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FLUORINE-CONTAINING POLYMERS, PERFLUOROEPOXIDES

Perfluoroepoxides were first prepared in the late 1950s by Du Pont Co. Subsequent work on these compounds
has taken place throughout the world and is the subject of a number of reviews (1–5). The main use of these
epoxides is as intermediates in the preparation of other fluorinated monomers. Although the polymerization of
the epoxides has been described (6–12), the resulting homopolymers and their derivatives are not significant
commercial products. Almost all the work on perfluoroepoxides has been with three compounds: tetrafluo-
roethylene oxide (TFEO), hexafluoropropylene oxide (HFPO), and perfluoroisobutylene oxide (PIBO). Most of
this work has dealt with HFPO, the most versatile and by far the most valuable of this class of materials (4).

1. Physical Properties

In general, the perfluoroepoxides have boiling points that are quite similar to those of the corresponding
fluoroalkenes. They can be distinguished easily from the olefins by ir spectroscopy, specifically by the lack of
olefinic absorption and the presence of a characteristic band between 1440 and 1550 cm−1 . The nmr spectra of
most of the epoxides have been recorded. Little physical property data concerning these compounds have been
published (Table 1). The structure of HFPO by electron diffraction (13) as well as its solubility and heats of
solution in some organic solvents have been measured (14, 15).

2. Chemical Properties

There are three general reactions of perfluoroepoxides: pyrolyses (thermal reactions), electrophilic reactions,
and by far the most important, reactions with nucleophiles and bases.

2.1. Thermal Reactions

Those perfluoroepoxides that contain a CF2 group in the epoxide ring undergo a smooth decomposition at
relatively mild, neutral conditions (140–220◦C) to give a perfluorocarbonyl compound and difluorocarbene (16,
17) (eq. 1).
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where Rf = perfluoroalkyl ; R′
f = perfluoroalkyl or fluorine. The difluorocarbene produced in this way may

react with a variety of compounds (18). Epoxides of internal olefins which do not contain a CF2 group have
much greater stability (19).

Table 1. Physical Properties of Perfluorocarbon Epoxides

Material
CAS Registry

Number Molecular structure Bp,a ◦C

Infrared
absorption,

µm Reference

tetrafluoroethylene oxide [694-117-7] −63.5 b 6.21 (67, 68)

hexafluoropropylene oxide [428-59-1] −27.4 6.43 69

trifluoroglycidyl fluoride [24419-82-7] 16c (extrap.) 6.61 70

5.35 (COF)

perfluoro-1,2-epoxybutane [3709-90-8] 6.48 21

perfluoro-2,3-epoxybutane [773-29-5] 0–1 6.63 32

perfluoroisobutylene oxide [707-13-1] 3d 6.66 69

perfluoro-1,2-epoxycyclobutane [13324-28-2] 6.3 16



FLUORINE-CONTAINING POLYMERS, PERFLUOROEPOXIDES 3

Table 1. Continued

Material
CAS Registry

Number Molecular structure Bp,a ◦C

Infrared
absorption,

µm Reference

perfluoro-4,5-epoxy-1-pentene [15453-08-4] 37 6.45 72

5.65 (C==C)

perfluoro-1-
oxaspiro[2,3]hexane

[53389-66-5] 18–21 6.55 73

perfluoro-1,2-
epoxycyclopentane

[710-70-3] 26.5 6.55 61

perfluoro-4,5-epoxyvaleryl
fluoride

[140173-04-2] 37–38 6.49 71

perfluoro-1,2-epoxyhexane [72804-48-9] 55–56 6.45 32

perfluoro-1,2-epoxy-6-
oxaheptanee [71877-16-2] 61–62 6.49 74

perfluoro-2-methyl-2,3-
epoxypentane

[788-67-0] 57 6.85 69

perfluoro-2,3-epoxy-4-
methylpentane

[788-50-1] 53 6.61 69
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Table 1. Continued

