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Central Research Department* and Elastomer Chemicals Department
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Synopsis

Thlocarbonyl fluoride, fluoroalkylthlo. acid fluorides,
and fluorothloketones are converted to high molecular weight
polymers by anionic initiation at low temperatures. Amorphous
polythiocarbonyl fluoride, (CP2S)n, is a tough elastomer that la
extraordinarily resilient. Because polythiocarbonyl fluoride
has a melting point of 358 It slowly crystallizes at roonm
temperature to an opaque, stiff plastic. The glass transition
point of the polymer is very low, being -118®. Polytrifluoro-
thioacetyl fluoride and polyhexafluorothioacetone are also
elastomeric, but neither have the high resilience that is
characteristic of polythiocarbonyl fluoride, Polyhexafluoro-
thioacetone slowly depolymerizes at room temperature,

A new and unusual series of polymers has been obtained

through study of thlocarbonyl fluoride, and its close
* Contribution No, 1088,

N Presented in part at the 175th Meeting of the American Chemical
Society, September, 1963J New York, N.Y.



relatives, which have been described In earlier papers. In

our early studies of these compounds. It was discovered that thlo-
carbonyl fluoride can be polymerized by storage in stainless steel
cylinders. Products so obtained are waxes having molecular weights
in the 2000-5000 range. More careful examination of the polymerl-
zablllty of thiocarbonyl fluoride and other fluorothio acid fluorides
established that these compounds undergo polymerization In anionic
and in free-radical systems. This paper describes polymers obtained
by anionic initiation. Free-radical polymerization will be the
subject of a later paper.

Polythiocarbonyl Fluoride. - Anionic polypierlzation of thio-
carbonyl fluoride takes place rapidly at low temperatures under
anhydrous conditions in aprotic solvents, of wvrfilch anhydrous ether
appears best. The polymer is a high molecular weight, linear

chain of structure 1I.

Such a structure is supported by nuclear magnetic resonance, which
shows only one resonance at 45.5 ppm. higher field than that of
CCI5P used as an external standard. The proposed structure is also
supported by its infrared absorption spectrum, which shows a broad
absorption band near 9 p for C-P and a strong band at 12.25

for C-S.

The molecular weight of polythiocarbonyl fluoride 1is
greatly influenced by polymerization temperature and polymerization
medium. Low temperatures favor high molecular weight. At -788,
polymers with inherent viscosities of 4 to 6 are readily obtained
if the polymerization is carried out in anhydrous ether using di-
methylformamide as an initiator. Higher temperatures favor lower
molecular weight. For example, at -50® products can be obtained

that have inherent viscosities around 2.0,



The molecular weight of the polymer Is also Influenced
by the Initiator employed. Tetralsopropyl tltanate Is somewhat
like dImethylfonnamide In that It also leads to high molecular
weights. Polymers with Inherent viscosities of 2 to 4.5 are
obtained with this initiator at low temperatures in either ether
or petroleum ether. Intermediate molecular weights are formed
with tetralsopropyl tltanate in ether by use of isopropyl alcohol
as a chain-transfer agent. At a relatively high temperature,
such as -25@~ in chlorofom and in the presence of a relatively
large amount of tetralsopropyl tltanate, thiocarbonyl fluoride is
converted to low molecular weight oils- Other compounds effective
as initiators include aluminum isopropoxide, di(hydrogenated-
tallow)dimethylammonium methoxidé and chloride, N-nitrosodimethyl-
amine, dlisopropylamine, and triethylamine.

The high molecular weight polymer is a tough elastomer
that is highly resilient and surprisingly resistant to chemical
attack. Pressed films, when stretched and then released, retract
with the lively snap of a highly resilient rubber. Measurements
by the Yerzley method Indicate a resilience of 95> which Is an
exceptionally high value.

The crystalline-amorphous transition for polythio-
carbonyl fluoride is 55 As a result, rubbery films obtained by
hot-pressing slowly crystallize on storage at room temperature to
opaque, nonelastic films. Upon sufficient extension at room
temperature, the rubbery films cold-draw with simultaneous
crystallization of the polymer and orientation of the chains.
Oriented crystalline filjas have tensile strengths of about
11,000 psl. and an ultimate elongation of roughly 90". These

films are easily remelted to reform the highly resilient elastomer.



Though Its melting point Is high for use as an elastomer, the
polymer has an exceptionally low glass transition temperature.

