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Í. SUMMARY 

Hydrygen-containing oxetanes have been successfully prepared for the first 
time by the photolysis of hexafluoroacetone with ethylene and vinylidene fluoride. 
In both caies polymeric products, in addition to oxetanes, were found. All of 
the polymeric products isolated to date are of low molecular weight. The 
reaction offers promise of affording a new route to linear polyethers. 

A new elastomer system has been discovered involving the condensation of 
a fluorine-containing diol with a fluorocarbon diene. This product is presently 
being characterized but its low Tg (-57¿C) is very encouraging. 

Attempts to modify the CgF¿yCFg= CH£ system by incorporation of termono- 
mer s have not proved successful. 

Attempts to use the thermal cycloaddition of fluorocarbons as a polymer 
forming reaction have proved unsuccessful.^ j 

\ 
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II. INTRODUCTION 

A. Objectives 

The objectives of this program are the development of high strength 
chemical resistant rubbers serviceable at low temperatures (down to -65°F) 
and chemical resistant rubbers that have high strength and rubber-like 
properties at high temperatures (600° F. and above) through the investiga¬ 
tion of fluorine-containing polymer systems. 

B. Program 

In order to achieve the above objectives, a broad program was planned 
embracing the development of block copolymers as well as several 
approaches to the synthesis of fluorocarbon polymers containing a hetero¬ 
atom in the backbone. 

Availability of sufficient quantities of starting materials has permitted 
an intensive investigation of: (a) block copolymers consisting of fluoro¬ 
carbon units alternating with fluoroalkyl siloxane units, (b) polyethers 
derived by the condensation of diols with diolefins, and (c) polyethers derived 
from oxetanes. In the latter case, polymers of low molecular weight (ca. 
600) have been formed in situ during the irradiation of a mixture of hexa^ 
fluoroacetone and hydrogen-containing olefins, i. e. ethylene and vinylidene 
fluoride. Since these products were formed along with the expected oxetanes, ’ 
there is considerable resemblance to the fluoronitroso-fluoroölefin polymeri¬ 
zation in which there is a competition between formation of the linear 
polymeric product and the cyclic adduct. It is believed that investigation of 
this system will afford a technique to enhance formation of linear product at 
the expense of the cyclic adduct, the oxetane. 

C. Project Costs 

The contract was extended for two months by Modification No. 3 to allow 
for additional time in which to complete polymerization studies currently in 
progress. The extension did not require additional funding. Progress in 
polymerization research had been delayed in the early stages of the progr?.m 
because of the difficulty in obtaining monomers in large enough quantities to 
permit meaningful experimentation. This resulted in sufficient funds 
remaining in the contract as of 30 June 1964 to cover the cost of approximately 
a two-man professional effort for an additional two months. 

Approximately 80% of the work is completed to date. It is estimated that 
82. 7% of the estimated costs have been incurred to date. To the best of 
FMC's knowledge the funds remaining unexpended are sufficient to complete 
the work called for by the contract. 



« s.».?«"'■ •P*****- v-mmtHmtb*«*'-»»*»»r«ÍMi 

PCR 397 

ni. DISCUSSION OF RESULTS 

A. Monomer Procurement 

The following monomers and precursors were obtained durina the 
period of this report: 

Monomer 
Number Monomer or Precursor 

205 1, 1,2, 5, 6, 6-Hexafluoro- 
hexadiene-1, 5 

206 Perfluorostyrene 
511 Perfluoroglutaryl 

dichloride 
508 2, 2, 3, 3, 4,4-Hexafluoro- 

pentanediol-1, 5 
1 Chlorotrifluoroethylene 

(Genetron 1113) 
Bromotrifluoromethane 

(Freon 13B1) 
40 Vinyl fluoride 

9 1, 1-Dichlorodifluoro- 
ethylene (Genetron 1112a) 

1, 2-Dichlorotetrafluoro- 
cyclobutene 

Dimethylchlorosilane 
2 Vinylidene fluoride 

(Freon 1132a) 
14 Hexafluoropropylene 

512 Hexafluoroacetone (6FK) 

Amount 

19.5 g. . 
12.7 g. 

2 lbs. 

100 g. 

24 lbs. 

6 lbs. 
3 lbs. 

1 lb. 

100 g. 
4 lbs. 

12 lbs. 
3 lbs. 
2 lbs. 

Pentafluorobenzoic acid 200 g. 
Bromopentafluorobenzene 50 g. 
Hexafluorobenzene 50 g. 
p-Aminotetrafluorobenzoic 

acid loo g. 
Dibromodifluoromethane 1 kg. 

Supplier 

Dr. P. Tarrant, Univ. of Florida 
Dr. P. Tarrant, Univ. of Florida 

Hooker Chemical Corp. 

Aldrich Chemical Co. 
Allied Chemical Corp. 

General Chemical Div. 

E. 1. duPont deNemours Co. 
E. I. duPont deNemours Co. 
Allied Chemical Corp. 

General Chemical Div. 

Columbia Organic Chemicals, Inc. 
Dow Corning Corp. 

E. I. duPont deNemours Co. 
Columbia Organic Chemicals, Inc. 
Allied Chemical Corp. 

General Chemical Div. 
Imperial Smelting Corp. 
Imperial Smelting Corp. 
Imperial Smelting Corp. 

Imperial Smelting Corp. 
Columbia Organic Chemicals, Inc. 

The following monomers were ordered but not received during the period 
of this report (except for the amounts so noted): 

Monomer 
Number Monomer or Precursor Amount 

508 2, 2, 3, 3,4,4-Hexafluoro- 1kg. 
pentanediol-1, 5 (225g. received) 

507 2-Azaperfluoropropene 554 g. 
(60g. received) 

__ Supplier_ 

Aldrich Chemical Co. 

