hanspub

Molecule Ml M2 M3 M4 Average
HF(S) 4019.0 84895 2792 12210
HF 27725  5668.0 1942 8061.5
HF(S)/HF 1.45 1.50 1.44 1.51 1.48
MP2(S) 6389.0 14220  3964.0
MP2 43445 91175 26455 12585
MP2(S)/MP2 1.47 1.56 1.50 1.51
MP2(S)/HF 2.13 2.34 2.16 221
APP



W | JCRARAE )\ A7 — B LR I B T 85

Xt BIE, i L HF(E )N 1, W HF (&) A 1.48.
WL MP2(E )N 1, W MP2GAEH) N 1.51. M5 —
AN, WAE, WL HF(E AN 1, W MP2(AR)
N 221 A AR RN R A TR RN ks HF (B2
W 1.21 £5%.

33 RESR5WiE

FATVLIE b 75 20 g A % DA S Sl A I AE
W BE AT T A5 . FRATHL MP2(S)HF = 2.2, #
2 UMEESLAE Y E SR HF 85 3405 B0l
HMP2 IEE R, WK 6.

M 6 [ IR ) MP2/D9SV fifi 545 B AT LA
F I AT AR R S A — S EU R e Al B
TN AFLE T 1 SIE AR LLSEIAE AN, (H2E KR
LAV > (1) > (1) > (1), 52 —5,
TERS B — DI T SEIR s SR p e P, B3R
T A BB — e T AT 1, AL 4 LA ik 5
17 ¥t o A R O

MFE 6 ILFH, ANERSMEELIEE, 7F
(D —PrEE R A2 RO K. 2 FAD T2 T
= CN =4, (H@WAFERITET 2570, ME
3 WA LLE 2, R4S (D B PU AR AL
[, T RARA Kol A By, KIS —Fr
B A ZR kN o oA = A7 1 B SEHS SEAA I —
FEOCEEARST, RO ILHEAR 2 (0 3G K AT LS 43 1) SIE 3
i,

WEIC TR 73 B — B A AR A 2R I — S LA TR A
() 15) B2 MP2 (1315 . MP2 52 35T SCF Ik sk,
BRI E R AT RE 2 51 MP2 RERE AR R
o SR, XA MR, JUHAETHEIE T
BRI o AR 731 M4 A I AR LE I FLFAH DG RN 1)
THEARMAE, JRR AT RERAE I . FRATTIE S T4 5 BAR
Iy iH5 HF MP2 KPR IBIE, 193] — AN xR
SE ML, FRRX — EUE MG S T MP2 7K~ & A i 7
RS SEBR 7 T HIPE, R3] T 5 5e50E — S0

Table 6. the comparison of MP2/D95V level calculated and

experimental Bvaluesof real molecules (1), (11), (111) and (1V)
6. LAM(), (1), (111)FI(V)MP2DISV KT & B FI R

BEMAMEL R
Molecule ) (1D (1) 1)
Cald 9269 17,743 6666 25,740
Expe 19,643 43,028 13,407 133,450
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1) XFT 4 MREKRE) M5+, 1E HF/D9SV /K-F
THE T —PrEE e, Lt E I T SLIefE s .

2) W E ST HISCREREIE WA 5, TE R 4 SR
T T VRN A SRR SRS A,
P AP X RICE FRH 771) 2550 7 ot A AR 2% PO B AR A 2R (1
Wi B AT AR AA T o B, X B SR TRV P R T
FHOREON J5 BB AR AL AR HEAT T HEM, RS2 BRPYAN 43
T TR ESRE RN, 2 — B AR AL R AR
550 H —3K

3) ST RIIE ARG B 5,
RO MR e B LR, ROZKG T RIS
R SE 56 0 5 A FH )9 700 (P09 78R 5 R AE I

4) — Wi A 2 BI B IR A2 43 T 45 1 B AN X AR
PE, KT I T R RS RE RN 22, BTLA RE R T
SRS FE SRR, U AL AR AR AN 75 R v 5
N VA7 B A YT

AR (1 )\ B 731 R R A A e 1 6 2 ot
TEAMIOE TR R A EEZRERH, A1z
(R AT A BRI A, FRAT T E e B 1t 06 AN [ 3
TR AR MR T T — e, 53T S
AR — BN AR, WIS B ANRIE 1 E
BRI 4 AR ERE T DLEAA — B iR, R
AN SRS T AR A A A R AR \ B 7y T3 AdE
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