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FOREWORD
 

This report was prepared by Peninsular ChemResearch, Inc.,
 

in partial fulfillment of the terms of Contract No." NAS8-5352,
 

"Development of Vulcanizable Elastomers Suitable for Use in Contact
 

With Liquid Oxygen," with the George C. Marshall Space Flight Center
 

of the National Aeronautics and Space Agency. The work was administered
 

under the technical direction of the Propulsion and Vehicle Engineering
 

Laboratory, Material Division, of the George C. Marshall Space Flight
 

Center. Dr. William Hill acted as the Contracting Officer's Technical
 

Representative.
 

Other personnel who have contributed to this research were
 

Dr. Paul D. Schuman, Senior Research Chemist; Pamela Overton, Research
 

Chemist; and Marvin Hamlin, Technician. Drs, George B. Butler and Paul
 

Tarrant served as consultants. In addition, Dr. Wallace S. Brey of-the
 

University of Florida obtained and interpreted NMR spectra, and Dr. Robert
 

J. Hanrahan, also of the University of Florida, assisted in radiation
 

induced polymerization studies.
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ABSTRACT
 

The homopolymers of CH2=CHCO2CH2 (CF2CF2)nH, (n = 1, 2, and 3)
 

have been prepared and their low temperature tensile properties studied.
 

Increasing values of-n were found to bring about increasing elongations
 

and decreasing tensile strength and toughness. Attempts to prepare
 

copolymers with vinylidene fluoride were unsuccessful. Attempts to
 

prepare cyclopolymers of perfluoroglutaraldehyde, perfluoroglutaryl
 

fluoride, and perfluoro-3-oxaheptadiene-i,6 were unsuccessful. Poly­

anhydrides of fluorocarbon dicarboxylic acids were found to be hydro­

lytically unstable. Polycondensation of perfluoroaldehyde hydrates with
 

fluorocarbon dicarboxylic acids did not pioduce the expected linear
 

polyesters. Work was begun on the preparation of esters derived from
 

oligomers of hexafluoropropylene oxide:
 

CF3CFCFO > C3F70[CF(CF3)CF20]nCF(CF3)COF 

C3F7 0[CF(CF3)CF20nCF(CF3)CH 20OH]-9
 

0
 
IIC3F70[CF (CFJ)CF2O]nCF (CF3) CH2000H=0H2
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INTRODUCTION
 

This report describes work done during the fifth year of
 

Contract No. NAS8-5352. The objective of the program is the development
 

of elastomeric polymers which will retain useful mechanical properties
 

at temperatures as low as -190'C, and which will be chemically compatible
 

with liquid oxygen. Certain limitations are set on polymer structure by
 

this double requirement for low temperature flexibility and LOX-compati­

bility,
 

To begin with, the preponderance of hydrogen in the molecule
 

must be replaced by chlorine or, preferably, fluorine. The allowable
 

limits of hydrogen content are rather sharply drawn, as may be seen from
 

test data, reported in the previous Annual Summary Report, relating to
 

copolymers of vinylidene fluoride (CH2=CF 2) with perfluoro(methyl vinyl
 

ether),'CF 3OCF=CF2.' Thus, the copolymer containing 87.5 mole percent

1
 

vinylidene fluoride detonated five times in 17 trials; the copolymer
 

containing 83.3 mole percent vinylidene fluoride detonated zero times in
 

20 trials. This difference in behavior may be attributed to a decrease
 

in hydrogen content of 0.24 mole percent from 2.21 to 1.97%.
 

Favorable low temperature mechanical properties appear to
 

derive from combinations of structures giving non-crystallizing,
 

heteroatomic chains, and long pendent groups. Precedent for the desira­

bility of hetero-chains may be based on the low temperature properties of
 

poly(thiocarbonyl fluoride), T -l18o; 2 nitroso rubber, T -50o;3 and
 
g g 4 

UV-, or isocyanate-coupled oligomers of hexafluoropropylene oxide. The
 

interest in long pendent chains was fostered by reports of decreases in
 

T of poly(alkyl methacrylates) amounting to 170'C, on increasing the
 
g 5

length of the alkyl group from one to nine carbon atoms. Extrapolations
 

of related data indicate that side chains of eighteen carbon atoms
 

depress T in this series to -100'C. 6 Effects of similar magnitude have
 
g
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been observed in a series of polystyrenes with increasingly long para
 

substituents. Poly(alkyl vinyl ethers) exhibited a minimum T at
 
7
 

a pendent chain length of eight carbon atoms.


On these bases, the synthetic effort on this contract has been
 

directed towards polymers with heteroatoms in the chain; e.g., polyethers,
 

polyanhydrides, and polyesters. In addition, it has been directed toward
 

polymers with long pendent chains;,e.g., poly(fluoroalkyl acrylates).
 

The testing program has sought to correlate T and low-temperature tensile
 
g


properties with these structural features.
 



DISCUSSION
 

A. Fluorine-Containing Acrylates
 

1. Polymer Testing
 

The testing program during the past year was restricted almost
 

entirely to homopolymers of fluoroalkyl acrylate esters. The largest
 

body of data has been accumulated for the homologous series
 

CH2=CHCO2CH2 (CF2CF2)nH , where n = 1-3. These monomers and their homo­

polymers are designated I, II, and III, respectively, throughout this
 

report.
 

Low temperature mechanical properties were determined on these
 

polymers, according to procedures developed at PCR and described in
 

previous Annual Reports. Tensile and elongation data were obtained using
 

uncured, unfilled specimens one inch in diameter, cut from 20-mil molded
 

films. The test polymers were prepared by bulk polymerization with
 

azobisisobutyronitrile as the initiator. The data obtained in this
 

testing program are given in Table I.
 

The small amount of data presented limits the validity of any
 

conclusions that may be drawn, but it would appear that pendent chain
 

length has little effect on ultimate elongation below the glass tempera­

ture of these polymers. In contrast to this, a pronounced effect on low
 

temperature tensile strength may be noted. A 75% loss in tensile strength
 

occurs when the pendent chain length is increased from four to eight
 

backbone atoms.
 

As a consequence of this, and contrary to what had been expected,
 

the relative toughness of these polymers decreases with increased pendent
 

chain length. (Toughness was measured as area under the stress-strain
 

curve, Figure 1.) Table II summarizes the toughness of the three polymers
 

--3­
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TABLE I
 

TENSILE PROPERTIES OF FLUORINE-CONTAINING
 
ACRYLATE POLYMERS
 

Tensile Strength 
Polymer t c Kg/cm2 % Elongation 

I 19 18.16 525 

17.88 490 
20.04 550 

Avg. 18.69 515 

a 0.82 22 

I -67 270.2 	 2.5
 
259.3 	 10.5
 
326.0 	 34.5
 

Avg. 	 285.2 15.8
 

a 25.5 11.8
 

II 16 7.06 	 285
 
8.4 290
 

Avg. 7.7 287
 

II 	 -53 90.9 20.0 
-75 118.1 20.5 

102.8 25.0
 
Avg. 110.4 22.5
 

III 16 9.36 	 205
 

II -73 78.2 	 12
 
42.9 	 8
 
79.0 	 25
 
85.0 	 27
 

Avg. 	 71.2 18
 

a 10.9 5.4
 

TABLE II
 

RELATIVE TOUGHNESS OF H(CF2CF2)nCH2OCOCH=CH2 POLYMERS
 

Area Under Stress-Strain Curve
 

Polymer n (by Planimeter) Relative Toughness
 

I 1 135.5 cm2 	 4.82 

II 2 41.86 cm 	 1.49
 

2
III 3 28.12 cm	 1.00
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at about -73' . A plot of these values with respect to pendent chain
 

length (Figure 2) shows a precipitous drop in toughness with increased
 

chain length. Since little change in elongation is noted, a similar plot
 

is obtained when tensile strength is plotted as a function of pendent
 

chain length.
 

The results of these tests are surprising since it was antici­

pated that the side chain would, in effect, be an addition of a chemically­

bonded plasticizer. It was further anticipated that an increase in side
 

chain length would improve low temperature properties.
 

Since the same values of toughness may be obtained for materials
 

having greatly differing properties, i.e., high tensile-low elongation
 

and low tensile-high elongation, it was considered advisable to carry
 

out one further simple measure of low temperature properties of these
 

polymers. This test was that of low temperature resiliency. The samples
 

were subjected to a stretching force of 65% of their tensile strengths at
 

-72oC, and permitted to equilibrate for 30 minutes. Upon removal of the
 

weight, residual deformation was recorded as a function of time. The
 

results are presented graphically in Figure 3.
 

It is interesting to note that recovery times increase in the
 

order.III<II<. This coincides with the sequence of tensile strengths
 

and toughness. On the basis of these data it would appear that internal
 

plasticization by the pendent trihydroperfluoroalkyl groups increases in
 

the expected-way. The fact that the plasticizing effect of, for example,
 

the trihydroperfluoroheptyl side chain is to produce a weak, soft material,
 

was disappointing. The possibility still exists that copolymers might
 

approach the low temperature elasticity of III,.while retaining a useful
 

portion of the strength of I. Extension of the data to the next higher
 

homolog, CH2=CHCO 2CH2 (CF2C 2)5 
H , was not possible; the best polymer
 

obtained from this monomer was a brittle wax having a DP of about five.
 

2. Polymerization
 

Monomers I, II, and III were found to polymerize with equal
 

facility in several systems. Bulk polymerization with VAZO (duPont's
 

brand of azobisisobutyronitrile) at low pressure or at 1000 atmospheres,
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and emulsion polymerization with potassium persulfate gave comparable
 

results.
 

An attempt was made to effect a cure using y-radiation. Samples
 

of polymer I were exposed to a 200 curie 60Co source for nine days at
 

ambient temperature. Only insignificant improvements in tensile proper­

ties were observed. No work was done on chemical cures.
 

Several attempts were made to obtain copolymers of these acry­

lates with fluorine-containing vinyl monomers. In particular, the
 

copolymerization of I was undertaken with vinylidene fluoride. The use
 

of an emulsion recipe under autogenous pressure in a Fischer-Porter tube
 

resulted in the production of two polymer phases. More than half of the
 

combined monomer charge was recovered from an attempted bulk polymeri­

zation under autogenous pressure initiated by VAZO.
 

3. Monomer Synthesis
 

Following the,work of Codding,8acrylate monomers were
 

prepared by the reaction of the corresponding fluoroalcohol with either
 

acrylyl chloride or a mixture of glacial acrylic acid and trifluoroacetic
 

anhydride. The latter method enjoyed the advantages of speed, better
 

yields, simplified work-up procedures, and gentler treatment of the
 

product monomers. Table III summarizes the acrylate monomers, made by
 

both general methods.
 

TABLE III
 

Acrylate Esters CH2=CHCO2 CH2Rf
 

20

Rf b.p. nD Method Yield
 

CF3 870 1.3567 1 67%
 

C3F 7 117-1190 1.3371 1 79%
 

HCF2CF2 126-1280 1.3757 1 24%
 

2 75% 

H(CF2CF2)2 57-59*/l0mm - 1 50% 

H(CF2CF2)3 71-750 /7mm 1 64% 

H(CF2CF2)5 1100 /0.65mm 1 83% 

2 79% 
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As-the characterization work on the a,cw-trihydroperfluoro­

acrylates progressed, it became increasingly apparent that the
 

H(CF2CF2)nCH2- pendent group would probably not live up to expectation in
 

its effect on,low temperature mechanical properties. Earlier work in
 

these laboratories has shown that duPont's Freon E fluids (which are
 

essentially Rf-terminated fluorocarbon polyethers) were effective plasti­

cizers for a number of experimental fluorine-containing polymers, By
 

extension, the incorporation of a fluorocarbon polyether side-chain into
 

the acrylate polymers suggested itself as a potentially most valuable
 

approach to the goals of this project.
 

The oligomerization of hexafluoropropylene oxide gives rise to 

a series of acid fluorides having the generalized structure, 

C3F7 O[CF(CF3)CF2 0] CF(CF3 )COF, where n = 0-4. Reduction of these acid 

fluorides would afford access to a homologous series of hydroxyl­

terminated fluorocarbon polyethers - C3F70[CF(CF3)CF20] nCF(CF3)CH20H ­

having backbone chain lengths variable at-will from 6 to 18 in steps 

of three. The acrylate esters of these alcohols would give homopolymers 

which could be considered as poly(acrylates) plasticized by chemically 

bound Freon E fluids. This reasoning justified an investigation of the 

synthesis of these polyfluoroalkoxyalkyl acrylates. Time did not permit 

the study of their polymerization.
 

