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FOREWORD

This report was prepared by Midwest Research Institute, 425 Volker
Boulevard, Kansas Gity, Missouri 64110, under USAF Contract Noe F33615=77=
C=5160, "Research on the Synthesis of Vinyl=Terminated FASIL Polymerse' The
work was administered under the direction of the Air Force Materials Labora=-
tory, Air Force Systems Command, Wright=Patterson Air Force Base, Ohio, with
Dre Harold Rosenberg (MBP) as Project Scientiste

This technical report covers the work conducted from September 1977 to
September 1978,

The work at Midwest Research Institute, designated as Project Noe 4438«L,
was conducted under the supervision of Dre Cecil Ge Chappelow, Jre, Head,
Organic and Polymer Technology Section, Environmental and Materials Sciences
Divisione The work was carried out by Mre Te Je Byerley, Mre Be Fo Hauber,
Mre Re Ke Ruckman, and Mre Re Le Elliott who served as principal investigator
and prepared this reports
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SECTION I
INTRODUCTION

This report covers work carried out in support of the Air Force effort
on the synthesis of novel fluoroalkylarylenesiloxanylene (FASIL) intermediates,
monomers and oligomers, as well as chain extenders and crosslinking agents, to
be used in the subsequent development of filleting-type aircraft fuel tank
sealants to meet long-life and broad-temperature range applications. The cured
elastomeric sealants based on the FASIL polymer system (References 1, 2, 3, and
4) have been selected by the Air Force as candidate materials to provide improved
sealants with high thermal stability, reversion resistance, chemical stability,
and required low-temperature properties. Channel sealants formulated by the Air
Force Materials Laboratory from this AFML-synthesized polymer exhibit improved
fuel and oxidation resistance, coupled with better flexibility at low temperatures,

when compared with all other candidate materials (Reference 5).

This work encompassed the investigation of the synthesis of FASIL oligomers,
their intermediates and monomers, as well as of a FASIL-type chain extender and

crosslinker.




SECTION II

DISCUSSION

The synthesis of monomers, intermediates and oligomers as well as of a
chain extender and crosslinker, is discussed in this section.

A« Synthesis of Intermediates and Monomers

The following sequence of reactions was followed to synthesize 1,3=
bis[ hydroxymethyl(3,3,3~trifluoropropyl)silyl]benzene, the diole -

CHj GH3
Gl-31-Cl + 2 GpH50H ——> CpH50-Si-00Hs + 2 HGL
Rf Rg
H3 GH3 GH3
Br- Br + 2 Mg + GpH50-$1-0CyH5 ——> GoH50-Si= ~$i-0CsHs + 2 MgBrp
Rf {{f Rf
CHy CH, CH, CHy CH, CHy
CoHe0-Sim -Si=0G,Hs —23e NaOHy v 0-bi Sizona —222 5, Ho-5i- ~$i~om
250 Lo A ! kPO, b i
£ £ £ £ £ £

Re = -GHECHQCF3

Treatment of methyl(3,3,3=-trifluoropropyl)dichlorosilane with excess
ethanol gave methyl(3,3,3-trifluoropropyl)diethoxysilanes A Grignard reac-
tion of m=dibromobenzene with this compound gave the diethoxy Grignard inter-
mediate, 1,3-[ethexymethyl(3,3,3-trifluor0propy1}silyi]benzene, which must
be purified carefully to remove ethoxymethyl(3,3,3~trifluoropropyl)silyl-
benzene, an impurity that probably results from partial reduction of m~di=~
bromobenzene during the Grignard reaction. The monoethoxy material is
hydrolyzed to the silanol during the synthesis of the diol, and the silanol
acts as a chain stopper in the oligomer preparation.

Hydrolysis of the diethoxy Grignard product gave the diol, 1,3-bis[hy-
droxymethyl(3,3,3-trifluoropropyl)silyl |benzene. The diol could be purified
by flash distillation if all traces of base were removed, and using 'pure"
diethoxy compound gave pure diols The presence of an impurity, identified
as hydroxymethyl(3,3,3=trifluoropropyl)silylbenzene, in the diol was first
detected by gel permeation chromatography using Waters Micro Styrogel Columns
(108, 105, 104, 102, 500, 102, 102 R) with tetrahydrofuran as solvent and




a UV detectore The corresponding monoethoxy derivative was found in the di=-
ethoxy Grignard compound before hydrolysis and its presence is shown in the
GPC curve in Figure 4. The monoethoxy impurity appears at an elution volume
of 73 ml, and although it appears to be a major contaminate, it is actually
present in less than 1% concentration (by GLC), but highly absorbed in UV
lighte 1Its presence could be detected by TLC on silica gel with methylene

chloride elutant as a small spot preceeding the diethoxy Grignard producte.

