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I. SUMMARY /1 
Initial copolymerization studies of the thermal cycloadditio ■> reaction 

of [CF2=CFCH2CH2Si(CH3)2]20 with CF2=CFCF2CFC1CF2CF=CF2 resulted 
in the formation of mixtures of low molecular weight products. In another 
approach, work has been started or the inclusion of novel fluoroslefinic 
monomers in a vinylidene fluoride/hexafluoropropylene emulsion polyrreriza 

tion system. 

The monomer synthesis portion of the program has been accelerated 
during the period covered by this report, and there is now in hand or in 
process, adequate supplies of the above disiloxane and heptadiene for a 
sustained polymerization study. In addition, syntheses of additional mono¬ 
mers; 3, 3, 4, 4-tetrafluorohexadiene -1, 5; 2, 2, 3, -tri(trifluoromethyl per- 
fluorooxetane; 2, 2, 3, 4-tetra(trifluoromethyl) perfluorooxetane and bis(2- 
(21, 3', 3'-trifluorocyclo-l'-butenyl) ethyl dimethyl siloxane) have been 
completed or are in advanced stages of progress. 
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IL INTRODUCTION 

A. Objectives 

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

B. Program 

In order to achieve the above objectives.a broad program was 
planned embracing (a) the development of block copolymers composed 
of fluorocarbon units alternating with fluoroalkyl siloxane units and 
(b) the synthesis of fluorocarbon polymers containing a nitrogen, 
sulfur or oxygen heteroatom in the backbone of the macromolecule. 

Sufficient quantities of most of the starting materials necessary 
for scale-up of established synthetic procedures have been obtained 
from commercial suppliers. Moreover, adequate quantities of some 
monomers have been synthesized during the quarter, allowing polymer¬ 
ization research to be sustained. 

It is fully anticipated that several polymer systems will be 
explored during the next quarter as preparative synthesis work will 
now provide a variety of monomers in ample quantities. Research on 
fluorinated aromatic compounds and nitrogen-containing monomers 
will be pursued in accordance with the modified scope of the project, 
as described in the 2nd Quarterly Progress Report. 

Specifically, it is expected that the necessary "monomers" will 
become available to permit initiation of investigation of the following 
polymer systems during the next quarter: 

ClSi(CH3)2CH2CHjCF2CF2CH2CH2Si(CH3)2Cl 

i HOH 

-0{^i(CH3)2CH2CH2CF2CF2CH2CH2Si(CH3)2-0-}n 

1. 
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cf3 ç4f9 
2. C4F9 N=CF2 + CF3CF=CF2-CF-CF2-N-CF2-}n 

<?f3 cf3 
3. (CF3)2CCF(CF3)CF2-p-*f-Ç-¿F-CF2-Oin 

CF3 

In addition, substantial quantities of monomers are now on hand 
to allow further investigation of the following system: 

CF2= CFCF2CFC1CF2CF= Crí + CF2= CFCH2CH2Si(CH3)2OSi(CH3)2CH2CH2CF= CF2 

SFi cfcf2cfcicf2Cf-cf2 
ÇF2ÇFCH2CH2Si(CH3)2OSi(CH3)2CH2CH2ÇF 
CF-CF2 CF2- 

n 

The products achieved to date have been of too low molecular 
weight to warrant curing study, however, it is believed that proper 
choice of reaction conditions will allow higher molecular weights to be 
realized. 
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III. DISCUSSION OF RESULTS 

A. Monomer Procurement 

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

Monomer 
Number Monomer or Precursors Amt. 

' *Bromopentafluorobenzene 500 g. 

♦Pentafluorobenzene 25 kg. 
♦Hexafluorobenzene 1 kg. 
♦Pentafluoroaniline 300 g. 
♦Pentafluorothiophenol 1 kg. 
♦Pentafluo r ophenyl 

hydrazine 250 g. 
*4, 4' Diaminooctafluoro- 

biphenyl 100 g. 
♦Pentafluorophenol 1 kg. 
C-7 fluoroalcohol 1 lb. 
C-9 fluoroalcohol 1 lb. 
C-ll fluoroalcohol 1 lb. 
Difluorotetrachloroethane 

(Freon 112) 1 gal. 
2 Vinylidene fluoride 

(Freon 11 32A) 6 lbs. 
Methyldichlorosilane 2 lbs. 
Dimethylchlorosilane 3 lbs. 
Dimethyidichlorosilane 1 lb. 
Diallyldimethylsilane 100 g. 
3, 4, 4-Trifluoro-4-bromo- 

3-chlorobutene-1 3 kg. 
Kel-F Acid No. 8114 1 lb. 
Kel-F Acid No. 8114 10 lbs. 

14 Hexafluoropropylene 1 lb. 
108 Perfluorobutene-2 2 lbs. 

2, 2, 3, 3-Tetrachloro- 
hexafluorobutane 3 lbs. 

204 Trifluorovinyldimethyl- 
ethoxysilane 50 g. 

302 4-Chloroperfluoro- 
heptadiene-1, 6 32 g. 

301 Bis(2, 3, 3-trifluoro- 
bicyclobutenyl-1 ) 1 3 g. 

Supplier 
Imperial Smelting Corp. 

Imperial Smelting Corp. 
Imperial Smelting Corp. 
Imperial Smelting Corp. 
Imperial Smelting Corp. 

Imperial Smelting Corp. 

Imperial Smelting Corp. 
Imperial Smelting Corp. 
E. I. duPont deNemours Co. 
E. I. duPont deNemours Co. 
E. I. duPont deNemours Co. 

E. I. duPont deNemours Co. 

E. I. duPont deNemours Co. 
Dow Corning 
Dow Corning 
Dow Corning 
Columbia Organic Chemicals, Inc. 

Columbia Organic Chemicals, Inc. 
Columbia Organic Chemicals, Inc. 
3-M Company 
Columbia Organic Chemicals, Inc. 
Halocarbon Products Corp. 

Halocarbon Products Corp. 

Dr. P. Tarrant, Univ. of Florida 

Dr. J. D. Park, Univ. of èolorado 

Dr. J. D. Park, Univ. of Colorado 

* See Appendix III for disposition of these materials. 
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Additional quantities of the following monomers and precursors 
were ordered but not received during the period of this report: 

Monomer 
Number Monomer or Precursors Amt. Supplier 

1 Chlorotrifluoroethylene 
(Genetron 1113) 

Hexafluoroacetone (6 FK) 

Dime thylchloro silane 

24 lbs. Allied Chemical Corp. 
General Chemical Div. 

1 lb. Allied Chemical Corp. 
General Chemical Div. 

4 lbs. Dow Corning 

The following additional monomers and precursors were ordered 
but not received during the period of this report: 

Monomer or Precursors Amt. Supplier 

Kel-F Acid No. 68 3 10 lbs. 3-M Company 
p -Amino tetrafluorobenzoic 

acid 100 g. Imperial Smelting Corp. 