An important synthetic problem had first to be solved. In the
 

normal conduct of this reaction, the higher oligomers (n>2) are the desired
 

products and indeed constitute more than 80% of the product mixture. For
 

practical reasons - boiling point of monomers and expected mechanical
 

strength of the polymers - the lower oligomers are desired for this work.
 

It was shown in some small scale pilot syntheses that variation of the
 

ratio of catalyst to monomer had little effect upon the product distri­

bution.
 

(n + 2) CF{CFCF2 0 CsF 03F70[CF(CF3)CF20]nCF(CFJ)COF
3 2 ~diglyme 373 2n 3
 

In addition, it was established that reaction temperature directly
 

influenced rate, but not the magnitude of n.
 



Finally, an experiment was run wherein the product mixture was
 

sampled at regular intervals, beginning at the earliest time when enough
 

product (lower) phase was present to permit sample withdrawal. It was 

found that the relative amounts in the total product mixture of oligomers
 

where n = 0, 1, 2, decreased sharply as the reaction proceeded. There
 

fore, the initial synthetic attempts were conducted using a relatively
 

large amount of CsF catalyst, to increase production rate, and were
 

interrupted after short contact times.
 

While this approach gave a product enriched in n=O and n=l
 

oligomers, the quantities were limited. Thus, from 350 g. of hexafluoro­

piopylene oxide in the presence of 34 g. of CsF, there were obtained 30 g.
 

(8.6%) of dimer (n=O), and 68 g. (19%) of trimer (n=l), respectively.
 

Another phenomenon causing lowered yields of the dedired oligomers was
 

noted during a second run under these same conditions. Gas chromato­

graphic analysis of the crude product, which still contained suspended
 

CsF, showed the presence of about 35% by aeight of dimer and trimer. The.
 

mixture was stored overnight at room temperature in a sealed container.
 

After 18 hours, the dimer and trimer were 'ssentially absent from the
 

mixture. It was tentatively concluded that the product mixture continues
 

to equilibrate in the presence of cesium fluoride, and that at room
 

temperature the higher oligomers are favored.
 

While more work remains to be done to substantiate this last
 

hypothesis, practical steps were taken to avoid any continued consumption
 

of dimer and trimerin storing the crude product. The reaction was carried
 

out in a flask with a fritted disc sealed into the bottom, and lower
 

(product) layer drawn off at hourly intervals. Thus, the product distri­

bution was always that of the first hour of the reaction, when the rate
 

of dimer and trimer production is believed to be highest. Further, it
 

could be filtered away from cesium fluoride at the same time; to forestall
 

loss of lower oligomers through redistribution reactions. The combined
 

batches were distilled giving essentially the same product distribution
 

observed in runs made over 24 hours in single batch-operation. Thus,
 

the problem of materially favoring the preparation of dimer and trimer
 

remains unsolved.
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Reduction of trimer acid fluoride to the corresponding alcohol -


NaBH4 
t3F7O[CF(CF3 )CF20]CF(CF3 )COF > C3F7oCF(CFQ)CF2O]CF(CF3 )C112H 

was carried out in the usual manner in monoglyme solution giving nearly
 

quantitative yield of the dqsired perfluoroalkoxyalkanol. Its infrared
 

spectrum is shown in Figure 4. Time did not permit an examination of the
 

synthesis and polymerization of the acrylate esters of these alcohols;
 

B. Cyclic Polymers
 

1. Polyglutaraldehyde
 

The ether link is a most desirable feature of the main chain
 

of a polymer for cryogenic application. In this position such a flexible
 

unit should have even more favorable effects on low temperature flexi­

bility and T than when it is in the pendent group. One of the more
 g
 

promising approaches to such polyethers appeared to be the cyclopoly­

merization of perfluoroglutaraldehyde.
 

0 0
 

FHC
H 0I 

CF

2
N:CF2 CF

CF2
 F2 -


A recent patent9 disclosing the first reported synthesis of
 

perfluoroglutaraldehyde also points out that this aldehyde polymerizes
 

spontaneously and exothermically to give a bard, solid polymer. It is
 

possible that the mode of initiation may direct the polymerization either
 

through a linear or cyclic mechanism. In these laboratories, it has been
 

found that polymerization of perfluoroglutaraldehyde in Et20 solution,
 

using BF3 Et20 as the initiator, gave a tacky liquid polymer which was
 

soluble in polar organic solvents. The nature of this polymer indicated
 



.4, 
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that cyclopolymerization was occurring rather than linear polymerization,
 

since linear polymerization would result in an insoluble network polymer.
 

By varying the initiator concentration from about 3 to 24 mole percent,
 

molecular weights of 283 to 609 were obtained. This would correspond to
 

values of n from about 1.4 to 2.9. When the polymerization was carried
 

out in the absence of solvent, the resultant polymer was a brittle solid.
 

In addition, attempts to copolymerize perfluoroglutaraldehyde with tri­

fluoroacetaldehyde, in Et20 solution, also gave liquid polymers.
 

The reason for the generally low molecular weight polymers
 

obtained is not presently known. Although trace amounts of water may
 

interrupt the cyclopolymerization, termination of the extent shown should
 

not occur unless a relatively large amount of water were present.
 

Infrared spectra of these liquid polymers suggest OH termination
 

(broad maxima at about 3.0 microns), but surprisingly also show a maximum
 

at 5.67 microns indicating the presence of a carbonyl group. Upon
 

acylation of a liquid polymer the maximum at 3.0 microns disappeared and
 

a shoulder appeared on the C=O group at about 6.8 microns, An infared
 

spectrum of this polymer before and after acylation is shown in Figures
 

5 and 6.
 

The probable presence of terminal hydroxyl groups suggested
 

chain extension through reaction with a diisocyanate or by acylation with
 

a diacid halide.
 

To investigate th{s possibility, a solid polymer, initiated
 

with triethylamine and presumed to have the desired cyclic structure, was
 

treated with excess perfluoroglutaryl fluoride, in an attempt to obtain
 

the proposed structure shown below.
 

0 0 H H 0 0
 
11 11 0u 0- Hi 11 

---C (CF2 ) 3C-0 -C (CF2 ) 3001W(OF2)3 CHFO-

F2 F2
 
F2
2 F n m 

Iy
 



The infrared spectrum of the resulting viscous liquid product
 

showed infrared absorptions in the carbonyl region as follows:
 

0
II
 
5.3 microns -CF
 

0
II 
5.5 microns (sh) 0-C-HF
 

5.6 microns (strong) aldehyde C=O
 

Thus, reaction appears to have been incomplete, and the products complex.
 

In an attempt to complete the hydration of the aldehyde carbonyl
 

functions in the polymer, a sample was shaken in wet acetone for several
 

hours. The intensity ratio of the OH and C=0 peaks in the infrared
 

spectrum was not materially changed. This was unexpected, since the
 

carbonyl group in the monomer hydrates rapidly and quantitatively. No
 

further work was undertaken on this system.
 

2. Poly(perfluoroglutaryl fluoride)
 

Perfluoroglutaryl fluoride should also be capable of cyclo­

polymerization to a polyether, in a manner analogous to that proposed for
 

perfluoroglutaraldehyde.
 

0 0
 

CF CF 0 0
 

CF2 CF2 F
 

CF2 

n
 

Attempts were made to demonstrate this reaction by anionic (triethyl­

amine) initiation, and by gamma radiation. No evidence for polymeri­

zation could be found.
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3. Poly(perfluoro-3-oxaheptadiene-l,6)
 

In a further attempt to obtain an oxygen-containling cyclo­

polymer, the synthesis and polymerization of perfluoro-3-oxaheptadiene-l,6
 

were undertaken. This material was of interest largely because of the
 

interesting properties associated with the bulky cyclic group integral
 

with the backbone; the ether linkage in this case could contribute to
 

low temperature properties in a much more limited way than it would in
 

the backbone proper.
 

CF2
C2cF CE2CF cF
 

I0 > I1CFI 2 0a
 

2
2 2CF n 

The polymerization of material presumed to be perfluoro-3-oxaheptadiene-l;6
 

was undertaken by free radical initiators in bulk and in emulsion, and
 

by gamma radiation. After several attempts gave no indication of polymer
 

formation, a more careful characterization of the monomer indicated that
 

it was not the desired material, but was instead perfluoro-6-hydro-5­

oxaheptene-l.
 

The synthetic route to the heptadiene was one which has become
 

a part of the art of fluorine chemistry. The 1:1 adduct of hexafluoro­

propylene oxide with perfluoroglutaryl fluoride was converted to its
 

sodium-salt and pyrolyzed.
 

0 0 
F-CCF(0F33)O(0F22)2CF2CF2OE CO-N
NaO2CCF(CF3)O(CF2)2CF2CF2CO2Na
 

CF2=CF(CF2)2CF=CF

2 + 2NaF + 2C0 < 

However, the NMR spectrum of the liquid product, presumed to be a diene,
 

disclosed the presence of %ne CFH group, and only one trifluorovinyl
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group which vas attached to carbon. Attempts to obtain a neutralization
 

equivalent of the acid precursor by back-titrating a solution of the acid
 

in excess base gave three end-points, two of which correspond to sodium
 

carbonate. From these data it was deduced that the 1:i adduct acid
 

gave an unstable anion, and that attempts to prepare the salt for
 

pyrolysis proceeded as shown below:
 

CF CFO(CF2)2CF CF CO2H + 20H >CFCFHO(CF2) CF CF 0 + HCO + H20

3 2 2 222 H120 3 22 2 22 3 2
 

CO2H
 

Bicarbonate was a sufficiently strong base to bring about the decar­

boxylation.
 

A possible alternate synthesis of the desired diene was
 
10


suggested by the work of Fritz and Selman, who obtained olefins upon
 

passing fluorocarbon acid fluoride vaporsoover salts such as sodium
 

sulfate at 400-600C. Several runs were made under various conditions
 

using the 1:1 hexafluoropropylene oxide:perfluoroglutaryl fluoride adduct.
 

Only traces of diene could be detected in the infrared spectra of the
 

products. The project was abandoned.
 

C. 	Linear Polymers Having Oxygen 

in the Chain 

1. Polyanhydrides 

The search for polymers having oxygen atoms in the chain was
 
11

extended to polyanhydrides. Many years ago Carothers demonstrated that
 

polymeric anhydrides could be synthesized providing only that the
 

difunctional acid would not dehydrate intramolecularly to form a stable
 

ring structure. Sebacic acid, which would form an eight membered intra­

molecular ring or a 22-membered intermolecular ring, could be poly­

merized to a high molecular weight, fiber-forming polymer. However, poly­

anhydrides of aliphatic dicarboxylic acids are quite hydrolytically unstable.
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On the other hand, polyanhydrides of aromatic dicarboxylic acids exhibit
 

hydrolytic stabilities similar to that of poly(ethylene terephthalate).
 

By virtue of the hydrophobic nature of fluorocarbons, it was considered
 

possible that the polyanhydrides of perfluoroaliphatic dicarboxylic acids
 

might show enhanced hydrolytic stability.
 

Perfluoroadipic acid was recovered unchanged after heating
 

alone in a nitrogen sweep. Dehydration in refluxing acetic anhydride
 

gave a black, liquid product which regenerated the free acid on contact
 

with atmospheric moisture.
 

Acting on the assumption that perfluoroadipic acid was forming
 

cyclic anhydrides, longer chain dicarboxylic acids were next studied.
 

Heating perfluoro-2-methyl-3-oxaoctanedioic acid, which would form nine­

membered rings on intramolecular cyclodehydration, with acetic anhydride
 

gave only a low melting solid. Similarly, tetrafluoroterephthalic acid,
 

which should be totally incapable of forming rings, gave only black,
 

viscous liquid products on refluxing with'acetic anhydride.­

2. Polyesters from gem-Diols
 

-In a further effort to increase the number of heteroatoms per
 

repeating unit in the polymer backbone, the synthesis of polyesters derived
 

from gem-diols was undertaken. These materials would have the backbone
 

sequence C-O-C-O-C, in addition to pendent fluorocarbon groups and fluoro­

carbon backbone units. The synthetic sequence envisioned is shown below:
 

/OR
 

RfCH=O + H20> RfCH
 

OH
 

OH -O0

/ 
 2 00f 

OH 
 Rf
 

By proper selection of the acid moiety, additional flexible links could
 

be included in the chain; for example ether links, by the use of
 

HO2CCF(CF3)O(CF2)4CO2H.
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Hydrates of perfluoroaldehydes are known to be quite stable,
 

forming readily when pure aldehydes are brought in contact with atmos­

pheric moisture. However, they equilibrate with free aldehyde and water
 

in contact with acids, a fact which prevented the use of a simple acid­

catalyzed polyesterification procedure for this investigation. Therefore,
 

it was necessary to react the aldehyde hydrate with a diacid chloride in
 

the presence of excess base.
 