Occasionally the diol would polymerize rather than distill during purifi-
cation by flash distillatione This polymeric material could be reconstituted
to the diol by redissolving it in basic solution and neutralizing it again
in the buffered solution.

The other monomer, l,3-bis(dimethylamino)=1,3-dimethyl=1,3=bis(3,3,3~
trifluoropropyl)disiloxane, was prepared by the following sequence of reac=
tions:

GH3 Hy CHs

Cl-Si=~Cl + H20 ——>> 01-51-0-51-01 + 2 HC1
£ RE  RE
CH3 CHj 2}1

G1-$1-0-$i=CL + & (CHy) NH———> (CHj)oN= $1-0 i=N(GHg)y + 2 (CHy),NH,CL
Re e Rf Rf

Rg = =CHpCHpCF3

The intermediate compound, 1,3-dichloro=-l,3-dimethyl-1,3-bis(3,3,3~
trifluoropropyl)disiloxane, was prepared by the addition of water to an
excess of methyl-(3,3,3-trifluoropropyl)dichlorosilane in ethere. The best
yields were obtained when a 3:1 molar excess of dichlorosilane was employed.
About 31% of the dichlorosilane could be recovered for reuse and the amount
of higher boiling oligomers were kept to a minimume.

Treatment of the dichlorodisiloxane with excess dimethylamine gave the
dimethylamino monomere.

Vinyldimethylaminodimethylsilane, the compound used to vinyl-teminate
the oligomers, was prepared by treatment of vinyldimethylchlorosilane with
excess dimethylamines

CH)=CH(CH3)2Si-Cl + (CH3)2NH ~———3 CH2=CH(CH3)25i-N(CH3)2




Ethoxymethyl(3,3,3~trifluoropropyl)silylbenzene was prepared by a
Grignard reaction to provide proof of structure of the impurity isolated
from the diethoxy Grignard preparations.

1
@-Br + CHyRg=Si-(0CoHs)y + Mg——>> @—Ez-acz%
£

Bs Synthesis of the Chain Extender

The compound, m~phenylenebis~l-[1,3,3~trimethyl~1-(3,3,3=trifluoropropyl)=~
disiloxane], a chain extender to be utilized with the vinyl-terminated oligomers,
was prepared by the following sequence of reactionsse

CH3y Ha
C15iH + (CH3)oNH e3> (CH3)oN=Si-H
CH3 éHB
{s GH3 3 Gy Gl GH3 GHs
HO~S1=(7\N\-$i=0H + (CHj)oN~§1i=H ————> H~§1=0-$1=Z\\-$i=0-Si-K
Re Rf CHj Hy Rg éf Hg

(Alternate Procedure)

CHsg CH; CHy CHj

HO-S1 -%:a-e}z + H-%i-g- ioH
Rf Rf CH3 H3
Rf = =GH,CHyCF3

The treatment of dimethylchlorosilane with excess dimethylamine gave
dimethylaminodimethylsilane which, when reacted with the diol, gave the chain
extenders The intermediate compound, dimethylaminodimethylsilane, was dif-
ficult to isolate in pure form because of co-distillation with the usual
solvents used in the preparation; consequently, it was generally employed
as a mixture with the solvent. An alternate procedure, just recently tried,
was the reaction of the diol with tetramethyldisilazanee. This procedure gave
the chain extender in an 82% yield in one step, and the diol was not even
purified by distillation.




Ce Synthesis of the Crosslinker

The preparation of m=phenylenebis=3~[(1,1,3,5,5=-pentamethyl)trisiloxane],
for use as a crosslinking agent in the formulation of a filleting sealant
based on room temperature vulcanization of vinyl-terminated oligomers, fol=
lowed this sequence of reactions$

CH35iCly + CH30H—————3>> CH3Si(0CH3),Cl
(?CH3)2 (OCH3)2

CH3Si(OCH3)2Cl + Br-@-Br + Mg ———> CH3Si-©-SiCH3

(C!JGH3)2 (Cl)CH3)2 ?12 ?12
CH3Si-@-SiCH3 + S0Cly ———> CH3Si-©-SiCH3
9H3 CHn
H=$i=0 0-$icm

H H
3 GHs3
01221 =5iCly + (GCH3)SiHCl + HyO ———e> §i= -51i
§H3 / \ CH3
0-

i=0 O=Si~H

&H3 &H3

Chlorodimethoxymethylsilane was prepared by the addition of two equivalents
of methanol to one equivalent of methyltrichlorosilane, and its Grignard reac-
tion with m~dibromobenzene gave 1,3=bis(methyldimethoxysilyl)benzenees This
tetramethoxy derivative was converted to the tetrachloro compound by treat-
ment with thionyl chlorides A co~hydrolysis reaction with chlorodimethyl=
silane and high-speed stirring gave the crosslinker in 847 yield.

