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FOREWORD

This report was prepared by the Polymer Branch, Nonmetallic Materials
Division of the Air Force Materials Laboratory, Air Force Systems Command,
Wright-Patterson Air Force Base, Ohio. The work was initiated under Project
No. 7342, "Fundamental Research on Macromolecular Materials'". It was admin-
istered under the direction of Dr. Harold Rosenberg (AFML/MBP) as Project
Scientist.

This report covers research conducted from August 1972 to August 1975.
This manuscript was submitted for publication by the authors in December 1978.

The authors are deeply indebted to Lt Col Russell M., Luck, USAF(Res), for
assistance in the polymer synthesis and to Warren Griffin, Elastomers and
Coatings Branch, AFML, for the sealant formulation and evaluation studies.
Their gratitude is expressed to Drs. Gerhard F. L. Ehlers, Thaddeus Helminiak
and Ivan J. Goldfarb for the valuable discussions and assistance in determining
the glass-transition temperatures, fuel-resistance and thermogravimetric
analyses. The assistance of Ms. Mary T. Ryan and Mr. Lee D. Smithson of the
Analytical Services Branch, Technical Services Division, Air Force Materials
Laboratory, in determining nuclear magnetic resonance and mass spectra is also
greatly appreciated.

The work described in this report was conducted in the Polymer Branch
laboratory by Dr. Harold Rosenberg of the Air Force Materials Laboratory and

Dr. Eui-won Choe, an AFSC-NRC Postdoctoral Resident Research Associate.
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SECTION T
INTRODUCTION

The discovery of new polymeric materials for sealant and seal applica-
tions with inherently wider use temperature range, greater chemical stability
and longer operational life than state-of-the-art elastomers has proven to be
an unyielding challenge to the Air Force for over a decade. Of particular
concern has been the need for new viscoelastic polymers with the requisite
chemical/fuel resistance, high-temperature stability, low-temperature flexi-
bility, adhesion to metal substrates and ready processability for improved
aircraft integral fuel tank sealants with broad temperature capability. The
background, requirements and status of research programs aimed at this
specific materials objective, with an emphasis on filleting sealants, was
reviewed recently.1

The objective of current research in this area conducted in-house by the
Polymer Branch, Air Force Materials Laboratory, has been the synthesis and
evaluation of new thermally-stable organosilicon polymers as base materials
for high-temperature aircraft integral fuel tank sealants with a long service
lifetime (up to 10,000 hours) over a wide temperature range (from < —400F to
500°F). Desired chemical and physical properties for a high-temperature
aircraft sealant include long-term thermal stability (>4500F), resistance to
reversion at elevated temperatures in confined environments, a moderately low
glass—-transition temperature (< ~40°F and, preferably,‘—650F), excellent
resistance to swell by jet fuels such as JP-4 and JP-7, excellent adhesion
and non-corrosivity to aircraft metallic substrates, and the capability for
room-temperature cure. Oxidative stability of candidate polymers, while highly

desirable, is not considered of primary significance for this application

because aircraft sealants are generally intended for use under a nitrogen




and fuel environment in the absence of oxygen. It was also desired to provide
candidate polymers with cost advantages over current high~temperature sealant-
type polymers which are available commercially or under development by other
organizations.