R CH(OH) + C1COR'cCs 0HOCORCO n + baseHC
 

Rf
 

The first experiments used perfluorobutyraldehyde hydrate and
 

tetrafluoroterephthaloyl chloride in pyridine. The latter served as base,
 

soivent, and catalyst. The products were black solids which were soluble
 

to varying degrees in all common solvents including water. Separation
 

from pyridine hydrochloride was effected by extracting the product into
 

acetone. No characterizable material could be recovered from the acetone
 

solution.
 

Interfacial polymerization was attempted. The aqueous layer
 

contained trifluoroacetaldehyde hydrate and sodium hydroxide; the non­

aqueous (benzene) layer, tetrafluoroterephthaloyl chloride.1 2 No polymer
 

phase separated either at rest at room temperature or in a blender (ca
 

1000 rpm). The starting acid chloride was recovered unchanged from the
 

benzene layer.
 

3. Miscellaneous Polyethers
 

A Williamson-type synthesis was envisioned as a direct route to
 

highly fluorinated polyethers.
 

2CH3ONa + HOCH2 (CF2)3CH2OH > NaOCH2 (CF2 Y3CH2ONa + 2CH3OH 

The novel disodium salt of hexafluoropentanediol was prepared by the
 

methathetical reaction of hexafluoropentanediol with sodium methylate
 

in vacuo without solvent. The salt was treated with 1,3-dibromopropane
 

in a model polymerization reaction:
 

http:chloride.12
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NaOCH2 (CF2 ) 3CH2ONa + Br (CH2 )3Br > {OCH2 (CF2)3CH20 (CH2)3 n 

Explosions were experienced in the Williamson reaction and subsequently
 

in a repeat preparation of the disodium salt. Apparently the salt itself
 

is unstable.at 800C.
 

Attempts to prepare poly(fluorocarbon peroxides) through
 

reaction of fluorocarbon hypofluorites with fluorocarbon alkoxides were
 

described in the Fourth Annual Report. During this period a different
 

approach to the synthesis of peroxides was attempted. Since fluorocarbon
 

iodides cleave easily to give a fluorocarbon radical,
 

2RfIT -- 2Rf. + 21.
 

RfRf + 12
 

it was reasoned that if the iodide were irradiated in the presence of 02,
 

the usual coupling reaction might be averted by oxygen insertion either as
 

a peroxide or an oxide.
 

In a simple attempt to determine the feasibility of this
 

reaction, C3F7I was irradiated with a 450-watt Havonia u.v. lamp while
 

passing 02 through the system. Chromatographic analysis of the reaction
 

product indicated only starting iodide present. However, an infrared
 

spectrum of the crude product showed a major maximum at 5.6 microns and
 

a broad maximum at 3.5 microns, suggesting the presence of COOH, A water
 

wash of the reaction product was highly acidic.
 

It would appear that little or no ether or peroxide was formed,
 

but that the reaction proceeded as outlined below:
 

hv 02 
RfCF2I > RfCF2> [RfCF20.] > RfCOF1 02 H20 

RfCF2OCF2Rf RfCO2H
 

or RfCF202CF2Rf
 



EXPERIMENTAL
 

A. Acrylates
 

1. Testing
 

Tensile strength, elongation, resilience, and toughness data
 

were obtained by suspending a suitably shaped specimen of 20 mil film
 

between two arbors 5/32" in diameter. The specimens were ring shaped,
 

and for the weaker films had to be doubled to perform adequately.
 

A stress of about 1.8 x 10-3kg/cm2 was placed on the sample at room
 

temperature in order to collapse the ring on the arbors; the sample was
 

cooled to test temperature (-65 to -750C0)with Dry Ice, and a tared pan
 

was suspended from the lower arbor. The pan was then hand-loaded with
 

lead shot at regular intervals (to give some degree of control over
 

strain rate). Loading was continued to the break-point of the sample.
 

Where sufficient polymer was available, at least three replicates were
 

run.
 

2. Polymerization
 

The acrylate esters CH2=CHCO2CH(F 2
H , n=l, 2, 3, were
(CF2)n 


polymerized in bulk using azobisisobutyronitrile as already described,
 

The homologue n 5 was polymerized in solution.
 

A mixture of 5 g. of CH2=CHC02CH2(CF2CF2)5H1 5 g. of benzene,
 

and 0.01 g. of azobisisobutyronitrile was degassed and sealed in.an
 

evacuated Fischer-Porter tube. Polymerization occurred on shaking over­

night at 480C. The crude polymer was freed of benzene, and its molecular
 

weight determined by vapor pressure osmometry. M = 2900, from which
 

UP = ca 5. 

Attempted copolymerizations were carried out in emulsion and
 

in bulk.
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a. Emulsion system
 

Recipe:
 

Monomer (2 g. CH2=CHCO 2CH2CF2CF22H
,
 

3.8 g. CH2=CF2 ) 5.8 g.
 

Distilled, degassed water 10.4 g.
 

K2 S208 0.32 g.
 

Detergent 0.17 g.
 

The reactants were combined, deaired, and sealed in a Fischer­

-Porter tube under vacuum. After shaking at 480 for 22 hours, the tube was
 

opened, and 1.3 g. of polymer recovered by coagulation of the latex." The
 

crude polymer was dried in vacuo over the weekend, and submitted to the
 

Analytical Department for characterization. Attempts to determine its
 

ii were thwarted by its incomplete solubility in all common solvents. In
 
n
 
methyl ethyl ketone, the most nearly suitable solvent, a portion of the
 

solid polymer dissolved readily, leaving behind a granular residue which
 

was not swollen by MEK. No effort has been made to determine low tempera­

ture mechanical properties of this material, since it appears to consist
 

of-two polymer phases.
 

b. Bulk system
 

Recipe:
 

CH2=CHC2CH2CF2CF2H 2.0 g.
 

CH2=CF2 3.8 g.
 

VAZO 0.01 g.
 

The deaired reactants were warmed to 40-45o in an evacuated
 

Fischer-Porter tube for 5 hours. Upon opening the tube, it was found to
 

contain 1.9 g. of unreacted vinylidene fluoride and a small amount of
 

friable polymer, of which there was insufficient for characterization.
 

3. Monomer Synthesis
 

a. Acrylate esters
 

For larger scale synthesis of the acrylate esters, the method
 

described by Bittles was used. Typically, to a 1-liter flask fitted with
 



-19­

a Dean-Stark trap was added 332 g. (1 mole) of H(CF2 CF2)3CH2OH, 300 ml.
 

of benzene, 84 g. (1.16 moles) of CH2=CHCOOH, 5 g. of 2,5-di-tert-butyl­

hydroquinone and 5 ml. of H2So4. The reaction mixture was maintained at
 

reflux and the progress of the reaction was monitored by noting the
 

amount of water collected.
 

After approximately 15 hours at reflux, benzene was removed by
 

distillation and the reaction product was washed several times with water
 

and dried over MgSO4 . Distillation under vacuum, through a 300-mm.
 

vacuum jacketed column packed with 3/16" glass helices, yielded 254 g.
 

(0.66 mole) of H(CF2 CF2)3CH2OOCCH=CH2, b.p. 43/0.5m.

1
 

Alternately the procedure of Codding could be used. For
 

example, H(CF2CF2)5CH2H was added to an ice-cold mixture of one equiva­

lent of glacial acrylic acid and excess trifluoroacetic anhydride. After
 

2 1/2 hours at room temperature the solid product was dissolved in CC4
 

and washed well with water. The organic layer was dried over anhydrous
 

MgSO4 and distilled without a column. There was obtained a 75% yield of
 

the ester, CH2=CHCO2CH2 (CF20F2)5H, b.p. 99-1100 /1.7-2.2mm., m.p. 40-45',
 

glc 89.7% pure, neutralization equivalent 656 (theory 586), molecular
 

weight by vapor pressure osmometry 548 (theory 586). These data are
 

congruent with the production of desired ester, contaminated with 10-12%
 

of lower molecular weight, non-acidic material; for example, unesterified
 

secondary alcohol.
 

Treatment of the n=5 alcohol with excess trifluoroacetic
 

anhydride gave a 74% yield of CF3CO2CH2(CF 2CF2 )5H, b.p. 85-1040 /0.2mm.
 

Attempted transesterification with glacial acrylic acid, by distilling
 

off CF3CO2H as liberated, only resulted in polymer formation.
 

b. Hexafluoropropylene oxide oligomers
 

Carefully dried diglyme and 34 g. of cesium fluoride were
 

introduced into a 2-liter, 2-neck flask equipped with gas inlet and liquid
 

sampling port. An atmosphere of hexafluoropropylene oxide was supplied
 

at 2 1/2 - 5 psig, while the diglyme-CsF slurry was stirred magnetically.
 

Samples of the lower liquid layer (oligomers) were withdrawn at 2-hour
 

intervals for examination by gas-liquid chromatography. At the end of
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two hours, the chromatogram showed more than 30% dimer, with decreasing 
amounts of higher boilers. After 4 hours, the product distribution had
 

shifted to that usually encountered. A plot of relative abundance vs
 

x-mer size approached a normal distribution curve. Thus, from 350 g. of
 

hexafluoropropylene oxide, Reaction 1 gave 30 g. of dimer, 68 g. of
 

trimer, and the remainder higher oligomers.
 

The crude product of Reaction 2 weighed 315 g. After separation
 

from the diglyme layer, it was allowed to stand overnight at room tempera­

ture in contact with the whole charge of CsF. Gas chromatographic
 

analysis at the end of the reaction period (4 hours) and after the 18-hour
 

holding period, showed that all the dimer and trimer had disappeared
 

overnight. Distillation of the diglyme afforded 22 g. of dimer and 9 g.
 

of trimer.
 

In the continuous-batch operation, a 1000-ml., 3-neck round
 

bottom flask was fitted with a bottom drain having a fritted glass disc
 

at the point of connection and a stopcock to give on-off control of liquid
 

flow. One neck was sealed, one carried a thermometer dipping into the
 

liquid, and one carried a gas inlet tube. The flask was cooled in a ice
 

bath and its contents stirred magnetically.
 

Diglyme (150 ml.) was refluxed over CaH2 and distilled into the
 

flask; CsF was oven-dried and transferred into the flask in a dry box-.
 

The flask was flushed with dry nitrogen while cooling in the ice bath.
 

Then a pressure of 2 1/2 psig of hexafluoropropylene oxide was established
 

in the head space. To remove samples of the lower, oligomer, layer, the
 

ice bath was lowered and the drain stopcock opened. Hexafluoropropylene
 

oxide pressure forced the liquid oligomers through the fritted disc into
 

a collection bottle.
 

A very small scale run was carried out wherein three 50-ml.
 

flasks were charged with O.lg. of CsF and 10 ml. of diglyme, and exposed
 

to 2 1/2 psig hexafluoropropylene oxide pressure for various times. The
 

contents of the flasks were analyzed gas chromatographically.
 

The results of the continuous-batch and small runs are shown
 

below in Table IV.
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TABLE IV
 

Oligomerization of Hexafluoropropylene Oxide
 

Relative Abundance
 

Dimer Trimer Tetramer Pentamer Hexamer
 

A. SMALL-SCALE RUNS
 

Contact Time
 

2 hours 77 8 3 1.0 0
 

5 hours 10 4.0 6.2 3.7 1.0
 

8 hours 1 4.3 8.2 5.6 1.7
 

B. CONTINUOUS-BATCH
 

Total Time 	 Interval
 

2 hours 2 hours 1 1.3 2.2 2.6 1.8
 

4 hours 2 hours 1 1.4 2.6 2.4 1.04
 

5 hours I hour 1 2.0 4.6 5.3 2.7
 

c. Reduction of bexafluoropropylene
 

oxide oligomers
 

A 	solution of 40 g. (0.08 mole) of C3F7OCF(CF 3)CF2OCF(CF3)COF
 

in 30 ml. of Cy2ClCFC12 (Freon 113) was added dropwise during 2 1/2 hours
 

to 6 g. (0.16 mole) of NaBH4 in 110 ml. of rigorously dried mon6glyme.
 