This point, as measured by the torsion pendulum method, is -1180,

Polythiocarbonyl fluoride survives brief treatments
in boiling fuming nitric acid without apparent damage. However,
it is slowly degraded in such a medium. For example, boiling in
fianing nitric acid for 21 hours caused the inherent viscosity of
one sample to drop from 3-75 to 0.54, The polymer is also
surprisingly resistant to boiling aqueous sodium hydroxide. It
shows no change when boiled for short periods, although it slowly
loses weight upon long-term treatment. After 21 hours in boiling
10~ NaOH, the polymer loses about 97 of its weight with essentially
no change 1in inherent viscosity. However, polythiocarbonyl
fluoride is rapidly attacked by bases that wet the surface of
the polymer. For example, trlethylamine or pyridine cause it to
decompose rapidly and completely at room temperature. The
products are thiocarbonyl fluoride monomer and a small amount of
a black solid. Sensitivity to organic bases is believed to
involve reactive end groups. Oils (Il) capped with CPj-, which
have been formed by reaction of antimony pentafluoride with
polythiocarbonyl fluoride, are totally unaffected by amines, even

at elevated temperatures.

-eCPg-SAN e > CF5S(CF2-S->AACF5



The maximum service, temperature of polythlocarbonyl
fluoride Is about 175". At higher temperatures”™ the polymer
unzips to regenerate thlocarbonyl fluoride monomer. This
behavior also has been traced to the reactive end groups of
the polymer. The oils capped with cps- (Il1) are stable to 5000
when heated In nitrogen, although they do oxidize when heated
In air.

An Insight Into the mechanism of the formation of
polythlocarbonyl fluoride c£in be deduced from an examination
of end groups coupled with spectral and molecular weight data*
Reaction of methanolwith high molecular weight polymer
prepared by dImethylfonnamlde Initiation Indicated that, on the
average, there Is one group per chain capable of reacting with
methanol. Infrared studies indicate this reactive group 1is
-CJtsS, although some chains also contain -CFt:0. Low molecular
weight polymer prepared by dimethylformamide initiation in
methylene chloride at -250 has infrared bands at 5.7 8.2, 10.1,
and 15.1 VW Th® 5.~ p bcuid is assigned to -SCFtO; COPg absorbs at
5.25 p and RfCPO absorbs at 5-3 p. This band is not present in
the spectrum of polymer that has been reacted with methanol. The
amount cf-SCP=0 end group is small, however, because it cannot
be detected by fluorine NMR. The 8.2 )X band is assigned to -CP
absorption in -SCP=S. The basis for this assignment Is that
the band Is present whether or not there is -SCI®=0 absorption,
and polymer in which -SCF"0 absorption is missing reacts with
methanol to liberate HP and to form a product that does not
absorb at 8.2 x but does show CH stretching absorption at 3.5 p#
CH2 deformation absorption at about 6.9 p, and a strong band at



7*9 > that Is believed to be -C-0- stretching absorption. These
results are In fair agreement with changes In Infrared absorption
of the model compound CPASCFAS that are brought about by reaction
with methanol to form CP3SCSOCH5. Exact assignments
are difficult because of several discrete CP absorptions
that do not appear as resolved peaks In the spectra of the polymers.
Additional support for the -SCJWS end group has been obtained
by ldentification of a small amount of fluorine resonance at
71.5 ppm, lower field than that of CCI5P (external standard) In
the NMR assignable to P In -SCF=S. This resonance Is eliminated
by the methanol reaction.

The 10,1 p Infrared band has not been assigned. That
It Is associated with a reactive group is demonstrated by its
removal upon reaction of the polymer with methanol.

The 15.1 X band Is assigned to the -SCF5 end group.
This grouping has a characteristic absorption at about 13 as
Is shown by the Infrared spectra of such model compounds as
CPJSCPAS and CP3SCSOCH3, Also, fluorine NMR of low molecular
weight oils have a definite resonance at 37*6"ppm. higher field
than that of CCI5P (external standard) In agreement with data
obtained for SCP5 in CPJSCFAS. Intensity of the 15«1 H band varies
with molecular weight but i1s unaffected by the methanol reaction.
Increased intensity of the 15»1 )X band is achieved by reaction
of the polymer with suitlmony pentafluoride or
sulfur tetrafluoride. These results support the assignment

because both treatments convert -SCP~0 and -SCFAS to -SCP5,



End group studies on low molecular weight polymers
made by Initiation with tetraisopropyl titanate show that
initiator fragments are In the polymer. The polymers examined
were made in chloroform at -250. In the infrared spectra of
these products, a double peak appears at 7.24 wi, which is
characteristic of gem-dImethyl groups. The spectra further
show the expected CH absorption at about 3.3 and CHg
deformation absorption at about 6,8 yi. These absoiTptions are
not noticeably affected by treatment with methanol. On the
other hand, reaction with thlonyl chloride reduces gem~dImethyl
absorption to the point where i1t cannot be detected and at
the same time leads to the formation of the p band assignable
to -SCFM0, which is not present in the spectrum of the mtreated
polymer. Since the only reasonable source of the gem-dimethyl
group 1s the isopropoxy unit in tetraisopropyl titanate. It seems
probable that initiation in this case involves generation of
isopropoxy anions from the titanate. Such isopropoxy ends are
destroyed by reaction with thlonyl chloride, which converts them

to acid fluoride groups.