This quest has now led to the synthesis and evaluation of a new high-
temperature fluorine-containing organosilicon polymer, FASIL, which offers
considerable promise as a eaﬂdiéate base material for a broad uée—temperature,
long-1ife integral fuel sealant of both the channel and filleting types. Of
particular interest is the potential shown by this elastomeric polymer for the
formulation of a non-curing, reversion-resistant -54°C (—650F) to 232°¢C (4SGGF)
fuel tank channel sealant with long-term utility. This development was the
planned outgrowth of an extensive investigatioa2’3 into the synthesis and
characterization of new thermaliy~ and chemical-resistant viscoelastic alkarylene-
and 3ry1ene§elysiloxgﬂylene polymers. ’Two classes of candidate polymers,
methyl- and 3,3,3-trifluoropropyl~substituted poly(Efxylylenesi@ox&nyieﬁes)2’3
and thg corresponding poly(m-phenylenesiloxanylenes), were selected for study
as the most promising representatives of such macromolecular systems. Emphasis
was placed in both types on di-, tri- and tetrasiloxanylene sub-classes since
these would be the ones expected to yield polymers with the balance of physical,
chemical and mechanical properties required for fuel tank sealant applicationms.
In order to achieve the latter, it was necessary to develop appropriate structure/
property correlations as a prerequisite to the specific tailoring of molecular
structures. Representative members, appropriately substituted, of both polymer
classes were synthesized and characterized with respect to their glass-—transition
temperature, thermal stability and solubility or fuel resistance. From the data
obtained, required structure/property relationships were established to permit

the prediction of structures with the optimum combination of properties.
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2,3,5

The synthesis and characterization, and

thermal behavior,
solubility or fuel resistance,3’6 of the first class of polymers, i.e., the
poly(m-xylylenesiloxanylenes), has been reported previously. 1In this report
some results of the investigation of the second class, i.e., the poly(m-
phenylenesiloxanylenes), I, with emphasis on the synthesis and characterization

of the fluoroalkyl-substituted members of the subclasses which led to the

selection of FASIL as the candidate polymer of choice, are summarized.

W R, =R, =CH or CF_CH CH
?H3 ?H3 ?HB 1 2 3 3 2 2
I —u?i TinO Ti—O — R3 = CF3CHZCH2 or CH3
x=0, 1or 2
_Rl RZ R3 xn ?
3




SECTION II
DISCUSSION
A, Synthesis of Monomers and Polymers.

As in the case of the palj}:'(g..—xylylenesiis:}:ecanyleﬁes)3,H:Ii in order to
obtain appropriately-structured representative members for charactefizatioa
aﬁé evaluation, three subclasses or families of m-phenylenesiloxanylene
polymers were considered for synthesis. These were the poly(m-phenylenedi-
siloxanylenes, II; —trisiloxanylenes, I11; and -tetrasiloxanylenes, IV. The
specific polymers in these subclasses selected for preparation were those
considered likely to provide the most useful information in connection with
structure/property correlations and the tailoring of the macromolecules. In
order to synthesize these polymers, variocus methyl- and 5,3,3~trifiueroprepy1—
substituted 1,3-bis{silyl)benzene intermediates and monomers, including bis-
chlorosilanes, bis-ethoxysilanes and bis-silanols, together with bis-amino-
silanes and -disiloxanes, were initially prepared and characterized.

The synthetic sequence for the preparation of the key monomer, 1,3-bis-
[hydroxymethyl~(3,3,3-trifluoropropyl)silyllbenzene (3), is shown in
Scheme I. The in-situ Grignard coupling reaction of 1,3~dibromobenzene
with 2.5 moles of 3,3,3-trifluoropropylmethyldichlorosilane in tetrahydro-
furan afforded 1,3-bis[methyl(3,3,3~trifluoropropyl)chlorosilyllbenzene (2)
in 21.67% yield. Hydrolysis of the bis-ethoxy derivative 2 with sodium
hydroxide in methanol afforded a 91.5% yield of 1,3-bislhydroxymethyl -
(3,3,3~trifluoropropyl)silyllbenzene (3). An alternate procedure involving
direct synthesis of the bis-ethoxy intermediate 2 from the dibromobenzene
{as shown in Scheme I} provides an improved route for preparation of the

monomer. By addition of methyl(3,3,3-trifluoropropyl)diethoxysilane

[obtained by heating methy1(3,3,3-trifluoropropyl)dichlorosilane with an




Scheme 1

Synthesis of 1,3-Bis[hydroxymethyl(3,3,3~trifluoropropyl)silyl]benzene

CH CH
THF | 3 | 3
2.5 CH,SiCl + Br Br + Mg ——— (1Si sicl
i 2 50-60° | |
R R
£ £ Re
1 (52%)
XS CZHSOH NaOC2H5
THF CH CH
3 ‘ 3
CH381(OC2H5)2 + Br Br + Mg ————>o C2H5081 SlOC2H5
10-15 | |
R R R
f f f
2 (22-55%)
CcH CH
CH ,OH Ki, PO | 3 | 3
2+ NaOH - 4 - HOTi :ISiOH
R, R,
3 (92%)