Peninsular ChemResearch 
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The following monomers have been prepared by FMC during the period 
covered by this report: 

Monomer 
Number 

504 
505 
506 
509 
510 
302 

__ Monomer_ 

1* 1 -Bis(trifluoromethyl)oxetane 
1» 1 * Básftrifluoromethyl)-^, 3-difluorodxetane 
1» 1 "Bi*(trifluoromethyl)-2, 2-difluoroöxetane 
cis-Perfluoroheptatriene-1, 3, 6 
trans-Perfluoroheptatriene-1, 3, 6 
4-Chloroperfluoroheptadiene-1, 6 

B. Polymerization Research 

Amount 

25 g 
50 g. 
50 g. 
25 g. 
25 g. 

250 g. 

With the availability of various monomers for this program assured, 
polymerization studies have now been sustained. These studies have been 
developed over two broad areas: (1) vinyl polymer systems, and (2) 
condensation polymers of fluorocarbons. 

At present, research in vinyl-type polymerization has the short range 
objective of the modification of the C3F6/CF2a: CH* system and the long range 
objective of polymeric polyethers. 

Research on condensation-type polymerizations, all of a short range 
nature, may be briefly described as an extension of some of the more inter¬ 
esting and well-known reactions of fluorocarbon chemistry to polymer 
chemistry. Two such reactions studied during this quarter are: (1) the 
cyclocodimerization of fluoroölefins, and (2) the base catalyzed addition of 
alcohols to fluoroölefins. 

i- Vinyl Polymerization 

a- Modification of Vinylidene Fluoride/Hexafluoropropylene 
Emulsion Polymerization System 

Improvement in the low temperature flexibility and solvent 
resistance of the vinylidene fluûride/hexafluorqpropylene elastomer was 
sought by modification of the emulsion polymerized 
CF2= CH2/CF3CF= CF2 system with novel fluorodlefinic monomers. 

The work reported herein was concerned with terpolymeriza- 
tion of the following fluoroölefins in the above system: 

[ CF2rCFCH2CH2Si(CH3)2 ] 20 

I 
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:F|-cfci 
h2-ch-ch» ch2 

11 

Initial studies were concerned with preparing 70/30 mole % 
CF2= CH2/CFsCF=CF2 emulsion polymers as controls for the 
runs involving termonomers. 

latter 

Terpolymerization of the disiloxane I with CF2« CH2/C,F4 was 
at;r,rtd at 70 C chargin* thc disiloxane to the aqueous phase and 
with high system pressures (ca. 630 psig). An elastomeric prod- 
uct was recovered which appeared to be identical by infrared 
ana ysis to the control CF2sCH2/C3F6 copolymer but with a slightly 
lower T (-26 C). After extraction with pentane to remove the 
unreacted disiloxane I, the product analyzed 1. 2% silicon. Thus 
the specimen appeared to be a modified vinylidene fluoride/hexa- 
fluoropropylene polymer but further work is in progress to 
characterize the sample unequivocally. 

An effort was made to co-cure the disiloxane (I) with Viton A 
elastomer by rubber milling the respective ingredients followed 
by vulcanization with benzoyl peroxide. The experiment was 
unsuccessful, however, as the disiloxane could be quantitatively 
extracted from the compounded stock after subjecting the latter 
to curing conditions. The glass transition temperature of the 
compounded stock was measured (prior to extraction) in the 
uehman torsional stiffness tester. A value of T«*-20° C was 
obtained which is almost identical to the value reported for un¬ 
plasticized Viton A. 

« The incorporation of the vinyl cyclobutane (II) into the vinylidenq 
fluoride/hexafluoropropylene emulsion polymerization system was 
examined at 35 C using low pressures (25 psig) and by charging 
the former into the reactor with the aqueous emulsion ingredients. 

A low conversion to a white, brittle powder was achieved 
which analyzed 58% fluorine and 0. 25% chlorine. The product 
appeared to be largely a polymer of vinylidene fluoride with 
incorporation of a minor proportion of the fluorine-containing 
vinyl cyclobutane monomer. 

. , Terpoiymenzation of 5 mole % of the vinyl cyclobutane (II) 
with 70/ ¿5 mole % CF2= CH2/C3F6 was attempted at 70° C using 
higher pressures (6IO psig); a 10% conversion to a yellow, 
brittle powder was realized. The latter evidently resulted from 
omopolymerization of the fluorine-containing vinyl cyclobutane 
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monomer. Partial dehydrochlorination of the monomer appeared 
also to have occurred in the alkaline emulsion medium forming 
the polymerizable vinyl cyclobutene (III). The polymeric product 

ÇF2-ÇF 
ch2-c-ch= ch2 

III 

analyzed for 32% fluorine and 12.4% chlorine (theory, 33.4% 
fluorine and 20. 8% chlorine). 

b- Polyethers from Hexafluoroacetone and Olefins 

One of the most interesting and, at the same time, elusive 
class of fluorocarbon elastomers is the polyethers, the simplest 
example being the hypothetical polyether,IV. This class combines 

{°'CF*'m}n 

IV 

the advantage of the solvent resistant fluorocarbon backbone with 
the flexabilizing influence of the ether linkages. Further modifi¬ 
cation of this basic structure would be expected to enhance the 
desirable properties this class is believed to possess. For 
example, the inclusion of trifluoromethyl pendant groups would 
be expected to decrease the crystallinity of the polymer and thus 
enhance the low temperature properties desired. It should also 
be noted that the perfluorinated polyethers would be expected to 
show high thermal stability. 

The recent availability of hexafluoroacetone makes attractive 
the possibility of its copolymerization with fluorinated ethylenes 
(Eq. 1 ). 

(1) cf3 
C= o + cf2= cf2-> 
CFj 

Examination of the literature concerned with fluorinated carbonyl 
compounds reveals several interesting parallels to the fluorinated 
nitroso compounds. 

In as much as the nitroso compounds copolymerized via an 
rijj-Tr* transition, it was believed that a promising area in which 
to begin study would be the attainment of an n0-iT* transition of 
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the carbonyl group (Eq. 2). 