Polythloce”rbonyl fluoride prepared by dImethylformamlde
Initiation does not appear to contain Initiator fragments. This
conclusion Is based on polymerizations In iirtilch the initiator was
0 -tagged dImethylformamlde having sufficient activity to be
detectable even if the kinetic chain length were in excess of
10 million. Polymers from such polymerizations were inactive,
which may mean the initiator is very loosely held coid readily
replaced during work-up or, as we believe more likely, the
dlmethylformamlde is not the primary initiator.

We propose that the first step in Initiation with
dimethylfoimamide is reaction of the amide with other material

to form a base.

DWW + HB - > DMFH* + B®

This other material could be an impurity, such as traces of HP

Then, initiation would be

+ CR2=S - > BCPg-S®

In the case of tetralsopropyl titanate initiation, B 1is
g
(CH3)2CHO . Propagation is visualized as a straightforward

anionic chain reaction.



BCPA-S® + nCP2=S  —— > B(CF2S)nCP2S®

15 In the course of dimethylformamlde-Initlated polymerizations,
such end groups as -SCPgOH are formed, acid fluoride groups would
be generated "by spontaneous loss of HP.

The occurrence of -CFt:S end groups In the polymer 1is
compatible with a chain-transfer mechanism for chain termination.

This could involve ejection of a fluoride ion to form III.

N———SCP2SCP2S®  —----—-- > —— SCP2SCP=S + P®

Addition of a proton supplied by traces of water or HP to give

rv is also conceivablee

SCP2SCP2S® + > s SCP2SCIJ”SH
v
Attempts to identify — SCP2SH in the polymer have failed, and

we believe this method of termination is unlikely. In any event,
rv would spontaneously lose HP to regenerate *111.

The fluoride i1on supplied by the termination reaction
Is responsible for initiation of additional chains. This and

subsequent reactions are visualized as follows:



CPjS* + ncr*=s -—> CP3S-(-CI™9S)jj3j — CIN-S®

CFAS-f- CflgS)y — CFg-S° --—--> CfAS-f CflaS)n-1I" + I'®

Polymers from Fluoroalkylthloacyl Halides and Pluoro«
thloketones, - Compoimds obtained by substitution of fluoro-
alkyl for the fluorine in CB”=S also respond to anionic
initiation, Trifluorothioacetyl fluoride and difluorothioacetyl
fluoride each polymerize under the optimum conditions
for thiocarbonyl fluoride. The polymerizability of
the Q=S group extends to thioacyl chlorides. Chlorodifluoro-
thioacetyl chloride reacts similarly to the thioacyl fluorides.
In these cases polymerization is slower than with thiocarbonyl
fluoride, and the products are either logy elastomers or brittle

solids.



The polymerization of fluorothloketones Is con5>llcated

by the ease with which these compounds dImerlze to give 1,3-

dlthletanes. This dImerlzatlon Is catalyzed by anionic catalysts.

For example, the speed with which hexafluorothloacetone dImerlzes
to tetrakls(trifluoromethyl)-1,5-dlthletane (v) Is greatly

Increased by addition of a trace of dImethylformamlde.

CP. CP,

f3

0=S

CP.
-110® or lower

DMP
CPA

I AN

CPA

At lower ten”eratureSj the dImerlzatlon can be suppressed sufficiently

for moderate amoiints of polymer to be formed, A better procedure

is polymerization at very low tengperatures with the etherate of

boron trifluoride.



Polyhexafluorothloacetone Is a i*lte elastomerlc substance
Insoluble In most common organic solvents. The polymer can easily
be pressed into fllmsj but these gradually degrade upon storage
at room temperature. The degradation reaction Is a spontaneous

depolymerization to monomer”™ which then dImerlzes to form V.

Copolymers. - Thlocarbonyl fluoride copolymerlzes In emlonlc
systems with a number of fluorothloacyl fluorides and with hexa-
fluorocyclobutanone. Wiese comonomers are not as reactive as
thlocarbonyl fluoride and Invariably become the minor component of
the copolymer even If used In quite large proportion In the
polymerizing mixture. The products are markedly different from
the homopolymer of thlocarbonyl fluoride, though copolymers
containing low proportions of comonomer are elastic and quite

resilient. They also have lower crystallization temperatures.