R = CF CH_CH
£ 3 2 2




excess of absolute ethanol] to the in-situ Grignard reagent from 1,3-
dibromobenzene at 10-15° the bis—-ethoxy derivative was obtained in overall
yvields (based on starting dihalide) of 50-55%. However, one difficulty with
this procedure is the formation of impurities which, if not removed by
extremely careful distillation,can give rise to lowered yields in the monomer
synthesis and subsequent polymerization reactions.

The bis-silanocls were homopolymerized in refluxing benzene, using a
1,1,3,3-tetramethylguanidine salt as catalyst, to yield the poly(m-phenylene-
disiloxanylenes), II. When the two bis-silanols, 1,3-bis(hydroxydimethylsilyl)-
and 1,3-bis[hydroxymethyl(3,3,3-trifluoropropyl)silyl] benzene were copoly-
merized with appropriately substituted bis{dimethylamino)silanesB{Scheme 2) or
-disiloxanes? (Scheme 3), two families of methyl-and 3,3,3-trifluoropropyl
substituted poly(m-pheylenetrisiloxanylenes), III, and -tetrasiloxanylenes, IV,
were obtained. Recently, in an extension of the newly developed silanocl-
acetoxysilane polycondensation reaction for the synthesis of dimethyl-substi-~
tuted pely{aryienesilexagylenes)8, it was found possible to synthesize the
corresponding methyl(3,3,3-trifluoropropyl) analogs. For example, by the
reaction of 1,3-bis[hydroxymethyl(3,3,3-trifluoropropyl)silylibenzene with
the appropriately-substituted diacetoxysilanes or diacetoxydisiloxanes,

III(Rl =R, =R, = R& = CF_CH CHE) and IV(R1 =R =R, =R = CF_CH Cﬁz} were

2 3 3 2 2 3 4 372
obtained. Since a number of the newly synthesized polymers le.g., III{R1 =

R2 = CF_CH CHE’ R, = CH3}} could not be cured by conventional methods to

372 3
provide vulcanizates for fuel swell evaluation, vinylsilyl groups were
introduced into such polymers in order to provide sites for crosslinking.

This was accomplished by the addition of methylvinylbis{dimethylamino)silane

as 3 mole percent of the total silylamine monomer composition in the



Scheme 2

Synthesis of 3,3,3-Trifluoropropyl-Substituted Poly(m-phenylenetrisiloxanylenes)

CH CH CH CH CH CH
| 3 | 3 é 3 | 3 I 3
HOSi - Si0H + [(CHB)Zsz i —— --?i Si—O—Ti—O-—-
l I
Rl R2 R3 _Rl R2 R3 In
I1T

R, =R, = CF_CH.CH or CH

1 2 377270 35 Ry = R, = Same as or different R;.

4 1

Scheme 3

Synthesis of 3,3,3-Trifluoropropyl-Substituted Poly(m-phenylenetetrasiloxanylenes)

CH CH CH_CH CH CH CH_CH
|3 '3 |3|3 '3 ’3|3|3
HOSi SiOH + (CH,)_.NSi0SiN(cCH ) e A4-Si Si0Si0Si0+4-
| | I B | ]
R. R
Ry Re £ 5 By Ry Ry R, n
IV

R1 = R2 = CF3CH2CH2 or CH3; R3 = R4 = Same as or different Rl.




reactions shown in Schemes 2 and 3, The vinyl groups incorporated in the

resulting polymers would be expected to be distributed randomly along the

chains.