CFj 
c-o-cf2cf2- 
cf3 

Such a scheme is closely akin to the nitroso copolymer 
formation (Eq. 3). 

(3) CFj-Ns: O-> [ CF3-N=0] .0-N-CF2CF2. 

cf3 

However, while the fluorinated nitrosoalkanes produce both oxa- 
zetidines and elastomer on reaction with olefins (Eq. 4), hexa- 
fluoroacetone has only been reported to produce oxetanes (Eq. 5). 

(4) CF3NO+ CF2s CF2-» -f-N-0-CF2CF2-^n + CF3-N—O 

¿f3 CF2-CF2 

(5) CF, 
c=o+ CF2=CF2 
CF J 

* <CFj),Ç—O 
CF2-CF2 

only 

Discussion with Dr. J. D. Park revealed that hydrogen- 
containing olefins such as 3, 3, 3- trifluoropropylene might provide 
a good point of departure for the synthesis of intermediate oxetanes 
that may be opened more readily. 

A review of the literature in this area has disclosed further¬ 
more that no hydrogen-containing olefins had been utilized in this 
reaction. 

Because of the work reported earlier and further characterized 
during this report period on the photolysis of hexafluoroacetone 
with perfluorobutene-2, it is clear that n0-ir* triplet state of the 
carbonyl must be energetically more stable than the olefin rr-ir* 
triplet state if inter-system crossing is to be prevented. There¬ 
fore, ethylene and vinylidene fluoride were chosen as model 
compounds for this study. 

With both olefins, the photolysis with hexafluoroacetone yielded 
viscous oils along with oxetanes. Analysis of the oils revealed 
that, in both cases, the fluorine content was close to that calcu- 

1:! CF3COCF3 /oiefin polymer. The oil from photolysis 
of CF3COCF3/C2H4 has an average molecular weight of 570, while 
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Ai? CIl3C®Cf3/CH*:ïCF2 oil has an average molecular weight of 
. Both of these values agree approximately with a calculated 

molecular weight for three repeating carbonyl-olefin units. 
NMR analysis of the CF3COCF3/C2H4 oil suggests that methylene 
groups alpha and beta to an ether linkage are present, in accord¬ 
ance with the anticipated structure V. The ratio of the two 

different methylenes does not appear to be quite the 1:1 expected 
lor this structure however. 

In order to investigate more fully this potentially interesting 
polymerization, a photolysis at 0° C in 3M's FC-43 perfluorinated 
solvent has been conducted. Results of this experiment are 
pending. 

Although the oxetanes produced in this reaction are monomers, 
clarity is better preserved by discussing them at this point. 

•fu T!1ie °Xetane iVI) Produced by photolysis of hexafluoroacetone 
with ethylene was identified by its NMR spectrum. A triplet 

(CF3)2C—O 
CH2-CH2 

VI 

centered at T7. 06 arises from the methylene beta to the oxygen 
while a triplet centered at T5. 31 (J= 8. 0 cps) arises from the 
methylene alpha to the ether linkage. 

Two oxetanes (VII and VIII) can be isolated from the photolysis 
of hexafluoroacetone with vinylidene fluoride. 

(cf3),c (CF3)2C c — o 
¿f2-ch2 

VII VIII 

/7 <7°^etante Vn was identified bY its triplet centered at T6. 59 
(J=7. 0 cps) on its NMR spectrum, while oxetane VIII displayed 
a triplet centered at T5. 00 (J= 12. 2 cps). Interestingly, oxetane 
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VII was formed in larger amounts than the isomeric adduct VIII, 
the ratio being about 1.3 :1. 

In Quarterly Report III the photolysis of hexafluoroacetone 
with perfluorobutene-2 was stated to yield a compound whose 
identity was in question. Mass spectrographic analysis suggests 
that this compound is most likely perfluorodiisopropyl contaminated 
with a small amount of the desired oxetane. Evidently, the tr-ír* 
transition for the butene is energetically more favorable than the 
nO~* transition for the hexafluoroacetone and inter-system cross¬ 
ing occurred. This reaction will not be pursued further. 

2. Condensation Polymerization 

The ever advancing art of monomer synthesis in the fluorocarbon 
area now makes the field of condensation polymerization an attractive 
area for research on the synthesis of fluorinated elastomers. Also, 
the extension of the well-known condensation reactions of fluorine 

1 ' mistry to the difunctional moieties for polymerization research may 
be aptly described as a short range program. 

a- Addition of Highly Fluorinated Diols to Highly Fluorinated Dienes 

As has been described elsewhere in this report, a basic tenet 
of the polymer research effort is the desirability of incorporating 
heteroatoms in the polymer backbone, such as nitrogen or oxygen. 
One example of a desirable polymer type, then, would be the class 
of perfluorinatedpolyethers (IV) menfionedpreviously. Long range 
research towards the preparation of these polyethers is described 
elsewhere in this report, but the additional possibility of synthesiz¬ 
ing a highly fluorinated polyether elastomer by condensation 
techniques in order to help evaluate the potential of this class of 
polymer is highly desirable. Of course, these condensation polymers 
should ajpriori be useful polymers in their own right, but the econom¬ 
ics of large scale production would normally be expected to favor the 
vinyl-type elastomers, and hence the long range project described 
elsewhere. 

One of the oldest known and best studied reactions of fluorine 
chemistry is the nucleophilic attack of alkoxides, amines, halides, 
etc. on unsaturated fluorocarbons. The nucleophiles most thoroughly 
studied, particularly by Park and his students, are the potassium 
alkoxides (Eq. 7). 