The following monomers have been prepared by FMC: 

Monomer 
Number Monomer Amt. 

202 Bis(3,4, 4-trifluoro-3-butenyl dimethyl) disiloxane 458 g. 
302 4-Chloroperfluoroheptadiene-l, 6 95 g. 
500 2, 2, 3-Trifluoro-3, 4, 4-trifluoromethyloxetane 100 g. 

B. Monomer Master List 

A complete list of monomers considered under previous Quarter- 
mater contracts with M. W. Kellogg and subsequently with 3-M is 
presented in Appendix I of this report. It has been decided to extend 
the system of assigning numbers to new monomers in a systematic 
fashion which would allow each of the present contractors to the Army 
Natick Laboratories to make number assignments to monomers which 
are prepared for the first time in their own laboratories. FMC will 
have the responsibility for keeping their master list up to date upon 
proper advice from the various contractors. 

The system decided upon by the Army Natick Laboratories 
involved assigning a block of 100 numbers to the contractors as follows: 
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Originating Laboratory Assigned Number Block 

University of Florida 
University of Colorado 
Peninsular ChemResearch 
FMC Corporation 
Thiokol Chemical Corporation 
U. S. Army Natick Laboratories 

200 through 299 
300 through 399 
400 through 499 
500 through 599 
600 through 699 
700 through 799 

Those monomers and the appropriate number assignments of which 
FMC has been advised are presented in Appendix II. 

In order to avoid confusion it has been agreed that only those 
monomers which do not appear elsewhere with a prior number 
assignment will be given an assignment under the block assignment 
system. For example, C4F$N= CFj is currently of interest to FMC 
and is being prepared in substantial quantities. Since this monomer 
was assigned number 81 on the Kellogg-3-M list, it will not be given 
another number, but will retain the numoer 81 for future identification.. 

C. Polymerization Research 

Sufficient quantities of certain monomers were made available 
during the latter part of the report period to permit the commencement 
of polymerization studies. Initial emphasis was devoted to two areas of 
polymer research: (1) the thermal cycloaddition reaction of an alpha, 
omega divinyl fluoroolefin monomer with a difunctional fluoroolefinic 
siloxane prepolymer in the expectation of forming a block copolymer 
possessing alternate fluorocarbon and disiloxane moieties and (2) the 
incorporation of fluorine-containing olefins into a vinylidene fluoride/ 
hexafluoropropylene elastomer system. 

The thermal reaction of [ CFz- CF(CH2)2Si(CH3)2]20 with 
CF2= CFCF2CFC1CF2CF= CF2 was attempted by heating equimolar 
quantities of the respective comonomers in a bomb at 200 C. but, 
in the initial experiment, some decomposition occurred and only 
a viscous tar was recovered after removal of unreacted monomers. 
Repetition of the experiment with identical comonomers but a 
reaction temperature of 150° C. resulted in the formation of a 
mixture of low molecular weight products. 
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Further experiments will attempt to provide optimum 
conditions for producing high molecular weight products from 
the cycloaddition reaction. 

Modification of Vinylidene Fluoride/Hexafluoropropvlene 
Emulsion Polymerization System 

Experimentation commenced on the incorporation of various 
other fluorine-containing olefins into a vinylidene fluoride/ 
hexafluoropropylene emulsion polymerization system. Results 
are incomplete but the interpolymerization of the following mono¬ 
mers will be attempted in the aforementioned system: 

[CF2=CFCH2CH2Si(CH3)2]20 

F2 F Cl 

Modification of an 80/20 mole % vinylidene fluoride/hexafluoro- 
propylene elastomer will also be investigated by the direct 
incorporation of [CF2--CFCH2CH2Si(CH3)2]20 on a rubber mill 
and an attempt will be made to co-cure the fluoroolefin with the 
elastomer by means of a peroxide. 

Modification of CF2= CH2/CF3CF= CF2 systems with fluoro- 
olefinic monomers may be expected to provide improved solvent 
resistance and/or improvement in low temperature properties. 
The use of multifunctional monomers e. g. , 

[CF2-CFCH2CH2Si(CH3)2]20, may possibly provide new sites for 
cross-linking in the elastomer compositions. 

D- Monomer Synthesis 

Preparation of fCF^CFCHjCnzSifCH^^O 

Synthesis of the disiloxane, [CF2=CFCH2CH2Si(CH3)2]20, was 
continued during the quarter in order to provide large quantities of 
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the monomer for polymerization research studies. The synthetic 
procedure employed was provided by Prof. P. Tarrant1 as described 
in the previous FMC quarterly report.2 

Formation of the adduct, CF2BrCFClCH2CH2Si(CH3)2Cl by the 
platinum catalyzed addition reaction of HSi(CH3)2C1 to 
CH2-CHCFClCF2Br on a 5 mole scale provided a 38% yield of product 
(606 grams) in a bomb run conducted at 75° C. for 11 hours. Repetition 
of the reaction at atmosphere pressure under reflux conditions for 
24 hours but with an excess of dimethylchlorosilane afforded a 57% 
yield of product (914 grams). A smaller scale run employing equi¬ 
molar quantities of reactants at atmospheric pressure yielded only 
ca. 35% of product (100 grams). 

It was originally presumed on the basis of a simple distillation 
that all of the unreacted starting materials in the reaction were 
recovered. 2 However, a careful fractionation of the low boiling portion 
of the reaction mixture revealed the presence of other by-products. 
V. P. C. analysis identified a major component (B. P. 70-7 3° C. ) as 
dimethyldichlorosilane, (CH3)2SiCl2, formed by a disproportionation 
occurring in the presence of the platinum catalyst. However, 52% of 
the butene, CH2 CHCFClCF2Br, was accounted for in the product and 
as unchanged starting material, The balance was presumed to have 
been consumed in the side-reaction mentioned above. 

Hydrolysis of CF2BrCFClCH2CH2Si(CH3)2Cl to 
[ CF2BrCFClCH2CH2Si(CH3'2]20proceeded readily, providing high yields 
of product (55-88%). 

Dehalogenation of [ CF2BrCFClCH2CH2Si(CH3)2]20 to the desired 
monomer [ CF2 -CFCH2CH2Si(CH3)2]20 was conducted with zinc dust in 
tetrahydrofuran solvent and ca. 70% yields of product were realized. 
The use of isopropanol as solvent led to a lower yield of product. The 
following physical properties were obtained for the disiloxane monomer: 
b. p. 60-65° C. /0. 5 mm, njj 1. 3924. Tarrant1 reported the following 
values for the compound L p. 95' C. /6 mm, n$ 1. 39 32. Vapor phase 
chromatographic analysis of a sample prepared at FMC and one sub¬ 
mitted by P. Tarrant showed the presence of an identical major peak 
for the respective specimens; however, the former was shown to have 
a purity of 90% while the latter was 7 3% pure. 

