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Abstract: It is demonstrated that perfluoro-4-fluorosulfonyl-phenyl-vinyl ether polymerizes at the
pressure of 1.5-1.6 GPa and 190-225 °C temperature without any radical polymerization initiators.
The resulting homopolymer contains ending FSO2- groups and thus could be of interest for the

fabrication of proton-exchange membranes for hydrogen fuel cells.
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Introduction

Converting chemical energy into electrical energy electrochemical devices and, particularly,
hydrogen fuel cells with proton-exchange membranes are of great interest for scientific researches
and industry due to their high energy conversion efficiency, low environmental impact, wide
applicability in various fields ranging from portable electronic devices to automobiles, trains, vessels,
aircrafts and space vehicles [1]. Proton-exchange membrane is one of the key elements of a fuel cell.
It supports transport of protons, produced in hydrogen catalytic oxidization at the anode, participates
in oxygen reduction with water formation at the cathode and also prevents unimpeded uncontrollable
interaction of hydrogen with oxygen [2 - 3]. Currently low temperature fuel cells with proton-

exchange membranes made of fluorinated sulfonic-acid polymers acquired significant distribution,
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for instance, with commercially available membranes of Nafion, Aciplex, Aquivion, Dyneon.
Membranes of that type exhibit high chemical, thermic and mechanical stability, have appropriate
proton conductivity under high hydration degree [4-10]. An immense number of fluorinated
monomers, particularly, with various protogenic groups have been synthesized for the development
and the fabrication of proton-exchange membranes [11-20]. Proceeding in this way, we have
elaborated a new Nafion-like monomer, namely FSO2CeFsOCF=CF, in which FSO»- group is tied
to CF,=CFO- substitute by perfluorophenyl fragment, rather than perfluoroaliphatic one [21]. The
present work deals with the investigation of the polymerization capability of the monomer.

Synthesis of the homopolymer using FSO,CsF:OCF=CF>, monomer

The investigation of the synthesized vinyl ether FSO>CsF4OCF=CF> [21] has shown, that it
possesses low polymerization capability. It doesn't polymerize neither by heating to 150 °C, nor
under long-lasting UV radiation exposure. Its polymerization cannot be accomplished with the help
of AIBN or BP (benzoyl peroxide) initiators neither in sealed degassed ampoules at 30-80 °C, nor in
RAFT polymerization conditions. The given monomer preserves its initial state and chemical purity
during long time storage. These results are consistent with literature information on low
polymerization activity of CsFsOCF=CF. perfluorovinyl ether, which can be polymerized only at the
ultrahigh pressure (UHP) conditions, as it was shown by the researches [22, 23].

The polymerization of FSO,CeFsOCF=CF, monomer (hereafter called E8S) is found to
undergo under the pressure of 1.5-1.6 GPa and the temperature of 190-225 °C without the use of any
radical polymerization initiators, see Scheme 1. The resulting E8S homopolymer is a white powder-

like substance.
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Scheme 1.

The synthesized homopolymer doesn’t dissolve in methanol, isopropanol or perfluoro(1,3-
dimethylcyclohexane). It poorly dissolves in chloroform, benzene or toluene, while dissolves at room

temperature in hexafluorobenzene.
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Used for the preparing of E8S homopolymer FSO2CeF4sOCF=CF2> monomer had been
produced by PiM-Invest company and possessed chemical purity more than 99%. The synthesis was
performed in Teflon ampoules with the volume of 1-4 ml in cylinder-piston molds at the pressure of
1.5-1.6 GPa at the temperature of 190-225 °C. The reaction time ranged from several days to two
weeks. After it the mold was slowly cooled down to the room temperature, the pressure was reduced
to the atmospheric one and the ampoule was released. The substance obtained after the ampoule’s
opening was a viscous transparent (or slightly colored) viscous liquid containing, in addition to the
homopolymer, various additives (initial monomer, dimers, oligomers and other by-products of the
reaction). To remove these impurities the obtained substance was vacuumed to a constant weight at
85 °C. A stiff turbid liquid was the result. The homopolymer was reprecipitated with methanol,
centrifugated during 30 minutes at 6000 rpm, decanted and dried to a constant weight at 60 °C and 5
mbar vacuum during 10 hours. A white colored powder was obtained as the result. The reaction yield
did not exceed 20%. Element analysis was carried out for two samples, for the first one it was found
(%): C, 29,31; F, 46,32; S, 9,76; the other one provided (%): C, 28,84; F, 44,87; S, 9,63.

Figure 1 presents the F NMR spectra of FSO.CeF4OCF=CF, monomer and the
corresponding homopolymer. They were obtained at «BrukerAM-300» spectrometer (282.40 MHz),

the homopolymer was dissolved in hexafluorobenzene.
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Figure 1. *°F NMR spectra of FSO,CsF4OCF=CF, monomer (a) and of the corresponding
homopolymer (b). The insets demonstrate the monomer structure and the fragment of the
homopolymer structure.