(7) RO + CF2= CFRf > RO-CFj-CFHRf 
or 

RO-CF= CFRf 



- 12 - 
PCR 397 

determinpri‘h “‘•î ‘he vinyj ether> is 
and ^ he h, ! »vaiJabUity of a proton in the reaction medium. 

y e basicity of the intermediate carbanion relative to th* 
nucleophile employed. For terminal fluoroölefins, generally the 

a treme„dIdr0lytiC OÍ th'se »aturated ethere varys over 

of theTpe R.CrH8S ^ 9PeCtr“m are 
(Eq. On thCeHrth0;rCh‘„Ri ^ ♦u , JM s ruws , a perfluorinated cyclic 
ether, and the recently discovered perfluorinated oxetanes * 
examples of the tvoe Rj-CF» o d ' typ KfCFa-0-CF2Rf, are quite stable to hydrolysii 

(8) RCH2-0-CF2Rf + H20-^-> RCHa-O-^RF 

RfCF2-0-CF2Rf + H20 -* N. R. 

RfCH2-0-CF2Rf + H20 —-> N. R. 

R= hydrocarbon radical 
Rfs fluorocarbon radical 

It i. obvious.that, whatever the reason, the location of perfluorinate 

resistence°of^~ OÍ ether OXygen «reatiy enhances the resistance of these compounds to hydrolysis. 

f ror*! T°U!f b® exPected then, that the preparation of a polyether 
orod 18 y fluorinated dio1 and a perfluorinated diene should 
several6fl" ^ ela8tom”- The recent availability of 
several fluorinated dienes from Professor Park at the Universitv 

It must be strongly emphasized that the conditions for this 
polymerization were selected only to demonstrate feasibility no 
attempt was made to determine the best conditions for this poly 
merization with respect to maximum yield and conversion! and" 
improved polymer characteristics. Such a study depended on the 

“at6d feaSÍbÍ1Íty °f the P°>Vme-ation. and fs currently^ 

r».elLÍk!,mfjny.COndenSatÍOn'type P°Iymeri3ations, the base 
yse a dition of 2, 2, 3, 3, 4, 4-hexafluoropentanediol-l, 5 to the 



- 13 - 
PCR 397 

chain 1 ep e 18 initiaily a raPid reaction; and a. the 
rihi, ,T CO,‘t,nues to ‘"crease the reaction slows down. Thus 
ho,ÜÍr ¿ materjal i8 pr0duced only ai‘">' a period of 24 to 72 ' 
hours. Prior to this time only oils are obtained. 

These oils, lower molecular weight products of the polymeri- 
zation, were isolated from everv reaction • every reaction and had increasingly hich 
viscosities with longer reaction times. 8 y 8 

would hi8,t0b! expected then' that the characterization of this oil 
ould help indicate the structure of the rubbery polymer. 

narticerhaps. ^ mOSt 8trâ‘8htíor»ard analytical technique for this 
particular structure is proton NMR as the structures IX-XUl 
considered possible may be readily identified by this technique 

Polymer chain: 

-fO-CH2CF2CF2CF2CH2-0-CF2CFHCF2CFClCF2CFHCF, 

IX 
n 

-f 0-CH2CF2CF2CF2CH2-0-CF= CFCF2CFC1CF2CF= CF-|n 

Xa 

•f 0-CH2CF2CF2CF2CH2-0-CF2CF= CFCFC1CF= CFCFj^ 

Xb 

-fO-CH2CF2CF2CF2CH2-0-?CFHCF2CFClCF2CFH?-> 

XI 

Terminal groups: 

-o-ch2cf2cf2cf2ch2-oh 

XII 

-cfcicf2cf= cf2 

XIII 

centered afr 5P58Ctia °f8eVeral samPles ‘his oil display a triplet 
, (relative to tetramethylsilanfO .ttributable to 

the protons elpha to an ether oxygen, and a triplet centered 
9 , attributable to the protons alpha to a hydroxyl oxygen. 
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Additioaally, the tertiary proton of the polyether (IX) would be 
expected to show a doublet from the alpha fluorine further split 
into two pentuplets by the beta fluorines. An incompletely 
resolved peak appears to be one-half of this requirement; the other 
half being obscured by the methylene resonance lines. Should this 
be the case, the tertiary proton resonance absorption is centered 
at about T5. 0, a shift that is anticipated for such a system. Also, 
one sample displays what appears to be a triplet centered at about 
T 5. 25, attributable to the methylene group as in polyether Xa, 
although the methylene group of poly ether IX is 10 times more 
abundant. 

ihere is no evidence observed in these samples of any proton 
resonance affected by an ester group such as polyester XL 

Succinctly then, it appears likely that the rubbery polymer is 
mainly polyether IX with a minor amount (probably less than 10% 
of polyvinyl ether Xa (or Xb). Pendant terminal groups may be 
either unreacted olefin (XIII) or alcohol (XU). As the ratio of the 
ether-methylene groups to the hydroxyl-methylene groups of the 
oils varies from 1:1 to 2:1, it would appear that the unreacted 
hydroxyl groups predominate. 

Attempts to characterize the elastomer have been frustrated 
in some cases because of its insolubility. Although this elastomer 
swells in acetone, it has not been possible to dissolve it in toluene, 
carbon tetrachloride, hexane, ethyl ether, Freon 113, 3M's 

3Mfs FC-75, ethanol, or Fluorolube FS-5. 

However it is possible to measure several physical properties 
of the polymer with the Perkin-Elmer Differential Scanning 
Calorimeter. With this recently developed instrument it is possible 
to determine properties such as Tg, Tm, and decomposition temp¬ 
eratures. Although these determinations are still in progress, the 
Tß °f a11 the 8ÄmPle8 submitted appear to have values between 
-44 C and -57 C. The differential calorimeter spectra indicate a 
strong endotherm at about -22° C along with a smaller endotherm 
at about -30° C. These are ascribed to a loss of crystallinity and 
possibly a loss of hydrogen bonding. 