De Oligomer Preparation

The oligomer was prepared by the reaction of the diol, 1,3-bis[hydroxy-_
methyl(3,3,3~trifluoropropyl)silyl |benzene, and the diamine, 1,3=bis(dimethyl=-
amino)=1,3=dimethyl=1,3=bis(3,3,3=trifluoropropyl)disiloxanes




CHs ?33 H

7 : fH3 233
Hs-§1-[:::]-§1-0H + n (H3G}2N-§1-G-§1-N(CH3)2-——-ey

Rf Re £ £

CH, CHy CHy GHy
He| ~0-$1= 2 \-$1=0-81=0-81- |-0H + 2n(GHs) NH
éf Rf éf éf n

The initial study of oligomer preparation investigated the effect of
monomer stoichiometry and the solvent amount. A mixture of the monomers was
heated to reflux in toluene. Initially, the dimethylamine evolution was
rapid, but ceased after 2 hr. Results were assessed in terms of inherent
viscosity detemined in tetrahydrofuran at 30° at a concentration of 0.5 g/

100 ml. Although there was a wide range of results, a low diamine to diol
ratio gave low molecular weight oligomers and higher solvent amounts tended also
to give low molecular weight oligomerse. These results are summarized in

Table 1, page 13.

E. Inherent Viscosity = Molecular Weight Relationship

Six of the oligomers reported in Table 1, page 13,were selected for
number=average molecular weight determinations by membrane osmometrys. From
the inherent viscosities and apparent number average molecular weights ob=-
tained, the constants in the Mark-Houwink equation, 7 = KM%, were determined
to be K = 1489 x 10~% and a = 0.63.

Fe Oligomer Sample Preparation

Using the knowledge and experience obtained in the preliminary oligomer
study, three 250-g samples of oligomers within the range of 0.03, 0.04, and
0.05 inherent viscosities were preparede Out of 15 oligomer preparations,
only one went awry, that is, one came out with a molecular weight that was
too highe These oligomer data are summarized in Table 3, page 16. The
weight of the sample with an inherent viscosity of 0.052 was raised to 250 g
by incorporating 32 g of oligomers in the desired molecular weight range
that had been prepared previously. Infrared and NMR spectra and GPC curves
were obtained on these vinyl~terminated oligomers. These samples were for-
warded to the Air Force Materials Laboratorye.

Vinyl termination was accomplished by reacting the silanol-temminated
oligomers with vinyldimethylaminodimethylsilane.




?H3 CH3 CH3 CH3 (|3H3
H-| ~0-51- ~§1=0-51=0-$1= |-OH + (H3C)oN-51-CH=Cy ——>

Rg Rf Rf £ CH3
CHz" GCH3  CH3 GH3 CHz) GHs
HyG=HC-$1~ | =0=5i= ~$1=0-51=0=51= |~0=51~CH=CHy
CH3 Rf Rf Rf Rf n CH3

Rf = -CH2CHZCF3




SECTION III

EXPERIMENTAL

Temperatures were recorded in degrees Centigrade. Infrared spectra were
measured on a Perkin~Elmer Infracord 137 in the phases notede NMR spectra
were measured on a Varian 360 A. GLC spectra, for quality control, were
measured on a Perkin~Elmer Model 154 Fractometer. GPC curves were meg=
sured on a Waters 301, UV detector (254 nm). Microanalytical work was per=
formed by Sprang Microanalytical Laboratorye.

As Methyl(3,3,3=trifluoropropyl)diethoxysilane

In a 1-1, three~necked flask (flamed dried under nitrogen) was placed
422 g (240 moles) of methyl(3,3,3-trifluoropropyl)dichlorosilanes Absolute
ethanol (230 g,5.0 moles) was added slowly in 1 hr. The reaction initially
was endothermic and the temperature was maintained at 15° with an ice bathe.
The reaction mixture was purged with nitrogen while it was heated to 60° in
2 hre The excess ethanol was removed by distillation, and distillation of
the residue (using an unpacked column) gave 382.8 g (82%) bepe 92° (90 tm).
(infrared spectrum, Figure 1).

