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SYNOPSIS

Chloro- and lithio-terminated diorganosilylene oligomers
were coupled to form block copolymers that were soluble in common
solvents and deposited coherent films from solution. Copolymer UV
spectra showed a red shift in absorption maxima attributed to

increased silicon chain length and phenyl-silicon spine inter-
actions.




INTRODUCTION

— Dimethylsilicon polymers of modest chain lengths

(DP ~ 55) were first described in 1949.(1) Thereafter, interest in
organosilane high polymers lay dormant for a quarter century
although study of cyclic and short chain organosilanes continued
apace. Recently, two developments stimulated further interest in
organosilane high polymers. Studies of low polymers had shown that
" electronic properties of homosilicon rings and chains resembled
those of conjugated unsaturated carbon structures and suggested
that such properties might develop more strongly in longer silicon

chains.(z-ls)

In a quite different direction, it was reported that
organosilane polymers could be pyrolyzed to form useful refractory
silicon carbide compositions.(le'ls) In both of these lines of
inquiry, tractable organosilane polymers that form coherent films
and fibers are especially useful. Because there was no information
on high molecular weight organosilane polymers, we have prepared

and examined several diorganosilane homopolymers and copolymers.

High molecular weight polydimethylsilylenes (DP ~ 600)

prepared from specially purified dimethyldichlorosilane monomer
(19)

were described in the first paper of this series. These
crystalline, high melting polymers were soluble only above 200°cC
and had no useful film forming qualities. A second paper described
random copolymers of dimethylsilylene with dialkylsilylenes bearing
ethyl and n-propyl groups.(zo)
amounts of ethyl or n-propyl groups displayed substantially reduced
solubilization temperatures but did not form coherent films. This
third report describes some readily soluble, film forming block
copolymers that have dialkylsilylene blocks alternating with

diphenylsilylene blocks.

Random copolymers containing small
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EXPERIMENTAL

01igomers

Cyclic and linear oligomers listed below were prepared by
methods based on published procedures:

(6), (21),
(Me,51)5"°7; (PhySi)g ™,

)(11,14)

Cl(Mezsi)6C1(ll); Cl(EtMeSi)5C1(22); Cl(EtZSi)SCI(zz);

. . (21)
Ll(thsl)sLi

Cyclic oligomers bearing ethyl groups — (Et:MeSi)s,6 and
(Etzsi)s’6 — were made by methods similar to those cited above but
required additional steps to separate side products contained SiH
and SiO. These impurities were removed by conversion of SiH to
SiOR and absorption of the polar alkoxy species on alumina. A
typical procedure is described below.

(9

-
1)

1,2,3,4,5—Pentaethyl—1,2,3,4,5—pentamethylcyclopenta-
silane, (EtMeSi)5

Typically, dechlorination was run under dried nitrogen
atmosphere in a flame dried 31 flask equipped with subnatant
thermometer, glass stirrer, addition funnel and large reflux
condenser(zo) in which 25¢ (1.09 mol) sodium, 85g (2.17 mol)
potassium, 3g naphthalene and 650 ml tetrahydrofuran (THF) were
stirred and heated until liquid alloy formed and dispersed and the
dark color of naphthalide ion appeared. After cooling the mixture
to 30C, 210 ml (1.51 mol) ethylmethyldichlorosilane were added
dropwise over 4-5 hours at a rate that maintained 60C. The mixture
was then held at 65C for 12 hours. To consume unreacted alloy, the
mixture was cooled to 0C, stirred and treated by cautious dropwise
addition of 10 ml acetic acid in 90 ml THF. After addition of




550 m1l 10% aqueous acetic acid and 200 ml hexane, the upper organic
layer was recovered, washed in sequence with 200 ml water, 200 ml
10% aqueous sodium bicarbonate and 200 ml water, then dried with
anhydrous calcium sulfate, filtered and stripped of solvent. The
crude product oil was a mixture of (EtMeSi)5 and (EtMeSi)6 along
with some side products that contained SiH and SiO. To remove the
side products, the crude was dissolved in 200 ml THF, 10 ml water
and 330 mg chloroplatinic acid (in 2 ml dimethoxyethane) added, and
stirred 2 hours. Ethanol, 20 ml, was then added dropwise
(exotherm). The mixture was stripped of solvent, dissolved in

200 ml hexane and washed in sequence with 100 ml water, 100 ml 10%
agqueous sodium bicarbonate, 100 ml water, dried with calcium
sulfate and filtered. The solution was then passed through a
column of neutral alumina (300g), eluted with 1600 ml hexane and
solvent stripped to give 32.6g (30%) of oil which was a 65:35
mixture of (EtMeSi)5 and (EtMeSi)6. Distillation of 46.0g of the
mixed cyclosilanes through a 25 c¢m glass bead packed column gave
25.0g (EtMeSi). (bp 118-130°C, 0.1 mmHg) at 98°% purity.

