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Quantum Chemical Study on Static Longitudinal Second Hyperpo-
larizability of Terminal Group Substituted Polysilane
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Abstract Ab initio calculations of the static longitudinal second hyperpolarizability were reported for the
trans-polysilane HoN(SiH,SiH,),NO, up to n=230. The magnitude of the electric fields used in the calcula-
tions was 0.0, +0.0008, +0.0012, £0.0016 and +0.0020 a.u. These fields were found suitable for the
range of values to characterize the second hyperpolarizabilities of trans-polysilane. For the definition of the
electrical property value per unit cell it was suggested to use average value y(n)/n, instead of the difference
value y(n) —y(n—1). These asymptotic values were obtained by extrapolating the expression of y(n)/n=a-+
b/n-+c/n?to infinite length, of which the parameters have been obtained by fitting the molecular results. The
most stable region in data set range (n1, n2) was selected to those least squares fit to asquire a subunit value
for the infinite polymer property. The molecular geometry optimization increased Ay(e~) value by about
20%, and the calculated Ay(=) value with 6-31G(d) was approximate 15% lower than that obtained with
6-31G basis set. Electron correlation increased the magnitude of Ay(=) strongly, and the MP2 values were
nealy 100% higher in magnitude than the self-consistent-field values calculated by 6-31G and 6-31G(d) ba
sis sets. Our best vaue for Ay( o) of HN(SH,SiH2)NO, reached 0.8364 X 10° au. with
MP2/6-31G(d)//RHF/6-31G level.
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Tablel Effect of external electric field amplitudes on the cal culated second hyperpolarizabilities using the finite-field (FF) procedure

LY F 0.0001 0.0002 0.0004

0.0006

0.0008 0.0010 0.0012 0.0016

oo (X10%)  9.499 0.408 0.130 0.110

0.101 0.101 170.259 722.083

K2 A A SECH TSR SR R

Table2 Effect of numbers of different external electric field amplitudes on numerical precision in the finite-field (FF) procedure

F S 8 F 2 (X 107 B (X 10)
7(28) 7(29) 7(30)
15 0, +1, +2, +4, +£8, +12, +16, =20 0.9317539 0.9690364 1.010742
13 0, £2, +4, +8, +12, +16, +20 0.9317358 0.9690341 1.010191
11 0, +4, +8, +12, +16, +20 0.9316357 0.9689736 1.010066
9 0, £8, =12, +16, =20 0.9311811 0.9686018 1.009525
7 0, £8, =12, =20 0.9313375 0.9681265 1.009246
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£ 3 HN-(SHxSH,)-NO, BBk 357 45 HL (X 10°)
Table3 Abinitio second hyperpolarizabilities (X 10°) calculated for HoN-(SiH,-SiH,),-NO,

ZRRCES
bRAfERY 2 RHF/6-31G It {4 4 !

RITTE FF FF CPHF FF FF FF FF
R YIRES RHF MP2 RHF RHF MP2 RHF MP2
TR 6-31G 6-31G 6-31G 6-31G 6-31G 6-31G(d) 6-31G(d)
n=1 0.007082 0.011641 0.006014 0.005343 0.007691 0.006536 0.010185
n=2 0.052091 0.093905 0.040698 0.032195 0.031677 0.044075 0.072994
n=3 0.142568 0.269258 0.145132 0.142447 0.255856 0.156688 0.260862
n=4 0.355133 0.632807 0.346112 0.347739 0.591403 0.355346 0.613507
n=>5 0.615942 1.104460 0.631009 0.638934 1.118303 0.622987 1.118212
n=6 0.917197 1.664728 0.975702 0.991256 1.772363 0.936684 1.725249
n=7 1.249603 2.288112 1.359410 1.383458 2.514362 1.280295 2.405691
n=8 1.5966619 2.946674 1.768270 1.803400 3.357272 1.642331 3.129025
n=9 1.943733 3.619157 2.193510 2.250777 4.158053 2.016427 3.881457
n=10 2.314541 4.324355 2.630248 2.701310 5.016240 2.399490 4.652711
n=11 2.695499 5.045045 3.073976 3.167293 5.916182 2.773573 5.423242
n=12 3.077923 5.772203 3.522935 3.633116 6.807405 3.163095 6.219560
n=13 3.457567 6.515252

n=14 3.856611 7.256025

n=15 4.230875 8.001398

n=16 4.612220 8.751762

n=17 5.011594 9.503289

n=18 5.357864 10.20227

n=19 5.789084

n=20 6.190803

n=21 6.562837

n=22 6.952061

n=23 7.354288

n=24 7.737711

n=25 8.115177

n=26 8.548851

n=27 8.948699

n=28 9.311811

n=29 9.686018

n=30 10.09525

R4 AIEH bR R EFIINS BB 25 R Ay(oo) UL (bR UERY AL, RHF/6-31G (1) FF 15T, Npay=30)
Table 4 Limiting values of Ay(e) using various extrapolation procedures (idealized geometry, RHF/6-31G level, and FF method,
Ninax = 30)