Material
CAS Registry

Number Molecular structure Bp,a ◦C

Infrared
absorption,

µm Reference

2,3-
bis(trifluoromethyl)perfluoro-
2,3-epoxybutane

[1708-78-7] 53–54 75

perfluoro-5,6-epoxy-1-hexene [15453-10-8] 57–58 6.45 71

5.59 (C==C)

perfluoro-1,2:5,6-
diepoxyhexane

[140173-03-1] 57–58 6.49 71

perfluoro-1,2-epoxy-5-methyl-
4-oxahexane

[84424-45-3] 58.5–59 6.47 78

perfluoro-1,2-
epoxycyclohexane

[5927-67-3] 54 6.71 79

perfluoro-1-methyl-1,2:4,5-
diepoxycyclohexane

[130482-35-8] 77 6.69 80

6.92

perfluoro-7,8-epoxy-1-octene [72264-78-9] 105 76
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Table 1. Continued

Material
CAS Registry

Number Molecular structure Bp,a ◦C

Infrared
absorption,

µm Reference

perfluoro-1,2:7,8-
diepoxyoctane f [13714-88-0] 104 6.45 (76, 77)

perfluorophenylglycidyl ether [84329-68-0] 61–64 6.47 78

(4 kPa)g

perfluoro-3,4-epoxy-2,3,5-
trimethylhexane

[2355-27-3] 36–39 7.21 69

(0.13 kPa)g

perfluoro-1,2:9,10-
diepoxydecaneh [13714-90-4] 88 76

(5.3 kPa)g

aAt 101.3 kPa = 1 atm unless otherwise noted in parentheses.
bMp, −118◦C.
c Heat of vaporization = 28.9 kJ/mol (6.9 kcal/mol).
dMp, 122◦C.

e n20
D 1.2560; d20

4 1.6441.

f n20
D 1.2900; d20

4 1.7220.
gTo convert kPa to mm Hg, multiply by 7.5.

hn20
D 1.3030; d20

4 1.8260.

2.2. Electrophilic Reactions

Perfluoroepoxides are quite resistant to electrophilic attack. However, they react readily with Lewis acids, for
example SbF5, to give ring-opened carbonyl compounds (20–22) (eq. 2).

The structure of the ketones produced from unsymmetrical internal perfluoroepoxides has been reported
(5). The epoxide ring may also be opened by strong protic acids such as fluorosulfonic acid or hydrogen fluoride
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at elevated temperatures (23–25). The ring opening of HFPO by sulfur trioxide at 150◦C has been interpreted
as an example of an electrophilic reaction (26) (eq. 3).

2.3. Nucleophilic Reactions

The strong electronegativity of fluorine results in the facile reaction of perfluoroepoxides with nucleophiles.
These reactions comprise the majority of the reported reactions of this class of compounds. Nucleophilic attack
on the epoxide ring takes place at the more highly substituted carbon atom to give ring-opened products.
Fluorinated alkoxides are intermediates in these reactions and are in equilibrium with fluoride ion and a
perfluorocarbonyl compound. The process is illustrated by the reaction of methanol and HFPO to form methyl
2,3,3,3-tetrafluoro-2-methoxypropanoate (eq. 4).

TFEO is by far the most reactive epoxide of the series. However, all the reported perfluoroepoxides undergo
similar ring-opening reactions. The most important reactions of these epoxides are those with the fluoride ion
or perfluoroalkoxides. The reaction of PIBO and the fluoride ion is an example (27). It also illustrates the
general scheme of oligomerization of perfluoroepoxides (eq 5).

The direction of nucleophilic ring opening of unsymmetrical perfluoroepoxides has been shown to be a
function of the nature of the nucleophile and the solvent (23, 28). Although many oligomeric products have
been prepared by this procedure and variations of it, no truly high polymers have been obtained (9).

3. Preparation

A large number of methods have been used to prepare perfluoroepoxides (5). All of these methods must contend
with the great chemical reactivity of the epoxide product, especially with subsequent ionic and thermal reactions
which result in the loss of the desired epoxide.

The reaction of perfluoroalkenes with alkaline hydrogen peroxide is a good general method for the prepa-
ration of the corresponding epoxides with the exception of the most reactive of the series, TFEO (eq. 6).
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The alkene is allowed to react at low temperatures with a mixture of aqueous hydrogen peroxide, base, and
a co-solvent to give a low conversion of the alkene (29). These conditions permit reaction of the water-insoluble
alkene and minimize the subsequent ionic reactions of the epoxide product. Phase-transfer techniques have
been employed (30). A variation of this scheme using a peroxycarbimic acid has been reported (31).