The temperature was kept below 5000 during the addition, and then kept at
 

60-65oC for 2 hours. The mixture was then cooled below room temperature
 

and 150 ml. of water added slowly-to destroy excess NaBH4 and complex
 

borates. The layers were separated and the upper (aqueous) layer extracted
 

three times with 45 ml. of ether. The combined organic'layers were dried
 

over MgSO4 and the solvent stripped off. There remained 37 g. (100% yield) 

of C3F7OCF(CF3)CF20CF(CF3)CH2OH. Its infrared spectrum is shown in 

Figure 4. 
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B. Cyclic Polymers
 

1. Perfluoroglutaraldehyde
 

a. Polymerization
 

Polymerization of perfluoroglutaraldehyde (PFGA) was carried
 

out in anhydrous Et20 solution, at room temperature, using BF3 'Et20
 

initiation. Polymerization occurred rapidly.
 

Copolymers of perfluoroglutaraldehyde and trifluoroacetaldehyde
 

were prepared by adding the -dialdehyde, as a 33(wt/vol %) in Et20, to a
 

13-ml. capacity Carius tube. The tube was cooled to -196', the solution
 

deaired several times by warming to room temperature and refreezing, then
 

gaseous CF3CHO was measured volumetrically, and condensed into the
 

evacuated tube. The BF3 .Et20 initiator, 0.1 ml., was added as a 5%
 

solution in Et20, by puncturing the rubber connecting tubing with a
 

hypodermic needle. The reactants were mixed thoroughly on liquefaction,
 

then allowed to warm to room temperature. After two hours at room
 

.temperature, the tubes were opened to the vacuum line and the Et20 was
 

distilled from the polymer.
 

Polymerization of PFGA, in the absence of solvents, occurred
 

exothermically with a rapid increase in viscosity. The viscosity
 

continued to increase, over several hours at room temperature, resulting
 

in brittle, tacky polymer. This polymer, as well as other PFGA polymers
 

shown in Table V, are soluble in polar organic solvents.
 

The molecular weights of polymers PC 43-1, 2, and 3 (Table V)
 

were determined on MEK solutions using a Model 302 Mechrolab vapor
 

pressure osmometer.
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TABLE V
 

Perfluoroglutaraldehyde (PFGA) Polymers
 

Polymer BF3Et20 

Number PFGA(M) CF3C1O(mM) (mM) MW Polymer Character 

PC 42-2 44.0 7.8 - Dark, viscous 
liquid. 

PC 43-1 24.0 - 0.78 609 Viscous, clear 
liquid. 

PC 43-2 12.0 0.78 581 Viscous, clear 
liquid, lower vise. 
than PC 43-1. 

PC 43-3 2.4 - 0.78 283 Viscous, clear 
liquid, lower vise. 
than PC 43-2. 

MR 11-1 7.2 7.2 0.78 - Viscous liquid. 

NH 11-2 7.2 17.4 0.78 - Viscous liquid. 

PS 1-2 24.0 - 1.55 - Brittle, tacky 
solid. 

Polymerization run in Et 20 solution (approximately 30% solution) with
 

the exception of PS 1-2, which was run neat.
 

b. Acylation of
 

poly(perfluoroglutaraldehyde)
 

Polymer PC 42-2, 4.0 g., a dark, viscous liquid, was refluxed
 

in 25 ml. of acetic anhydride for 18 hours. The acetic anhydride and
 

acetic acid were removed under vacuum and the polymer residue was dissolved
 

in Et20, The ether solution was washed with water and then dried over
 

MgSO4. The Et20 was removed under vacuum leaving a dark, viscous residue.
 

Infrared spectra of this polymer before and after acylation are shown in
 

Figures 5 and 6.
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c. Monomer preparation
 

To a 500-ml., 3-neck flask was added 300 ml. of anhydrous
 

Et20 and 20 g. (0.53 mole) of LiAlH 4 . While continuously sweeping with
 

dry N the reaction mixture (at room temperature) was stirred for three
 

hours.
 

To a 1-liter, 3-neck flask equipped with a condenser and an
 

addition funnel, was added 156.8 g. (0.53 mole) of (CF2)3 (COOEt)2 and
 

approximately 300 ml. of anhydrous Et20. The reaction mixture was cooled
 

to -780. The LiAlH4 solution plus undissolved solids was transferred to
 

the addition funnel. The LiAIH4 solution was added slowly, over a three­

hour period, to the ester solution. At this point 65 ml. of 76% aqueous
 

EtOH was added to the reaction mixture and the mixture was warmed to room 

temperature. The mixture was then poured over ice containing 75 ml. of 

H2SO 4 

The aqueous layer was separated and extracted twice with Et20.
 

The combined ether portions were distilled to remove the Et 20 and EtOH.
 

The residual higher boiling product was added slowly to an excess of P205
 

contained in a 250-ml., 3-neck flask equipped with a Vigreaux distilling
 

column.
 

Distillation yielded the following cuts:
 

Cut Wt. 

1 50-550 3.7 g. 

2 75-790 11.1 g. 

3 100-105o 61.4 g. 

An infrared spectrum of cut 3, (CF2 )3 (CHO)2, is shown in
 

Figure 7.
 

2. Perfluoroglutaryl Fluoride
 

a. Attempted polymerization
 

Perfluoroglutaryl fluoride (12 g., 50 mmoles) was placed in
 

a Carius tube, degassed, evacuated, sealed, and exposed to gamma radiation
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for 24 hours at ambient temperature. The diacid fluoride-was recovered
 

unchanged. Similarly no change occurred when 12 g. (50 mmoles) of
 

.perfluoroglutaryl fluoride was heated at 9000 for 18 hours with 0.1 ml.
 

of triethylamine.
 

b. Monomer preparation
 

To each of two 2-liter steel cylinders equipped with pressure
 

gauges was added 440 g. (7.6 moles) of KF. The cylinders were evacuated
 

and heated to 230-2500 for 18 hours. The cylinders were then cooled and
 

250 g, (1.17 moles) of (CF2)3(COCl)2 was added. The reaction mixture was
 

heated to 280-2900 and maintained at this temperature for 96 hours. The
 

reaction mixture was transferred to a vapor take-off low temperature
 

distillation apparatus and distilled, yielding two cuts: 77 g., b.p.
 

36.5-420; and 124 g., b.p. 46-470. Chromatographic analysis (61; 10% PFOX
 

on 1MDS treated Chromosorb) indicated both cuts to be 95+% perfluoro­

glutaryl fluoride. An infrared spectrum of perfluoroglutaryl fluoride is
 

shown in Figure 8.
 

3. Poly(perfluoro-3-oxaheptadiene-l,6)
 

a. Attempted polymerization 

VAZO* initiator. - Six grams of perfluoro-3-oxaheptadiene-l,6 

was vacuum transferred into an evacuated Carius tube containing 12.2 mg. 

of VAZO, and degassed. After evacuating and sealing, the ampoule was 

held at 680C for 16 1/4 hours, and at 890C for four days. There was no 

evidence of polymerization. 

A mixture of 16 g. of diene and 17.3 mg. of VAZO was degassed 

and placed in an autoclave under a nitrogen atmosphere. The autoclave 

was heated to 840C and then pressurized to 4000 psig with nitrogen. The 

tube was removed and opened after 18 hours at temperature; no polymeri­

zation'had occurred.
 

Registered trademark of E. I. duPont deNemours & Co.
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Emulsion. - The following recipe was used:
 

Perfluoro-3-oxaheptadiene-l,6 6 g. 

K2S208 .03 g. 

Sodium laurylsulfate 0.18 g. 

Water 24 g. 

A stable emulsion was readily obtained. After six hours at 800C, the
 

emulsion was broken by centrifugation. The organic layer consisted of
 

unreacted diene.
 

b. Monomer preparation
 

Perfluoro-2-methyl-3-oxaoctanedioyl fluoride. - Three hundred
 

ml. of diglyme was distilled from CaH2 directly into a 1-liter flask
 

containing 24 g. of CsF which had been dried in vacuo at 1900 overnight.
 

One hundred seventy-four g. (0.71 mole) of perfluoroglutaryl fluoride was
 

charged to the flask. While cooling was continued, 5 psig of hexafluoro­

propylene oxide pressure was established in the flask and maintained, with
 

stirring, for four hours. Epoxide uptake was 239 g. (1.39 mole). The
 

crude product was distilled through a 1-meter column, giving 51 g.
 

(30.6% yield based on perfluoroglutaryl fluoride) of FCOCF(CF3 )O(CF2 )4COF,
 

90% pure by GLC.
 

Disodium perfluoro-2-methyl-3-oxaoctanedioate. - Two hundred
 

grams of the acid fluoride from Step 1 above (0.49 mole) was dissolved in
 

200 ml. of acetone containing 20 ml. of water, in a polyethylene bottle.
 

Cooling was supplied by an ice bath. Phenolphthalein (0.5 ml.) was added,
 

followed by 10% aqueous Na0H until a pink color persisted. The salt was
 

recovered by evaporation of solvents. Yield, 154 g. (70%).
 

Perfluoro-3-oxaheptadiene-l,6. ­

i. - By pyrolysis of disodium perfluoro-2-methyl-3-oxaoctane­

dioate. - Five-gram portions of the disodium salt were pyrolyzed in a
 

100-ml. flask using a small hand torch. The clear liquid product weighed
 

84 g. (88% yield); it was shown to be >95% pure by GLO.
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Subsequent re-examination of the infrared spectrum (Figure 9)
 

showed that the double bond absorption was due to C-CF=CF 2. The NMR
 

spectrum confirmed this, and disclosed the presence of a proton attached
 

to a CF group. On this evidence the structure was deduced to be
 

CF3CFHOCF
2CF2CF=CF2
 

ii. - By pyrolysis of perfluoro-2-methyl-3-oxaoctanedioyl
 

fluoride. - In an effort to apply the apparently facile decomposition of
 

simple acid fluorides to olefins having one less carbon atom, as claimed
 

in the patent literature,15to the problem of preparing perfluoro-3­

oxaheptadiene-l,6, perfluoro-2-methyl-3-oxaoctanedioyl fluoride was
 

passed over Na2SO4 at elevated temperature. The expected reaction was:
 

Na 2SO4
 
FCOCF(CF3)O(CF2 )2CF2CF2COF22 300_400 >
 

CF2=CFO(CF2)2CF=CF2 + so3 + CO2 + NaF
 

The diacid fluoride was dripped from a funnel into a vaporizer, from which
 

it entered a Vycor tube held at the desired temperature by a tube furnace.
 

Products were collected in traps arranged in series, and cooled in ice
 

water, Dry Ice, and liquid oxygen, respectively. The sodium sulfate was
 

dried at reaction temperature in a stream of nitrogen for one hour prior
 

to introduction of the diacid fluoride; the nitrogen purge was maintained
 

throughout the first attempt only. Table VI summarizes the results
 

obtained.
 

An infrared spectrum of the diacid fluoride taken for Run 1
 

showed the presence of some acid; the recovered diacid fluoride did not
 

show these absorptions.
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TABLE VI
 

Pyrolysis of FCOCF(CF3)O(CF2)4COF
 

Diacid Fluoride Other
 

Run Phm Temp. Starting Recovered Diene Conversion Yield Products
 

1 3000 34 g. 28 g. tracea 18% 0 SiF4
 

2 3200 42 g. 34 g. tracea 20% 0 SiF4
 

3 3200 14 g. 9 g. tracea 30% 0 SiF4
 

4 3500 24 g. 14 g. tracea 40% 0 SiF4
 

(a) Total contents of LOX-cooled trap gave enough material for one
 
gas phase infrared spectrum which showed the absorptions expected
 
of the product, along with others.
 

(b) In Run 4 only, the tube was arranged vertically in an effort to
 
improve contact between vapors and solid Na2so4.
 

C. Linear Polymers
 

1. Polyanhydrides
 

a. Polyadipic anhydride
 

A solution of 10 g. (34.5 moles) of perfluoroadipic acid in
 

20 ml. of acetic anhydride was heated under reflux for 24 hours. When
 

the excess acetic anhydride was stripped off in vacuo, only an intractable
 

black, tarry residue remained.
 

b. Tetrafluoroterephthalic anhydride.
 

A solution of 20 g. (80 mmoles) of tetrafluoroterephthalic
 

acid in 50 g. of acetic anhydride was refluxed for 24 hours. Upon
 

stripping off the acetic anhydride in vacuo, a black syrup remained which
 

was not investigated further,
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c. Perfluoro-2-methyl-3-oxaoctanedioic
 

anhydride
 

A mixture of 30 g. (80 mmoles) of perfluoro-2-methyl-3­

oxaoctanedioic acid and 15 g. (150 mmoles) of acetic anhydride was placed
 

in a still pot under a Vigreaux column with a fraction cutter attached.
 