Copolymerlzatlon of thlocarbonyl fluoride with chloro-
fluorothloacetyl fluoride, CICPHCFAS, by dimethylformamlde initiation
has given high molecular weight products containing 1-3* of the
latter monomer. These polymers do not cold-draw at room

temperature and those containing close to of the comonomer



have cryBtallizatlon temperatures below 0*. Copolymers containing
10-50~ of chlorofluorothioacetyl fluoride are obtained by initiation
with tetralsopropyl tltanate.In ether or petroleum ether. These
polymers are of relatively low molecular weight and are much

less rubbery than thlocarbonyl fluoride.

The thlocarbonyl fluoride/chlorofluorothloacetyl fluoride
copolymers have better thermal and chemical stability than
thlocarbonyl fluoride homopolymers. For example, they retain
50-805" of their weight when heated one hour at 225* in air,
conditions under which the homopolymer retains no more than
15-70$" of its weight. Also, copolymers are degraded much more
slowly by triethylamlne than is the homopolymer. These results
indicate that the -CF(CC1PH)-S- group resists depolymerization
better than -CPg-S-. These depolymerization reactions are
believed to start at the unstable -C57S end. Though the chemistry
of depolymerization has not been worked out, a possible mechanism

for thermal degradation 1is



/.0

CPA-S~%/vywv” -C P 2S-CFWS CFj-S-wv~"CPg-S-C; ®
N \-C!
0 _ A
CP7S + CPg”"S S CP"-S-«"ICPg-é) + COS
CPg-S + F®

Anlne degradation could Involve the same reactions and would be
expected to proceed more readily because the amine can adslst

hydrolysis.



Et N /. S «

eWVACP.-S-CBWS ---2 > A A/A5CP,-S-C ¢ € Et,NH + Et,N*HP
2 BgO 2 3 3

lhe copolymer undoubtedly would undergo the same reactions,
except a chain-stopping fluoride elimination could occur at

the comonomer site.

cl Cl
H-C-F H-C-P
» B »
n,~n-C-S-CPg-S -———> CPg-S + P+ *v*/vS-0S

Of course, the homopolymer can eliminate fluoride lon also, but
If It does, a group wotild be formed that could start the
degradation sequence over again* Hydrolysis of the end
group Is known to occur. Qlass containers In which homopolymers
and copolymers are stored eventually become etched by the HP
evolved by this hydrolysis.

Copolymers of thlocarbonyl fluoride with perfluoro-
thloacetyl fluoride, CPACP"S, are readily made In ether at -80*
using either N-methylmorphollne or tetralsopropyl tltanate as
Initiators. These products contain as much as 13-705" of
CPACFAS. They are of relatively low molecular weight and
films pressed from them are limp, opaque, and much less elastic
than polythlocarbonyl fluoride. Unlike copol”ers with
chlorofluorothloacetyl fluoride, these copolymers do not melt

very much lower than the homopolymer.



fnilocarbonyl fluorlde/hexafluorocyclobutanone
copolymers are readily prepared at low temperatures In ether
using cesium fluoride as a catalyst. The copolymers, which
can contain 14~ of the cyclobutanone, are of low molecular
weight, and have properties Intermediate to those of the
elastomerlc polythlocarbonyl fluoride and the hlgh-meltlng

2
polyhexafluorocyclobutanonee



EXPERIMENTAL

Polymerization of Thlocarbonyl Fluoride by Inltlatlbn with
DImethylforaamlde, - Thlocarbonyl fluoride was prepared by cracking
2,2,’\,’\—tetrafluoro—l,3‘d|thletane.2 The monomer was purified by
diBtlllatlon through a 2 ft, x 9 imm. vacuum-jacketed coluinn packed
with glass helices and having a still-head that was cooled with a
solid carbon dioxide-acetone mixture. The fraction boiling at -57
was taken as pure monomer. A glass container cooled In a solid
carbon dioxide-acetone mixture and containing 75 inl. of thlocarbonyl
fluoride (ca. 100 g.) was connected through glass tubing to a dry
polymerization flask fitted with a stirrer and containing 100 ml.
of sodium-dried diethyl ether, ~e contents of both vessels were
frozen by cooling with liquid nitroger”™ and the system was evacuated*
Then the thlocarbonyl fluoride was distilled Into the polymeri-
zation flask and dzy nitrogen added to bring the system back to
atmospheric pressure. The ligxiid nitrogen bath surrounding the
polymerization flask was replaced with a solid carbon dloxlde-
acetone bath. After the contents of the polymerization flask had
melted, the stirrer was started and five drops of dImethylformamlde
was added from a No. 22. hypodermic syringe needle. Polymerization
was essentially complete after two hours, but it was usually
convenient to hold the polymerization mixture at -78® for 18 hours.
The polymer separated as a white spongy mass that was boiled in
water containing 5 nil# of E{) nitric acid to destroy dlmethyl-
fonnamlde and expel, ether. The yield of dry polymer was essentially
quantitative. Inherent viscosities determined using 0.9 solutions