Hbrea$ Ay LA R AL EZES /Rl Y175 25 9% WBRAE Ay(=2) (X 10°)

y(nyin a+b/n+c/n? 6,26 0.038 0.3994
a+bin+c/n®+dn® 4,27 0.138 0.4000

a+b/n+c/n*+din®+ent 5,28 0.198 0.3944

»n)—H{n—1) a+bin+c/n? 7,30 0.513 0.3874
a+b/n+c/in*+din® 4,30 0.669 0.3760

a+b/n+c/n*+din*+ent 4,30 1.307 0.3838

y(n)/n a-+hexp(—cn) 15, 30 0.078 0.3557

y(n)—y(n—1) a+bexp(—cn) 6, 30 0.062 0.3919
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RS AR HARRBRA REE A SR Ay(oo) 1 L (brUERI Y, MP2/6-31G 1) FF 15T, Niac=18)
Table 5 Limiting values of Ay(e) using various extrapolation procedures (idealized geometry, MP2/6-31G level, and FF method,

Nmax = 18).

HAREREL Ay UG R L I AR R Y175 7% 9% FEBRAE Ap(ee) (X 10°)

y(n)/n a+b/n+c/n? 6,18 0.119 0.7755
a+b/n+c/n*+din® 4,15 0.151 0.7881
a+bin+c/n*+dn*+en’ 4,15 0.783 0.7948

yM)—y(n—1) a+b/n+cin? 6,14 1.011 0.8045
a+bin+c/n*+dn’ 4,15 0.858 0.7230
a+bin+c/n*+dn*+en’ 4,15 1.410 0.8158

y(n)/n a+bexp(—cn) 5,18 0.154 0.6267

y(n)—y(n—1) a-+hexp(—cn) 6,15 0.135 0.7573
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y(n))n=a-+b/n+c/n? (6)
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h T AF BT SE MR BRAE, POzt 8RR ] g
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KAERELEAE AT, WY Do A AMERZ BRAE 4 5406, F0
B R HA(6). KL np=nma, #1757 221975 REE
Ay(ny, Nma) BRI 8 AN s Ay fH, BTAY(M—1, N,

Ay(N1—2, Npaw)s Ap(Ni+1, Npa), Ap(Ni+2, Nipa), Ap(ng,
Nmax—1), Ay(N1, Nmax—2), Ay(M—1, Npax— 1), Ap(ni—2,
Nax—2). TAEEAFTE L 8 #3477 2 e/ N RAS ng R
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Table 6 Effect of maxium number of unit cell, Ny, on asymp-
totic extrapolated values

N AR A g BRI Ay(=0) (X 10%) 3575 % S%

30 6 0.398720 0.0499
29 6 0.398925 0.0523
28 6 0.399392 0.0376
27 6 0.399646 0.0411
26 6 0.399363 0.0443
25 6 0.399077 0.0678
24 6 0.399676 0.0519
23 6 0.400007 0.0506
22 6 0.400091 0.0616
21 6 0.400554 0.0626
20 6 0.401020 0.0820
19 6 0.400380 0.1133
18 6 0.400032 0.1853
17 6 0.403487 0.1426
16 6 0.403716 0.1844
15 6 0.405536 0.3123
14 6 0.406958 0.5244
13 6 0.404334 0.5492
12 5 0.401165 0.6834
11 5 0.398225 0.6503
10 5 0.393202 0.7609
9 4 0.390798 1.6738
8 4 0.395119 15.8582
7 4 0.393283 22.3635

2 N BN, — BRI Ty 228 A K, 47 2
W ZENT 01%, F Nmex=20, HETT 7T 1.0%,
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Table7 Asymptotic extrapolated longitudinal second hyperpolarizabilities per unit cell of polysilane chain using various level calcula-

tions
i)

FrifErg Y RHF/6-31G itk kg BY
T RHF MP2 CPHF RHF MP2 RHF MP2
A 6-31G 6-31G 6-31G 6-31G 6-31G 6-31G(d) 6-31G(d)
E{/Re €/ e e 5,10 7,12 6,12 6,11 5,12 5,12 7,12
¥I77 7 S 0.7193 0.4186 0.1300 0.5690 0.6394 0.7111 0.3992
HEFRAK Ay(ce) (X 10°) 0.3932 0.7849 0.4812 0.5104 0.9648 0.4105 0.8364
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