Reaction of perfluoroalkenes and hypochlorites has been shown to be a general synthesis of perfluoroe-
poxides (32) (eq. 7). This appears to be the method of choice for the preparation of epoxides from internal
fluoroalkenes (38). Excellent yields of HFPO from hexafluoropropylene and sodium hypochlorite using phase-
transfer conditions are claimed (34).

The direct oxidation of fluoroalkenes is also an excellent general synthesis procedure for the preparation
of perfluoroepoxides (eq. 8). This method exploits the low reactivity of the epoxide products to both organic and
inorganic free radicals.

The oxidation may be carried out with an inert solvent thermally (35), with a sensitizer such as bromine
(36), with uv radiation (37), or over a suitable catalyst (38). Principal by-products of all these oxidation processes
are the acyl fluoride products derived from oxidative cleavage of the perfluoroalkene (eq. 9).

Rf CF==CF2 + O2 −→ Rf COF + COF2 (9)

Perfluoroepoxides have also been prepared by anodic oxidation of fluoroalkenes (39), the low temperature
oxidation of fluoroalkenes with potassium permanganate (40), by addition of difluorocarbene to perfluoroacetyl
fluoride (41) or hexafluoroacetone (42), epoxidation of fluoroalkenes with oxygen difluoride (43) or peracids (44),
the photolysis of substituted 1,3-dioxolan-4-ones (45), and the thermal rearrangement of perfluorodioxoles (46).

3.1. Tetrafluoroethylene Oxide

TFEO has only been prepared by a process employing oxygen or ozone because of its extreme reactivity
with ionic reagents. This reactivity may best be illustrated by its low temperature reaction with the weak
nucleophile, dimethyl ether, to give either of two products (47) (eq. 10).

Reaction of TFEO with acid fluorides and the fluoride ion yields oligomers with the structure
Rf CF2O(CF2CF2O)nCF2COF (47, 48). The epoxide yields a waxy solid polymer when exposed to high energy
radiation (47, 49) or when treated with amines at low temperature (47, 50). The extreme chemical reactivity
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and facile rearrangement to perfluoroacetyl fluoride have been deterrents to the large-scale development of
TFEO. The structure of TFEO has been measured using microwave spectroscopy (51).

3.2. Hexafluoropropylene Oxide

HFPO is the most important of the perfluoroepoxides and has been synthesized by almost all of the methods
noted. Many attempts have been made to polymerize HFPO (6, 8). The most successful has been the reaction
of HFPO with fluoride ion at low temperature to give a series of oligomeric acid fluorides which have been end
capped to yield stable fluids (eq. 11, where X = H, F).

Materials of this type have been sold by Du Pont Co. under the Freon E and Krytox trademarks. Perflu-
orinated materials structurally similar to those in equation 11 have been prepared by Ausimont by the low
temperature irradiation of either hexafluoropropylene or tetrafluoroethylene with oxygen followed by heating
and/or irradiation and have been sold as Fomblin liquids (52). An isomeric polyether, Demnum,prepared by the
oligomerization of 2,2,3,3-tetrafluorooxetane followed by fluorination has been commercialized by Daikin (eq.
12).

Higher molecular weight HFPO-based materials have been prepared by reaction with both ends of a per-
fluorodiacyl fluoride followed by coupling through triazine rings (9). Lower molecular weight HFPO oligomers
have been coupled to give inert perfluorinated ethers which are sold as Hostinert liquids by Hoechst-Celanese
(eq. 13).

HFPO reacts with a large number of acyl fluorides in a general reaction to give 2-
alkoxytetrafluoropropionyl fluorides which in turn may be converted to trifluorovinyl ethers (eq. 14).

These ethers readily copolymerize with tetrafluoroethylene and other fluoroalkenes to commercially sig-
nificant plastics, elastomers, and ion-exchange resins such as Teflon PFA, Kalrez, and Nafion (see Fluorine
compounds organic–tetrafluoroethylene–perfluorovinyl ether copolymers; Elastomers, synthetic–fluorocarbon
elastomers ).

Publications have described the use of HFPO to prepare acyl fluorides (53), fluoroketones (54), fluorinated
heterocycles (55), as well as serving as a source of difluorocarbene for the synthesis of numerous cyclic and
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acyclic compounds (56). The isomerization of HFPO to hexafluoroacetone by hydrogen fluoride has been used
as part of a one-pot synthesis of bisphenol AF (57). HFPO has been used as the starting material for the
preparation of optically active perfluorinated acids (58). The nmr spectrum of HFPO is given in Reference 59.
The molecular structure of HFPO has been determined by gas-phase electron diffraction (13).

