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R EERE(R,SiX) 5 NRS TR BB AL EEL & WY AN & Bz

M 3% 49 EE %) J& [ BAE R,
(DR KFA ST 226, 578 250100)

FE: X RSiX(R=H.CH;; X=F.Cl.Br.)5 NR; (R'=H .CH,) (il i 4 FH it - fk.2% % BE 02 ok Jr V5 7E B3LYP/6-
31g(d.p)FEAH T (X JRTF R cep-121g FL4)#EAT T BRI 20 0F 58, —FhR NRS VR Si—X Sl i 457 8 1
B, F3—FioR NRy T Si—X SN [0 420 A Ak, THE45 1R W], i E AR H A ST y; si bR 72k
FARF T Si—NEE AT A, N B 735 045 ) F Si—NEE AT A NH,-HLSiX & 51 FIN(CH,),-HLSiX R 41 fig
PIPIAr sAEA TNAL, NH,-Hy(CH,)SiX FRIUXAENT Si—X A AL, M NH;-H(CH,),SiX Fl NH;(CH,),SiX %
HIWiR s RERAREDEA TN AL 78 [F RIS =2 b, LA X=Cl i S m s a2 . e 1 Bra in s 4 44
PERE NBO Hi far 28 AR I s 2548 A e HE 2 ), 34 %) H,SiX(X=F.Cl1.Br.I)5 NH, & N(CH,), Hls4)
B HLE R S B AT BB T T8,

KEE: iUk SEZRELS, SuEPERE;, NBO AT Stk
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Addition Reaction of Pentacoordinated Silicon
Compounds by R;SiX with NR%

BEI Yi-Ling ZHU Chen-Fu~ LIU Qing-Yang QI Gui-Bin
(School of Chemistry and Chemical Engineering, Shandong University, Jinan 250100, P. R. China)

Abstract: The adducts R;SiX-NR'; (R=H, CH,; X=F, Cl, Br, I; R'=H, CH,) formed in two addition modes were studied
with DFT at BBLYP/6-31g(d,p) level (X atoms used the cep-121g base-set): one type was the adducts approached axially
along the Si—X bond, the other type was the adducts approached laterally along the Si—X bond. The computed results
showed that the former was more stable and more easily to be formed. The presence of group with pushing electron
effect on Si made it difficult to form Si—N bond and the reverse was true on NR ;. NH,;-H,SiX and N (CH,);-H,SiX
series can form two kinds of adducts. NH,-H,(CH,)SiX series can only form one kind of adduct. NH;-H(CH,),SiX and
NH,-(CHj,),SiX series can not form any adducts. The adduct of X=Cl is the most stable one in the same series. The
bonding properties of all the adducts, the change of NBO charges, the influence of various halogen atoms and methyl
on the structures and the stability of adducts were analyzed. The possibility of being conductive of adducts H;SiX-NH,
and H;SiX-N(CHj,); in organic solvents was also discussed.
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MArF R R S A HLRBUR S, W R
B PIRIRE ). SC80 & B, TE I B A h il e A
ML ) Al S H (40 SiHGX + (CH3),N, X=Cl,Br.I),
I, B E VR e DL B A7 ([SiH,
MR;]*X", M=N P As; R=CH,.C,H,; X=Cl.Br .I)’*.

Marsden ™  Chehayber® f{l Greenbeg " 45 ¥ F M\
LA FRE PRI TE3-21g /K | % SiF,NH ik 74
5% ; Feng %% ") 7£ G2 (MP2) /K ¥ | % H,SiXNH,
(X=F.Cl.Br .DIFATIHE, 24T 1 e v 45 B o
XXl I B 235 K R e M A s i

o 35 pia B ot 5 2 () B I B ) BB 45 T B e
B T 1 2 X LA P 25 ) B R e P T i) i oA D
HRAE . AR B2 5 B 12 bR 0 RySiX(R=
H.CH,; X=F.Cl.Br.I)5 NR4(R'=H.CH,) % /i i >
YIEAT TSR, e T BRI & XX LA
REAL A W R 5.