in chloroform were from 4 to 6,



Films can be obtained by pressing at 1508 and 10,000 Ib,
ram pressure. Because the polymer Is of high viscosity and flows
slowly, it is desirable to allow two hours in the press to
obtain smooth films. As removed from the press, such films
are translucent ana elastic. On standing at room temperature,
they slowly become opaque and plastic because of crystallization
of the polymer. The crystallization temperature is 35*. Torsion
pendulum measurements indicated a Tg of -118® and a shear
modulus of 2 X 107 dynes/cm.”

Polymerization of Thlocarbonyl Fluoride by Initiation with
Tetraisopropyl Tltanate.™ A. In Petroleum Ether. - Tetraisopropyl
tltanate (1.07 g., 0.0l mole) was dissolved In 250 ml.
of petroleum ethe” and the solution was cooled to
-800, Thlocarbonyl fluoride (25 ml., 5°-8 g., 0,4-2 mole) was
distilled into this solution with stirring over a period of
M5 minutes. Polymer appeared as a white precipitate immediately
upon addition of thlocarbonyl fluoride. Stirring was continued
for 50 minutes after monomer addition was complete. Thereupon,
250 ml. of methanol was added and the whole allowed to warm to
room temperature. The polymer was separated on a filter washed
with methanol ajid dried ~ vacuo at 700 , The yield of polymer
was 32-5 g. (93%). It was a white, rubbery crumb having an
inherent viscosity (0.1” solution in chloroform at 50*) of
2.91.

B. In Ether. - Polymerization was carried out as
described above except dry ether was used as a solvent 1in
place of petroleum ether. As indicated in the table below,
yields were low and molecular weight could be controlled by

addition of Isopropyl alcohol to the polymerization mixture.



g. isopropyl Polymer Yield Ainh*

alcohol added fiv JL Polymer
0.0 19.9 57 2.88
0.15 19.5 56 2.03
0.6 24 69 1.74
1.2 19.5 56 1.15
2A 17.1 49 1.0r

* (0.1~ solutions In chlorofona.

In cniloroform* - To ~0 ml. of alcohol-free chlorofom
was added 1 ml. (0.0055 mole) of tetralsopropyl tltanate. The
solution was cooled to and to It was added with stirring
6 ml. (8.4 g., 0,1 mole) of thlocarbonyl fluoride over a period
of 15 minutes, A white slurry formed that was held at -25* for
20 minutes. It was then allowed to warn to room temperature
during which time the polymer dissolved. Addition of 50 ml. of
methanol to the clear solution caused the precipitation of a
viscous syrup. Ethyl alcohol, 1isopropyl alcohol, and acetic acid
were equally effective as precipitating solvents. The product
was washed with methanol, reprecipitated from chloroform with
methanol, and dried in a vacuiun desiccator containing sodium
hydroxide and "Drierite,” The product was a colorless syrup
weighing 7.4 g. (88"). The Infrared spectra of polymers prepared
in this way contain a doublet in the region of 7.2 to 7.25 which
indicates the presence of isopropyl groups.

Polymerization Initiators. - A number of other materials were
tried as initiators for the polymerization of CPgS in dry ether
at -808. This was essentially the same experiment as described

above for dimethylformamide initiation except for use of materials



given In the following table.

Initiator Product
D1 (hydrogenated tallow)dimethyl" Tough, high molecular weight
ammonium methoxide polythiocarbonyl fluoride
(Tiinh«6.9) fomed 1in
yield.
Di(hydrogenated tallow)dimethyl Moderate molecular weight
ammonium chloride polythiocarbonyl fluoride

(riinJ?a.0) obtained 1in
70-7556 yield.

Tetraethylammonim chloride Low molecular weight polymer
formed in yield.
Al(I.OCAHMA High molecular weight

polythiocarbonyl fluoride
obtained in 58-60% yield.

Diisopropylamlne 70-75~ yield obtained of
tough polymer, T)inh=1.21.

Triethylamine 58" yield of low molecular
weight polymer (Tiinh=0.80)
formed.