The samples studied thus far appear to begin decomposing at 
about 180° C. » r s 
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b- Copolymerization of [ CF2=CFCH>CH>SifCHJ, ] 20 with 
CF2=CF-CF2CFC1CF2CF=CF2 - 

The copolymerization of [ CF2=CFCH2CH2Si(CH3)2 ] 20 with 
CF2=CFCF2CFC1CF2CF=CF2 by thermal cycloaddition was examined 
in detail by studying the behavior of the respective monomers alone 
in thermal reactions which would be expected to compete with the 
desired copolymerization reaction. Thermal reactions of the di¬ 
functional monomers when heated singly can result in cycloadditions 
leading to dimers, trimers, etc. and, possibly, formation of 
homopolymers. Accordingly, a sample of [ CF2=CFCH2CH2Si(CH3)2 ] 20 
was subjected to a temperature of 150° C for 20 hrs. in a stainless 
steal reactor but a violent decomposition ensued leaving a dense 
carbonaceous residue. Attempts to repeat the experiment in a glass 
tube on a small scale in the presence of stainless steel filings from 
the steel reactor were unsuccessful as the disiloxane was recovered 
unchanged. A subsequent experiment conducted in a sealed glass 
tube at 150° C for an extended time period (ca. 40 days) failed to 
reveal any instability. 

Thermal reactions of CF2=CF-CF2CFC1CFZ*CF=CF2 alone were 
also investigated at elevated temperatures. The heptadiene was 
recovered unchanged after heating at 150° C for 20 hrs. but a brittle 
amber solid was recovered in low conversion (ca. 2%) after 20 hrs. 
at 200 C. The latter exhibited terminal CF2=CF- groups in the 
infrared spectra (1790cm“1). 

Copolymerization of [ CF2=CFCH2CH2Si(CH3)2 ] aO with 
CF2sCFCF2CFC1CF2CFsCF2 was examined by heating equimolar 
quantities of the monomers at 150° C for ca. 42 days; no marked 
change in viscosity was observed but the results of the experiment 
are incomplete. Similar runs employing the respective monomers 
alone were conducted and work-up is also incomplete. 

C. Monomer Synthesis 

1# Preparation of 4-Chloroperfluoroheptadiene-l, 6 and 
Perfluoroheptatriene-1, 3, 6 

An additional sample of 5, 6, 7-trichloroperfluoroheptene-l was 
prepared in 86. 6% yield and with a purity of 90. 7% by the pyrolysis of 
sodium 3, 5, 7, 8-tetrachloroperfluoroöctanoate as described in the 
previous report. All of the heptene on hand was dechlorinated with zinc 
in two experiments. Three distillations were required to obtain product 
of 90% purity. In the first experiment, a one mole run, the total yield 
of heptadiene was 122. 6g. or 34. 8% after correcting for impurities. 
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In the »econd, a 1. 5 mole run, the yield wae 154. 9g. or 28. 5¾ The 

in U proo“:? M,rerered hePtene in th* la««r wa. carried out 

with aP.om.whiuonrerrrr.eac«Í0nnZ:re r"1'?“' "‘«»ydroluran) 
boiler, were recovered. con.iderable quantity of low 

ohtJ‘ previo“«ly noted that the yield of 4-chloroperfluoroheptadiene 

OT,„„;»“^XL^r.,“ar.rïï,::: 
in one instance the amount of low boiling material actually exceeded the 
e. re pro uct. Accordingly, thi. product wa. investigated further. 

eomrC,analy,U indicated that »bi« material mainly con.i.ted of two 
pound, tn ...entially equimolar quantities. Accordingly these two 

"Autoprep"W*re aeParated and i,olated with a wi‘kin. Instrument Co. 

analyE,U?ndfcatê t°K ‘pectra’ boilin* Poin*»- »“d elemental 
of n.ri . . * comPound® are the ci. and tran. i.omer. 

pe fluoroheptatrtene-1, 3, 6, which undoubtedly arise, by dechloro- 
fluonnation of 4-chloroperfluoroheptadiene (Eq. 9). 

(9) cf2= cfcf2cfcicf2cf= cf2 — —» cf2s cfcf2 cf= cf2 
c= c 
/ F 

cf2= cfcf2 f 

/Cx Cv 
F CF= CF2 

h.nti!.°T dehal0*enationof 4, 5, 7-trichloroperfluoro- 

cln ttere Jr! h! c %fH Pt!trÍlne and 0,Jy U% hePtadi*"«' Thi. method 
the Drenaraff f <n ^ * *ati,factory »ynthetic procedure for the preparation of perfluoroheptatriene. 

It is anticipated that these potentially interesting monomers can now 
be incorporated into future polymer systems. ncmiers can now 

2* Prgparation of Perfluoropentadiene-1.4 

The route selected for the preparation of perfluoropentadiene-1 4 
follows the procedure of Park and Lacher:1 °pemaaiene-l, 4 

(10) CF2C1CFC1CF2CFC1CF2C02H_ 

cf2= cfcf2cf= cf2 f- cf2cicfcicf2cf= cf2 

CF2ClCFClCF2CFClCF2C02Na 
♦ 
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About 1 kg. of the anhydrous sodium salt has been prepared of thi« 

Th«rflnaTdtelî:,4008- haS been to the pemene in y e d The final dechlorination has not been completed. 7 

3- Mottipted Preparation of 3. 3. 4,4.Tetrafluorohexadiene-l. 5 

The following route to the desired hexadiene was attempted: 

Ul)CF2Brz+ CH2= GHz-» CF2BrCH2CH2Br-» CF2BrCH= CH2 

CH;= CHCF2CF2CH= ch2 

reported1*8 °n ,th' photoiy'ic Preparation of the intermediate propane, 

completed" u'hlTT^ ^ Quar,erly RePort have now been 
thiTmethod V. *rrrhU t0 achieve yields °f the order of 50% by 

initiaTed :etTldyleld8 ^ °f 25% ^ tha P-xide- V 

propane^^hTrnethod^o/Tarran^et^aÍt^us^orh"!te dibromodtRuoro" 

sL“:!n8rr t 7-id-ppa-^' bLa;:: z:z¡ ^:“ñem 

h«rr rbeu:t"aeî^43%üroí cold ethanouc 

In the Quarterly Report III, the question of structure of the oroovlen. 