1 HEAE

SCHRARIE FR B, % B 72 pRi(density functional the-
ory, DFT) J7 ¥A %0 T HOUL S b AL ER ¥ it 5% BAT R 47
AT AR T, AR SR A i T A2 1 2% B2 R P Y
B3LYP J5¥2, 1€ 6-31g(d,p) K4 T 3% Bl FE 1
O 40 B i B ) (X=F .C1.Br) (¥ J L] 25 44) 15 B fit i0F
11 TR X PR+, i FAAER KR
¥, MAE T AR T A S A RO I A cep-
121" Sy X 45 IR T A, SO E 3R B ) B
B ) 0 2R 4R cep-121g FEZH B i
TR 6-31g(dp) 341 AT T TUT 454 FBE I 1Y
DAL (SRR, Wi T 18 AR [R]).
fE iR R, BT AT W g e 4 is o8
44 15 1E (counterpoise procedure, CP)jk: 11815} J:
PR % 55 1% 22 (the basis-set superposition errors,
BSSE)UH 7 TAIE. ZEMIERE E, FIFHAE=(EgysxtExg,)—
Engyrysix X F BB W Fe e AL BEHE T 1 I HEAL.
= ':F'ER35ix \ENRS&ENRr:;ngSiX%%IJy‘j}im%R3SiX NR; J
FnBL” ) NR-R,SiX RS . [RINY, ASCAEFH B 28
PR 18 18 (natural bond orbitals, NBO)"2, iff 38 T
SIS BBy e A A1 Jm AR Ak, itk A T e, A
SCIRIESE X SCHRI11]H H,SiX 55 NH; (4 52 1579 B i A
PR AR RN s S5 R T TR A A
TAEYSH Gaussian 03 F 7 295¢ AL

2 RS

21 AR

AR, YEUCEE CH, /27ERT, R,SiX (R=H.
CH.; X=F C1,Br ) 5NR 2 AR E X8 B s :
Jr 2 —12 NR4 M X T 1975 5 I Si—X £ 4 il 1)
FEE RSIX Y St g+, B msed 1, =2
NR; M Si—X BRI 2 Si e+, TR 2.
2 Si 5T BB R MR, 2543550 Xt
FR; 24 Si J5F ERYEURIEE R ANFE I, HL5/0 ¢,
XPRR. 0B () 25 44 7 B RN R )35 an 1 1
fiR(&H R .R’=H.CH;; X =F,Cl,Br.I).

14 R PA sy T A . o, )
NP R:SiX 5 NRj BIL AL 45 R S AR B ) fig i L
ZLREF19 NBO HLfaf 81 3 1, 3R 2 WA ™4 NR -
R.SiX MZE LIRSS R, 3R 3 MU ) NR;-R,SiX
th R EE 1 NBO HLAT, 38 4 NI ¥ RE 2 1Y
THAZE R SR E fLRE.

43 M NH,-H;SiX (X=F.Cl.Br.I) & 4l 5.7 4.
2 NH, M i+ 19 J5 O i i 4 5 R,SiX i Si
J -, B s —Fh 5 =8 BUM BB, s i
Si—N K43 51°4 0.261- 0.263 nm, /> T Si—N 3k
rEgs K 0.177 nm A1 Si N JEfEAE 42 2 F1 0.350
nm Z[i], RHIZRSNBE WA ATREIE B 24 NH, A
Si—X F M T3 T R,SIX Y Si I, BIFiEs —
Al 208 UM B, S M ) Si—N BB
K F 0.298-0.326 nm, 34 b 3 — AN RS 4
K. bR, Oy = s R e AL BE L IR
F O K —0mB™ . 77 X— R P ke
FLHEA T 21.293-24.785 kI -mol™ Z |A], 1 )7 20 Ay
FaELREAU N 4.043-8.165 kI -mol ™. FiR%E F1 %
W% )y 2 s A R, X — a5 5 SCER (111
EWIA . AR A B PR L.