3.3. Perfluoroisobutylene Oxide

PIBO has been prepared primarily by the addition of difluorocarbene to hexafluoroacetone or by the reaction
of alkaline hydrogen peroxide with perfluoroisobutylene. The small amount of published work on PIBO deals
with its oligomerization (60), isomerization to perfluoroisobutyryl fluoride (61), conversion to perfluoro-t-butyl
alcohol (62), and reaction with nucleophiles (63). PIBO has been reported to be as toxic as perfluoroisobutylene
(64). The nmr spectrum of PIBO is reported in Reference 65.

4. Other Epoxides

Large numbers of epoxides have been reported that contain only fluorine and carbon bound to the oxi-
rane ring but which contain other halogens, oxygen, hydrogen, and other functional groups in one of the
carbon side chains. Although these are not true perfluoroepoxides their syntheses and reactions of their
epoxide rings are virtually identical to those of the perfluoro analogues. One example is the reaction of 3-
chloropentafluoropropylene oxide with nucleophiles such as fluoride ion (66) (eq. 15).

BIBLIOGRAPHY

“Perfluoroepoxides” under “Fluorine Compounds, Organic” in ECT 3rd ed., Vol. 10, pp. 956–962, by P. R. Resnick, E. I. du
Pont de Nemours & Co., Inc.

Cited Publications

1. D. Sianesi and co-workers, Gazz. Chem. Ital. 98, 265, 277, 290 (1968).
2. P. Tarrant and co-workers, Fluorine Chem. Rev. 5, 77 (1971).
3. N. Ishikawa, Yuki Gosei Kagaku Kyokai Shi 35, 131 (1977).
4. H. Millauer, W. Schwertfeger, and G. Siegemund, Angew. Chem. Int. Ed. Engl. 24, 161 (1985).
5. L. F. Sokolov, P. I. Valov, and S. V. Sokolov, Usp. Khim. 53, 1222 (1984).
6. H. S. Eleuterio, J. Macromol. Sci. Chem. A6, 1027 (1972).
7. J. T. Hill and J. P. Erdman, Am. Chem. Soc. Polym. Prepr. 18, 100 (1977).
8. J. T. Hill, J. Macromol. Sci. A8, 499 (1974).
9. Jpn. Kokai JP 02-202919 (Aug. 13, 1990), M. Ikeda and A. Aoshima (to Asahi Chemical).

10. Y. Duan, D. Ni, and Y. He, Kao Fen Tzu T’ung Hsun, 139 (1981).
11. P. P. Shpakov and co-workers, Zh. Prikl. Khim. 54, 2726 (1981).
12. Eur. Pat. 154,297A (Sept. 11, 1985), T. R. Darling (to E. I. du Pont de Nemours & Co., Inc.).
13. B. Beagley, R. G. Pritchard, and R. E. Banks, J. Fl. Chem. 18, 159 (1981).
14. V. A. Gubanov and co-workers, Zh. Fiz. Khim. 48, 2084 (1974).
15. R. G. Makitra, T. I. Politanskaya, and F. B. Moin, Zh. Prik. Khim. 52, 2623 (1979); 56, 2724 (1983).
16. D. P. Carlson and A. S. Milian, 4th International Fluorine Symposium, Estes Park, Colo., July 1967.



10 FLUORINE-CONTAINING POLYMERS, PERFLUOROEPOXIDES

17. R. C. Kennedy and J. B. Levy, J. Fluorine Chem. 7, 101 (1976).
18. P. B. Sargeant, J. Am. Chem. Soc. 91, 3061 (1969); V. V. Karpov, V. E. Platonov, and G. G. Yakobson, Izv. Akad. Nauk