Decaethylcyclopentasilane, (Et281)5

(Etzsi)5 (bp 190-200°C, 0.2 mmHg) was prepared in 99+%
purity by the method given above for (EtMeSi)s.

Copolymers

Copolymers were made both by adding a chloro-terminated
oligomer in THF to a freshly prepared solution of Li(thsi)sLi and
by addition in reverse order. To avoid decomposition of the
sensitive Li(PhZSi)sLi reagent, the apparatus shown in Figure 1
(100 ml reaction chambers) was used. Typically, the apparatus was
flame dried and kept with a slow stream of dry argon throughout
reagent preparation and copolymer formation. For a reverse order




addition, 1.25g (2.5 mmol) Cl(EtZSi)SCI in 15 ml THF was placed in
the lower chamber and in the upper chamber 2.28g (2.5 mmol)
(thsi)5 in 30 ml THF and 0.17g (25 mmol) lithium wire reacted at
35C for 4 hours to form Li(PbZSi)sLi. The solution of Li(thsi)SLi
was then added dropwise in about 2.5 hours to the well stirred
Cl(EtZSi)SCI so that the color imparted by each drop was fully
discharged before the next was added. If any color persisted at
the end, a drop or two of Cl(Et281)501 solution was added. After
stripping of THF, the crude polymer-salt mixture was taken up in
50 ml toluene and 50 ml ethyl ether, extracted with 50 ml water
followed by 50 ml saturated aqueous NaCl, filtered through
anhydrous calcium sulfate and stripped of solvent. The crude
polymer in 5 ml toluene was added dropwise to 100 ml ethanol and
the resulting precipitated polymer was filtered off and vacuum

dried.
Analytical Methods

IR Spectra: copolymers in KBr wafers; Digilab 10C Fourier
Transform Spectrometer

UV Spectra: copolymers in dimethoxyethane (17-36 mgL'l);
Beckman Model 25 Spectrometer

NMR Spectra: copolymers in carbon tetrachloride (10-12 wt %);
acetone internal reference (2.17 ppm, 130 Hz);
Varian T-60 Spectrometer

Molecular Weight: ﬂn, copolymer in toluene (12-30 gL'l) at 65C;

Knauer Vapor Osmometer - ﬁn, in toluene
1-10 gL™1) at 25C; Chromatix KMX-6 LALLS
Spectrometer. | 3

Supplementary data for purity and structure of momomers
and oligomers obtained by elemental analysis and GC-Mass
Spectrometry.




RESULTS AND DISCUSSION

Couplings of silyl lithium oligomers, such as
Li(Ph281)4’5L1, with monomeric chlorosilanes have been used
successfully for preparation of several linear and cyclic silane
oligomers of mixed organic substitutions.(21,23-25)
silane copolymers reported here were made by coupling a,w-dichloro-
dialkylsilane oligomers (I) with 1,5~dilithio-decaphenylpentasilane

(II):

The organo-

X Cl(Hlesi)nCI + X Li(PhySi)gLi _TBF _
(I) (II)
O 1.2
4 ¢ r'R%si) (Ph.Si + 2X LiCl
L n 2 x .
(II1)

Rl R? a
(11I-3) Me Me 6
(I1I-5) Me Et 5
(I1I-8) Et Et 5

In this scheme, the use of oligomer pairs capable of
coupling only with each other was expected to favor alternating
block structure in the copolymers (III) and avoid the formation of

homopolymer side products that often complicates block copolymer
preparations.

—




The coupling reactions were at first run by adding chloro
oligomer dropwise to II until the red color of silyl lithium was
just discharged. This procedure worked well for IIIa and gave a
high polymer fraction with the expected proportions of alkyl and
aryl H by NMR. However, the same procedure when used for IIIb and
I1Ic gave products with high alkyl H to aryl H ratios indicative of
deficiencies of phenyl substituents. Significant amounts of
(pn2s1)4 were found in the product fraction remaining after high
polymer precipitation which suggested that copolymer formed early
or was undergoing re-arrangement catalyzed by as yet unreacted
silyl lithium oligomer. Re—arranéements of various diphenyl-
silylene containing oligomers to form (PhZSi)5 are known to be
catalyzed by silyl lithium compounds.(21’ 26-29)
rate of chlorosilane oligomer addition to decrease exposure time
was not helpful but reversing the order of addition using the
apparatus of Figure 1 gave copolymers with alkyl H to aryl H ratios
closer to expected values as shown in Table 1.

Increasing the

Yields of precipitated copolymers ran 35-50% on starting
oligomers and molecular weights (ﬁn) were about 5000-10,000. The
copolymers were all very soluble in common solvents including
tetrahydrofuran, diethyl ether, tetrachloromethane and toluene. 1In
contrast to homopolymers and random copolymers examined
earlier(ls'zo) which had no useful film forming qualities, these
block copolymers formed uniform coherent films by evaporation of
solvent from solutions at room temperatures.