{B53CHR11A Fr AR S, AL BSLYP ik
TE 6-31g(d.p) B4R EdbA TR, Dl al—
TR B ) NH,-HoSiX ™ #1 , NH,-H,SiCl H

R]
R 6 R! Si—X
R,\S. ) \ 2 ' \\
/‘N —————— Six ° R/3 . RS
R’ R/ N
R’ / N R'6
R
1 2

E1 Wi EaREE
Fig.1 The sketch maps of structures of the adducts
and numbering of the atoms
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Table 1 Optimized geometries, energies, and NBO charges of the reactants
Bond length (nm) —-E(a.u.) NBO charge (e)
Reactant X -
Si—X  Si—R'  Si—R* N—R N—R’®  6-31gdp) 6-3lg(dp)cep-121g Si X N
NH; 1.018 1.018 56.55777 -1.125
N(CH,); 1.455 1.455 174.48617 -0.390
R=H F 0.164 0.148 0.148 391.18383 315.52840 1.295 -0.651
Cl 0.212 0.148 0.148 751.53430 306.25091 0.901 -0.400
Br 0.227 0.148 0.148 2863.04617 304.70774 0.789 -0.313
0.249 0.148 0.148 302.76469 0.638 0.198
R'=R’=H F 0.164 0.148 0.187 430.52023 354.58542 1.180 -0.419
R*=CH; Cl 0.213 0.148 0.187 790.86911 345.58542 1.180 -0.419
Br 0.229 0.148 0.187 2902.38125 344.04180 1.079 -0.337
0.250 0.148 0.188 342.09814 0.942 -0.228
R'=H F 0.165 0.149 0.187 469.85618 394.19816 1.794 -0.663
R’=R’=CH, Cl 0.214 0.148 0.188 830.20335 384.91933 1.464 -0.434
Br 0.230 0.149 0.187 2941.71598 383.37534 1.371 -0.356
0.252 0.149 0.187 381.43115 1.27 -0.249
R=CH; F 0.166 0.188 0.188 509.19166 433.53191 2.059 -0.671
Cl 0.215 0.188 0.188 869.53695 424.25261 1.764 -0.444
Br 0.231 0.188 0.188 422.70830 1.679 -0.367
1 0.253 0.188 0.188 420.76373 1.564 -0.262

B Si—N FEE K e 0, B AL BEAE [R) R 3 Hh fe e
2.2 Si_E CH; Xt imeF= #1895 i

24 R,SiX FAFEAE CH, B}, T CH, AOHEHL T %
LB, fi Si B T4 N R E 7 A0 BE 71k
55, T B X AT R BiE & 4.

6-31g(d,p)/cep-121g: the cep-121g used for X atoms, 6-31g(d,p) used for others

TR, T NH,-Ho(CH,)SiX 241, 3% )52 —
B, Si—N # A e NH-H,SiX & 51 34 A 6] 72
FERRIK, 5% 0.257-0.268 nm, ILEF Si N 2 [ B
A —E A AR, (BVEF 2 AR 55, HAa e 1k ag
FF& A 11.158-14.125 kJ -mol ™, ¥4 F %} W f) )G CH,

x2 MEFMRULER
Table 2 Optimized geometries of the products

The first addition mode

The second addition mode

NR;-R;SiX X - - - - - -
r(Si—N)/nm r(Si—X)/nm a(XSiN)/(°) r(Si—N)/nm r(Si—X)/nm a(XSiN)/(°)