The total quantity of [ CF2- CFCH2CH2Si(CH3)2] 20 synthesized to 
date is 458 grams. 
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4-Chloroperfluoroheptadiene-l, 6 

4-Chloroperfluoroheptadiene-l, 6 was prepared by the scheme 
given below: 

a) Cl(CF2CFCl)3CF2COOH + NaOH->Cl(CF2CFCl)3CF2COONa 

b) Cl(CF2CFCl)3CF2COONa-^-*Cl(CF2CFCl)2CF2CF= CF2 

c) C1(CF2CFC1)2CF2CF=CF2 + Zn->CF2= CFCF2CFC1CF2CF= CF2 + ZnCl2 

The first two steps have been described several times in the 
literature,3,4, 5 and were repeated without difficulty. The sodium salt, 
however, must be thoroughly dried in order to obtain a maximum yield. 
The heptadiene is not well characterized. Boiling points of 103-103. 5° C. 
(630 mm)fc and 122° C. (760 mm)4 have been reported. 

Zinc dechlorinations of the heptene were conducted in a variety of 
solvents in order to find the best conditions for the preparation of the 
heptadiene. The following solvents were investigated: isopropanol, 
tetrahydrofuran, bis 2-(2-methoxyethoxy) ethyl ether, and diethylene 
glycol monoethyl ether. With all of the solvents except the latter, 
unreacted heptene was recovered, which could be recycled. Because 
of the discrepancy between boiling points reported by other investigators, 
wide distillation cuts were taken which were then analyzed by gas chroma¬ 
tography to determine the heptadiene content. The boiling points 
observed compare with the lower figure (103° C. /630 mm) reported by 
the University of Colorado investigators.6 

Tetrahydrofuran gave the highest yield of heptadiene (43. 2%), at 
a heptene conversion of 56. 2%. The unconverted heptene was recovered. 
The purity of the diene was 84. 3%. A sample of recovered heptene was 
recycled with comparable yields and product purity. A summary of the 
yields and solvents used by various investigators is given in Table I. 

At present, 39g. of the crude heptadiene is on hand and will be 
redistilled. The amount of heptene on hand is 300g. This should give 
about 100g. of the diene. A ten pound sample of the Kel-F Acid 8114 
(Cl(CF2CFCl)3CF2COOH) has just been received. About two pounds 
will be carried through the reaction sequence, which should provide 
an additional 200g. of the diene for polymerization work. 

Polyfluorooxetanes 

The synthesis of the polyfluorooxetanes by photo initiated additions 
of fluorocarbonyl compounds to fluoroolefins was first reported by 
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Harris and Coffman in 1962. 7 The procedure followed in these lab¬ 
oratories differed essentially from the Harris and Coffman procedure 
in that the charged gasses were photolyzed under isothermal conditions 
rather than isobaric conditions. Thus it was possible to follow the 
course of the reaction by noting the pressure drop whereas this was 
not possible in the previous procedure. The plot of pressure decrease 
as a function of time is presented in the experimental portion of this 
report. It is to be emphasized that this is raw data. Nevertheless 
several conclusions may be drawn from this data by cursory obser¬ 
vation. First, the reaction between hexafluoroacetone and hexafluoro- 
propylene to the oxetane is complete in approximately twelve hours 
using this procedure rather than the seven days previously reported. 
Second., the plot shows a straight line until the pressure has dropped 
to one-half the original pressure after which there is no further 
pressure drop. This indicates that the reaction is pressure independent 
over the range studied and no advantage is to be gained by operation 
under very low or very high pressures. 

The second run, it will be noted, was conducted with benzophenone 
added to examine the possibility of photosensitization. The results, shown 
in Figure 1, indicate no significant difference in rate under the condi¬ 
tions employed. It should be realized, however, that observance of 
any rate dependence is contingent on having the photosensitizer in the 
gas phase. It may very well be the case that this did not occur here. 
Of the sundry photosensitizers available at present, only diacetyl 
would appear to have sufficient vapor pressure for further consideration. 
A photosensitized preparative method would be desirable here so that 
the reaction could be extended to other less reactive olefins for the 
synthesis of more interesting oxetanes. However, it is believed that 
the present experimental procedure is quite satisfactory for preparing 
sufficient quantities of 2, 2, 3-tri(trifluoromethyl) perfluorooxetane 
for polymerization investigation. 

An interesting point is the claim by Harris and Coffman that the 
oxetane produced from hexafluoroacetone and hexafluoropropylene is 
exclusively the 2, 2, 3-tri(trifluoromethyl) isomer. Assuming that the 
structural identification is correct, preliminary evidence suggests 
that the 2, 2, 4 isomer is also produced, though in much lower amounts, 
with a ratio of isomers of approximately 18:1. Aside from the more 
extended boiling range of 48-55° C. (to insure all isomers would be 
collected), physical properties determined here agree with those of 
Harris and Cofiman.7 

The photolysis of hexafluoroacetone and perfluorobutene-2 
appears from the experimental data to be somewhat more complicated 



than originally envisioned. For example, there was no significant 
pressure drop during the course of the photolysis although some 
liquid product was obtained. This suggests, of course, that con¬ 
current with the formation with some higher boiling product, a 
gaseous product (perhaps carbon monoxide) is also formed. Also, 
although it is hazardous to predict the boiling point of two cis-trans 
isomers because they sometimes vary as much as 20° C. , the 
predicted boiling point for the 2, 2, 3, 4-tetra(trifluoromethyl)- 
perfluorooxetane is ca. 80° C. The observed boiling range of 60-63° C. 
does certainly appear to be low. 

It is not possible to identify the compound by IR analysis other 
than to eliminate several possibilities. Because there is no absorption 
from the region 500 cm'1 to 2000 cm"1 it is possible to eliminate 
carbonyl and un symmetrical double bond moieties. Further work 
toward elucidating the correct structure of this compound is now in 
progress. 

Preparation of [CH2CF2CF=CCH2CH2Si(CH,)2j20 

The preparation of CH2=CHÇHCFC1CF2ÇH2, starting material 
for [ÇH2CF2CF=ÇCH2CH2Si(CH3)2-j-2Q, followed the procedure of Park 
and Lacher. 6 The cycloaddition of chlorotrifluoroethylene to butadiene 
proceeds readily, giving high yields of the vinyl cyclobutane with 
minimal amounts of side products. The addition of dimethylchlorosilane 
to the vinyl cyclobutane also appears to be straightforward, although 
vigorous, and it shall be necessary in the future to add slowly one 
reactant to a heated solution to the other reactant. Structural identi¬ 
fication and analysis is in progress and will be reported later. There 
still remain two steps, the hydrolysis of the intermediate chlorosilane 
and the final dehydrochlorination step. 