Triphenylphosphine 30~ yield of moderate

molecular weight polymer*

Reaction of Polythiocarbonyl Fluoride with Antimony Penta*
fluoride. - High molecular weight polythiocarbonyl fluoride (92 g.)
was dissolved in 3800 ml. of carbon tetrachloride. Antimony penta-
fluoride (2.3 ml., 6.9 g.) dissolved in 25 ml. of 1,1,2-trichloro-
trifluoroethane was added with stirring. After 15 minutes, the
solution was filtered, 4000 ml. of methanol was added, and the
mixture was evaporated to about 1500 ml. The oil that separated was

washed three times with methanol and then dissolved in 30 ml«



of carbon tetrachloride. Ti"e solution so obtained was filtered
and solvent was removed from the filtrate. The residue amounted
to 85 g. (92%) of colorlesi oil, This oil dissolved In pyridine
or trlethylamlne without noticeable reaction. The oil was
purified by solution In trlethylamlne followed by precipitation
with water, washing with water and dilute hydrochloric acid,
and drying.
Anal. Calcd. for CEjS(CPgS-)-~QCP~: C, 14.6; S, 58.2; P, 47.2;
CPg/CP~, 25; mol. wt., 4270. Pound: C, 14.5, 14.5; S, 58.1, 58.3;
P, 47.6; 47.5; NMR), 25; mol. wt. (ebullloscopic In
benzene), 2500,
The NMR peaks referred to above are 43.5 ppm. for -S-CPg-S-
and 57.6 ppm. for -SCP*j both at hl1”er field than CCI5P (external standard]
Lower molecular weight compoiinds were obtained by
refluorination of 251 g. of the above oil dissolved in 185 ml.
of trichlorotrifluoroethane by reaction with 5 ml. of eintlmony
pentafluorlde for one hour at room temperature. After filtration
and removal of solvent there was obtained 198 g. of a pink
liquid that was distilled through a short-pass still at very

low pressures.
Molecular Weight

Fraction b.p. NMR Cryoscopic
1 90-100*(0.005 mm.) 498 460
1 100-110*(0.005 am.) 990 675
i 110 -150*¢0.005 mm.) 1810 955

The Infrared spectra of all three fractions were ldentical

and showed absorption at 4.75 M for the CP overtone, at 7.65 n,
which i1s associated with CP~-S-C, at 8.9 M for CP, at 12.25 M
for CS in -CPAS-, and at 15*15 M- for CS in CPAS-. Nuclear
magnetic resonance showed only two kinds of fluorine and the

NMR molecular weights were calculated from the ratios for the



areas for CF2 spectroscopic analysis of Fraction 11
Indicated the main constituent to be CJ*FQQS*. Fraction 1 was
separated by gas chromatography Into two components denoted A and
B.
A. Calcd. for CP5S(CP2S)4CF5: C, 14.5; Pi 55.4; S, 52.1;
mol. wt., 498. Pound! C, 14.65; F,55.52; S, 52.74; mol. wt., 510.
B. Calcd. for CF5S(CSfeS)5CF5: C, 14.5; F, 52.4; S, 55.1;
mol, wt., 580. Pound: C, 15.04; F, 52.41; S, 55.99; mol. wt., 580.
End”~Oroup Determination Using Methanol-C~A™. - Polythlocarbonyl
fluoride was prepared by Initiation with DMF In dry ether at -"0*.
After a 2- hour polymerization period, the polymer was washed with
cold ether and purified by two consecutive reprecipitations from
carbon tetrachloride solution with petroleiim ether. The number
average molecular weight of this polymer was foiond to be 5551000
by osmotic pressure measurements on a chlorofozm solution. To
a solution of 1.5 g. of this polymer In 75 nil. of carbon
tetrachloride was added 0.20 g. of methanolthat had a
specific activity of 8.24 x 10~ disintegrations per minute per
gram. After 4 hours at 45-48*, the polymer was Isolated by

precipitation with petroleiun ether. Then the polymer was



purified by six consecutive repreclpitatlons from very dilute
carbon tetrachloride solutions with petroletun ether. The polymer
W8UB dried and found to have an activity of approximately

76500 disintegrations per minute per gram. Therefore,

787M00 X ™MN000 ~ approximately 32 g. (I mole) methanolper
8.2M- X 10°<- mole of polymer

Thus, there is, on the average, one group per chain capable of
reacting with methanol.

Initiation of Polymerization with DImethyIformamIde-C|4. -
DImethylformamlde tagged with C|4 in the carbonyl group (DMF-C“t)
and having a specific activity of 1.35 x 109 disintegrations
per minute per gram was dissolved in ether to give a 1.96j"
solution. To a solution of 5 ml. of thiocarbonyl fluoride in
20 ml. of ether cooled to -50* was added 0.5 ml. of the DMP-C
solution (total activity m1.516 X 10*7 disintegrations per
minute). Polymerization was allowed to proceed for 2 hours at
-50 to -52*. The polythlocarbonyl fluoride that formed separated
as an amorphous white polymer* It was washed with ether and

purified by several repreclpitatlons from chloroform with

petroleum ether. Contact with water was avoided to minimize the
possibility of replacing any bound dImethylformamlde by hydroxyl

groups. Purified polymer was dissolved in m*-xylene for counting

and found to have no activity above background.