R=R'=H F 0.263 0.166 180.0 2.984 0.165 70.8
Cl 0.261 0.217 180.0 3.109 0.213 76.8
Br 0.262 0.233 180.0 3.180 0.229 78.3
I 0.263 0.256 180.0 3.261 0.250 80.1
R'=R*=R’=H F 0.268 0.167 171.8 3.847 0.165 55.7
R’=CH;, Cl 0.260 0.219 171.8 4.096 0.214 67.2
Br 0.259 0.236 171.7 4.166 0.230 70.3
I 0.257 0.259 171.6 4.239 0.252 734
R'=R’=H F 0.382 0.166 169.9 3.812 0.166 55.4
R*=R’=CH, Cl 0.365 0.216 168.1 4.125 0.215 65.5
Br 0.365 0.231 168.0 4.217 0.231 69.5
I 0.361 0.254 166.8 4.280 0.253 71.7
R'=H F 0.459 0.166 159.6 3.938 0.167 52.0
R=CH; Cl 0.418 0.216 179.0 4.173 0.217 64.2
Br 0.418 0.232 178.5 4.251 0.233 66.9
0.419 0.254 179.2 4.316 0.255 70.2
R=H F 0.250 0.167 179.9 2.862 0.165 75.1
R’'=CH; Cl 0.244 0.219 177.8 3.259 0.213 81.6
Br 0.242 0.236 179.9 3.444 0.228 83.6
I 0.240 0.260 179.8 3.757 0.250 86.3
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Table 3 Optimized geometries of the products’ NBO charges (e)

The first addition mode

The second addition mode

NR-R;SiX X - ]
Si X N Si X N
R=R’=H F 1.262 -0.678 -1.134 1.292 —-0.662 -1.140
Cl 0.899 -0.467 -1.128 0.917 -0.422 -1.139
Br 0.802 -0.398 -1.124 0.810 —-0.340 -1.139
I 0.675 —-0.306 -1.124 0.665 —-0.230 -1.138
R'=R’=R’=H F 1.525 —-0.685 -1.136 1.538 —-0.666 -1.144
R’=CH, Cl 1.190 -0.486 -1.130 1.188 —-0.437 -1.141
Br 1.103 -0.423 -1.128 1.089 -0.359 -1.139
I 0.992 —-0.342 -1.126 0.957 -0.254 -1.138
R'=R’=H F 1.801 -0.670 -1.138 1.791 -0.670 -1.146
R*=R’=CH, Cl 1.479 —-0.452 -1.138 1.472 -0.451 -1.141
Br 1.390 -0.378 -1.138 1.383 -0.376 -1.140
I 1.269 -0.277 -1.137 1.263 -0.275 -1.139
R'=H F 2.060 -0.674 -1.133 2.059 -0.677 -1.144
R=CH; Cl 1.776 -0.456 -1.138 1.774 -0.461 -1.141
Br 1.693 -0.382 -1.138 1.692 -0.388 -1.130
I 1.582 -0.282 -1.138 1.581 -0.287 -1.138
R=H F 1.265 -0.681 -0.527 1.292 -0.661 -0.514
R'=CH; F 1.265 -0.681 -0.527 1.292 -0.661 -0.514
Cl 0.910 -0.479 -0.527 0911 -0.413 -0.509
Br 0.818 -0.416 -0.527 0.801 -0.327 -0.507
I 0.703 -0.338 —-0.527 0.650 -0.213 -0.505