The triplet near 70.6 ppm at Fig. 1a corresponds to the fluorine atom of SO2F group. The same
broaden peak appears in the homopolymer's spectrum near 70.3 ppm, see Fig. 2b. On the basis of °F
NMR spectral data for three fluorovinyl ethers [24] one can conclude that the signals near -121.8 and
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-126.0 ppm in °F NMR spectrum (Fig. 1a) correspond to two fluorine atoms close to the double bond
in trans and cis positions with respect to the oxygen respectively. The signal near -138.0 ppm in Fig.
1a originates from the fluorine atom in =CFO- group of the monomer. The peak -136.6 ppm for the
monomer in Fig. 1a (and -136.1 ppm for the homopolymer in Fig. 1b) corresponds to two fluorine
atoms of the benzene ring near FSO»- group, while the peak -156.2 ppm in Fig. 1a comes from two
other fluorine atoms near this group. In the case of the homopolymer the later peak resides near -
148.4 ppm (Fig. 1b) and is more broaden than the signal near -136.1 ppm. The peaks in the region of
-109 - -121 ppm in Fig. 1b correspond to -CF,- groups in the polymer chain.

Investigation of synthesized homopolymer properties

For the estimation of E8S homopolymer molecular weight the average hydrodynamic
diameter of macromolecular globules in hexafluorobenzene was measured. The measurements were
carried out by the dynamic light scattering method with the help of 90Plus_Zeta particle/protein
analyzer (Brookhaven Instruments Corp., USA) with the laser illumination of 640 nm wavelength. A
typical histogram with size distribution of the globules is presented at Fig. 2. Average globule
diameter observed equals to <D> = 1.75 nm. Thus, E8S homopolymer, synthesized by radical
polymerization under the ultrahigh pressure can be classified as the substance with moderately high
molecular weight.
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Figure 2. The histogram with size distribution of E8S homopolymer macromolecular globules,
measured by the dynamic light scattering method in hexafluorobenzene.
D is the diameter of the globule.The form of the autocorrelation function and the homopolymer
structure fragment are shown as the insets.

The measurements of the synthesized homopolymer refractive index n at the wavelength of
He-Ne laser (1=632.8 nm) were accomplished by the help of Metricon2010/M prism coupler
(Metriconcorp., USA). For this purpose, light guiding films of E8S homopolymer with the thicknesses
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of » 1mkm were fabricated on glass substrates by the spin-coating method from the

hexafluorobenzene solution. The value of the refractive index n=1.466 of the as-deposited film was

determined from m-lines’ angular positions in the dependence of reflected ray intensity on the

incidence angle.

Fig. 3 presents IR absorption spectrum of E8S homopolymer, deposited on a KBr substrate.

The spectrum was measured by Shimadzu 8400S IR spectrometer. It follows from Fig. 3, that E8S

homopolymer has significant absorption in the wavelength region above 5 mkm. In the telecom

spectral regions near 1.3 and 1.5 mkm the homopolymer's absorption is small.

a.u.

6.63 mkm

8.21 mkm

10.01 mkm

T
75

T T T T
10,0 125 15,0 17,5 20,0

Wavelength, mkm

Figure 3. Absorption coefficient « of E8S homopolymer on the KBr substrate. The inset presents the
fragment of the homopolymer structure.

Obtained by thermogravimetric method E8S homopolymer mass loss dependence on heating

temperature is shown in Fig. 4. One can see, that the homopolymer mass loss starts approximately at

250 °C.
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Figure 4. Relative mass loss dM/M of E8S homopolymer on the heating temperature T. The inset
presents the fragment of the homopolymer structure.
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Structural diagnostics of E8S homopolymer was carried out using Rigaku Miniflex600 wide-
angle X-ray diffractometer (Cu, 1=1.54184 A), see Fig. 5. It is found that the diffractogram
demonstrates wide “halos” near 2q = 23.39 and 58.47 deg. and small peaks near 29 ~ 11.68 and 31.73
deg. One can conclude from the analysis of Fig. 5 that E8S homopolymer is amorphous with some

degree of polycrystallinity.
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Figure 5. X-ray diffractogram of E8S homopolymer film.

Conclusions
Perfluoro-4-fluorosulfonyl-phenyl-vinyl ether possesses low polymerization activity, but can
be polymerized at temperature of 190-225 °C under the pressure of 1.5-1.6 GPa without the use of
any initiators. The homopolymer represents a white powder, which is soluble in hexafluorobenzene.
The macromolecule of the homopolymer contains ending FSO»- group in the side substituent and thus
is of interest for the fabrication of proton-exchange membranes for hydrogen fuel cells.
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