SSSR, Ser. Khim., 981 (1975); R. N. Beauchamp, C. W. Gillies, and N. C. Craig, J. Am. Chem. Soc. 109, 1696 (1987).
19. P. L. Coe, A. W. Mott, and J. C. Tatlow, J. Fluorine Chem. 30, 297 (1985).
20. Jpn. Kokai 78 25,512 (Mar. 9, 1978), Y. Osaka and H. Takashi (to Daiken Kogyo).
21. U.S. Pat. 3,213,134 (Oct. 19, 1965), D. E. Morin (to 3M).
22. U.S. Pat. 4,302,608 (Nov. 24, 1981), E. N. Squire (to E. I. du Pont de Nemours & Co., Inc.).
23. A. Ya. Zapevalov and co-workers, Zh. Org. Khim. 22, 93 (1986).
24. T. I. Filyakova and co-workers, Izv. Akad. Nauk SSSR, Ser. Khim., 1878 (1979).
25. U.S. Pat. 4,400,546 (Aug. 23, 1983), P.-P. Rammelt and G. Siegemund (to Hoechst).
26. I. L. Knunyants, V. V. Shokina, and E. I. Mysov, Isv. Akad. Nauk SSSR Ser. Khim., 2725 (1973).
27. J. T. Hill, J. Fl. Chem. 9, 97 (1972).
28. A. Ya. Zapevalov and co-workers, Zh. Org. Khim. 25, 492 (1989).
29. U.S. Pat. 3,358,003 (Dec. 12, 1967), H. S. Eleuterio and R. W. Meschke (to E. I. du Pont de Nemours & Co., Inc.).
30. U.S. Pat. 4,954,643 (Sept. 4, 1990), G. Bornengo and co-workers.
31. Ger. Offen. 2,557,655 (June 30, 1977), R. A. Sulzbach and F. Heller (to Hoescht).
32. I. P. Kolenko and co-workers, Izv. Akad. Nauk SSSR, Ser. Khim., 2509 (1979).
33. T. I. Filyakova and co-workers, Zh. Org. Khim. 24, 371 (1988).
34. Eur. Pat. 64,293 (Dec. 10, 1986), M. Ikeda, M. Miura, and A. Aoshima (to Asahi Kasei Kogyo K. K.).
35. S. V. Kartsov and co-workers, Izv. Akad. Nauk SSSR, Ser. Khim., 2230 (1975); U.S. Pat. 3,536,733 (Oct. 27, 1970), D.

P. Carlson (to E. I. du Pont de Nemours & Co., Inc.).
36. Brit. Pat. 931,857 (July 17, 1963), (to E. I. du Pont de Nemours & Co., Inc.).
37. V. Caglioti, M. Lenzi, and A. Mele, Nature 201, 610 (1964); D. Sianesi, A. Pasetti, and C. Corti, Makromol. Chem. 86,

308 (1965).
38. U.S. Pat. 3,775,438 (Nov. 27, 1973, R. J. Cavanaugh (to E. I. du Pont de Nemours & Co., Inc.); U.S. Pat. 3,775,439 (Nov.

27, 1973), (to E. I. du Pont de Nemours & Co., Inc.); U.S. Pat. 3,775,440 (Nov. 27, 1973), R. J. Cavanaugh and G. M.
Atkins, Jr. (to E. I. du Pont de Nemours & Co., Inc.).

39. U.S. Pat. 4,014,762 (Mar. 29, 1977), H. Millauer (to Hoescht).
40. I. L. Knunyants and co-workers, Izv. Akad. Nauk SSSR Ser. Khim., 2780 (1967).
41. W. Mahler and P. R. Resnick, J. Fluorine Chem. 3, 451 (1973/74).
42. U.S. Pat. 3,338,978 (Aug. 29, 1967), E. P. Moore (to E. I. du Pont de Nemours & Co., Inc.).
43. U.S. Pat. 3,622,601 (Nov. 23, 1971), J. W. Dale (to Monsanto); U.S. Pat. 3,639,429 (Feb. 1, 1972), V. Weinmayr (to E. I.