The Inherent viscosity of 0.1 chloroform solutions
of the polymer nias 2 .03« ifhlch corresponds to a of 300,000-
400,000. Since a polymer having a kinetic chain length of
5 X 10~ would have a count of 70-100 disintegrations per minute
If a DMF—CI4 residue remained with every kinetic chain. It Is
apparent that less than one In ten chains contain such a residue*
Indeed, there Is no evidence for any of the chains containing

DMP-CAM,

Polymerization of HexafluorothloacglLtSne. - The polymerization

of hes™afluorothloacetone was initiated "by BP*etherate at very

low temperatures, A dry glass trap containing 1 ml. of
BFr"etherate was Immersed In liquid nitrogen and evacuated.
Ferfluorothloacetone (56 ml.) was distilled into the trap. The
trap was then removed from the liquid nitrogen bath and allowed
to warn to the point where the frozen contents slowly melted.
When the blue color of the hexafluorothioacetone disappeared,

13 ml. of acetone was added. The Insoluble product was separated,
washed with acetone, and dried. The yield of polyhexafluoro-
thioacetone was 1.7 g.

Anal. Calcd. for C5P5S: S, 17»16. Po\ind: S, 17.28.



The polymer was a white, rubbery elastomer Insoluble
In most common organic solvents. It was pressed Into a film
by use of a Carver press with the platens heated to 50* and under
a ram pressure of 10,000 Ib. The film waselastomerlc. However,
when the film was kept for several days at room temperature, the
polymer gradually degraded. After sufflblently long storage.

It spontaneously changed to hexafluorothloacetone dimer.

The polymer of hexafluorothloacetone was also obtained
by Initiation with dImethylfonnamlde. In this case, a solution
of 2 drops of dImethylfozmamlde and 5 ml. of ether In a glass
trap was frozen by Immersion of the trap In liquid nitrogen.

The trap was evacuated and 2 ml. of hexafluorothloacetone was
distilled Into It. The contents of the trap were then warmed
until about one-half melted. Materials In the trap were refrozen
by relmmerslon Into liquid nitrogen and then remelted. This
procedure was repeated until the blue color of the thloketone
disappeared. Then the trap and its contents were warmed to room
temperature and 25 ml. of acetone was added. The polymer that
separated was washed with acetone and dried. It weighed 0.7 g.

and was similar to the product described above.



Polymerization of Chlorodlfluorothloacetyl Chloride/ - The
monomer Is a deep-red liquid,3 a solution of 4 g. of this monomer
in 20 ml. of dry ether was cooled. In a trap immersed In a solid
carbon dloxlde-acetone bath. One drop of dImethylformamlde was

addec” and the resulting solution was kept cool for 4 hours. After
this time, most of the red color had faded. Polymer was

precipitated by addition of methanol, separated, washed with

methano]# and dried vacuo. The yield was essentially quantitative.
The polymer was pressed into a film in a Carver press at 80® and
10,000 Ib. ram pressure. The film was tough, white, and flexible.
In contrast to the thlocarbonyl fluoride polymer, it was not
elastomeric.
Anal. Calcd. for C2CI2P2S: C, 14.56; ClI, 42.98; P, 23.05;
s, 19.40. Pound; c, 14.92; ClI, 42.97; P, 23.79; S, 19.79.
Polymerization of Fluorothloacyl Fluorides by DImethyl-
formamide Initiation. - Most fluorothio acid fluorides polymerize
quite well by the procedure described for dlmethylformamlde

initiation of thlocarbonyl fluoride® Some examples are given

in the following table.
Thioacid Fluoride Type of Polymer

Analysis
Hcpgc|As8 82%" yield of a tough Calcd. for C2HP5S! S, 28.1,
somewhat elastic polymer Pound; S, 28.2.
CE5CP=S' Quantitative yield of Calcd. for C2P4S; ¢C, iSJi
a rubbery polymer P, 57.54; S, 24.27. Pound:
c, 18.21; p, 57.31;
S, 24.01.
C1CP2CFAS' A flexible, crystalline Calcd. for CgCIPjS:
polymer that becomes C, 16.17; CI, 23*87; Pj

rubbery when heated above 38.24; S, 21,58. Pound:
500, and tacky above 100® C, 16.46; Cl, 24.06;

P, 38.24; S, 21.51.