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

Into a 2-1 flask (flame—dried under nitrogen) was placed 40.0 g (165
g=atom) of oven—dried magnesium turnings, 100 ml of THF, and 2-5 g of the
total 188 g (080 mole) of 1,3-dibromobenzene, and the reaction was initiated
by use of a heating mantles. The remaining 1,3-dibromobenzene in 360 ml of
THF was added in about 1 hre After the mixture was refluxed for 4 hr, 450
ml of THF was added, and the mixture was cooled to ice—bath temperatures.
Methyl(3,3,3~trifluoropropyl)diethoxysilane (386 g, le6 moles) was added in
Oe5 hre The mixture was refluxed for 2 hr, then cooled to room temperature
and filtered. Solvent was removed from the filtrate on a rotary evaporator.
The gummy residue was washed with about 3 liters of petroleum ether in a
Waring blender until the salts were a fine, white, free=flowing powder.
After the solvent was evaporated, distillation through a 4~plate Oldershaw
colum gave 230 g (64%) of product, boiling range 100-108° (0.2 mm).

Redistillation through a 10-plate Oldershaw column gave pure material
beps 93-94° (0405 mm), single pot, TLC. An infrared spectrum is shown in
Figure 2, and a GPC curve is shown in Figure 3. A GPC curve showing the
material before removal of "the impurity component' is shown in Figure 4.




When methyl(3,3,3~trifluoropropyl)diethoxysilane was added to the
Grignard reagent at reflux instead of at 0°, the yield of product was 47%
(for eight reactions)e Concomitant addition, where the diethoxysilane and
m~dibromobenzene were added together, gave only a 347 yield. Inverse addi=-

tion, where the Grignard reagent was added to the diethoxysilane gave a 439%
yield-

An impurity, ethoxymethyl(3,3,3=trifluoropropyl)silylbenzene, bepe 80°
(2 mm), n%5 1.4451, is present in the early distillation fractionse. This
material can be hydrolyzed to the silanol, and if it is not removed at this
step, it will carry over into the diol preparation and act as a chain stopper
in polymerization reactionse An infrared spectrum is shown in Figure 5.

Ce 1,3-Bis[hydroxymethyl(3,3,3~trifluoropropyl)silyl benzene

This compound was prepared by a modification of the procedure described
by Pike (Reference 6)e¢ To a solution of 16.0 g (0440 mole) of sodium hy-
droxide in 15 ml of water and 70 ml of methanol was added 44.6 g (0.10 mole)
of 1,3=bis[ethoxymethyl(3,3,3~trifluoropropyl)silyl]benzene in 5 min. A
solution of 16 g (040 mole) of sodium hydroxide in 80 ml of water was added
in 5 min, and the solution was stirred for 0.5 hre After the solution was
poured slowly into a solution of 122.4 g (0.9 mole) of potassium phosphate
(monobasic) in 1 liter of water and 500 ml of crushed ice, it was allowed to
stand for 0.5 hre. The water layer was decanted from the lower viscous layer
and extracted three times with 50 ml of methylene chloride. The lower viscous
layer was also extracted with two washes of methylene chloridee The combined
methylene chloride layers were washed four times with 100 ml of water, and
stripped of solvente A short-path distillation gave 372 g (94%) of diol,
bepe 126=132° (0403 mm), (infrared spectrum, Figure 6)s A GPC curve of the
pure diol is shown in Figure 7 and a GPC curve of the diol with '"the im=
purity" is shown in Figure 8.

Sometimes during the course of a distillation of the diol, the material
in the distillation pot will undergo self=-condensation to dimer and higher
material because of the presence of trace amounts of basee Such material may
be reconverted to the diol as demonstrated by the following procedure.