B. Physical Properties Sf Polymers.

The synthesized polymers, as with their m-xylylene analogs, were fully
characterized and evaluated with respect to glass-transition temperature,
thermal stability and fuel resistance or polymer insolubility. Viscosities,
together with number average molecular weights obtained by either vapor
phase or membrane osmometry, were recorded for the relatively low molecular
weight polymers sought. Glass—~transition temperatures were determined by
means of differential scanning calorimétry {DSC}, with AT = 2GGGfmin“ and
have been reported in partg. Thermal characterization of the polymers
involved thermogravimetric analysis (TGA) under vacuum at AT = 5°C/min.

Data obtained from the TGA curves, including values of T (temperature at

25
which 25% weight loss is recorded), were discussed for certain of the
polymers, together with that for their m-xylylene analogs, in an earlier
repart3’5. In order to determine fuel resistance, polymers were first cured
with di-t-butylcumyl peroxide at 170°C and 2000 psi. 1In the case of those
polymers with a high content of fluoroalkyl groups, samples of polymers con-
taining the aforementioned 3 mole percent of vinyl groups were used for pre-
paration of the volcanizates. Volﬁme swell ratios of the volcanizates were
determined after immersion of the samples for 72 hours at room temperatures
in hydrocarbons, such as isococtane and JP-4 jet fuelS. The results cobtained
with regard to the solvent resistance of the polymers through the use of

vulcanizates has been corroborated in part in studies on sclvent interactions

with both the m-xylylene and, to a lesser extent, the m-phenylenesiloxanylene

polymers., Using gas-liquid chromatography (GILC) to determine infinite



dilution activity coefficients, structure/solubility relationships were

derived which correlated well with volume swell data on Volcanizates6

From the results obtained and structure/property correlations3’4’5’6
previously established in our investigation of their m-xylylene analogs, it
was possible to reduce the total number of polymer(m-phenylenesiloxanylenes)
required for synthesis and property evaluation. More specifically, from the
earlier fuel resistance/polymer solubility studies, a fluorine content of
30% or greater by weight appeared necessary to provide required fuel resis-
tance to the polymer systems under investigation. Therefore, in the poly-
(m-phenylenesiloxanylenes) only those polymers with a high ratio of 3,3,3-
trifluoropropyl to methyl substituents could be expected to possess desired
fuel resistance. Thus, the only members of this class with potential for
fuel tank sealants were further restricted to five in number, consisting
only of those with two or more fluoroalkyl groups per mer unit. Further
detailed evaluation of this smaller group of polymers in both uncured and
cured states and with emphasis on isothermal aging and solvent resistance
at elevated temperatures was then carried out. This resulted in the final
selection of poly[m-phenylene-1,3,5,7-tetramethyl-1,3,5,7-tetrakis(3,3,3-
trifluoropropyl)tetrasiloxanylene] as the most promising member not only
of the group but of both classes of polymers investigated.

The aforementioned f}uoroalkyliyylenefi}pxanylene polymer, IV(Rl =
R2 = R3 = R4 = CF3CH2CH2) has been given the name FASIL, an acronym derived
from the general polymer class name. In addition to being readily synthesized
from commercially-available starting materials (cf. Experimental), the polymer
was found to exhibit a better overall combination of requisite physical, chemi-
cal and mechanical properties for fuel-resistant sealant applications than any

of the newly synthesized siloxanylene or other candidate sealant polymers

(Table I).