Infra-red spectra of the copolymers (Figure 2) and
absorption assignments (Tables 2-4) are in agreement with the
expected polymeric structures.(zs’so)




The UV spectra of the copolymers show strong absorptions
in the 338-345 nm region (Table 5). 8Similar absorptions have been
reported for several linear oligomers(14’31) (Table 6) and have
been attributed to the silicon spinal chain acting as a 0-T
chromophore.(3'4’5) The shift of absofption maximum to longer
wavelengths is probably related to increased chain length of the
copolymers and increased conjugative interactions between phenyl

substituents and the silicon spinal chain.

We are grateful to our colleagues C.” L. Angell, C. S.
Blackwell, D. V. Bowen, and I. R. Ladd for their advice and
assistance. This work was supported in part by the Office of Naval
Research.
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H Figure 1 Copolymerization Reactor

Figure 2 Infra-Red Spectra of Copolymers
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TABLE 1
EFFECT OF ORDER OF ADDITION ON

COPOLYMER COMPOSITION

£ (1) . Alkyl H/Aryl H(zl

g Copolymer Method Calculated Found

4 - )

i I11-3 A 0.72 0.73 ;

B 0.72 0.73

I1I-5 A 0.80 0.85

B 0.80 0.80 ‘

I11-8 A 1.0 1.4
B 1.0 1.1 g

4

(1) A: Chloro-oligamer added to lithio-oligomer.

B: Lithio-~oligomer added to chloro-oligomer.

(2) By HY-NMR




TABLE 2
INFRA-RED ABSORPTIONS:

COPOLYMER III-3

Wavenumber, cm

(3430)

3065, 3055, 3010,
2995, 2960, 2895

1955, 1890, 1820, 1770
(1630)

1480, 1425

1400

1245

1090, 1065(s), 1025, 995
835, 765

730
659, 630
470, 425

(s): Shoulder

Assignments

(23,30)

(Hzo Stretch)
CH Stretch
Phenyl

(HZO Overtone)

Phenyl

CH3 Deformation
CH3 Bending

Phenyl
(CH3),S1i Rocking

Phenyl
Si-C Stretch

Si-Si

i < s
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| TABLE 3
INFRA-RED ABSORPTIONS: COPOLYMER III-5

» Wavenumber, cm” > Ass;ggments(zs’ao)

(3450) (H,0 Stretch)

!

gt 3065, 3055, 3010, 2995 CH Stretch

o 2960, 2930, 2895, 2865

y 1955, 1890, 1820, 1770 Phenyl

£ (1640) , (nzo Overtone)

¥ 1485 Phenyl

¥ 1455 CH,(C) Deformation
1425 CH3(Si) Deformation
1375 CHs(C) Bending
1245 CH3(Si) Bending
1090, 1065(s), 1030 Phenyl

3 1005 CH,CH,S1
785(s) Phenyl
755 (033)281 Rocking
730 Phenyl
680(s) SiC Stretch
470, 425 Si-Si

(s8): Shoulder




TABLE 4
INFRA-RED ABSORPTIONS: COPOLYMER III-8

Wavenumber, cm™ Ass;gpments(23’3°) :
| (3440) (H 0 Stretch) :
§ 3065, 3055, 3010, 2995, CH Stretch
: 2060, 2930, 2895, 2860

1955, 1890, 1820, 1770 Phenyl

(1635) (H20 Overtone) ;

1485 Phenyl :
5 1455(s) CH4(C) Deformation |

1425 CH3(Si) Deformation. i

1375 CHa(C) Bending

1235 CHS(Si) Bending

1090, 1070(s), 1030(s) : 'Phenyl

1000 CH,CH,Si
) 855, 765(s) (Cna)ZSi Rocking
o 795, 735(s8) Phenyl

620 Si-C Stretch

475, 420 Si-Si

(s): Shoulder




TABLE 5

ULTRA-VIOLET ABSORPTIONS OF COPOLYMERS

Copolymer

III-3

III-S

ITI-8

(s):

Shoulder

Wavelength, nm

338
270(s)
230

345

281(s)
269(s)
262(s)
220(s)

342

269(s)
262(s)
220(s)

Abosrptivity, cng'l




TABLE 6
ULTRA-VIOLET ABSORPTIONS OF OLIGOMERS

Oliggmgr(l) Wavelength (max.), nm Absorptivity, cng'l
Messi(PhZSi)s- 309 31,900
SiMe3 268(s) = eeea=-
220(s) = eeee—-
229 N 46,800
7 Ph(Ph281)7Ph 323 29,300
.; 269(s) = eeeae-
§ 262(s) 2 emmeee
¢ 231 51,900
Me(MeZSi)nMe'
n =12 286 44,500
241(s) =m=e—-
230(s) mm=——-
n =18 292 51, 300
: 233(s)  emme—e-
n = 24(2) 294 33,700
220 34,000

(s): Shoulder
(1): In dimethoxyethane
(2): In tetrahydrofuran




. FIGURE 1: COPOLYMERIZATION REACTOR




FIGURE 2: INFRA-RED SPECTRA OF COPOLYMERS
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