The pot residue of an aborted distillation of the diol, weighing 80.9 g
(0207 mole based on the diol) was diluted with a solution of 498 g (14245
moles) of sodium hydroxide in 110 ml of methanol and 125 ml of water. The
mixture was stirred for 5 hr and allowed to stand for 90 hr. The clear
solution was slowly poured into an ice-water solution containing 170 g
(1e245 moles) of potassium phosphate (monobasic) and worked up as a regular
diol preparation. Distillation gave 686 g (85%) of diol boiling at 138~
140° (0408 mm)e




De 1,3-Dichloro~l,3=dimethyl=1,3=-bis(3,3,3-trifluoropropyl)disiloxane

In a 500-ml flask (flame-dried under nitrogen) were placed 200 ml of
ether and 211 g (1.0 mole) of methyl(3,3,3-trifluoropropyl)dichlorosilane.
A solution of 6.0 g (0433 mole) of water dissolved in 44 ml of tetrahydro-
furan was added slowly with rapid stirring. Hydrochloric acid evolved dur-
ing the addition was swept into a water trap with nitrogen. After the addi-
tion was completed, the ether was removed by distillation. Distillation of
the residue gave 64.6 g (31% recovery) of methyl(3,3,3-trifluoropropyl)di-
chlorosilane, bepe 75° (140 mm), and 80.3 g (66%) of the disiloxane, bepe. 110~
111° (15 mm).

The best yields were obtained when the molar ratio of dichlorosilane
to water was 3:l. Lower ratios of 2.25 and 2.5:1 gave yields of 55 and 58%,
respectively, and a higher ratio of 4:1 gave about 53% yields.

Ee. 1,3=-Bis(dimethylamino)=1,3=dimethyl=1,3=bis(3,3,3~trifluoropropyl)di=-
siloxane

About 70 ml of dimethylamine was condensed into a flask cooled to =-70°
and diluted with 475 ml of petroleum ether. As the temperature was main=-
tained at =20°, 78.4 g (0.21 mole) of 1,3~-dichloro=1,3=dimethyl~l,3=bis~
(3,3,3=trifluoropropyl)disiloxane was added in 0.5 hr. The reaction mixture
was stirred at =20° for 0.5 hr and allowed to warm to room temperaturee. The
salts were removed by filtration and washed with petroleum ethere The com=~
bined filtrates were stripped of solvent, and distillation of the residue gave
61.3 g (75%) of product, beps 109-110° (9 mm) (infrared spectrum, Figure 9).

F. Vinyldimethylaminodimethylsilane

To an excess of dimethylamine in petroleum ether cooled to =20° was
added 24.2 g (0.20 mole) of vinyldimethylchlorosilane. After the addition
was completed, the mixture was stirred as it was allowed to warm to 25°,
The salts were removed by filtration, and distillation of the filtrate gave
12.5 g (48%) of product boiling at 102° [Lit. bep. 105-106° (Reference 7)].

Ge. Ethoxymethyl(3,3,3=trifluoropropyl)silylbenzene

Distillation of combined low-boiling fractions from the preparation of
1,3-bis[ethexymethyl(3,3,3-trifluorcpropyi)silyi]benzene gave material boil-
ing at 9% (5 mm), n26 1.4452, single peak GLG. This material was identical
to ethoxymethyl{B,3?3-triflu0repropyl}silylbenzene prepared by the reaction
of methyl(3,3,3~-trifluoropropyl)diethoxysilane, bromobenzene, and magnesium,
bepe 80° (2 mm), nié 144451+ The NMR, GLC, and IR spectra were identical.
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He Preparation of Extender - nghenylenebis-l-[l,S,3—trimethy1—1—(3,3,3-

trifluoropropyl)disiloxane ]

l. Dimethylaminodimethylsilane: To a solution of 50 ml (40.5 g, 0.9
mole) of dimethylamine in 200 ml of heptane at =20° was added dropwise 28.3
g (0.3 mole) of chlorodimethylsilane while the temperature was maintained
at =20 to =10° with a Dry Ice bathe After the chlorosilane was added, the
mixture was maintained at =10° for 0.5 hr, and allowed to warm to ambient
temperatures. The mixture was filtered and the salts were washed immediately
with heptane. The combined filtrates was distilled, and the product was
collected as a mixture with heptane. A fraction weighing 73 g contained
18 g (58%) of dimethylaminodimethylsilane (by GLG), boiling at 65-90°.