Table I

FASIL* SEALANT POLYMER

Structure:

CH CH CH H
} 3 i 3 } 3 T 3
——?i 5i O 5i O 8i 00—
I | |
CH CH CH CH
} 2 i 2 1 2 2
_?HZCFS CHECFB CHECFB GHEC’F:%@}:1
Properties: FASTL SOA}
Viscosity, n, = 0.02-06.33
Wt. Loss, 400°F, 190 hr. = 3% 5%
o o
T25 {TGA) = 415 ¢ (779 F)
T, = -49°¢c (-57°F) —28°F
Wt. Gain, JP-4, 72 hR, Rt = 9.7% 20.1%

*FASIL = MBP ACRONYM FOR FLUOROCALKYLARYLENESILOXANYLENE

+IMPROVED STATE~-OF-THE-ART CANDIDATE POLYMER

C. Evaluation of FASIL.

Additional quantities of FASIL were synthesized for use in formulation
and evaluation studies as a fuel tank channel sealant. Preliminary results
of FASIL evaluation as a formulated sealant, including accelerated broad-
temperature range cycling tests from -54°C(-65°F) up to 232°¢ (4500F} and
titanium stress corrosion testing, indicate that FASIL possesses superior
properties (Table II) and 1ife expectancy (Table III) to other elastomeric
polymers evaluated as a candidate for a wide-temperature range fuel tank
channel sealant material. In addition to holding promise as a channel sealant

polymer, structural modification of FASIL as a two-part system is expected to

10



Table I1

PROPERTIES OF FASIL REQUIRED FOR BROAD-TEMPERATURE FUEL TANK SEALANTS

MAJOR MINOR

) Long-Term Thermal Stability o Reversion Resistance

[Up to 260°C (500°F)] [204°C (400°F), 7 days-TOTAL]
° Low-Temperature Flexibility ] Extrudable

[-54°C (-65°F]

° No Stress Corrosion on Ti

[ Excellent Adhesion to Al & Ti Substrates
) Chemical Stability . Reasonable Cost

High Resistance to JP-4 Fuel Synthesis Based on Commerc.-

Nonhydrolyzable Available Starting Materials

permit its use for the formulation of filleting sealants. Under contract, FASIL-
type vinyl-terminated oligomers, chain extenders and crosslinking agents are now
being synthesized to enable the early development of a FASIL-based filleting
sealant. Lastly, from the properties obtained in the evaluation of its wvulcani-

zates, FASIL offers further potential as a base polymer for chemical-resistant

seal applications.
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SECTION III

EXPERIMENTAL

A. General,

All melting points reported are uncorrected. Molecular weights were
determined by vapor phase osmometry (VP0O) or by membrane osmometry (MO)
unless stated otherwise. Elemental analyses were carried out by the Analytical
Branch, Electromagnetic Materials Division, Air Force Materials Laboratory.
Nuclear magnetic resonance spectra were obtained on a Varian Model A-60
spectrometer, while infrared spectra were obtained as KBr pellets for solids
and by using CsI or NaCl plates for liquids on either a Perkin-Elmer Model 21
or a Beckmann Model IR-33 spectrophotometer.

Nuclear magnetic resonance, and infrared spectra for the important
compounds synthesized are included at the end of the experimental section.

Tetramethylsilane was used as an external standard for proton nmr spectra,
while fluorotrichloromethane (CFC13) was used for fluorine (Flg)nmr spectra.

Gas liquid chromatographic analyses were carried out in a Hewlett Packard
Model 5750B gas chromatograph by the use of a 6" x 1/8" column packed with
Dexil 300 GC (15%), Chromasorb W or 80-100 DMCS, at a programmed heating rate
of 10° per minute from 120° to 3000, and at a flow rate of 30 ml. per minute
of helium, unless stated otherwise. However, some analytical samples were
separated and purified by the use of a 12" x 1/2" column packed with 10%

SE-30, 80-100 DMCS, or WHP 5752 at a helium flow rate of 120 ml. per minute.