O B s ) NH,-H,SiX A B B REA%, W1i% &
HI LA Wy Fa s MR T NH,-H,SiX 401 = 4.
[, i FR G Si—X K 5 W) Ho(CH,)SiX (1)
Si—X B A LIRA HE— 221, B a4 KT
Jr X6 7 4 NH,-HaSiX 2R 810 s™ 91 1) Si—X 8 K
AARAE, TSI E CH AR AT B 1 1 15 -1
M. 7EZ 29, NH,-Hoy(CH,)SIIH 1 Si— 54 i
%, FWiZ 25 % LINH,-Ho(CH,) ST 55 7 f .
AR, % 251 NH,-Hy(CH,)SIiF
FEALBEN 11.158 kI -mol™, 7Ei% 41 H ALY, 10
B Hm A Fa5E 5 NH-H,SiX R 5 M, 1% R 9 5%
e W= 9y [E) A 2 NH,-H,(CH,)SiCl, Hifa 21k
fiEh 14.125 kI -mol™, JiZ RN My & e 1.
4 NH,-Ho(CH,) SiX & 41 4% 5 =X Al i, Hom
B P Si— N B 8 Si N (] Al AR R 2
1, FRBH SN ) 2 [ A ik, © B B &)
%} F NH,-H(CHS,),SiX Hl NH,-(CH,),SiX 41,
Wil CH, %5 i3, Joie 2 7 =X — ik J& 4 7
AR, AP Si—N K E— 1N (%
7 — AT Si—N #4351 i5 % 0.361-0.382 nm
5 0.418-0.459 nm, Mi4% 77 =X 0T Si—N FEH<
4314 0.381-0.428 nm 5 0.394-0.432 nm), ¥ 4
it Si N R Fyuflife e 2 Al [l s, 5 0 PrAH He

Si—X B AR AR /N B L P B AT AR Ak, 150 BH X 7 b
O ICIRIE AL &9, kit — K Si FJRH
TR CHM A, AR TFECE P HITE .
2.3 N _E CH; M7FTEXT s A= 4 9 22 i

2 N _AFFEF WL F3EHA] CH, B, CH, R L
PERE N A6 58 55 M Si 7% 88 3] H,SiHLX
PO PR3 |, PR 0 32 B 25 5 T AR
B4, TS AR T3 — a5

THAEFRB, 2YN(CH,), 5 H.SiX#% )7 — A,
B 1800 507 4 1 Si— N K-/ T°0.240-0.250 nm
Z (8], 4785 /N F A B NH-HeSiX A4 H a9 Si—N
K, HA%F (C1L.Br Ini 7 22 AR IS . (H i T
CH.VEH, (175 HAS E fL B2 LU AR 1 NH.-HSiX i
B A AN 3 5 B4 25 559 R A I P ) A
EALRE, 15 LAN(CH,)-H,SiCl# 5% i1, N(CH,),-H,Sil
A%, RIZ RSB 5 NH-HSiX RN A
F AR f R YRR, B DAIN(CH,),-HSiClR AR E
TMN(CH,),-H,SilFR AN FESE .

SEIZ RSB Py Y Si—X B, B
Lt NH,-H,SiX R 41 H A WA 1 Si—X B B
K, FHZ R A0 i 8 7 PE 2R T NH.-HSiX
Z41). HHp N(CH,),-H,Sil H Si—1 8K °4 0.260 nm
(2 Mt S A2 42 22 F10.244 nm), 8520 4 HoSil
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Table 4 Optimized geometries of the products’ energies(E: a.u.; AE: k] -mol™)
The first addition mode The second addition mode
NR; -R:SiX X
6-31g(d,p) 6-31g(d,p)lcep-121g 6-31g(d,p) 6-31g(d,p)lcep-121g
-E AE -E AE -E AE -E AE
R=R’'=H F 447.74945 20.610 372.09510 23.446 447.74476 8.297 372.08928 8.165
Cl 808.10109 23.682 362.81812 24.785 808.09506 7.850 362.81113 6.432
Br 2919.61205 21.293 361.27451 23.630 2919.60628 6.144 361.26749 5.198
1 359.33057 21.293 359.32400 4.043
R'=R’=R’=H F 487.08179 9.951 411.42564 11.158 487.08126 8.559 411.42429 7.614
R*=CH; Cl 847.43202 13.495 402.14857 14.125 847.43070 10.029 402.14623 7.982
Br 2958.94423 13.679 400.60479 13.705 2958.94268 9.609 400.60247 7.614
1 398.66066 12.471 398.65870 7.325
R'=R’=H F 526.41610 5.645 450.75715 3.203 526.41712 8.323 450.75866 7.168
R’=R°*=CH; Cl 886.76390 7.299 441.47901 5.015 886.76468 9.347 441.47985 7.220
Br 2998.27642 7.010 439.93503 5.041 2998.27721 9.084 439.93564 6.643
1 437.99086 5.093 437.99144 6.616
R'= F 565.75136 5.067 490.09056 2.310 565.75244 7.903 490.09222 6.670
R=CH; Cl 926.09702 6.039 480.81166 3.361 926.09800 8.612 480.81284 6.459
Br 3037.61034 5.724 479.26742 3.544 3037.61131 3.544 479.26836 6.012
1 477.32297 3.859 477.32373 5.855
R=H F 565.67647 16.987 490.02059 15.806 565.67190 4.988 490.01406 -1.339
R'=CH;, Cl 926.02828 20.505 480.74378 17.591 926.02168 3.177 480.73554 -4.043
Br 3037.53911 17.775 479.20025 16.646 3037.53310 1.995 479.19197 -5.093
1 477.25642 14.598 477.24861 -5.907