2 grPhenylenebis-l-[l,3,3—trimethy1—1-(3,3,3-trif1uoropropy1)di-

siloxane|: To 18 g (0417 mole) of dimethylaminodimethylsilane contained in
a 73-g mixture with heptane was added 30 g (0408 mole) of 1,3=-bis[hydroxy-
methyl(3,3,3~trifluoropropyl)silyl |benzene dissolved in 50 ml of ether.
The mixture was heated to reflux for 0.5 hr, and then cooled and stripped of
solvent on a rotary evaporatore. Distillation gave 36.3 g (93%) of slightly
impure producte Redistillation gave 2645 g (68%) of product, beps 94=95°
(0.06 mm), single peak (GLC), n%6 144281 (infrared spectrum, Figure 10).
Anale Calcde for CygH39FgSi4003: G, 424663 H, 6375 F, 22449; Si, 22.17.
Found: G, 42.743 H, 64265 F, 22,603 Si, 22,04,

In an alternate synthesis, 30.3 g (0.078 mole) of diol which had been
prepared by the hydrolysis of the diethoxy compound by the usual procedure,
but not purified by distillation, was dissolved in 35 ml of ether and added
to a solution of 12.4 g (0.093 mole) of tetramethyldisilaxane in 100 ml of
hexane at 55°« After 2 hr of reflux, distillation gave 32.3 g (82%) of the
extender boiling at 104° (0.l mm), single peak GLG.

I. Preparation of Crosslinker — m-Phenylenebis-3-[(1,1,3,5,5-pentamethyl)tri-

siloxanel

le (Chlorodimethoxymethylsilane: To 14945 g (1.0 mole) of methyltri-
chlorosilane was added 6440 g (240 moles) of anhydrous methanol dropwise
under a nitrogen atmospheres. The reaction was endothermic. After the addi=
tion was completed, the reaction mixture was purged with nitrogen and heated
to expel hydrochloric acid. Distillation gave 129.7 g (89%) of chlorodimethoxy=-
methylsilane, bepe 93~95°C. "

2. 1,3=Bis(methyldimethoxysilyl)benzene: The procedure followed was
similar to that of Breed (Reference 8) for the preparation of the l,4=deriva-
tives A flask (flame-dried under nitrogen) containing 10.7 g (0.44 geatom)

11



of magnesium turnings, 3+4 g (0.014 mole) of m~dibromobenzene and 20 ml of
tetrahydrofuran was warmed to initiate reaction. Then a mixture containing

43.8 g (0.186 mole) of m-dibromobenzene, 6148 g (0+44 mole) of chlorodimethoxy~
methytsilane and 90 ml of tetrahydrofuran was added dropwise so as to maintain
refluxe The mixture was refluxed 2 hr after the addition was completed and
cooled to 26°. The reaction mixture was diluted with hexane to precipitate
the salts, filtered, and the salts were washed with more hexane. The com-
bined filtrates were stripped of solvent and distillation gave 29.7 g (52%)

of product boiling at 105-108° (0.3 mm)e.

3. 1,3-Bis(dichloromethylsilyl)benzene: The procedure followed was
similar to that described by Roberts (Reference 9)e To 125.9 g (0.44 mole)
of 1,3~bis(methyldimethoxysilyl)benzene was added 235.7 g (1.98 moles) of
thionyl chloride in 2 hr. The mixture was heated to 85° (reflux) for 5 hr,
and excess thionyl chloride was removed by distillation. Vacuum distillation
of the residue gave 98.8 (74%) of 1,3-bis(dichloromethylsilyl)benzene, bsps
92-93° (0415 mm).

b4e nghenylenebis-B-[(l,1,3,5,5-pe§tamethy1)trisiloxane]: To a 2-1
flask containing 700 ml of water was added dropwise a mixture of 57.6 g
(0.189 mole) of 1,3-~bis(dichloromethylsilyl)benzene and 142.9 g (1.51 moles)
of chlorodimethylsilane in 100 ml of toluene in 0.5 hr, similar to the
procedure described by Kim (Reference 1Q, while being stirred at high speed.
After the mixture was stirred an additional 0.5 hr, the toluene layer was
separated, washed with water and dried over sodium sulfate. Distillation
gave 73.4 g (84%) of product, bep. 106° (0.06 mm), n%ﬁ 1+4383, single peak
(GLC) (infrared spectrum, Figure 11).

Anale Calcds for 6163388163&: Cs 41‘50; H, 8‘2?; Si, 36.40. Found:
C, 41&5?5 H, 8.33; Si, 36c88, 37.00.