Heat was applied to the pot, and distillate taken over when the head
 

reached 118'. When no more acetic acid could be driven off, the residue
 

was heated for four hours in vacuo, to remove excess acetic anhydride.
 

There remained only a black syrup which could not be characterized.
 

2. Polyesters from gem-Diols
 

a. Polymerizations
 

Heptafluorobutyraldehyde hydrate (ca. 95% pure by GLC) was
 

added slowly to tetrafluoroterephthaloyl chloride at 40'C. After an hour,
 

a small amount of ammonium sulfate was added and the temperature raised
 

to 90'C. After 2 1/2 days under reflux at about 900C, there was no
 

discernible evidence for polymerization.
 

To 4.0 g. (0.015 mole) of tetrafluoroterephthaloyl chloride in
 

3 g. (0.038 mole) of pyridine there was added 4.0 g. (0.019 mole) of
 

heptafluorobutyraldehyde hydrate. The temperature was slowly raised'to
 

80* with stirring. The material in the reaction vessel became steadily
 

blacker and thicker; at 24 hours it had solidified. An infrared spectrum
 

showed no major difference from tetrafluoroterephthaloyl chloride.
 

An aqueous solution of 13 g. (0.11 mole) of trifluoroacetal­

dehyde hydrate was covered with a benzene solution of 17 g. (0.04 mole)
 

of tetrafluoroterephthaloyl chloride at room temperature. When no
 

polymer film was noted at the interface after one hour, the mixture was
 

transferred to a blender and agitated at slow speed (ca. 1000 rpm) for
 

ten minutes. A mustard-colored precipitate was obtained, which was shown
 

by its infrared spectrum and melting point to be identical with the
 

starting acid chloride.
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b. Monomer synthesis
 

Tetrafluoroterephthaloyl chloride was prepared from 5 g.
 

(21 mmoles) of tetrafluoroterephthalic acid and 5 g. (42 mmoles) of
 

thionyl chloride in the presence of a few drops of pyridine. The
 

product was freed of SO2 and HC1 by warming under vacuum.
 

3. Miscellaneous
 

a. Polyethers by a
 

Williamson-type synthesis
 

Disodium salt of hexafluoropentanediol. - Hexafluoro­

pentanediol (50 g., 0.24 mole) and sodium methylate (26 g., 0.48 mole)
 

were mixed thoroughly and heated in the absence of solvent for five
 

days at 75' in vacuo. Ten grams (0.31 mole) of methanol was recovered
 

in a LOX-cooled trap. On the fifth day the pot charge exploded on
 

contact with the atmosphere.
 

b. Reaction of C F I with 0 

37 ' -- -2 

To a 60 x 300 mm Pyrex reactor was added 25 g. (0.08 mole) 

of 03F71. While irradiating the iodide with a 450-watt Hanovia 679A
 

UV lamp for one hour, 0.05 mole of 02 was passed through the reactor.
 
6 '
 At the-end of this period GLC analysis of the reaction mixture (1 /8" x. ,
 

10% Silicone Rubber on 80-100 mesh Chromatoport, 300C) showed a single
 

major peak which corresponded to the retention time for C3F7I. An
 

infrared spectrum of the crude product showed a strong maximum at
 

5.6 microns and a broad maximum between 3.1 and 3.5 microns, A water
 

wash of the reaction product was highly acidic.
 

c. FOC(CF2 )40CF(CF3 )COF (A)
 

FOCCF(CF3)0(CF2 ) 50CF(CF 3 )COF (B),
 

and FOC (CF2 )4 OCF (0F 3 )CF2 0F (CF3) COF (C) 

To a 2-liter, 3-neck flask was added 80 g. (0.53 mole) of
 

CsF. The flask was evacuated, then heated for 72 hours at 290-300 .
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The flask was then cooled to room temperature and 200 ml. of freshly
 

distilled diglyme was added. The flask was then equipped with a gas
 

inlet tube, a pressure gauge, and the ground glass connectors were
 

securely clamped to the flask. While stirring with a magnetic stirrer,
 

199 g. (0.73 mole) of perfluoroglutaryl fluoride was added, The reaction
 

mixture was cooled to 0' and 252 g. (1:54 moles) of hexafluoropropylene
 

oxide was added at a pressure of 4 to 5 psi. After addition of the
 

epoxide, which required four hours, the reaction mixture was transferred
 

to a separatory funnel, and the diglyme decanted. Distillation through
 

a 1-meter column packed with 3/16" glass helices gave the following
 

cuts. Purity of each cut was determined chromatographically on a 6'
 

column with 10% PFOX (fluorocarbon ether) on ENDS treated Chromosorb W 

and the temperature programmed at 100/min. from ambient to 1900C.
 

Cut Weight b.p./mm Product
 

1 56 49-60'/760 Mostly C3F7OCF(CF3)COF
 

2 13 60-1060/760 ­

3 47 106-109-/760 84% A
 

4 49 590/17 74% B, 10 to 15% C
 

5 48 90-1020/24-29 Higher oligomer
 

Infrared spectra of A and B are shown in Figures 10 and 11..
 

d. Preparation of perfluoroadipoyl
 

fluoride
 

+ 02 Cl2 (CF2)4 (COF)2
 

The method of Baranauckas and Golfund1 6 was used in this
 

oxidation, To a 60 x 300 mm Pyrex reactor equipped with a bottom gas
 

inlet tube, an upper gas exit tube, and a water-cooled UV immersion
 

well, was added 300 g. (1.15 moles) of perfluorocyclohexene. The gas
 

exit tube was connected to a LOX cooled trap. The reactor was immersed
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in an ice bath and while irradiating the cyclohexene with a 450-watt
 

Hanovia 670A UV lamp, a mixture of 153.5 ml./min. of 02 and 50 ml./min.
 

C12 was bubbled through the cyclohexene. After 3 1/4 hours the 02 rate
 

was doubled and the reaction was continued until 4.14 moles of 02 and
 

0.641 mole of C12 had been added.
 

The crude product was rectified on a 60-cm. vacuum jacketed
 

distillation column packed with 6 mm. Rashig rings, yielding the following
 

distillation cuts:
 

Cut Temperature Wt. g. 

1 53-71 95.0 

2 71-71.9 78.1 

3 73-94 3.5 

Infrared analysis indicated Cut 2 to be pure perfluoroadipoyl
 

fluoride. An infrared spectrum of this product is shown in Figure 12.
 



0 

oen

-Figure I. 

STRESS VS STRAIN IN 
00 

0 POLY(TRIHYDROPERFLUORALKYL ACRYLATES)
 

~AT -72°C
 

+Figure I.
 

00 20 30 4o 50'
 

% Strain
 



-34-

Figure 2.
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APPENDIX
 

ANNOTATED BIBLIOGRAPHY JUNE 1967 THROUGH MAY 1968
 

I. Reviews on Fluorine-Containing Polymers
 

Borisov, S. N.: Fluorine-Containing Elastomers,
 
RAE Library Translation 1010.
 

Gatza, P. E.; Mitton, Philip; Bickel, F. W.;
 
Statz, M. W.: C. A. 68, 88008W; Rubber World, 157(5),
 
65-77 (1968) (Eng.), Evaluation of fuel-resistant
 
elastomers for low temperature applications.
 

Physical properties of elastomers including
 
fluorocarbons, fluorosilicones, acrylate
 

rubbers are discussed.
 

Grobelny, Marian: C. A. 67, 32931g, Chemik (Gliwice)
 
20(3), 95-9 (1967) (Pol.), Fluorinated plastics, I.
 
Plastomers.
 

A review with nineteen references on production,
 
properties, and uses of fluorinated plastics.
 

Grobelny, Marian: C. A. 68, 40707w, Chemik (Gliwice)
 
20(4), 128-31 (1967) (Pol.), Fluorinated plastics. II.
 
Elastomers.
 

A review of elastomers known under trade names, Kel-F,
 
Viton, Fluorel, Fluororubber IF4, Silastic LS-53,
 
Silastic LS-63 and of poly(fluorobutadiene) and.
 

poly(fluorobutene).
 

Longiana .Carlo; Miglierina, Angelo: C. A. 68; 79270y, 
Ind. Comma 12(1), 37-8 (1968) (Ital.), Review, 
characterizatics and uses of new fluorinated elastomers. 

McLoughlin, V. C. R.; Thrower, J., (London, Min. of
 
Aviation, Mar. 1964, 19 p. refs.), Fluoroaromatic polymers,
 

a review.
 

Wood, G., (Royal Aircraft Establishment, Farnborough,
 
England), Limitations of materials. Part 6. Elastomers,
 
(RAE-TN-CPM-52).
 

Report reviews properties of acrylics, fluoroacrylates
 
fluorocarbons, fluorosilicones and others.
 

-3a­



4000 3000 
.0.0 

2000 
1 
1500 

Ill, 
CM) 1000 900 80d 700 

U.20 
co 

50 .. . 

*.---- g 
--.. 

' 
hO IIIT 

•.60 71 

4~~~~ 

-r .4-

It--' 
i. j-, 

.. 

t i 
'' T..4 

:4 

i-, 

ll .. 
II-,t± 

i 
'1 -

f-­

1K 

T4i1 
I-

114H.1 

-

t 

- I 

-U vl L>{n f 

'.. 5 ijq4.,vy "H 

.... 
j14~~-

. . . 

4-..... 

-­ *-, tjItt}.J:I 

A-
;. 

W 

4 1 2: 

'fL'f. 

t 4 

20" 

.5 

6c'
!,b 

1.0 

3 4 5 6 7 8 9 10 
WAVELENGTH (MICRONS) 

U1 12 13 14 15 

Figure 12, 

Infrared Spectrum of FOC(CF2)4 COF (Liquid) 



REFERENCES
 

1. 	LOX-compatibility was determined according to MSFC 106B "Testing
 
Compatibility of Materials for Liquid Oxygen Systems,"
 
September 16, 1966.
 

2. 	V. Englehardt, Chem. Eng. News, 43, 80 (1965),
 

3. 	N. C. Henry, C. B. Griffis, and E. C. Stump, Fluorine Chemistry
 
Reviews, 1(i), 1-75 (1967). 

4. 	F. C; Stump and S. E. Rochow, QPR No. 3, Contract NAS7-476,
 
March, 1967.
 

5. 	S. S. Rogers and L. Mandelkern, J. Phys. Chem., 61, 985 (1957).
 

6. 	M. C. Shen and A. Eisenberg, NONR 233(87),'Tech. Report No. 9,
 
August 1, 1965.
 

7. 	L. Lal and G. Trick, J. Polymer Sci., Part A, 2(10), 4559 (1964).
 

8. 	D. W. Codding, et al., J. Polymer Sci,, 15, 515 (1955). 

9. 	R. L. K. Carr and C. F. Baranaukas, U. S, Patent 3,344,193,
 
September 26, 1967.
 

10. 	 C. G. Fritz and S. Selman (to duPont), U. S. Patent 3,291,843.
 

11. 	 J. W. Hill and W. H. Carothers, J. Am. Chem.. Soc.,.54, 1569 (1932).
 

12. 	 W. R. Sorensen and T. W, Campbell, "Preparative Methods of Polymer
 
Chemistry," Interscience, New York, 1961, p. 111.
 

13. 	Fourth Annual Summary Report, this contract, August, 1967-.
 

14. 	 J. A. Bittles, U. S. Patent 2,628,958.
 

15. 	 C. E. Fritz and S. Selman (to duPont), U. S. Patent 3,291,843.
 

16. 	 C. F. Baranaukas and Golfund, Can. Patent 625,287, August 8, 1961.
 

r44­

http:Soc.,.54


APPENDIX
 

ANNOTATED BIBLIOGRAPHY
 

June 1967 through May 1968
 

INTRODUCTION
 

This bibliography was prepared from references obtained mainly
 

from Chemical Abstracts but contains, in addition, references taken from
 

"a number of primary sources, Major emphasis was placed on references
 

to fluorine-containing monomers and polymers and to thermal properties of
 

all classes of polymers.
 

In past Annual Summary Reports references covered from 1957 to
 

the date of the report. For the sake of brevity and to eliminate the need
 

for duplicating earlier references, the present bibliography covers only
 

the period of this report - June 1967 through May 1968.
 

As in the past, the great number of references in the categories
 

covered necessitated selecting references which were considered to be of
 

most significance to the present investigation. The choice of references
 

is somewhat subjective, but it is felt that the cross-section given is a
 

useful representation of the literature to date.
 