rh Si—I K341 0.010 nm, 4 NH,-H,Sil 7 Si—I
BRI T 0.004 nm. ZEEK AN N(CH,),-SiH X
FHh Si—1 KB, TREA ST e & i
A, FH 2 PR .

S HTH,SIX 5 N(CH,) 4% 5 X I8 B ey,
Si—N K R F 7 X — o™ P i Si—N
S, [l i AR E AL RE TR IR T K — I LT T 1k
H IR, B EE b o B e Si AN
Z Ve 135 1 X—rh Si N R 7R 0 54,
PRIk A =X — i s A
2.4 AEEEEFI =90

It A i, AN R RS 2 Si B L far A
FEATEALE Si b, MR AR R R 5
Si JEF A E B < R F JH R F ) CH, 1 C JRF
L TR, SR 2R AR 2ZE RO B L B S
Wi IR P A 25 44 S PERE.

SCHER14RAE T 70 28 5% NHs-HoSiX &R 41
BO YIS , 2YNH, 5 HSiX 3% )7 20— Sum i
B, HaSiC1-5 NHJE B s A 1) Si— N2 itk &
G A, T NEUE AL BB AR S R, i R A LA
H,SiF 5 NHJE B sl smetee, Hid e b g e
P IR s b, Si—NE# K #%F .C1.Br.1

PRI P AR T 14 T, LA Ak BB Bl 2 AR R AR

AR R R T, 1T CH, IAEALE, (115
i 28 S X B 1) S e B A AR AR FE
NH;-H,(CH,)SiX(X=F.Cl Br .I) 28 I sl = ¥+, 2
I IE 1 LAy I o s 4. 24 o L s
—TEBUNBIET, Hy(CH,)SiXZR A 1 SiJ 7Bt i 1E
HL fif 4% F .C1, Br T L3 A< YR B I, LA Ha(CH,)SiF
Hh ST H TE PR A 58 (IF H ] 247 1.544), Ho(CH,)SilH Si
B4 A, TE P B 55 (LE H A7 240.942). K I, Hy(CH,)SiFH
ST R 24 % 25 5 1252 NHL 43 1 H R 06T B, 1T R
Si—NE, {H i TR H A AR, fESiiT5
FJRT- 2 (A A7 AR 58 i AH EAE A, AT 3850 T NH,-
H,(CH,)SiFH Si—N 2 8] ] /1 B4 NH,-Hy(CH,)SiCl
55 7RI £ 41 F, NH,-H,(CH,)SiF HY i Si—N fK
A 0.268 nm, KT NH;-H,(CH,)SiCl H i Si—N
0.260 nm; NH,-H,(CH,)SiBr 1 NH,-H,(CH,)Sil 1" ¥
Si—N B [FIAE R 2 X Dt R 67 1 198 9 553 1T 40 e
Bt 22 %1 o DAINH,-Hy(CH,)SITH 1 Si—N 8 K:(0.257
nm) 4.