Preparation of CH2- CHCF2CF2CH-CH2 and CF3CH=CH2 

CF2Br2 + CH2= GHz-¥ CF2BrCH2CH2Br-*CF2BrCH= CH2 

cf3ch- ch2 ch2=- chcf2cf2ch= ch 

It has not been possible to improve upon the results of Tarrant 
and Lovelace8 and Blomquist and Longone9 in the benzoyl peroxide 
initiated addition of dibromodifluoromethane to ethylene. After a brief 
induction period a vigorous reaction occurs and it is easy to understand 
how Tarrant and Lovelace report a safety disc failure on their bomb. 
It was decided, therefore, to investigate a photolytic preparation, by 
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taking advantage of the photohomolysis of the carbon-bromine bond in 
dibromodifluoromethane. 10 Although it has not been possible to 
complete the work-up of this reaction during this report period, pre- 
11 rmnary indications are that this is a more satisfactory procedure 
than the benzoyl peroxide initiated route. 

To date, only a pilot dehydrobromination has been completed. 
The boiling range (49-51° C. ) is not in good agreement with previous 
investigators (41-42° C. ); this product is being examined further. 
Aside from this apparent discrepency it will be possible to conduct 
the dehydrobromination in excellent yields. The synthesis of 
CF3CH- CHj and CH2= CHCF2CF2CH= CH2 await the production of 
sufficient quantities of CF2BrCH= CH2. 
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IV. EXPERIMENTAL 

A. Polymerization Research 

Reaction of CF2= CFCF2CFC1CF2CF= CF2 with [CF2=CFCH2CH2Si(CH3)2l20 

D-371-117 A lOOcc. Aminco Bomb was charged in an air 
atmosphere, with 14. lg. (0. 043 mole) of CF2= CFCF2CFC1CF2CF= CF2 
(99% purity) and 15. Og. (0. 043 mole of [CF2=CFCH2CH2Si(CH3)2]20 
(92. 5% purity) and heated to 200° C. in a rocker assembly for 20 hours. 
After the heating period, the bomb was cooled and vented. The reaction 
mixture consisted of a tan colored, slightly viscous liquid which appeared 
to have undergone decomposition during the heating period. The latter 
was placed in a small distillation assembly employing a Widmer column 
and 7. 35g. of unchanged CF2=CFCF2CFC1CF2CF= CF2 was collected 
(b. p. 103-105° C./760 mm. Hg. ) whereupon some further decomposi¬ 
tion was noted. (Pot temperature ca. 150° C. ). Distillation was contin¬ 
ued under vacuum but extensive decomposition ensued and only 7. Og. of 
a black viscous residue remained which was not examined further. 

D-871-120 The above experiment was repeated on a smaller 
scale (0. 017 mole), using a 30 ml. capacity stainless steel Hoke cylinder, 
and under a helium atmosphere at 150° C. After vacuum stripping at 
3 mm. , to remove unreacted starting materials, a yellow liquid (•'•óg. ) 
remained, which was shown to contain seven components by V. P. C. 
analysis. No further characterization was attempted as handling losses 
had greatly reduced the quantity of material. 

B. Monomer Synthesis 

1. Preparation of: [CF2=CFCH2CH2Si(CH3)2]20 

CF 2BrCFClCH= CH2 + HSi(CH3)2Cl-*CF2BrCFClCH2CH2Si(CH3)2Cl— 

I H 

[CF2=CFCH2CH2Si(CH3)2]20 4- [CF2BrCFClCH2CH2Si(CH3)2]20 «— 

IV m 

Preparation of CF2BrCFClCH2CH2Si(CH3)2Cl 

D-871-108 A 2. 7 liter Aminco Bomb was charged with 47 3g. 
(5 moles) of H-Si(CH3)2Cl, 1117. 5g. (5 moles) of CH2=CHCFClCF2Br 
and lOcc. of 0. 1M H2PtCl6 in isopropanol in an air atmosphere. The 
bomb contents were then rocked at 75° C. for 11 hours. At the 
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conclusion of the heating period, the bomb was cooled, vented and the 
contents were decanted into a dry container for distillation. Distilla¬ 
tion of the reaction mixture was performed at atmospheric pressure 
through a 14" insulated Vigreux column. Two fractions were collected, 
the first fraction (fraction I) distilling at 60-90° C. (uncorrected) and 
weighing 805g. and a second fraction (fraction II) distilling at 180-185° C. 
and weighing 606g. (38% yield of the desired product). Fraction I was 
redistilled in a Fenske helices-packed column and the following fractions 
were obtained: 

BP° C. Weight 

23-70 56g. 
70-73 279g. 
7 3-77 84g. 
77-84 87g. 
84-96 4 3g. 
96-98.5 161g. 
Residue 94g. 

The (CH3)2SiCl2 was identified by vapor phase chromatography 
employing commercially available material as a reference compound. 

The CH2= CHCFClCF2Br recovered was identified by its boiling 
point and chemical properties; 52% of the butene was accounted for in 
the product and as unchanged starting material. 

D798-145 A mixture of 111Vg. (5. 0 moles) of CH2-CHCFClCF2Br 
709g. (7. 5 moles) of dimethylchlorosilane, and 10 ml. of an 0. 1 molar 
solution in chloroplatinic acid in isopropanol was heated at reflux with 
stirring. After 3. 5 hours, another 100g. (1, 06 moles) of the silane 
added. After another 3. 5 hours of refluxing, another 100g. (1. 06 moles) 
of the silane was added. Stirring under reflux was continued for a total 
of twenty-four hours. The dark fuming liquid was distilled through a 
15cm. Vigreux column to give 914g. (57. 4%) of the desired product, 
b.p. 71-95° C. (16 mm. ), nfj 1. 4358, with a density of 1. 42g./ml.@ 
25° C. 

Preparation of fCF2BrCFClCH2CH2Si(CH,)2|20 

This was carried out by heating at reflux temperature, a mixture 
of the silane with an excess of water, overnight. Then, the organic 
phase was water washed until acid-free, dried over magnesium sulfate 
and distilled. The results of several such preparative runs are 
summarized in Table IV. 

Identity 

(CH3)2SiCl2 

CH2= CHCFClCF2Br 
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Preparation of [CF¿-CFCH2CH2Si(CH3)¿]20 

D798>144 To a stirred refluxing mixture of 58. 6g. (0. 9 mole) 
of zinc dust and Zg. of zinc chloride in 400 mis. of tetrahydrofuran 
was added 209g. (0. 36 mole) of [CF2BrCFClCH2CH2Si(CH3)2]20 
(D798-142) over two hours. The reaction commenced almost immed¬ 
iately. After stirring an additional two hours at reflux, the mixture 
was filtered from the unreacted zinc. The filtrate was diluted with 
water and the organic phase taken up in methylene chloride. The 
organic layer was washed several times with water to remove zinc 
salts and dried over magnesium sulfate. Distillation gave an 85. 9g. 
yield (68. 2%) of the desired product, b. p. 60 -65c C. (0. 5 mm. ), njj 
1. 3924, density 1. 05g. /ml. @ Z5° C. According to an analysis by gas 
chromatography, the product was 90. 1% pure. 