CPjCPgCFAS' 655" yield of a light Calcd. for C5P6S: c, 19.79:
ok tack lid P, 62.61; S, 17.61* Found:
2'1 ' ag z Sot'-' C, 19.57: P, 62.41:
olu e u no in S, 17.42.

alcohol



Polymerization of Pentafluoro-3-butenoyl Fluoride. - This

conpotmd3 polymerized when It was stored at room temperature In
a sealed glass tube for two weeks. The polymer Is elastomerlc
and retains rubbery character when heated to 240®, the temperature
at which It decomposes. It Is Insoluble in such solvents as
acetone, alcohol, and hydrocarbons.

Anal. Calcd. for C4F6S: C, 24.75; P, 58.73; S, 16.52,
Pound: C, 24.63; F, 58.58; s, 16.82.

Copolymerlzatlon of Thlocarbonyl Fluoride and Chlorofluoro™
thloacetyl Fluoride. - A solution of 7.5 g. of thlocarbonyl

0

fluoride, 0,3 g. of chlorofluorothloacetyl fluoride, and 20 ml.
of anhydrous ether was cooled to -80®, Polymerization was
initiated by addition of 0.05 g, of dimethylformamide dissolved
in 6 ml. of anhydrous ether. After 5 hours at -80®, at which
point the yellow color of the chlorofluorothloacetyl fluoride
had disappeared and much polymer had precipitated, the reaction
mixture was poured into hexane. Copolymer obtained by filtration

amounted to 4.4- g. It was purified by repreclpltatlon from

chloroform with methanol. Hot-pressing at 150® and 10,000 Ib.

ram pressure gave a clear, snappy film. The copolymer,
q " (0*1?2* In chlorofom) = 1.89, does not crystallize at 15*# can
n

be cold drawn below Oj and retains flexibility at -80®,



Anal, Poxind: C, 15.08; H, 0.59; CI, 0.66; S, 40,40.

This copolymer contained approximately 2 mole % of chlorofluoro-
thloacetyl fluoride. The con”oeltlon of the copolymer fonned
can be adjusted between 1 and 5 mole % by the ratio of monomers
used In the polymerization.

Copolymerlzatlon of Thlocarbonyl Fluoride with Perfluoro-
cyclobutanone. - An 86: 14 Cri2s/C1|.F60 copolymer was prepared from
7,5 g. of thlocarbonyl fluoride and 3 g« of perfluorocyclo-
butanoneQ dissolved In 10 mI, of anhydrous ether cooled to -80®
and Initiated with 0.05 g, of cesium fluoride. After 5 hours at
-80®, the reaction mixture was poured into water. The polymer
that precipitated was washed with acetone and purified by
repreclpltation from chloroform solution by addition of metheur\ol.
The yield of dry product, (0.15" in chloroform) = 0.40, was
3.1 g« Hot-pressing gave a soft, opaque film that is only slowly
attacked by triethylamlne.

Anal. Found: C, 17.92; F, 51.31; S, 29.15.

Copolymerlzatlon of Thlocarbonyl Fluoride and Trifluoro-
thioacetyl Fluoride. A n 85:15 CFgS/CI”ACFS mixture was polymerized
by dissolving 10.5 g, of thlocarbonyl fluoride and 3 g* of trl-

fluorothioacetyl fluoride in 25 nil, einhydrous ether, cooling to



-do* and adding 2 drops of N-methylmorphollne» After 3 hours, the
reaction mixture, which contained precipitated polymer, was poured
Into 16~ hydrochloric acid. The solid polymer obtained, after
washing with water and acetone and drying, amounted to 9.7 g.
It was purified by repreclpltatlon from chlorofom with methanol.
This was an 88:12 CPgS/C~CPS copolymer, (0.1~ CHCI3) « 1.19#
that could be pressed at 1500 and 10,000 b, ram pressure to an
opaque, IIs™ film. It slowly crystallized at 28* to an opaque
plastic.

Anal. Calcd. for ICFgSIslcPACPS]: C, 15.3; P, ~.2; S, 36.5.

Pound: C, 15.36; P, 48.78; S, 36.53.

A 60:40 C5ZS/CP5CPS copolymer that does not cxystalllze
at 280 was prepared from a 62:38 monomer mixture. To a solution
of 4.5 g. of thlocarbonyl fluoride and 4.5 g. of trifluorothlo-
acetyl fluoride in 10 ml. of anhydrous ether that was cooled to
-80@0 was added 0,1 g. of tetralsopropyl tltanate”” dissolved In
5 ml. of anhydrous ether. After five hours, the reaction mixture
was poured into methanol. The polymer that separated was
purified by repreclpltatlon from chloroform with methanol and
dried. The yield was 5.1 g. of polymer, (0.1~ 1n chloiroform)

a 1.0l1, that could be hot-pressed at 1500 to a limp film.



Anal. Calcd. for ICP2S]3ICP5CPS]2: C, 16.5; S, 31.*;

P, 52.1. Pound: C, 16.20; s, 31.84; P, 50.14.
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