The references listed have been categorized with respect to the
 

general subdivisions shown below. Once again for the sake of brevity, no
 

cross-referencing has been done; hence, where a paper was concerned with
 

more than one sub-division the reference, in general, was placed in the
 

category of greatest importance. Copolymers were placed in the earliest
 

listed monomer category with the exception of the vinyl ethers and thio­

ethers, the copolymers of which were included under the main heading of
 

vinyl ethers.
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I. Fluorine-Containing Vinyl Polymers
 

A. Vinyl Fluoride
 

Kali-Chemie A.-G., Brit. 1,057,088 (Cl. C. 08f), February 1,
 
1967, C. A. 66, 66041b.
 

Vinyl fluoride and vinylidene fluoride polymers and
 

copolymers.
 

Lundberg, Robert D.; Bailey, Frederick E., Jr. (to Union
 
Carbide Corp.), U. S.. 3,294,767 (Cl. 260-80.5), C. A. 66,
 
38500p.
 

Preparation of thermally stable vinyl fluoride polymers.
 

"Montecatini" Societa Generale per l'Industria Mineraria e
 
Chimica, C. A. 67, 54590u, Fr. 1,464,332.
 

Polymerization and copolymerization of vinyl fluoride.
 

"Montecatini" Societa Generale per l'Industria Mineraria e
 
Chimica, Ital. 704,906 (Cl. C. 08), April 27, 1966, Appl.
 
September 16, 1965, 25 pp., C. A. 68, 22370.
 

Vinyl fluoride is polymd. or copolymd. with tetrafluoro­
ethylene, vinylidene fluoride, or vinyl chloride in the
 

presence of org. B. compounds.
 

B. Vinylidene Fluoride
 

Kolesnikov, G. S.; Tenlina, A. S.; Vasyukov, S. E.;
 
5 0 4 5 2
Sentsona, T. N.: C. A. 68, y, Plast. Massy, 1967(12),
 

13-16 (Russ.).
 
Strongly basic grafted homogeneous membranes.
 

Kureha Chemical Industry Co., Ltd., C. A. 68, 40292g.,
 

Brit. 1,094,558 (Cl. C. 08f), December 13, 1967.
 
Vinylidene fluoride polymerization catalyst.
 

McCann, Joseph E.: C. A. 67, 33908p., Tech. Pap., Reg. Tech.
 
Conf. Soc. Plast. Eng., Newark Sec., 1967 (Feb.), 85-91
 
(Eng.).
 

Polyvinylidene fluoride-plastic surface for metals.
 

Pennsalt Chemicals Corp., Neth. Appl. 6,606,318 (Cl. C. 08f),
 
November 21, 1966; U. S. Appl. Nov. 18, 1965: 12 pp., C. A.
 
66, 105350e.
 

Vinylidene fluoride-tetrafluoroethylene.
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C. Tetrafluoroethylene
 

D'Agostino, V. F., and Lee, J., AD 800637.
 

Tetrafluoroethylene-ethylene copolymers.
 

Daikin Kogyo Co., Ltd., Fr. 1,446,739 (Cl.C. 08f),
 
July 22, 1966, C. A. 66, 38338s.
 

The preparation of tetrafluoroethylene--hydroperfluoro­

olefin copolymers.
 

Iwasaki, M.; Toriyama K.; Sawaki, I.; Inone, M.: C. A. 67,
 
69323h, J. Chem. Phy. 47(2), 554-9 (1967) (Eng.).
 

Electron spin resonance of y-irradiated tetrafluoro­
ethylene-hexafluoropropylene copolymers.
 

Mathias, Eckart; Miller, Glen H.: C. A. 67, 64841r,
 
J. Phys. Chem. 71(8), 2671-5 (1967) (Eng.)."
 

The decomposition of poly(tetrafluoroethylene) in a
 
glow discharge.
 

D. Dienes
 

E. I. duPont de Nemours & Co.:.C. A. 68, 40493y, Brit.
 
:1,073,817 (CI. C. 08f) June 28, 1967.
 

Poly(perfluorocyclopentadienes) and their production.
 
A perfluorocyclopentadiene-hexafluoropropylene­
vinylidene fluoride terpolymer.
 

E. Vinyl Ethers and Thioethers
 

E. I. duPont de Nemours & Co., filed August 1, 1966,
 
U. S. Ser. No. 569,112.
 

Crosslinkable polymers formed from.iodine-containing
 
perfluoroalkyl vinyl ethers.
 

Kealy, Thomas J. (E. I. duPont de Nemours & Co.),
 
U. S. 3,299,019 (Cl. 260-87.5), C. A. 66, 66484e.
 

Preparation of curable partially dehydrofluorinated
 
trifluoromethyl vinyl ether-tetrafluoroethylene
 
copolymers.
 

Wall, Leo A.; Pummer, Walter J.: C. A. 68, 87760y,
 
U. S. 3,371,064 (Cl. 260-47), February 27, 1968.
 

Fluorophenyl vinyl ethers and their polymers.
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F. Miscellaneous Polymers
 

E. I. duPont de Nemours & Co., U. S. 3,342,777.
 
Addition copolymers of polyfluoroketones and ethylenic
 
compounds.
 

E. I. duPont de Nemours & Co.: C. A. 67, 64887k, Brit.
 
1,068,984 (Cl. C. 08f), May 17, 1967.
 

Bis(pentafluoroalky-1) ketenes are copolymd. with
 
ethylenically, insatd. monomers by using free radical
 

initiators.
 

J. R. Geigy, A.-G., C. A. 68, 79 609r, Neth. Appl. 6,611,407
 
(Cl. C. 08f), February 14, 1967.
 

Copolymers of 1,l-dihydroperfluoroalkyl a-trifluoro­
methacrylates.
 

Kazanskaya, V. F.; Klimona, 0. M.: Izv. Vyssk, Ucheb. Zaned.,
 
Khim. Khim. Tekhnal 9(4), 641-4 (1966) Russ., C. A. 66,
 
54 798x.
 

Polymerization of vinylene carbonate in aqueous soln.
 

Khachaturov, A. S.; Vol'kenshtein, M. V.; Dokukina, A. F.:
 
Vysokomol. Soedin. Ser. A, 9(12), 2574 (1967), C. A. 68,
 
6 0 01 6
y.
 

Molecular motion in p-(perfluorovinyl) toluene-styrene
 
copolymer.
 

Lundin, B. N.; Kolenko, I. P.; Burde, N. C.; Maksimov,
 
A. 	A.: Tr. Inst. Khim., Akad. Nauk SSSR. Ural. Filial,
 
No. 	13, 115-17 (1966), C. A. 68, 59947w.
 

Synthesis of m-trifluoromethylstyrene and its polymeri­
zation with the presence of Bz202
 

Minnesota Mining and Manufacturing Co. (by James D. Groves)
 
Fr. 1,473,451, March 17, 1967, C. A. 67, 100963t.
 

Fluorine-containing acrylate esters.
 

III. Condensation Polymers
 

A. Fluorine-Containing Polysiloxanes
 

Dow Coming Corp., Neth. Appl. 6,604,898 (Cl. C. 08g),
 
October 17, 1966, C. A. 66, 38694e.
 

Fluorinated siloxane copolymers.
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B. Fluorine-Containing Polyesters
 

Fein, Marvin M.; O'Brien, Eugene L. (to Thiokol)
 
U. S. 3,332,902 (Cl. 260-31.2) July 25, 1967, Appl.
 
November 30, 1964, 3 pp., C. A. 68, 50809v.
 

Fluorine-containing polyesters.
 

IV. Polymers with Heteroatom Chain
 

A. C-0
 

Cook, E. W.; Erickson, C. A.; Gannon, J. A. (FMC Corp.)
 
Synthesis of High-Strength Chemical Resistant Elastomers
 
for Extreme Temperature Service, Contract DA 19-129-AMC­
147(N).
 

Synthesis of new fluorinated elastomers serviceable
 
at low temperature. Condensation products of poly­
fluorinated diols with fluorocarbon diene.
 

E. I. duPont de Nemours & Co., Neth. Appl. 6,607,679,
 
December 5, 1966, C. A. 67, 100588z.
 

Fluorocarbon ethers and their polymers.
 

Miller, D. L.; Madison, N. L.; Rausch, D. A. (to Dow
 
Chemical Co.), U. S. 3,330,808, C. A. 67,. 64909u.
 

Copolymers of perfluoroolefins and aldehydes.
 

Trischler, Floyd D., Hollander, Jerome, Amer. Chem. Soc.
 
Div. Polym. Chem., Preprints 8(1), 491-6 (1967) (Eng.),
 
C. A. 66 105261b.
 

The preparation of fluorine-containing polyethers.
 

Societe Nationale des Petroles d'Aquitaine, Fr. 1,445,596
 
(Cl. C. 08f) July 15, 1966, C. A. 66, 47089p (1967).
 

Dithiadienes containing the group - CH2 S(CH2 ) CH2 S ­
were polymd. with one or-more c-olefins to give 
vulcanizable polymers. 

B. C-S
 

Woodhams, R. I., C.A. 67, 32935h, Rep. Progr. Appl.
 

Chem. 50,. 480-4 (1965) (Eng.).
 
Poly(alkylene sulfides) review including thiocarbonyl
 
fluoride elastomers and perfluoroalkylene episulfide
 

polymers.
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C. N-0
 

Cotter, J. Z.; Knight, G. J. (Roy. Aircraft Estab. Farn­
borough, Eng.) "Identification & Origin of the Volatile
 
Components of Freshly Milled Nitroso Rubber & Carbon
 
Black." AD 482753, U. S. Gov. Res. Dev. Repts. 41 (17),
 
72 (1966), C. A. 67, 22631s.
 

Scheme proposed which explains the formation of
 
(CF3)2NH, CF2=N-CF3 and probably CF3NCO.
 

Crawford, George H.; Rice, David E. (to 3M Co.), C. A.
 
67, 33659h, U. S. 3,321,454 (Cl. 260-92.1) May 23, 1967.
 

Crosslinkable or vulcanizable halogenated nitroso
 
terpolymers consisting of nitroso alkanes,fluorine­
containing monoolefins, and aliphatic nitroso mono­
carboxylic acids.
 

Green, Joseph, C. A. 67, 22630r, NASA Accession No.
 
N65-33416, Rept. No. AD 461044 (1964) (Eng.).
 

Nitroso rubber research, development, and production.
 

Green, Joseph (Thiokol Chem. Corp.), Nitroso Rubber 
Research, Development and Production, 1 March - 31 May 1964, 
Contract DA-19-129-AMC-69(X). 

.Preparation processes developed for CF 3CO2 NO CF 3NO 
and the CF3NO/C2F4 copolymer. 

Griffis, Charles B.; Henry; Malcolm C., In: National
 
Sampe Symposium on Adhesives and Elastomers for Environ­
mental Extremes, 7th, Los Angeles, Cal., May 20-22, 1964,
 
Society of Aerospace Materials and Process Engineers,
 
1964, p. 1271 to 12-15, 9 refs.
 

Raw nitroso polymer is a 50:50 addition copolymer of
 
CF3NO and CF2=CF2. Recipe for rubber using this copolymer.
 

Griffis, C. B.; Shurtleff, C. W. (Army Natick Labs, Natick,
 
Mass.) "Research Compounding of Nitroso Rubber Terpolymers,"
 
AD 635114, U. S. Govt. Res. Devl. Rept. 41 (16), 60-1
 
(1966), C. A. 67, 22629x.
 

Crosslinked carboxy nitroso rubber studied by Tg via
 
DTA vs curing agent.
 

Henry, M. C.; Griffis, C. B.: Nitroso Rubber Handbook
 
(AD 632196), C. A. 67, 65228h.
 

Haszeldine, Robert N.: C. A. 67, 64888m, Ger. 1,237,315
 
(Cl. C. 08g),'March 23, 1967.
 

Copolymers containing nitrogen and fluorine.
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D. Miscellaneous
 

Falk, Robert A.: C. A. 68, 87975x, U. S. Clearinghouse Fed.
 
Sci. Tech. Inform., AD 653432.
 

Fluorocarbon nitride elastomers. Synthesis of new
 

fluorimines led to (CF3)2C=NF which was copolymerized
 
--with TFE.
 

Lenton, M. V. (English Electric Co. Ltd., lWhetstofne, Eng.)
 
Phosphonitrilic Fluoroalkoxide Polymers Prepared for Dir.
 

of Mater. Res. and Develop. [KS//0161/CB43(a)2],.
 
Fluoroalkoxy substituted trimeric phosphonitrile ring
 

compounds synthesized. Some polymers from the above
 

are elastomeric.
 