D798-149 A larger scale reaction was carried out, starting 
with 727g. (1. 25 moles) of the halogenated disiloxane, giving 3l9g. of 
product (72.8% yield) on which analytical data has not yet been 
received. 

C1129-4 The above reaction also was carried out on a 0. 5 mole 
scale, using isopropanol as the solvent. In this case the yield of 
product (b. p. 204-210° C. /760 mm. ) was only 31. 6%. 

2‘ Preparation of. CF2-CFCF2CFC1CF2CF^ CF2 

C1(CF2CFC1)3CF2C02H->Cl(CF2CFCl)3CF2C02Na 

I 

cf2= cfcf2cfcicf2cf- cf2«-CF2C1CFC1CF2CFC1CF2CF= cf2 

IV III 

Preparation of the Sodium Salt of Cl(CF,CFCn3CF2COOH (II) 

D798-1 34 To a solution of 37. 5g. (0 . 9 37 mole) of sodium 
hydroxide in 100 ml. of water was added 449g. (0. 937 mole) of 
Cl(CF2CFCD3CF2COOH (I) over a one hour period with stirring. The 
mixture turned into a thick paste. Most of the water was removed by 
drying on a steam bath. Drying was completed by heating to 125° C. 
in an oven at a pressure of about 1 mm. The yield of slightly gray 
powder was 457g. (99. 1% of theory). 

The above preparation was repeated twice, on 250 and 500 
gram scales (Cl 129-1, Cl 129-8, respectively). In these runs, the 
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final drying was carried out, in vacuo, over phosphorus pentoxide. 
The yields in both cases were virtually quantitative. 

Preparation of 4, 6, 7-Trichloroperfluoro-1-heptene (III) 

01129-3 Exactly 267g. of Cl(CF2CFCl)3CF2COONa obtained 
in Cl 129-1 was transferred to a 1 liter round-bottom flask equipped 
with a distilling adaptor, Friedrich's condenser, vacuum adapter, 
and receiver. The system was evacuated through a dry ice-cooled 
trap to approximately 1 mm. pressure and then heated to approxi¬ 
mately 150 C. Decarboxylation commenced within approximately 
15 minutes and the pressure increased to ca. 10 mm. because of 
the carbon dioxide evolution. The heptene (III) came over quite 
smoothly to the ice-cooled receiver and was washed once with water, 
once with 10% aqueous sodium carbonate, once again with water, and 
dried over sodium sulfate. There was obtained 180. 5g. of crude 
product. Infrared analysis of this crude product showed a strong 
adsorption band at 1770cm-1 indicating a terminal fluoroolefin and 
a weak adsorption band at 1720cm-1 indicating a small contaminant 
of internal olefin. There was no adsorption in the range 3500-2500cm-1 
indicative of carbon hydrogen bonding which would be expected of a 
possible contaminant (due to incomplete drying of II). Distillation of 
this^crude material gave I59g. of pure heptene (III) boiling at 161- 
162° C. This represents 75% of the theoretical possible yield from 
the starting Cl(CF2CFCl)3CF2COOH. 

0798-1 37 A 605g. (1. 23 mole) quantity of Cl(CF2CFCl)3CF2COONa 
(D798-134) was divided in two equal portions. Each was pyrolyzed by 
slowly heading to 370 C. at a pressure of 4 mm. The distillate was 
collected in an ice-cooled receiver followed by a dry ice-acetone 
cooled trap. The total yield was 461 g. The distillate was washed 
first with 5% aqueous sodium bicarbonate solution and then with water 
and dried over magnesium sulfate. The product was distilled through 
a 15cm. Vigreux column, giving a 427g. yield (87. 0%) of the desired 
product, b. p. 65-70 C. (20 mm. ), n|j 1. 3639, and with a density of 
1. ?8g. /ml. @ 25 C. Analysis by gas chromatography indicated that 
the product was 92. 3% pure. 

One additional run (€1129-9) was carried out, using the material 
obtained in Cl 129-8, to yield an additional 315g. of heptene, b. p. 160- 
163° C. /760 mm. (Yield: 74. 5%, based on starting Cl(CF2CFCl)3CF2COOH). 

Note: Barnhart et al. , 3 give the following data for 4, 6, 7-trichloro¬ 
perfluoro-1-heptene: b. p. 156-157° C./760 mm. , nft 1.3639, and 
d\° 1.800. 
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Preparation of 4-Chloroperfluoroheptadiene-l, 6 (IV) 

D798-141 To a stirred refluxing mixture of 16g. (0. 25 mole) 
of zinc dust, lg. of zinc chloride, and 25 ml. of isopropanol was 
added 39. 9g. (0. 1 mole) of 4, 6, 7-trichloroperfluoro-l-heptene 
(D798-137) over a six hour period. After refluxing an additional 
0. 5 hour, the mixture was filtered from unreacted zinc and the 
filtrate diluted with several volumes of water. The organic layer 
was taken up in methylene chloride, water washed several times, 
and dried over magnesium sulfate. Distillation gave all. 3g. of 
product, b. p. 97-112° C./761 mm. ), ng 1. 3311. T he purity by gas 
chromatography was 67. 5%. The yield of crude product based on 
heptene actually consumed was 40. 9%. Unreacted material recovered 
was 6. 5g. (16. 3% of the amount charged). 

This zinc dechlorination reaction was repeated several times, 
using other solvents, i. e. , tetrahydrofuran, bis-2-(2-methoxyethoxy) 
ethyl ether and diethylene glycol monoethyl ether. One run (D798-148), 
carried out in isopropanol solvent utilized recovered heptene. In run 
D798-146, the procedure described above was modified to the extent 
that the reaction was carried out at 100° C. /85 mm. with a short 
Vigreux column and a still head added to the apparatus, and heptadiene 
removed as it formed. The crude product so obtained was redistilled. 

Some details of this series of reactions are summarized in 

Table II. 

Note: The physical contents reported by Park and Lacher6 for 4- 
chloroheptadiene-1, 6 are: b. p. 103-103. 5° C. /630 mm. and nj^ 
1. 3326. Fearn and Wall, 4 however, report a boiling point of 122° C. / 
760 mm. In their report, Park and Lacher claim to have confirmed 
the structure of their compound by means of NMR spectroscopy. 