bein¡TbromoTT^nR 8peCtral analysÍ8 confirmed the structure as 
being 3 bromo-3 3-difluoropropylene-l and not the isomeric 
J - bromo-1, 1 -difluoropropylene-1. 

t t x°d th.C couPlin* 5teP' magnesium in ethyl ether, butyl ether and 
tetrahydrofuran. and zinc in dioxane were tried. On^y in the case of 
magnesium in tetrahydrofuran did any reaction occur.7 The product 
could not be separated, however, apparently because its boifing point 
was too close to that of the solvent. * p nt 

and elhvw“!'0^' t0 hexadia"« f«m tetrafluoroethylene diiodide 
diiodidJha k * been mitiated. Preparation of the tetrafluoroethylene 
This reaction mu.tamPered ^ C0rr08ive side «étions with the bomblining, ims reaction must now await equipment modification. 8 
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EXPERIMENTAL 

A. Polymerization Research 

1. Vinyl Polymerizations 

a* Modifteation of Vinylidene Fluoride/Hexafluoropropylene 
Emulsion Polymerization System 

Emulsion Polymerization of CF2= CH2/CF,CF= CFp 

The following procedure is typical for the emulsion polymer¬ 
ization runs tabulated in Table I. 

‘ A 110 ml. Aminco bomb was charged with 42g. 
of a 3. 8% aqueous solution of potassium persulfate, 17. 6g. of a 
9. 1% solution of disodium hydrogen phosphate and 20g. of a 10% 
solution of the sodium salt of perfluoroöctanoic acid. The bomb 
waa then closed, cooled in dry ice and evacuated. Then, 20g. of 
CF2=CH2 (70 mole %) and 20g. of CF3CF= CF2 (30 mole %) were 
charged to a 75 ml. stainless steel cylinder by gaseous transfer 
invgcuo., The 75 ml. cylinder was then attached to the Aminco 
bomb via an oxygen regulator. The former was opened at a 
temperature of 50° C (500 psig) and the reducing value was set 
to deliver 450 psig to the Aminco bomb which was also heated to 
50 C. The assembly was rocked for 17 hrs. at which time the 
pressure had dropped to 300 psig. The bomb was cooled, the 
unreacted monomers vented and the product (a bluish latex) was 
decanted. The latter was coagulated with a 10% aqueous solution 
of aluminum sulfate and a white elastomeric product was recovered 
by filtration. After thorough washing with water and drying in an 
oven at 60 C overnight a weight of 6. 7g. of product was obtained, 
representing a 17% conversion based on the total monomer charge 
of 40g. ® 

Attempted Curing of Viton A with [ CF,= CFCH2CH,Si(CH,b 1 ,Q 

£rJJ1-152 The following ingredients were blended on a 
cold rubber mill with Viton A elastomer (vinylidene fluoride/hexa- 
fluoropropylene 80/20 mole %): 

Ingredient Parts by weight 

Viton A 200 
Magnesium oxide 15 
[ CF2-CFCH2CH2Si(CH3)2 ] 20 10 
Benzoyl peroxide 2 
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The stock was molded 30 min. at 300° F into four 6 in. by 
6 in. plaques. All four plaques contained bubbles upon opening 
the molds. Two of the plaques were passed again through the 
rubber mill. One of the plaques was then molded for 15 min. at 
230 F and the other was molded by gradually increasing the mold 
temperature from 80 3 F to 230° F and applying 40 tons pressure 
for 5 min. before cooling. The molded specimens were then 
oven cured by gradually increasing the temperature from 200° to 
350° F over a 6 hr. .period. Finally, the upper temperature (350°F) 
was maintained for 18 hrs. 

One specimen was then cut into small pieces and subjected to 
a pentane extraction overnight in a Soxhlet apparatus. After drying 
in an oven at 50° C overnight the specimen was analysed for silicon 
but the results were negative. A glass transition temperature (Tg) 
measurement performed on the unextracted specimen in the Gehman 
apparatus showed the «ample to have a Tg=-20o C. A similar 
measurement performed on a differential scanning calorimeter 
resulted in a Tg= -23 C. A sample of gum Viton A was found to 
have a Tg=-22° C . 

b* Co-polymerization of Hexafluoroacetone with Olefins 

1, 1-bis(trifluoromethyl)oxetane and polymer 

C-1129-43 Into an evacuated 12 1. 3-neck flask containing a 
Hanovia 450 watt high pressure Hg lamp in a quartz insert was 
charged 300 mm. hexafluoroacetone and 300 mm. ethylene. After 
8 hrs. irradiation the pressure decreased 280 mm. and the lamp 
was extinguished. The flask was pumped down and the liquid 
products thus stripped off were separated directly by means of 
preparative VPC. The oxetane accounted for about 80% of the 
product; another product, accounting for the remainder of the 
volatile product has not yet been identified. 

The IR spectrum of the oxetane, b. p. 85. 5° C, 76l mm. (micro), 
is reproduced in Figure 5. 

The oil remaining in the flask analyzed for 55 5%F, and had 
an average molecular weight of 570 (vapor pressure Osmometer, 
benzene solution). 

1, l-bis( trifluoromethyl) -2, 2-difluorodxetane, 1, l-bis(tri- 
fluoromethyl) -3, 3-difluoroöxetane, and polymer. 

The 12 1. flask containing the 450 watt Hg lamp 
was evacuated and charged with 300 mm. hexafluoroacetone and 
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300 mm. vinylidene fluoride. After 4. 5 hrs. irradiation there was 
a pressure decrease of 294 mm. and the lamp was extinguished. 
The volatile liquid product was washed with water, dried over 
sodium sulfate, and distilled, b. p. 58-62° C. The two isomers 
were separated and isolated by preparative VPC. 1, 1-bis(trifluoro- 
methyl)-2, 2-difluoroöxetane, b. p. 65. 2°C , 76l mm. (micro), IR 
spectrum. Figure 3. 1, 1-bis(trifluoromethyl)-3, 3-difluoroöxetane, 
b. p. 58. 0 C, 76l mm. (micro), IR spectrum, Figure 4. The 
proton NMR is discussed elsewhere. 