V. Thermal Properties of Polymers.
 

Allen, G., Proc. Roy. Aust. Chem. Inst. 33(12), 377080
 

(1966) Eng., C. A. 66, 66412e.
 

The nature of rubber elasticity, a discussion with
 

nine references.
 

Andrews, R. D., Amer. Chem. Soc. Div. Polymer Chem.
 

Preprints 6(2), 717-20 (1965) (Eng.)., C. A. 66, 46682q.
 

Transition phenomena and solid state structure in glassy
 

polymers.
 

Andrews, R. D.: C. A. 68, 50202s, J. Pol. Sci., Part C
 

No. 14, 261-5 (1966) Eng.
 
Transition phenomena and solid-state structure in glassy
 

polymers.
 

Barton, J. M.: C. A. 68, 78697f, U. S. Clearinghouse Fed.
 
Sci. Tech. Inform., AD 662536, U. S. Govt. Res. Dev. Rep.
 
69(3), 76 (1968).
 

Relationship of glass-transition temperature to molecular
 

structure of addition copolymers.
 

Bianchi, Umberto; Turturro, Antonio; Basile, Giampiero,
 
J. Phys. Chem., 71 (11), 3555-8(1967) (Eng.), C. A. 67,
 
117440t.
 

Pressure effects on glass transition in polymers. II.
 

Factors affecting dTg/dP values.
 

Boel, Michael: C. A. 68, 40757n, Diss. Abstr. B 28(3),
 

806 (1967) (Eng.), Univ. Microfilms (Ann Arbor, Mich.),
 
Order No. 6,710,938, 343 pp.
 

An experimental approach to an advanced understanding
 

of rubberlike elasticity.
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Boyer, Raymond F.: C. A. 68, 50072z, J. Polym. Sci. Part C
 
No. 14, 3-14 (1966) (Eng.).
 

Introductory remarks for symposium on transitions and
 
relaxations in polymers.
 

Bringer, Robert P., Soc. of Aerospace Mater. and Process
 
Engr. National Symp. of Effects of Space Environment on
 
Materials.
 

Fluorocarbon plastics under the influence of unusual
 
environmental conditions. Effects of exposure to liquid
 
oxygen discussed.
 

Cessna, Lawrence Clyde, Jr., Univ. Microfilms (Ann Arbor,
 
Mich.), Order No. 66-7569, 172 pp. Diss. Abstr. B 27(4),
 
1132 (1966) Eng., C. A. 66, 38292x.
 

A study of the fracture of polymers below their glass­
transition temperatures.
 

Duiser, J. A.; Choempff, A. J.: Rheol. Acta 5(4), 276-7
 
(1966) (Eng.), C. A. 66, 65981c.
 

Normal modes of macromolecules in relation to the
 
rubber-glass transition.
 

Erlikh, I. M.; Nekbendzi, E. Yu.: Plast. Massy 1966 (12),
 
61-2 (Russ.), C. A. 66, 46 679v.
 

Determination of the glass temperature (of polymers)
 
by s train-gage method.
 

Faucher, J. A.; Koleska, J. V.: Polymer 9(l), 44-7 (1968),
 
6 0 0 0 3s.
C. A. 68, 


Estimation of Tg of polyethylene by extrapolation of a
 

series of polyethers.
 

Galushko, A. I.: Plast. Massy 1967(8), 67-8 Russ., C. A.
 
67, 100821v.
 

Measuring polymer glass-transition temperatures by the
 
magnetoelasticity method.
 

Cosnell, R. B., Advances in Cryogenic Engineering, Vol. 9,
 
Proceedings of the Cryogenic Engineering Conference,
 
U. of Colorado and National Bureau of Standards, Edited
 
by K. D. Timmerhaus, p. 139-145.
 

Compressibility and sealing properties of laminated
 
composite-fluorocarbon polymer cryogenic gaskets
 
compatible with liquid oxygen.
 

Heijbaer, J.: Ned. Rubberind, 27(21) 1-2, 4-6, 8, 12-14,
 
17-20, (22) 1-2,4, 7-10, 12 (1966). (Dutch.)
 

A lecture on modulus and damping of polymers in relation
 
to their structure. The effect of side-chains on the
 
glass transition temperature is discussed.
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Heijbaer, J.: Plastica 19 (11), 489-504 (1966) Dnt.,
 
C. A. 	67, 3357r.
 

Modulus and damping of polymers in relation to their
 
structure.
 

Heise, B., H. G. Kilian; and Mueller, F. H.: Kolloid-Z,
 
Z. Polym. 213(1-2) 12-27 (1966) (Ger.), C. A. 66, 38283v
 
(1967).
 

Thermally and mech. pretreated, partially crystd. poly
 
(tetrafluoroethylene) samples were studied within the temp.
 

range of crystal structure by X-ray diffraction and
 

differential thermal analysis.
 

Klason, Carl; Kubat, Josef; and de Ruro, Alf: Rheol. Acta
 

6(4), 390-6 .(1967) Eng., C. A. 68, 13513y.
 

Optimization of radiometric method for studying Tg in
 
polymer.
 

Kanig, Gerhard: J. Polymer Sci. Part C No. 16, 1957-67
 

(1967) (Ger.), C. A. 67, l17438y.
 
Theory of glass temperature of crosslinked polymers.
 
Mathematical relation derived for crosslinked polymers.
 

Koo, George P., Riddell, Malcolm N.; and O'Toole, John L.:
 
C. A. 67, 64818p., Polym. Eng. Sci. 7(3), 182-8 (1967)
 
(Eng.).
 

Fatigue properties of poly(tetrafluoroethylene) and
 
related fluoropolymers.
 

Kosfeld, R.: C. A. 67, 2 216 2g. Z. Natuniiss. - Med
 
Grundlagenforsch 1(3), 263-317 (1963) (Ger.).
 

Physical properties of macromolecules in the solid state.
 

Kovacs, A. J.: Rheol. Acta 5(4) 262-8 discussion 268-9
 
(1966) (Eng.), C. A. 66, 38241e.
 

A correlation of the free volume concept and the Williams­
Landel-Ferry eq. (C. A. 48, 13741c) is discussed with
 

43 	references.
 

Lando, Jerome B.: J. Polym. Sci., Part B 5(10), 917-18
 
(1967)- (Eng.), C. A. 67, 100496t.
 

The melting temperature-composition curves of poly
 
(vinylidene fluoride)-poly(vinyl fluoride) mixtures and
 

vinylidene fluoride-vinyl fluoride copolymers.
 

Lee, W. A., Roy. Aircraft Est. Tech. Rpt. 66409, Aug. 1966.
 
Polymer structure as related to Tg.
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Lee, W. A. and O'Mahony, Deana, Roy. Aircraft Est. Tech. Rpt
 
66292, September, 1966, "Calculation of the Glass'Tempera­
tures of Polymers Having Alkyl Side-Chains."
 

Lee, W. A. and Knight, G. J., U. S. Dep. Comm. AD 483067
 
from U. S. Govt. Res. Dev. Rept. 41(22), 1966., C. A. 66,
 
95695e.
 

Ratio of the glass temperature to the.melting point in
 
polymers.
 

Lee, W. A., P. B. 169448 Avail. CFSTI, 77 pp (1965) (Eng.)
 
C. A. 	67, 82575m.
 

Glass transition temperatures of homopolymers: a biblio­
graphy and assessment of available data.
 

Lewis, 0. G.; Gallacher, L. V. (American Cyanamid Co,),
 
C. A. 68, 50191n, U. S. Clearinghouse Fed. Sci. Tech,
 
Inform., 	AD 652218 Avail CFSTI, 34 pp. 1967 (Eng.).
 

Relations between polymers and glass transition
 
temperatures.
 

Litt, M. H. and Koch, P.: J. Polym. Sci. Part -B 5(3),
 
251-6 (1967) (Eng.), C. A. 66,-105304t.
 

Cold flow of glassy polymers. I. Effect of internal stress.
 

Miller, A..A.: Pol. Previews 3(8), 433 (1967).
 
A kinetic interpretation of the glass transition: glass
 
temperature of n-alkane liquids and polyethylene.
 

Perepechko, I. I. and Bodrova, L. A.: Plast. Massy 1967
 
(7), 56-8 (Russ.), C. A. 68, 13512x.
 

Determination of transition temperature in polymers by
 
an acoustic method.
 

Pezzin, G., Ajroldi, G.; and Garbuglio, C.: C. A. 68,
 
*50464d., J. Appl. Polym. Sci. 11(12), 2553-66 (1967)
 
(Eng.).
 

Dynamic-mechanical study of the secondary transition of
 

poly(vinyl chloride).
 

Porter, Harold J. and Kulkarni, R. K., U. S. Dep. Comm.
 
AD 633041 from U. S. Govt. Res. Dev. Rept. 41(13), 78
 

9 5 4 9 4
(1966), C. A. 66, p.
 
Glass-transition temperatures of poly(alkyl c-cyanoacrylates)
 

Pittman, A. G.: Vortex, 29(2), 52-6, 58-9 (1968), C. A, 68,
 
59995k.
 

Significant surface properties of new fluoropolymers.
 
Study of surface energv relative to fabric coatings.
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Royal Aircraft Establishment (Lib. Trans. No. 1206),
 
Qi Zong-Neng, Huaxue Tongboo No. 5 1-8 (1965),
 

The relationship between the chemical structure of high
 
polymers and the glass transition temperature.
 

Sakurada, Ichiro; Taisuke, Ito; Katsukiko, Nakamae:
 
J. Polym. Sci., Part C 1967 (15), 75-90, C. A. 66,
 
6595 6y.
 

Elastic moduli of the crystal lattices of polymers.
 

Sakurada, Ichiro; Katsukiko, Nakomae; Keisuke, Kaji;
 
and Wadano, Susumu: Iobunski Kagaku, 23, 335-37 (1966)
 
Japan, C. A. 66, 46723d (1967).
 

Experimental determination of elastic moduli of the
 
crystalline regions in oriented polymers. V.
 
Poly(tetrafluoroethylene).
 

Shen, Mitchel C. and Eisenberg, Adi, U. S. Dep, Comm.
 
AD 469073, from U. S. Govt. Res. Devi., Rept. 41(15),
 
75(1966), C. A. 66, 95395g (1967).
 

The phenomenology of the glass transition in polymers.
 

Shroff, Ramesh Naginlal, Univ.' Microfilms (Ann Arbor,
 
Mich.) Order No. 66-11, 836, 179 pp.; Diss. Abstr. B 27(5)
 
1450 (1966) Eng., C. A. 66, 6594 6v.
 

Glass transitions and frequency dispersions in polymers
 
undergoing shear.
 

Slonimskii, G. L.; Askadskii, A. A.; and Pavlov, V. I.,
 
Vysokomol. Soedin., Ser. A 9(2), 365-9 (1967) (Russ.),
 
C. A. 66, 116177e.
 

Effect of supermolecular structure type and chemical
 
composition on strength and elasticity of polymer glasses.
 

Solomko, V. P. and Semko,'L. S.: Khim. Prom. Ukr. (Russ.)
 
1966 (5), 11-14 (Russ.), C. A. 66, 95490j.
 

Effect of glass fibers on glass-transition temperature
 
of polystyrene and poly(methyl methacrylate).
 

Stauerman, A. J.: C. A. 67, 22644y., Kolloid-Z. Z. Polym,
 
216/217 (March-April), 81-85 (1967) (Ger.).
 

Relations between thermodynamic and mechanical values in
 
(rubbery) polymers.
 

Thrower, J. and White, Mary A. (Royal Air. Est., Farnborough,
 
Eng.), Fluoroaromatic Polymers, Perfluoro-meta-polyphenylenes
 

(RAE-TR-66031).
 
Properties of model compounds and polymers described
 
include general physical characteristics as well as
 

thermal and thermal oxidative stability.
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Turley, S. G. and Keskkula, Henno: C. A. 68, 5-232b.,
 
J. Polym. Sci., Part C No. 14, 69-87 (1966) (Eng.).
 

A survey of multiple transitions by dynamic mechanical
 
methods.
 

Wiles, R. J. (WPE-TN-CPD-113) NASA Report NO. N68-17312,
 
S. T. A. R. 6(18), 1189 (1967).
 

The effect of filler content on the glass transition
 
temperature and glassy modulus of a polyurethane rubber.
 

Wood, Lawrence A. and Bekkedahl, Norman: J. Polym. Sci.,
 
Part B 5(2), 169-75 (1967) Eng., C. A. 66, 94990x.
 

The increase in sp. heats of elastomers above the glass
 
transition temperature is discussed.
 