3. Preparation of: CH2= CHCF2CF2CH= CH2 and CF3CH= CH2 

CF2Br2 + CH2= CRÍ->CF2BrCH2CH2Br-* CF2BrCH= CH2 

I 

cf3ch=ch2 CH2=CHCF2CF2CH=CH2 

IV m 

Preparation of CF2BrCH2CH2Br 

C1129-32 A 2 liter Aminco Bomb was charged with 15g. benzoyl 
peroxide, evacuated, purged with bone-dry nitrogen, further evacuated, 
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and finally charged with 550g. (2. 62 moles) CF¿Br2. The bomb was 
placed in a barricaded rocker and charged with 350 psig CP ethylene 
while rocking and was then rapidly heated to 90° C. Very shortly 
thereafter an exotherm occurred raising the bomb temperature to 
120 C. momentarily with a pressure rise to 900 psig. Immediately 
thereaiter the pressure fell to 200 psig and there remained. Heating 
was continued at 90 C. for 2 hours or 4 half-lives of the initiator, 
benzoyl peroxide. The bomb was cooled to room temperature and 
the volatiles collected in a dry-ice cooled trap. The liquid product 
was steam distilled, the lower organic layer separated, and dried 
over sodium sulfate. Distillation gave 203g. (0.966 mole) of 
unreacted CF2Br2 and I35g. (0. 567 mole) of the dibromodifluoro- 
propane (I) boiling at 125-126° C. /760 mm. (Lit. 81. 5-82° C. / 
173 mm.). Thus, 63% of the CF2Br2 charged into the bomb is con¬ 
sumed with 35% of the consumed CF2Br2 producing the desired product 
(the over-all yield of product is 23% of total reactant charged into the 
bomb). The bomb runs made according to the above procedure are 
summarized in Table III 

Preparation of CF^BrCH^CH, 

Cl 129-38 In a 500 ml. Morton flask equipped with a stirrer, 
addition funnel, and distillation take-off adaptor containing 30g. KOH 
in 200 ml. H20, and heated to ca. 80° C. , were added 100g. 

CF2BrCH2CH2Br. During the course of the addition, product distilled 
from the reaction mixture at 40-60° C. When the addition was complete, 
a lower organic layer was observed in the bottom of the flask, so 
distillation was continued. The distillate was separated from the 
lighter aqueous layer, dried over sodium sulfate and rectified. Three 
fractions were collected, (1) 19g. of 3-bromo-3, 3-difluoropropylene, 
b. p. 49-51° C. . (2) 24. 5g. of unreacted starting material, b. p. 125- 
129 C. , and (3) I8g. of higher boiling materials. The boiling point 
for the bromodifluoropropylene reported in the literature9 is 41-42° C. 
The yield of bromodifluoropropylene, based on CFtBrCH2 CH2Br con¬ 
verted, was 35%. 

4. Preparation of. t C F, >2 ÇCF(CF%CF,Q 

CF3COCF3+ CF :;CF- CF;->(CF: )2ÇF(CF3)CF20 

I 

+ 

(CF 3)2ÇCF2CF(CF3)Cp 

II 
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Cl 129-30 The apparatus employed in this preparation was a 
12 liter round-bottom flask equipped with an outlet connected to a 
Hg. manometer, an inlet for charging and evacuating, and a Hanovia 
water-jacketed quartz immersion well with a 450 watt high pressure 
Hg. ultraviolet lamp. The flask was evacuated and then charged with 
300 mm. CF3CF= CF2 and 300 mm. CF3COCF3. During the irradia¬ 
tion the pressure drop was followed as a function of time and is 
recorded in Figure 1. When the pressure dropped to a value of 1/2 
of the total original charge the lamp was extinguished and the flask 
evacuated through a dry-ice cooled trap. The contents of the trap 
were rectified to give 44. 5g. of product boiling at 48-55° C. A wide 
boiling range was collected to insure that both possible isomers would 
be collected. VPC analysis indicated that the product consisted of 90% 
of one isomer, presumably the 2, 2, 3 isomer (I), and 5% of the other 
isomer, presumably the 2, 2, 4 isomer (II). 

Cl 129-33 The flask employed in the above preparation was 
utilized for this preparation. One gram benzophenone was added to 
the flask which was then evacuated and charged with 300 mm. of 
CF3COCF3 and 300 mm. CF3CF= CF2, as before. The pressure drop 
during irradiation was followed as a function of time and is presented 
in Figure 1. After irradiation the flask was evacuated and the material 
collected in the trap distilled to give 45. Og. of product boiling at 
48-55° C. (Lit. 7 b. p. 51-52° C.). 

5. Preparation of: (CF3)2ÇCF(CF3)CF(CF3)Q 

CF3COCF3 + CF3CF=CFCF3 

cf3 
I 

-»CF3--C-0 
I I 

F-C-C-F 
I V 

CF,'CF, 
CIS 

CF3 
I 

CF3—C-O 
I I 

CFj-C-C-F 
J I I i » 

F CFj 
trans 

Cl 129-34 Into the 12 liter round-bottom flask used before was 
charged 300 mm. hexafluoroacetone and 300 mm. CF3CF=CFCF3. 
After irradiating 16 hours no pressure drop was recorded. The flask 
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was evacuated through a dry-ice cooled trap and the material collected 
in the trap distilled to give 7. 5g. of material boiling 60-63° C. 

C148 i -2 Into the evacuated flask mentioned above was charged 
302 mm. CF3COCFj and 302 mm. CF3CF=CFCF3. After irradiating 
for 18 hours a pressure drop of 4 mm. was observed. A small amount 
of liquid had collected and the flask was pumped down through a dry-ice 
cooled trap. The material collected in the trap was distilled and 8g. 
of material boiling at 58-64° C. collected. 

IR analysis of these two products indicated no carbonyl or double 
bond adsorption. Further identification is in progress. 

ch3 ch3 
6. Preparation of ÇHa-CCHiCHjSi-O-SiCHiCHjÇ — ÇHj 

cf2-¿f ch3 ch3 cf-cf2 

CH2= CHCH-- CH2 + C F J CFC1-»CHURCH : CH* 
CF¿CFC1 

_ 1 ^HS3(CH3)2C1 

ÇH2ÇHCH2CH2Si{CH.A 04-CH^HCH^CH^SiíCH^Cl 
CF2CFC1 CF2CFC1 

III 2 II 

CH2CCH2CH2Si(CH3)2 
¿F20F 

O 

2 

IV 

Preparation of 1 -Vinyl-2-Chloro-2, 3, 3-Trifluorocyclobutane 

C1129-29, (Cll34-9¿) A 1 liter Aminco bomb was charged with 
10 ml. dipentene (Hercules No. 122) sealed, and evacuated. The bomb 
was cooled in dry-ice and 0. 3 lb. (ca. 150g. ) butadiene and 0. 6 lb. 
(ca. 250g. ) chlorotrifluoroethylene were charged. The bomb was then 
placed in a barricaded rocker and slowly heated to 150° C. The maximum 
pressure of 350 psig was noted and by the time the bomb had reached 
150° C.t one hour later, the pressure was only 50 psig. The bomb was 
cooled to room temperature and the volatile products vented through a 
dry-ice cooled trap (2-5 mi. collected). The liquid material from the 
bomb was steam distilled, the organic layer separated, and dried over 
sodium sulfate. Distillation afforded 200. Og. of product boiling at 
113-116° C. ; which was identical to that of the material supplied by 
Park. i It is not possible to calculate meaningful yield data on this run 
as the scale used for weighing the charging cylinders was not accurate 
for the small differences. 
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A second run (Cl 129-35) employing an identical charge of 
reactants under the same conditions gave 163g. of the vinylcyclo- 
butane, b. p. 113-116° C. 