The white opaque nonvolatile oil remaining in the flask analyzed 
for 62% F and had an average molecular weight of 612 (vapor 
pressure Osmometer, methanol solution). 

Condensation Polymerizations 

a* g.°.Polymerization of [CF2=CF-CH,CH2Si(CH,)?1,Q with 
CfVCFCF,CFClCF,CF:: CF,- -^- 

The following procedure is typical for the thermal reactions 
of [ CF2=CFCH2CH2Si(CH3)2]20 and CF2= CFCF2CFC1CF2CF=CF2 
tabulated in Table II. 

C-1529-3 A 30 ml. Pyrex tube equipped with a Teflon 
needle valve on one end was charged with a mixture of 5. OOg. 
of [ CF2=CFCH2CH2Si(CH3)2 ] 20 (0.014 mole) and 5. 68g. (0.014 
mole) of CF2=CFCF2CFC1CF2CF=CF2. The tube was then cooled 
in liquid nitrogen, evacuated and closed. The tube was then placed 
in a thermostated oil bath at 150° C and allowed to remain in the 
bath for ca. 42 days as little change in viscosity was noted. 
Characterization of the tube contents is incomplete. 

b* Copolymerization of 4-Chloroperfluoroheptadiene with 
2, 2, 3, 3,4, 4-Hexafluoropentanediol-l, 5 

The following experiment is typical of those carried out. All 
are tabulated in Table III. 

C-1129-71 To llg. (50 mmole) of the pentanediol in 20 ml. 
acetone was added 3. Og. potassium hydroxide. This mixture was 
than rapidly poured into I6g. of the heptadiene contained in a 250 
ml. Erlenmeyer flask and the resultant mixture stirred magnetically. 
The light yellow color which formed immediately slowly darkened 
and, after 72 hrs. , tan to brown polymer was found in the flask 
along with a viscous oil. The oil was dissolved in acetone, the 
solution decanted, and the polymer washed with acetone. The 
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polymer was leached in a Soxhlet extractor overnight and then dried 
in a vacuum oven. 

Using this procedure the yield of elastomer is generally about 
20%, while the lower molecular weight oils are obtained in about 
50%^yield. The value of Tg appears to be in the neighborhood of 
-50 C. Proton NMR spectra of the oils have been discussed 
elsewhere. 

B. Monomer Synthesis 

L Preparation of 4-Chloroperfluoroheptadiene-1. 6 

The experimental details of this synthesis, via dechlorination of 
4, 6, 7-trichloroperfluoroheptene-l.have been reported earlier. Runs 
conducted during this report period are summarized in Table IV. 

About 12g. of the heptadiene was isolated in 98 mole percent purity 
by gas chromatography. 

Preparation of cis-and trans-Perfluoroheptatriene-1, 3, 6 

These two isomeric trienes were isolated from the 82-98° C fraction 
obtained in experiment C-1129-10 (Quarterly Report III5). A total of 
58. 2g. of the two heptatrienes were present in equimolar amounts, the 
yield being 27% from the heptenes charged. Cis-Perfluoroheptatricne: 
b. p.81. 5 C, 761 mm. (micro) IR spectrum: Figure 1; trans-perfluoro- 
heptatriene: b. p. 86°C, 761 mm. (micro); IR spectrum:Figure 2. 

3. Preparation of Perfluoropentadiene-1,4 

C-1129-42 To two 505g. (2. 78 mole total) portions of 
CF2C1CFC1CF2CFC1CF2C02H in a 2 1. beaker was rapidly added with 
stirring 60g. sodium hydroxide in 60 ml. water to each. There was 
considerable heat generated, evolving most of the water as steam. The 
two pasty fractions were combined and further dehydrated in a vacuum 
oven. The solid was then pulverized and dried over phosphorous 
pentoxide until there was no further moisture pick-up. About 1 week and 
5 changes were required. There was obtained 1048g. (2. 72 mole) of 
finely powdered, free flowing, white sodium salt in 98% yield. 

--1129-51 In a 1 1. round-bottomed flask, 433g. (1. 13 mole) 
CF2ClCFClCF2CFClCF2C02Na was pyrolyzed at about 150° C. The pentene 
was pumped off as it formed into a cooled receiver. Distillation afforded 
223, 4g. (0. 789 mole) at the pentene, b.p.92-3°C, 756 mm. (lit.1, 86°C, 
630 mm. ) in 70% yield. There were mechanical losses from the powdered 
sodium salt being carried away by the rapid carbon dioxide evolution. 
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The dechlorination of the 4, 5-dichloroperfluoropentene-1 is in 

progress. 

4. Preparation of 1, 3-Dibromo-3, 3-difluoropropane 

A number of runs were conducted towards the preparation of this 
compound. The following is typical. 

C-1129-39 A 12 1. flask equipped with a quartz immersion well 
containing'”a 450 watt high pressure Hg lamp was intermittently charged 
with equibaric amounts of dibromodifluoromethane and ethylene. After 
a total of 179g. (0. 895 mole) dibromodifluoromethane had been charged, 
the liquid product was isolated, washed twice with water, and dried over 
•odium sulfate. The fraction b. p. 110-133° C was collected, 54. 6g. 
(0.417 mole), 47% yield. 

Several later modifications were attempted in order to obtain a 
flow system. A 5 1. flask was employed with a stopcock on the bottom 
for liquid removal. This system was not as satisfactory, however, 
because of the necessity of a finely controlled, stable rate of introduction 
of the reactants. This could not be achieved without continuous monitor¬ 
ing. Also, it appeared that an optimum rate of introduction and temper¬ 
ature would have to be determined for highest yields. 