B. Synthesis of Intermediates and Monomers.

1. 1,3-Bis(3,3,3-trifluoropropylmethylchlorosilyl)benzene

To a mixture of magnesium (4.8 g., 0.2 g-atom) and methyl-3,3,3~

trifluoropropyldichlorosilane (52.7 g., 0.25 mole) in tetrahydrofuran (50 ml.)
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was added dropwise under nitrogen a solution of m-dibromobenzene (23.6 g.,

0.1 mole) in tetrahydrofuran (50 ml.) over a two-hour period. The addition

was controlled to maintain a temperature range of 50-60°. The resulting

mixture was then heated under reflux for 16 hours and, after adding 200 ml.

of n-hexane to the mixture, inorganic solids were filtered. Fractional dis-
tillation of the filtrate gave 22.2 grams (52%) of crude 1,3-bis(3,3,3-trifluoro-

propylmethylchlorosilyl)benzene, bp 169-174°/3 Torr.

2. 1,3-Bis[ethoxymethyl-(3,3,3~trifluoropropyl)silyl]benzene

A solution of sodium ethoxide, prepared from 2.76 grams of sodium and
300 ml. of absolute ethanol, was added slowly under nitrogen intc 25.6 grams
(0.06 moles) of 1,3-bis(3,3,3-trifluoropropylmethylchlorosilyl)benzene. The
reaction mixture was heated under reflux for 15 minutes and then cooled to
room temperature. Ethanol was removed on a rotary evaporator to leave a residue
which was transferred into a smaller flask with the aid of diethyl ether.
Fractional distillation of the residue gave 5.8 grams (21.6%Z) of 1,3-bis-
[ethoxymethyl(3,3,3-trifluoropropyl)silylJbenzene, bp 113.5-114.5°/0.03 Torr;

mass spec (290 eV) m/e 446, 427.

3. 1,3-Bis[hydroxymethyl-(3,3,3-trifluoropropyl)silylibenzene

To the stirred mixture of 2.6 grams of sodium hydroxide, 11 ml. of
methanol and 1.2 ml. of water, was added 7 grams (0.0157 moles) of 1,3-bis-
Lethoxymethyl(3,3,3-trifluoropropyl)silyllbenzene, followed by the addition of
a mixture of 2.6 grams of sodium hydroxide and 12 ml. of water. The resulting
mixture was stirred for 30 minutes and then poured into a solution of 17 grams
of potassium dihydrogen phosphate of 320 grams of water and ice. Diethyl ether
was used to extract the oily product. The ether extract was washed with water,

dried over anhydrous magnesium sulfate and evaporated on a rotary evaporator.
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Fractional distillation of the clear oily residue through a short-path
distillation column gave 5.6 grams (91.5%) of the desired 1,3-bis[hydroxy-

methyl(3,3,3-trifluoropropyl)silyl]benzene, bp 140—1420/0.1 Torr; nmr (CC14,

external TMS) ‘g 0.285 (s, 6, SiCH3), 0.667-1.17 (m, 4, SiCHZ), 1.33-2.42

(m, 4, CCH2), 4,14 (s, 2, OH) and 7.0-7.84 (m, 4, ArH); F19 nmr (CClA’

External CFC13) -3860 Hz. (t, CF3); mass spec (290 eV) m/e 390; molecular weight

(benzene, VPO) 383, 394 (theory 390). Calc'd for C,,H_ F 0,Si : C, 43.06;
1472076 277,

H, 5.16; F, 29.19; Si, 14.39. Found: ¢, 43.57; H, 5.29; F, 31.44; Si, 15.08.

4. Bis(dimethylamino)methyl-3,3,3-trifluoropropylsilane

This monomer was prepared by the procedure described in a previous

5. 1,3—Dichloro—l,3—dimethyl—l,3—bis(3,3,3—trifluoropropyl)disildxane

The disiloxane intermediate was obtained using a modification3 of the

literature procedure.lO

6. 1,3-Bis(dimethylamino)-1,3-dimethyl-1,3-bis(3,3,3-trifluoropropyl)-

disiloxane
This monomer was synthesized by the procedure described by the authors

in earlier publications.3’7

C. Synthesis of Polymers.
The synthesis of the m-phenylenesiloxanylene polymers was carried out by a
general procedure which is best illustrated by the two examples (including that

for FASIL) outlined below.