Preparation of 

2-(21-Chloro-23' 3'-trifluorocyclobutyl)ethyldimethylchlorosilane 

C1129- 36 In a 500 ml. round-bottom flask fitted with a magnetic 
stirrer, heating mantle and reflux condenser was added 100g. (0. 59 mole) 
of the vinyl cyclobutane (I) 29g. (0. 31 mole) chlorodimethylsilane, and 
1 ml. of 0. 1M HzPtClfc. After the solution was stirred at room temper¬ 
ature for 30 minutes, the flask was slowly heated. Shortly after heating 
was begun a vigorous reaction occured, causing the condenser to be 
forcibly ejected with loss of some material. Much of the material was 
recovered by rinsing the inside and outside of the flask with methylene 
chloride. Distillation of the methylene chloride solution afforded a 
fraction boiling at 110-120° C. at atmospheric pressure. This was 
subsequently redistilled under vacuum to produce 50. Og. of product 
boiling at 51e C. / 5 mm. Structural characterization of this product 
is now in progress. The yield is 61% from chlorodimethylsilane. The 
vinyl cyclobutane was used in excess as a planned later addition of more 
chlorodimethylsilane was not possible. 
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TABLE I 

SOLVENTS EMPLOYED IN THE DECHLORINATION OF HEPTENE TO HEPTADIENE 

Worker Method Yield 

Park and Lacher1 Zn in dibutoxytetraethylene 43% 
glycol 

Fearn and Wall2 Zn in bis 2(2-methoxyethoxy) 24% 
ethyl ether 

Straus and Wall3 Zn in bis 2(2-methoxyethoxy) n/a 
ethyl ether/acetone 

Park and Lacher4 Zn in dibutoxytetraethylene 20% 
glycol 

FMC Zn in tetrahydrofuran 36. 
FMC Zn in isopropanol 40.0%5 
FMC Zn in bis 2(2-methoxyethoxy) 56.2%6 

ethyl ether 
FMC Zn in diethylene glycol mono- 9% 

ethyl ether 
FMC Zn in diethylene glycol mono- 16% 

ethyl ether 

xPark and Lacher 

2 Fearn and Wall 

WADC Tech. Report 56-590 
Part 1 (1957) 

SPE Transactions 331 (1963) 

3Straus and Wall SPE Transactions 56 (1964) 

4Park and Lacher 9th Quarterly Report 
DA-19-129-QM-1926 (1964) 

5In hand yields were converted to 100% purity basis from v. p. c. analytical data. 

bYieldof crude product. 
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TABLE III 

BENZOYL PEROXIDE INITIATED PREPARATION OF CF2BrCH2CH2Br 

Reference: 

Cl 129-24 
(Cl 134-70) 

Cl 129-26 
(Cl 134-79) 

C1129-27 
(Cl 134-84) 

Cl 129-28 
(Cl 134-88) 

Cl 129-31 
(Cl 134-94) 

Cl 129-32 
(Cl 134- 101) 

CF2Br2 a 
Charged Recovered 

910g. 113g., 
( 12%) 

460g. 118g. 
(26%) 

577g. 14. 8g. 
(2. 6%) 

459g. 
(-%) 

773g. 188g. 
(24%) 

550g. 203g. 
(37%) 

CF2BrCH2CH2Br 
Produced Comments 

5g. Bz202 used. Bomb 
(-%)C heated to 50°. No 

reaction, Considerable 
loss is mechanical 
(spillages) 

96. 6g. 10g. Bz202 used 
(25%) 

I38g. 15g. Bz202 used 
(22%) 

9. 3g. 15g. Bz202 used 
(0. 6%) Bomb assumed to 

have leaked. 

125g. 15g. Bz202 used. 
(19%) Some telomere also 

formed 

135g, 15g. Bz202 used. 
(35%) Some telomere also 

formed. 

a. Recovery of CF2Br2 was often accompanied by large handling losses; 
these amounts could be increased with rigorous conditions. 

b. Amount of CF2Br2 recovered, expressed as per cent. 

c. Yield of CF2BrCH2CH2Br from CF2Br2 consumed, expressed as per 

Is 
4/13/64 
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APPENDIX I 

The following is the Monomer List developed during the period 
1950-1962 under U. S. Army Quartermaster Corps' sponsorship of 
contracts with the M. W. Kellogg Company and 3-M. 

Monomer No. Formula 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

17A 

18 

19 

20 

21 

22 

23 

CF2= CFC1 

CF2=CH2 

ch2- chch= ch2 

cf2=cfcf= cf2 

CH2=CH(CH3)CH= ch2 

CH2=C(CH3)2 

CF2CF- cfcf2 

CH2= CHC1 

CF2^CC12 

ch2^ chch3 

Qr-cn^ ch2 

CH2— CC12 

CH2= CCICHr CH2 

cf2= cfcf3 

cf2^ cfcn 

ch2^ chcn 

CH2= CHC02C4H9(n) 

ch2^ chco2ch3 

CF2^ CHC1 

CF3CCUCC1CF3 

CF3C£CCF3 

cf2= cfh 

ch2=cfci 

CF3CH^ CHCF3 (cis) 
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Monomer No. 

24 

25 

26 

ZI 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

APPENDIX I - Continued 

_Formula 

CF2=CF2 

CF3CH=CHCF3 (trans) 

ch2= chc6h4ch= ch2 

CF3C=CH2 
ch3 

ch2^cfch=ch2 

(CF3)2C=CF2 

CF2= CFBr 

ch2= ch2 

CF2=CC1-CF3 

cf3c= chcooh 
ch3 

ch2= ch?-nh2 

cf3ch= ch2 

CH2= CHBr 

cf2= chch- ch2 

cci2=ccicf3 

CH2— CC1CF3 

ch2^cfh 

cf2=chc(ch3)= ch2 

cf2=chcf3 

ch2=chch= chcf3 

CF2=C(CH3)CH=CH2 

9 
ch2=ch-oc-ch3 

9 
ch2^ chocch¿ch2ch3 45A 



Monomer No. 