5H,(CH,)SiFAH Eb, Tl )™ #) NH;-H,(CH,)SiF )
Si—FHEKAY IS T 0.002 nm, 1 NH,-H,(CH,)SiClH
M Si—CLERE < 5 5 0 ) AR LG U 3G B T 0.006 nm;
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NH;-H,(CH,)SiBr H ) Si—Bri# K 34 il 70.007 nm;
NH;-Hy(CH,)SilH 1 Si—IE8 K 34 1 10.009 nm. B
Bifi 5 11 2R ST A, 5 R N AR L, T
Si—XHH AR TS K, 26 W 8 1k 0 M .

REERET 7, % RN P TE B3BLYP/6-31g
(d.p)X JETRJH cep-121 ) E LM, FagElk
A5 5 94754 NH,-Ho(CH,)SiC1(14.125 KJ - mol™), T
PANH.-Hy(CH,)SiF s € g s f(11.158 kJ - mol™).
R, FEZ RIS, LAINH,-Ha(CH,)SiClig
JRAE, ik NHa-Hy(CH,)SiF S AFaE.

X N(CHy)s-HoSiX RGN, 24 LASE—Fh
KIE IR Bt H Si—N K Si—X B ANE &
FUEMLRBM A LR 5 | — R B[R

MHAE X IR B et T XX
N JEF1E T3 58, a™ 914 i Si—N §# K bl
XTI E L AR D i i, 580 N(CH, )5
H,SiF 5 N(CH,);-H,SiCl [ Si—N #K/NF Si N
%‘Jéﬂéﬁéz*ﬂ, ﬂﬁﬁﬁi@ﬂ%%, ﬁﬁ N(CHs)s'HssiBr ':F'
Si—N #K 35 0.344 nm, 5 Si N AL 2
JLTP—3, 1 N(CH,)s-H,Sil i) Si—N £ I H1
T Si\N Juflitefiz 2 fl, TRIE A A Y. st &
M5, PAZ O 2 e B 5 i s 40 ks e 1k R fxe
{1 52 N(CH,),-HSiF, {HILES 2 fL B £ 4% A 11 {H,
VARSI 20 = P e ..

3 & &

R.SiX(R=H.CH;; X=F.Cl.Br.I)5 NR}(R'=H.
CH) A PN sy 2 —FP 2 NRS ¥ Si—X g4 1]
A7 B 2 RSIXTE UL, 75 —FIENR I Si—X
SRR [ 457 AT R SIXTE N ). &5 SR B, i &
FREWEA G Y. #7 X— M, 77 YIN(CH,) -
H.SiCl . NH;-HSiCl 5 NH;-H,(CH;)SiCl 43 B 7E [7] &
SN he et e R =, B AR, I — a5 5 3¢
BRILL S 9 NH,-H,SiX 25008 1y i fa 58 Pk
U — S0 . 1M AEX =i sed o X LL N(CH,),-
H,SiCURAR e, RN L JF HL ¥ 2 (CH,) B9 77 75 A
T Si—NEEAIE B, A N(CH,),-H,Sil .NH,-H,Sil
5 NH;-H,(CH,) Sil /P Si—1#8 %5 A 1/ 52 137 9 HLSil I
Hy(CHy)Silfi K i 2, W45 F i, FLE5H N 122
Zeih 3. H(CH,),SiX K (CH,),SiX & 41 i T F BL 1

YE A RE S NHJE A Si—N 8, B Si bR T3k
H I AFFEA R T Si—N #EMIE AL, #0078, (U
H N (CH,),-H,SiX 8 NH,-H,SiFRETE i Si—N 5,
HABIAS B E R FE A, N A PIOG) H 7[R A
HRE Si 25 T T o, ST EER F|
T5 Si A& YA B IE(C 5% H) |
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