1. Poly[m-phenylene-1,3,3,5-tetramethyl-1,5-bis(3,3,3-trifluoropropyl)-

trisiloxanylenel




Into a 100-ml. three~necked flask, equipped with thermometer, stirrer,
nitrogen inlet, and condenser connected to a solution of hydrochloric acid,
were placed 1,3-bis[hydroxymethyl(3,3,3-trifluoropropyl)silyl]lbenzene (3.9g,
0.01 mole), 1.33g (0.01 mole) of bis(dimethylamino)dimethylsilane and 5 ml.
of toluene. The mixture was warmed to 110° and dimethylamine began to evolve
when the temperature reached 85° . After 15 minutes of heating the remainder
of the diaminosilane, 0.15g, was added dropwise over a period of 3 minutes. The
mixture was heated for an additional 1.5 hours (or for a total of two-hours
reaction time) and then hydrolyzed with 1.5 ml. of water. Water was removed
as an azeotrope. The polymer was dissolved in 50 ml. of toluene, fiitereé,
precipitated with 50 ml. of methanol, washed twice with 30 ml. of methanol, and
dried at 260° and 0.8 Torr for 16 hours to yield 3.0 grams of poly[m-phenylene-
1,3,3,5~-tetramethyl-1,5-bis(3,3,3-trifluoropropyl) trisiloxanylene] as a trans-

lucent, viscous gum, molecular weight (VPO in benzene) 9,310; n, " = 0,04 d1/g.
in

2.  Polylm-phenylene-1,3,5,7-tetramethyl-1,3,5,7-tetrakis(3,3,3~trifluoro-

propyl)tetrasiloxanylene] with vinyl groups.

Into a 100-ml. three-necked flask, equipped with thermometer, stirrer,
nitrogen inlet, and condenser which was connected to a solution of hydroechloric
acid, was placed 5.0 grams (12,8 mmoles) of 1,3-bis[hydroxymethyl(3,3,3-tri-
fluoropropyl)silylibenzene, 4.275 grams (11,16 mmoles) of 1,3-dimethyl-1,3-
bis{(3,3,3-trifluoropropyl)-1,3-bis(dimethylaminc)disiloxane, 54.9 mg (0.36
mmoles) of methylvinylbis{dimethylamino)silane, and 5 ml. of toluene. The
mixture was warmed to 110° during which period dimethylamine began to evolve.
After 15 minutes of warming, the remainder of the diaminosilanes, 0.475 grams
(0.12 mmoles) of 1,3-dimethyl-1,3-bis-(3,3,3-trifluoropropyl)-1,3-bis(dimethyl~
amino)disiloxane and 6.1 mg (0.04 mmoles) of methylvinylbis-(dimethylamino)-

silane, was added dropwise over a period of 5 minutes. The mixture was heated
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for 1.5 hours (or for a total of two-hours reaction time) and then hydrolyzed
with 1 ml. of water. Water was removed as an azeotrope. The polymer was
dissolved in 3 ml of toluene, filtered, precipitated with 15 ml. of methanol,
washed twice with 30 ml. of methanol, and dried at 260° and 0.1 Torr for 16
hours to yield 4.2 grams of polylm-phenylene-1,3,5,7-tetramethyl-1,3,5,7~
tetrakis(3,3,3~trifluoropropyl) tetrasiloxanylene](with 3 mole percent of
vinylmethylsiloxy groups incorporated randomly onto the polymer backbone) as a

very viscous o0il, molecular weight (VPO in THF) 3,700; Tg (DSC, AT=20°/min.)

On. . =
~49%C; transparent; Ninh 0.02 dl/g.
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Figure 2. NMR spectrum of 1,3-bis[hydroxymethyl(3,3,3-trifluoro-

propyl(silyllbenzene
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