45B 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

- 32 - 

APPENDIX 1 - Continued 

Formula 

CH2= chocch2ci 

C6H5CH= CHCOOCH3 

ch2= choc2h5 

ch2= choch2ch2ci 

CH2= CH0CH2CH{CH3)2 

CF2^ C(CH3)CF= ch2 

cf2^chcf^ ch2 

C2H502CCH=: CHC02C2H5 (trans) 

C2H502CCH-- CHC02C2H5 (cis) 

CH2-. CH-Si(OC2H5)3 

cf2-cfc6h5 

cf2^ cf-ch= ch2 

/CN 
ch2= c 

xcf3 

cf2=cfch=cf2 

CH3(CH2)16COOCH=CH2 

cf2ci(cfcicf2)2cf= cf2 

CF2C1CF'- CFCF2C1 

ÇH3 

CF2CFC^CF2 

CH2^CH- 0 -(CF3)2 3,4, & 3, 

cf3 

ch2= cco2ch3 

cf2^ cfch2ch-; ch2 

(CN)2 

cf3cf^-ch2 

isomers 



Monomer 

68 

69 

70 

71 

72 

73 

7 3A 

74 

75 

76 

77 

77A 

78 

78A 

79 

80 

81 

82 

83 

84 

85 

- 33 - 

APPENDIX I - Continued 

No. Formula 

CF2= CFCH= CFH 

c6h5ç= ch2 

cf3 

cf3 

c=ch2 

cf3JvXcf3 

ch2; chocf2cf2h 

C1(CF2CFC1)2CF2C02CH2CH= ch2 

ci(cf2cfci)3cf2co2ch2ch= ch2 

CH2-C(CF3)CH= ch2 

ch2= CHCH2C02CF2(CF2CFC1)2CF202CCH2CH= ch2 

cf2=cfcf2cfci2 

CF2= CH-C=:CH2 

¿f3 

CF3CH= C(CF3)CH3 

ch2= chocf2chcif 

CHC1- chocf2chcif 

CF3CH= CCICF3 

CF3CF2CF2CHO 

c4f9n= cf2 

cf2^ cfcf2ci 

0—CH~ CH2 
N 

Q—^ch=ch2 

N 

cf2=. cfcf2och2cf3 



Monomer No. 

86 

87 

88 

89 

90 

Q1 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

- 34 . 

APPENDIX I - Continued 

_Formula 

CF^ CC1CF-- CF2 

CF2= CFCCb CH2 

CF2- CC1CH- CF2 

cicf2cfcicf2co2ch= ch2 

CF2i CFCF2CFC1CF2C1 

cf2= CFCF2CF3 

cf3ch- chch^ chcf3 

cfci2cf= ch2 

CFjCHO 

ÇFi 
cri: CFG CF2 

CFj 
CF2, ¿CH: CH2 

cf2. CFCF2CF2H 

CF2- CF(CF2)4H 

cf2 cfcf2co2c2h5 

cf2^ cfcp'2cf^ cf2 

c2f5ch ch2 

c3f:ch ch2 

CF:jCH3CH2CH^ CH2 

cf3{ch2ch2»2ch- ch2 

ch2 - ch-(^:f - cf2 
cfc^cf2 

CFjCH - CH2 
V 

c3f7ch2och: ch2 

CF3CF-: cfcf3 

CF2 - ÇF 
CH2 - CH 
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Monomer No. 

110 

111 

112 

113 

114 

115* 

116* 

117* 

118* 

119* 

120* 

121* 

122* 

123* 

124* 

125 

126 

127 

128 

129 

130 

APPENDIX I - Continued 

__Formula 

cf3ch2och= ch2 

cf2o 

cf3ch2ch^ ch2 

c3f7ch2ch-- ch2 

(CF3)2C- ch2 

CH2- CHCF2OCF3 

ch2= chcf2oc3f7 

CF2--:CHCF2OCF3 

cf2=chcf2oc3f7 

cf2^cfcf2ocf3 

cf2^ cfcf2oc3f7 

ch2^ chocf2cf3 

cf2^cfocf3 

cf2=cfoc3f7 

cf2=choch2cf3 

cf3cf2cf= ch2 

C5F! i CF-CF2 
V 

CF3N: O 

cf2^cfc6h4co2h 

CFC1- CFOCH3 

c3f7no 

* Monomers 115-124 were requested, however, samples were never 
received. It is assumed that attempts to prepare these structures 
were unsuccessful. 
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Monomer No. 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 P 

149 

APPENDIX 1 - Contirmed 

_Formula 

c2f5no 

c3f7n= cf2 

CgFi 7NO 

CF2CFC1(N0)(N02) 

CF2CC12(N0)(N02) 

oncf2cf2no2 

cf2cicfcino 

cf2cicf2no 

CF3CC1^ CÎOCH3)CF3 

ch2= cîoch2cf3)ch= ch2 

c3f6(nomno2) 

cf2= cfcf2co2h 

cf3cf2cf2cof 

C12CS 

HCF2CF2CF2CF2NO 

hcf2cf2no 

CH3Cf'2NO 

(CF3CFCFv)2Hg 

CCl3CCL2NO 
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APPENDIX II 

The following is the list of monomer assignments received to date 
under the system decided upon by The Army Natick Laboratories and 
described in the letter to B. F. Landrum from C. B. Griffis, reference 
AMXRE-CRP, dated 31 January 1964: 

University of Florida 

Monomer No. Formula 

200 

201 

202 

203 

204 

CF2-; CFCH2CH2Si(CH3)3 

CF2= CFSi(CHj)3 

ÇH3 ÇHî 
CF2= CFCH2CH2Si-0-SiCH2CH2CF= CF2 

ch3 ¿h3 

9 
C6F5C-CF3 

EtOSi(CH3)2CF= CF2 

■if 

..5 

I 

I 

University of Colorado 

Monomer No. Formula 

300 

301 

302 

F2 

H¿ 

.FC1 

CH= CH \ 
2 

Fz O—01-2 
F 

cf2^ cfcf2cfcicf2cf= cf2 
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APPENDIX II - Continued 

Peninsular ChemResearch 

Monomer No. 

400 

401 

402 

403 

404 

405 

406 

407 

408 

_Formula 

f2c-s 

c6f5no 

SF5CH- ch2 

cf3scf=cf2 

(CF3)2C- S 

cf3n^sf2 

c6h5no 

[CF3CF2CH2CH2Si(CH3)0] 3 

[CF3CF2CH2CH2Si{CH3)0] 4 

FMC Corporation 

Monomer No. 

500 

501 

502 

503 

_Formula_ 

CF3-CFCF2C(CF3)2Q 

ch2^ chcf2cf2ch=: ch2 

9F2-CF <pH3 <pH3 ÇF- 
CH2~C-CH2*CH2-Si-0-Si-CH2-CH2-C - 

CH3 CH3 

(CF3)2CCF(CF3)CF(CF3)9 

X
 

*1
 