du Pont de Nemours & Co., Inc.).
44. Jpn. Kokai 77 108,914 (Sept. 12, 1977), Y. Oda, K. Uchida, and S. Morikawa (to Asahi Glass).
45. T. S. Croft, J. Fluorine Chem. 7, 438 (1976).
46. M.-H. Hung and P. R. Resnick, J. Am. Chem. Soc. 112, 9671 (1990).
47. J. L. Warnell in Ref. 16.
48. U.S. Pat. 3,250,806 (May 10, 1966), J. L. Warnell (to E. I. du Pont de Nemours & Co., Inc.).
49. P. Barnaba and co-workers, Chim. Inc. (Milan) 47, 1060 (1965).
50. Can. Pat. 778,490 (Feb. 13, 1968), J. L. Warnell (to E. I. du Pont de Nemours & Co., Inc.).
51. J. W. Agopovich and co-workers, J. Am. Chem. Soc. 106, 2251 (1984).
52. D. Sianesi, Am. Chem. Soc. Polym. Prepr. 12, 411 (1971); D. Sianesi and co-workers, Chim. Ind. (Milan) 55, 208 (1973).
53. N. Ishikawa and S. Sasaki, Chem. Lett. 483, 1407 (1976).
54. T. Martini, Tetrahedron Lett., 1857, 1861 (1976).
55. N. Ishikawa and S. Sasaki, Bull. Chem. Soc. Jpn. 50, 2164 (1977).
56. V. M. Karpov, V. E. Platonov, and G. G. Yacobsen, Izv. Akad. Nauk SSSR Ser. Khim., 2295 (1976).
57. Eur. Pat. Appl. EP54227A (June 23, 1982), P. P. Rammelt and G. Siegemund (to Hoechst).
58. N. Ishikawa, J. Fl. Chem. 25, 17 (1984); H. Kawa and N. Ishikawa, Chem. Lett., 843 (1980).
59. J. K. Ruff and R. F. Merritt, J. Org. Chem. 30, 3968 (1965); K. W. Jolley, L. H. Sutcliffe, and K. L. Williamson,

Spectrochemica Acta 30A, 1455 (1974).
60. J. T. Hill, 8th International Fluorine Symposium, Kyoto, Japan, Aug. 1977.
61. U.S. Pat. 3,321,515 (May 23, 1967), E. P. Moore and A. S. Milian (to E. I. du Pont de Nemours & Co., Inc.).



FLUORINE-CONTAINING POLYMERS, PERFLUOROEPOXIDES 11

62. U.S. Pat. 3,385,904 (May 28, 1968), F. J. Pavlik (to Minnesota Mining and Manufacturing Co.).
63. I. L. Knunyants and co-workers, Izv. Akad. Nauk SSSR Ser. Khim., 1133 (1972).
64. I. L. Knunyants, V. V. Shokina, and I. V. Salakhov, Khim. Geterotsikl. Soedin. 2, 873 (1966).
65. F. J. Pavlik and P. E. Toren, J. Org. Chem. 35, 2054 (1970).
66. Eur. Pat. Appl. 72579 (Feb. 23, 1983), B. R. Ezzell, W. P. Carl, and W. A. Mod (to Dow Chemical Co.).
67. Brit. Pat. 931, 857 (July 17, 1963), (to E. I. du Pont de Nemours & Co., Inc.).
68. V. Caglioti and co-workers, J. Chem. Soc., 5430 (1964).
69. Brit. Pat. 904,877 (Sept. 5, 1962), (to I. du Pont de Nemours & Co., Inc.).
70. W. Stuckey, J. Heicklen, and V. Knight, Can. J. Chem. 47, 2329 (1969).
71. T. I. Filyakova, R. E. Ilatovskii, and A. Ya. Zapevalov, Zh. Org. Khim. 27, 2055 (1991).
72. U.S. Pat. 3,366,610 (Jan. 30, 1968), B. C. Anderson (to E. I. du Pont de Nemours & Co., Inc.).
73. R. J. DePasquale, K. B. Baucom, and J. R. Patton, Tetrahedron Lett., 1111 (1974).
74. V. V. Berenblit and co-workers, Zh. Org. Khim. 15, 1417 (1979).
75. E. M. Rokhlin and co-workers, Dokl. Akad. Nauk SSSR 161, 1356 (1965).
76. I. L. Knunyants and co-workers, Zh. Obsch. Khim. 36, 1981 (1966).
77. USSR Pat. 545,645 (Mar. 25, 1977) D. S. Rondarev and co-workers.
78. U.S. Pat. 4,360,645 (Nov. 23, 1982), C. G. Krespan and A. P. King (to E. I. du Pont de Nemours & Co., Inc.).
79. P. L. Coe, A. W. Mott, and J. C. Tatlow, J. Fl. Chem. 20, 243 (1982).
80. P. L. Coe, A. W. Mott, and J. C. Tatlow, J. Fl. Chem. 49, 21 (1990).

PAUL R. RESNICK
E. I. du Pont de Nemours & Co., Inc.

Related Articles

Fluorine compounds, organic, introduction; Fluorine compounds, organic, tetrafluorethylene-perfluorovinyl
ether copolymers; Fluorocarbon elastomers