Wymann, Donald P.: J. Appl. Polym. Sci., 11(8), 1439-48
 
(1967) (Eng.), C. A. 67, 91184k.
 

Method for separating intramolecular and intermolecular
 
interactions which influence polymer glass temperatures.
 

Zakharenko, N. V. and Gaurilina, R. A.: Kauch. Rezina
 
26(11), 47-9 (1966) (Russ.), C. A. 66, 4 6 6 81p, 1967.
 

Comparison of various methods for determining the glass
 
temperature of polymers.
 

VI. Polymerization Systems
 

Allied Chem. Corp. (Robert Fuhrman, David Jerolamon),
 
U. S. 3,304,293 (Cl. 260-92.1), February 14, 1967, C. A.
 
66, 86128.
 

Gas phase polymerization of tetrafluoroethylene, silica
 

gel catalyst.
 

Bulygina, L. A. and Volkova, E. V.: Radials. Khim. Polim.
 
Mater. Simp., Moscow 1964, 122-6 (Rub. 1966) (Russ.).,,C. A.
 
66, 95567q.
 

Radiation polymerization of vinyl fluoride and vinylidene
 

fluoride.
 

Montecatini Edison S. P. A., C, A. 67, 44294m, Neth. Appl,
 

6,613,478 (Cl. C. 08f), April 5, 1967.
 

Fluorine-containing polymers.
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Morton, Maurice (Akron Univ., Ohio. Inst. of Rubber Research)
 
Low Temperature Polymerization Studies Progress Report,
 
Apr. 1 - June 30, 1965, Contract AF 04(611)-9694, PR-6;
 
AD 618228.
 

Exploratory polymerizations or attempted polymerizations
 
of tetracyanoethylene, perfluorobutene-2, hexafluoro­
propylene, vinyl triethoxysilane, p-nitrostyrene, and
 
benzaldehyde were conducted.
 

Morton, Maurice (Akron Univ., Ohio. Inst. of Rubber Research)
 
Low Temperature Polymerization Studies Progress Report.
 

Jul. 1 - 30 Sept. 1965, Contract AF 04(611)-9694.
 
Polymerization of the fluorovinyl monomers is probably
 
caused by the high energy radical cation formed as a
 
result of primary radiolysis.
 

Relyea, Douglas, I.; Smith, Homer P.; and Johnson, Arnold N.
 
(U. S. Rubber Co., Wayne, N. J.), Polymerization Studies
 
Leading to High Strength Chemical Resistant Elastomers
 
Serviceable at Temperature Extremes, Semiannual Report,
 
1 Dec. 1966 - 31 May 1956, Contract DA-19-129-AMC-487(N).
 

Rhodium compounds were found to give good conversion of
 

fluorinated dienes to polymers in aqueous emulsion systems.
 

Valkova, E. V., et al.: C. A. 67., 22304n, Radiats. Khim. Polim.,
 
Mater. Simp. Moscow, 1964, 109-13.
 

Radiation polymerization of fluoroolefins.
 

VII. 	 Fluorine-Containing Monomer Synthesis
 
and Miscellaneous Reactions
 

Barna, P. M.: Chem. Ind. (London) 196 6(49), 2054 (Eng.),
 
C. A. 66, 375 2 5p.
 

Interest 	in temperature-resistant polymers led to synthesis
 
.
of a-(trifluoromethyl)-O,g-difluordstyrene,b4 4 44-450
 

E. I. duPont de Nemours & Co.,-Brit. 1,033,919 (Cl. C. 07c)
 
June 22, 1966, C. A. 66, 65087r (1967).
 

Preparation of fluorinated vinyl ethers.
 

E. 	I. duPont de Nemours & Co., Neth. Appl. 6,605,656
 

(Cl. 	C. 07e) October 31, 1966, C. A. 66, 65088s.
 
Preparation of perfluorodivinyl ether.
 

E. I. duPont de Nemours & Co.,.U. S. 3,282,905 (Cl. 260-89.5)
 
November 1, 1966, C. A. 66, 85490v.
 

Fluorine-containing esters and polymers.
 

-15a­



Fearn, James E. and Wall, Leo A. (National Bureau of
 
Standards) Fluorocarbon Polymers. Polymers of perfluoro­
hexadiene, perfluoroheptadiene, and perfluorooctadiene.
 
(NBS-8623; AD 617256).
 

Perfluoro-4,5-hexadiene, perfluoro-1,6-heptadiene and
 
perfluoro-l,7-octadiene were prepared and-preliminary
 
polymerization studies on the three monomers carried out.
 

Fein, Marvin M. and Green, Joseph (Thiokol Chem. Corp.),
 
Quarterly Report No. 1, 27 Feb. 1963 - 31 May 1963,
 
Contract DA-19-129-AMC-69(X)0.1.9044.
 

Nitroso rubber research, development, and production.
 

Fritz, Charles G. and Selman, Stanley (to E. I. duPont
 
de Nemours & Co.), C. A. 66, 37427h., U. S. 3,291,843
 
(Cl. 260-614) December 13, 1966.
 

Description of synthesis of fluorinated vinyl ethers.
 

Gannon, J. A. (FMC Corp.), Q. M. Elastomer Contract Progress
 
Report 1, 26 June - 26 Sept. 1963, Contract DA-19-129-AMC­
147(N).
 

The reaction between tetrafluoroethylene and fluoro­
olefinic silanes has been showm to occur at elevated
 
temperatures to form products containing a perfluorinated
 
cyclobutane ring.
 

Inukai, Kan, and Hiroshige Muramatsu (Japan, Bureau of
 
Industrial Technics), Japan 19,403 (1966) (Cl, 1613463),
 
Nov. 10, C. A. 66, 463172.
 

Preparation of fluorochloro ethers and fluorochloroallyl
 
ethers.
 

Park, J. D. and Lacher, J. R. (Colorado U., Boulder) Fifth
 
Quarterly Progress Report, Oct. 1 1962 - Jan. 1 1963,
 
Contract DA-19-129-QM-1926.
 

Rubber research. The synthesis of special fluorine­
containing monomers.
 

Park, J. D., and Lacher, J. R. (Colorado U., Boulder), The
 
Synthesis of Special Fluorine-Containing Monomers,
 
Quarterly Report No. 8, 1 Jul. - 1 Oct. 1963, Contract
 
DA-19-129-QM-1926.
 

Synthesis of new olefins and diolefins; preparation of
 
fluorinated carbocyclic and heterocyclic three-membered­
rings and others.
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Park, J. D. and Lacher, J. R. (Colorado Univ., Boulder)
 
The Synthesis of Special Fluorine-Containing Monomers,
 
Final Report 1 Oct. 1963 - 1 Oct. 1965, Contract DA-19­
129-QM-126.
 

Various a,m-diolefins included.
 

Park, J. D. and Lacher, J. R. (Colorado Univ., Boulder)
 
The Synthesis of Special Fluorine-Containing Monomers,
 
Semiannual Report June 1 - Dec. 1, 1966, Contract DA-19­

129-AMC-869 (N).
 
Further work on synthesis of fluorine-containing olefins
 

and diolefins is reported.
 

Park, J. D. and Lacher, J. R. (Colorado Univ., Boulder)
 
The Synthesis of Special Fluorine-Containing Monomers,
 
Semiannual Report, 1 Dec. 1966 - 1 June 1967.
 

Research on fluorine-containing olefins and diolefins,
 
dimerization reactions producing dibox compounds.
 

Pennsalt Chemical Corp., Vinylidene Fluoride, Neth. Appl.
 
6,508,619 (Cl. C. 07c), January 6, 1967, Appi. July 5, 1965,
 
C. A. 67, 11182v.
 

CH 2=CF 2 is prepared in good yields at lower temperatures
 
from MeCF2C1 in the presence of a small amount of Cl.
 

Produits Chimiques Pechiney-Saint-Gobain, Fr. 1,453,455,
 
(Cl. C. 08f), September 23, 1966, C. A. 66, 95827z.
 

Fluorination of organic polymers.
 

Shokina, V. V. (Army Missile Command, Huntsville, Ala.),
 
Linear Polyfluorinated Analogously Bifunctional Compounds
 
as Potential Monomers, Transl. into English from Usp. Khim.
 
(USSR). 32(9), 1052-86 (1963).
 

Production methods and properties of potential monomers
 
for the production of new fluorine-containing polycon­
densation polymers.
 

Tarrant, Paul, et al. (Univ. of Florida, Gainesville),
 
Research on Synthesis of Unsaturated Fluorocarbon Compounds,
 
Army Natick Lab., Mar. 1967, Contract DA-19-129-AMC-79(N).
 

Synthesis of a variety of fluorine-containing compounds
 
including some fluorinated dienes.
 

Tarrant, Paul: C. A. 68, 93047n, U. S. Clearinghouse Fed,
 
Sci. Tech. Inform., AD 662712, Research on Synthesis of
 
Unsaturated Fluorocarbon Compounds.
 

A series of F monomers were prepared including several
 
new fluorinated nitroso monomers.
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Tarrant, Paul; Perry, Doug; Tandon, Jai; Wright Alan;
 

and Misaki, Susumu (Univ. of Florida, Gainesville), Research
 
on Synthesis of Unsaturated Fluorocarbon Compounds, Semi­
annual Report, April 1 - September 30 1965, Contract DA-19­
129-AMC-79 (N).
 

-Progress is reported in preparation of unsaturated organic
 
compounds containing fluorine.
 

Thiokol Chemical Corporation, U. S. 3,300,538 (Cl. 260-653.3),
 
January 24, 1967, C. A. 66, 75647r.
 

Purification of perfluoro and chloroperfluoro olefins.
 

UCB (Union Chimique - Chemische Bedrijuen), S. A., C. A. 67,
 

63829f, Neth. Appl. 6,609,240 (Cl. C. 07c), January 9, 1967.
 
Unsaturated fluorinated diesters.
 

Yakubovick, A. Ya.; Belyaena, I. N.; Gitel, P. 0.; Smolyanits­
kaya, V. V.; and Sankina, L. V.: C. A. 67, 63660u, Zh, Obshch.
 
Khim. 37(4), 847-52 (1967) (Russ.)
 

Reaction of direct fluoroalkenylation. V. Fluorovinyl alkyl
 
ethers and fluorovinyl alkyl thio ethers. Synthesis and
 
polymerization of the ethers is given.
 

VIII. Vulcanization of Fluorine-Containing Polymers
 

Griffen, Warren R., Library of Congress Science and Technology
 
Div., Washington, D. C., Charles J. Cleary Awards for papers
 
on material sciences, 1962, p. 125-135, 14 refs.
 

A room temperature vulcanization system for selected
 
fluorine-containing polymers. Test data are given for a
 
hexafluoropropylene-vinylidene fluoride copolymer.
 

Honn, F. J. and Sims, W. M. (to 3M Co.) U. S. 3,318,854,
 
C. A. 67, 22731z.
 

Vulcanization of CTFE-VF2 copolymers.
 

Nagelschmidt, Rudolf.and Goecke, Max, Deutsche Gold and
 
Silber-Scheideanstalt, Ger. 1,234,983 (Cl. C. 08g),
 
February 23, 1967.
 

The condensation products of aldehydes or ketones with
 

polyamines and polyisocyanates are used as crosslinking
 

agents for halogen-containing polymers.
 

Nonikor, A. S.; Stolyarova, L. G.j Gilinskaya, N. S.;
 
Galil-Ogey, F. A.; and Nudel'man, Z. N.: C. A. 68, 7934 2y,
 
Kauch. Rezina, 26(10), 21-4 (1967) (Russ.).
 

Vulcanizing fluoroelastomers by alkali metal derivatives
 
of bisphenals.
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Sands, George D. and Pezdirtz, George F. (NASA Langley
 
ResearchtCenter) Cross-linking of polyvinylidene fluoride
 
by gamma radiation. Presented as the 150th National Meeting
 
of the American Chemical Society, Atlantic City, 12-17
 
September 1965.
 

After polymer was irradiated, tensile strength was found
 
to increase, which is typical of polymers undergoing
 
crosslinking. Elongation was found to decrease.
 

Yarsley Research Laboratories Ltd. (Arthur W. Flanell,
 
Angel Nodar - Blanco), C. A. 68, 40795y., Brit. 1,095,836
 
(Cl. C. 08f), December 20, 1967.
 

Curing of fluoro-rubbers. Trialkyl quaternary ammonium
 
salts were used as curing agents for vinylidene fluoride­
hexafluoropropene copolymers or vinylidene fluoride­
hexafluoropropene-tetrafluoroethylene terpolymers.
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