Je 1Initial Study of Oligomer Preparation

In order to define the parameters for the preparation of FASIL oligomers
in a desired molecular weight range, the effects of the solvent amounts and
the stoichiometry of the monomers, 1,3=bis[hydroxymethyl(3,3,3~trifluoro=-
propyl)silyl]benzene (the diol) and 1,3-bis(dimethylamino)=-1l,3-dimethyl~1,3~
bis(3,3,3~trifluoropropyl)disiloxane (the diamine), were investigated. Such
a series of experiments is listed in Table 1, and the general polymerization
procedure was as follows:

A solution of 5.0219 g (0.0129 mole) of diol and 4.7983 g (0.0125 mole,
96.9% of stoichiometry) in 10 ml of toluene (a 2:1 ml of solvent to grams
of diol ratio) was heated to reflux for 2 hr while a slow flow of nitrogen
was passed through the systeme The evolution of dimethylamine had ceased by
this time. The toluene was removed on a rotary evaporator, and the residue

12




TABLE 1

EFFECT OF SOLVENT AMOUNT AND MONOMER STOICHIOMETRY
ON FASIL OLIGOMER PREPARATION

Diamine/Diol Solvent/Diol
Ratio Ratio Inherent Viscosity

Run No. (%) (ml/g) (dl/g)
1 81 5:1 0,041
2 83 5:1 0.042
3 85 5:1 0.031
4 85 5:1 0.046
5 86 2:1 0.044
6 87 5:1 0.058
7 88 2:1 0,052
8 90 2:1 0.064
9 90 2:1 0.094
10 90 2:1 0.063
11 90 5:1 0.059
12 90 2.5:1 0,065
13 90 7.5:1 0.060
14 90 5:1 0.066
15 92 2:1 0.093
16 9 2:1 0.103
17 9% 2:1 0.040
18 9% 2:1 0.042
19 95 2:1 0.063
20 95 2:1 0.089
21 95 5:1 0.087
22 95 2.5:1 0.085
23 95 7.5:1 0.097
24 95 5:1 0.082
25 96 2:1 0.067
26 962/ 2:1 0.039
27 96 2:1 0.070
28 % 2:1 0.046
29 97 2:1 0.050
30 97 2:1 0.050
31 97 2:1 0.060
32 97 2:1 0.054
33 972/ 2:1 04075

34 97 2:1 0.075¢/
35 08 2:1 0.062
36 100 2:1 0.054
37 1002/ 2:1 0.026
38 100 2:1 0.101
39 100 5:1 0.107
40 100 7.5:1 0.097
41 105 2:1 0.037

a/ The solvent was tetrahydrofuran.
b/ The diol was redistilled.
¢/ After end-capping, the viscosity was 0.071.
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was devolatilized at 200 (0.1 mm) for 2 hre There was obtained 8.3 g (93%)
of oligomer with an inherent viscosity of 0.050.

With the exceptions noted in the table, all experiments followed this
procedure. The inherent viscosities were determined at a concentration of
0«5 g of oligomer per 100 ml of tetrahydrofuran at 30° since the oligomers
were not completely soluble in toluenes

Ks Inherent Viscosity=Molecular Weight Relationship

Six FASIL oligomers, representing a range of molecular weights, were
selected for number-average molecular weight determination by membrane
osmometrys These samples were washed with methanol and devolatilized so as
to obtain a single peak by gel permeation chromatography (GPC).

Osmometry determination of number~average molecular weight averages
were determined at 4-5 concentrations each in tetrahydrofuran, and the
limiting values of reduced osmotic pressures at zero concentration were
obtained by extrapolation to infinite dilution. The molecular weight aver=
ages, M,, were calculated from the latter. These were graphically plotted
against the inherent viscosity values and a straight line plot was obtained
by least squarese This curve was used to project the experimental points to
the curve, which allowed the assignment of "apparent M," values. The re-
sults are shown in Table 2. GPC curves are shown in Figures 12-17.

TABLE 2

MOLEGULAR WEIGHT DETERMINATION

Sample Noe Initial Viscosity Final Viscosity M Agggrent
(Table 1) (di/g) (d1/g) 10

41 0.037 04050 7,200 6,800

7 0.052 0.057 16,000 9,500

35 G.062 0.085 12,000 13,200

27 0.070 0.091 21,000 23,300

15 0.093 0.113 23,000 23,600

16 0.103 G125 30,000 29,700

The inherent viscosities for these polymers were plotted against their
apparent molecular weights and a straight sine was obtained on log-log paper.
The slope of the curve (a) was 0.63 and the Y intercept (K) was 1l.89 x 1077,
The viscosity Ty was obtained with these (a) and (K) values with the Mark~-
Houwink equation, 7 = KM .
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Light-scattering determinations were unsuccessful because the refrac-
tive index of the solvent, tetrahydrofuramn, was so close to that of the
polymer solution that the light-scattering increments were not well dis-
tinguished above baseline scatter.