5. Preparation of 3-Bromo-3, 3-difluoropropene 

C-1491-13 The following methods of dehydrobromination of 
1, 3-dibromo-1, 1-difluoropropane were examined: 

a. Use of hot aqueous potassium hydroxide 

Following the method of Tarrant2, 47. 6g. (0. 2 mole) of 
1, 3-dibromo-l, 1-difluoropropane was added over 0. 5 hr. to a 
hot (80° C) stirred solution of 56g. of 85% potassium hydroxide 
in 100 ml. of water. A heavy organic liquid distilled with a 
little water. This distillate was recycled in an attempt to insure 
maximum conversion. The organic layer in the second distillation 
was separated, dried, and distilled. Only 3. Ig. of liquid distilled 
at 40-42° C, the expected boiling point of the product. Most came 
over at a much higher temperature and is, presumably, unreacted 
starting material. 

b. Use of Tributylamine 

To 93g. (0. 5 mole) of tributylamine at 125° C was added 47. 6g. 
(0. 2 mole) of 1, 3-dibromo-l, 1-difluoropropane over 1. 0 hr. At 
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the end of the addition, a vigorous exothermic reaction occurred 
and 3. Og. of colorless liquid distilled, which, although quite 
impure, contained none of the desired product, according to its 
infrared spectrum. No more product could be removed from the 
black liquid in the pot, even after dissolving in dilute hydrochloric 
acid. 

c. Use of hot aqueous sodium hydroxide 

Experiment (a) was repeated using 50% sodium hydroxide 
solution at 130° C. No reaction occurred. 

d. Use of cold ethanolic potassium hydroxide 

A solution of 18g. (0. 27 mole) of potassium hydroxide in 125 ml. 
of ethanol was added to 59. 5g. (0. 2 5 mole) of 1, 3-dibromo-l, 1- 
difluoropropane in 25 ml. of ethanol over 2. 0 hr. while keeping the 
temperature at 15° C. A heavy white precipitate formed. After 
stirring an additional 0. 5 hr. , the mixture was diluted with 200 ml. 
of water, the organic layer separated, and the aqueous layer (still 
alkaline) extracted with tetrachloroethane. After drying, the product 
was distilled over potassium hydroxide to give 16. 8g. (53. 5%) of 
colorless liquid, b. p. 40-41 °C (762 mm. ), niS 1. 3751. (lit.2: b. p. 
42°C, n2¿ 1. 3773). D 

6. Preparation of Tetrafluoroethylene 

The following was a typical preparation of tetrafluoroethylene from 
tetrafluoroethylene dibromide: 

1129-56 To a stirred, heated mixture of HOg. zinc in 400 ml. 
tetrahydrofuran in a 3 necked Morton flask equipped with a pressure- 
addition funnel and condenser with gas outlet, was added approximately 
1 ml. tetrafluoroethylene dibromide. After about 45 min. addition was 
resumed and 520g (2.00 moles) tetrafluoroethylene dibromide was added 
over a period of 3 hrs. The tetrafluoroethylene generated was collected 
in a liquid nitrogen cooled trap to which approximately 1 ml. d-limincne 
was added. The tetrafluoroethylene was then transferred in a vacuum 
system to a 500 ml. Hoke stainless steel cylinder containing approx¬ 
imately 2 ml. d-limonene. The yield was virtually quantitative. 

A total ca. 1 kg. tetrafluoroethylene was prepared by this procedure. 

I 
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7- Purification of [ CF2,CFCH,CH,Si(CH,>, 1 ,n 

Aboui 25g. of the disiloxane of 99. 7% purity has been 

at°Òn lfudUP.reParatÍVe ga8 chromato8raPbic technique, for polymeria- 

Molecular weight (Osmometer), calc, 
found 352. for C12H20 F6Si20: 350. 45; 

1 

! 
í 
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FIGURE 1 

Infrared Spectrum of cis-Perfluoroheptatriene-1, 3, 6 

(neat, 0. 015 mm. ) 

FIGURE 2 

Infrared Spectrum of trans-Perfluoroheptatriene-1, 3, 6 

(neat, 0. 015 mm. ) 

m 
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FIGURE 3 

Infrared Spectrum of 1, 1-bis(Trifluoromethyl)-2, ¿-difluorodxetane 

FIGURE 4 

Infrared Spectrum of 1, 1-bisfTrifluoromethylM, 3-difluorodxetane 
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FIGURE 5 

Infrared Spectrum of lt 1-bis(Trifluoromethyl)oxetane 
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APPENDIX I 

The following is the list of monomer assignments compiled during the 
period covered by this report. For previous assignments, Quarterly 
Report III5 should be consulted. 

Monomer No, Formula 

University of Florida 

205 

206 

Peninsular ChemResearch 

CF2= CFCH2CH2CF= CF2 

c6f5cf= cf2 

409 

410 

411 

412 

413 

414 

415 

CF3SCF(N0)CF2C1 

FF FF 
h2n -Q- nh2 

FF FF 

FF FF 

ON -O-Q- NO 
FF FF 

FF 
H2NNH -0- NHNH2 

FF 

FF 
H2N -0- NH2 

FF 

FF 
HOOC -0— COOH 

FF 

FF 
Sr H0- Br 

FF 

FMC Corporation 

504 

505 

(CF3)2Ç—9 
CH2-CH2 

(CF 3)2C O 
CH2-CF2 
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Monomer No. 

506 

507 

508 

509 

510 

511 

512 

AP'PEMDIX I - Continued 

__Formula_ 

(CF3)C-O 
CF2-CH2 

CF3-N= CF2 

HO-CH2CF2CF2CF2-OH 

cis-CF2= CFCF= CFCF2CF= CF2 

trane-CF2= CFCF= CFCF2CF= CF2 

C10C(CF2)3C0C1 

CF3COCF3 