Le Oligomer Preparation

In a typical oligomer preparation,a flask containing 29.9998 g (0.077
mole) of freshly-prepared diol and 130 ml of dry toluene was heated to 55°
and 2346316 g (0.0615 mole, 80.0% of stoichiometry) was added dropwise over
a Oes5-hr period as the temperature was raised to reflux. After 2 hr, a
sample had an inherent viscosity of 0¢041 dl/ge To insure silanol termina-
tion, 5 ml of water was added and after 0.5 hr of reflux, the water was re=
moved with a Dean-Stark trape. Some toluene was distilled out to insure that
all water was out of the system, and the oligomer was end-capped by the
addition of excess vinyldimethylaminodimethylsilane as the solution was re=-
fluxed for 2 hre Solvent was removed on a rotary evaporator, and the residue
was heated to 200° (0.l mm) for 2 hre The oligomer, weighing 48.2 g, had
an inherent viscosity of 0,040 dl/g (in tetrahydrofuran at 30°).

In general, the molecular weight of the oligomer could be controlled
by the stoichiometry of the monomers (the diamine to diol ratio) and by the
solvent to diol ratio (ml/g)e An example is shown in Table 3, where the
syntheses of three 250 g-samples of oligomers, vinyl-temminated, are listed.
The three inherent viscosities desired were 0403, 0.04, and 0.05 dl/ge These
three samples were forwarded to the Air Force Materials Laboratory. The
infrared spectra for samples Nose 1, 3, and 3 are shown in Figures 18, 19,
and 20, respectively; the GPC curves in Figures 21, 22, and 23, respectively;
and the NMR spectra in Figures 24, 25, and 26, respectivelye.
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TABLE 3

SYNTHESIS OF OLIGOMERS = VINYL~TERMINATED

003 (Sample No.

(W N R WV S

0«04 (Sample No.

Lo O U o < T % 4

0405 {Sample No.

11
12
13
14
Misce

a/ After end-cappinge

16

Finaiéf
Inherent Inherent
Diamine/Diol Solvent/Diol Viscosity Viscosity Weight
(%) (ml/g) (dl/g) (dl/g) (g)
1) (Composite viscosity 0.034)
80,0 6:1 0.032 0.023 48.9
80.0 5:1 0.030 0.033 48,0
SDQG ?QS:}. 05026 00028 59.5
8040 5:1 0.032 0.030 53.4
80.0 421 0.035 0.029 534
2) (Composite viscosity 0.040)
80.0 42l 0.042 0,040 4842
8§0.0 5:1 0.037 0.040 51.3
82 .5 421 0.044 0.043 5443
8245 4:1 0.044 0.042 57.1
82.5 431 0,044 0.041 59,9
3) (Composite viscosity 0.052)
85.0 4:1 0,049 0.048 53.3
8745 421 0,051 0,049 59.7
90.0 421 0.063 0.051 5448
800 421 0.051 0.047 572
- - - 0.052 32.1
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Figure 12 ~ GPC Curve of Oligomer No. 41 (Table 1)

28



4 45 JU TG S T 0 G . DU O
A O I ¢ I - 1+
U S 0 L B 9 6 I 5 1 0 0 Iy 4 . _
At - 34 At 4+ [ A 4]
- -t - ]

70

177 147 N
ot N
-
ot
. i i °
= O i
= O N g 0 | |

if
[

50

40

Telg)
CAY

a0
oV

o0

40

in

=4

30

|
|

i
!
T

- 1
!
:

d, = 10‘67.

By = 8,470

20"

(by GPC) = 8,320
¥, (by GpC) =13,916

(o]
o
wy
2
[=a)
n
= RN 7 AT
n i REN Tt
+ NN 11 R
g
4 g HirHT T T ,
1 & & T T g anEE
Sy : Ny T T = T
T T &
{q- ~t .- - ST QI PN P — . —f [ I S v B R )
u T ; T ST 1T
SRR VT BEREEES NS AN ki)
- T H ] EEERERAEER
i . -] 4114 4 vv'.ﬁl vxv; -4+ L|r‘ 1 <| i I
1 : T T

Figure 13 = GPC Curve of Oligomer No. 7 (Table 1)
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Figure 14 = GPC Curve of Oligomer No. 35 (Table 1)
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Figure 15 = GPC Curve of Oligomer No. 27 (Table 1)
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Figure 16 = GPC Curve of Oligomer No. 15 (Table 1)
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Figure 22 = GPC Curve of Oligomer Sample Noe. 2 (250 g)
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Figure 23 = GPC Curve of Oligomer Sample Noe. 3 (250 g)
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