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Abstract 

A novel monomer, p-pentamethyldisiloxanyl-cr,~,~-trifluorostyrene, has been synthesized 
and polymerized to give a white polymer. Membranes obtained from the polymer exhibited 
an oxygen permeability coefficient (PDz: cc(STP) cm/cm’ s cmHg) and an oxygen separation 
factor (a=P,,/P,,) of 1.8 X lo-’ and 2.4, respectively. The PO, value is considerably 
higher than values for other poly(mono-substituted tetrafluoroethylenes). The introduction 
of a pentamethyldisiloxanylphenyl group into poly(tetrafluoroethylene) has been found 
to be very effective for the enhancement of PO, values. 

The basic requirements for oxygen permselective membranes are a high 
oxygen permeability coefficient (P,,) and a high oxygen separation factor 
(a=Po,/PN2). Since PO, is equal to the product of the oxygen solubility 
coefficient (So,) and the oxygen diffusion coefficient (Do3, fluorine-containing 
polymers which have a high oxygen solubility are expected to show a high 
PO, value. In practice, however, the PO, value of fluorine-containing polymers 
is very low. This is probably due to their high crystallinity, the crystalline 
region prohibiting significantly permeation of oxygen molecules so that the 
Do2 and S,, values are very low. 

In order to increase the PO, values of fluorine-containing polymers to 
match their high So, values we have prepared blend membranes of fluorine- 
containing polymers with siloxane-containing polymers [ 1, 21. In this study, 
in order to increase PO, by decreasing the crystallinity and increasing SoZ, 
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we have prepared a polymer with a main chain composed of poly (cqp,j3- 
trifluorostyrene) and with oligosiloxane grafts, and estimated the oxygen 
permeability of the polymer obtained. 

The novel monomer p-pentamethyldisiloxanyl-cy,P,P-trifluorostyrene (5a) 
was synthesized according to the route depicted in Schenre 1. Using the 
same reaction as that in Scheme 1, p-chloropentamethyldisiloxane was 
obtained from p-bromochlorobenzene in a better yield (21.0%) than that for 
compound 3 (12.7%) but the corresponding Grignard reagent (4a) failed to 
form. In contrast, compound 3 gave 4a in good conversion (93.7% estimated 
by GC methods). 

The yield (7.9%) of 5a was lower than that of 5c (14.5%) and almost 
the same as that of 5b (7.4%). These low yields are accounted for by the 
formation of by-products such as 1,2-diphenyldifluoroethene [ 3,4 1. However, 
yields via this route are almost the same as those from an alternative route 
[5] employing qqa-trifluoroacetophenone (the total yield was 17.5%), and 
furthermore the number of reaction steps in the present route is two, while 
the number in the alternative method was four. Hence, the present route is 
suitable for the synthesis of 5a. The physical and spectroscopic data of the 
compounds thus prepared were as follows: 

Compound 1: B.p., 65 “C/1.0 mmHg. ‘H NMR (CCL, TMS) 6: 0.60 (s, 
6H, SiCH3); 7.30 (m, 4H, phenyl protons) ppm. 

Compound 2: ‘H NMR (Ccl,, TMS) 6: 0.33 (s, 6H, SiCH& 3.34 (s, lH, 
OH); 7.30 (m, 4H, phenyl protons) ppm. 

Compound 3: B.p., 85 “C/2.0 mmHg. ‘H NMR (CCL, TMS) 6: 0.10 [s, 
9H, OSi(CH,),]; 0.33 [s, 6H, Si(CH&O]; 7.45 (m, 4H, phenyl protons) ppm. 

Compound 5a: Rf=0.65 (eluent n-hexane using silica-gel chromato- 
graphy). ‘H NMR (CC14, TMS) 6: 0.10 [s, 9H, OSi(CH,),]; 0.33 [s, GH, 
Si(CH,),O]; 7.55 (m, 4H, phenyl protons) ppm. IR(NaC1) cm-‘: 1762 
(CF,=CF); 1572 (CH=CH); 1258 (SiCHB); 1070 (SiO). 

Compound 5b: R,= 0.45 (eluent CHCl, using silica-gel chromatography). 
Compound 5~: B.p., 46.0 “C/23 mmHg. 
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Scheme 1. Synthetic route to p-pentamethyldisiloxanyl-cY,P,P-trifluorostyrene. 
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TABLE 1 

Emulsion polymerizationa of c&ptrifluorostyrene (SC) and its derivatives (Sa, b) 

Monomer” Yield *I? tilJ i@Ji@~C Appearance 

(S/o) (X 104)C (X 104)C 

5a 14.3 23 6.9 3.3 white solid 
5b 20 5.28 2.48 2.12 white solid 
SC 95 57.5 30.9 1.86 white solid 

“Using potassium persulfate as initiator and dodecylamine hydrochloride as emulsifier at 
70 “C for 72 h. 
‘For numbering, see Scheme 1. 
‘Determined by GPC methods using THF as the eluent. 

TABLE 2 

Oxygen permeation behaviour of poly(p-pentamethyldisiloxanyl-c~,~,~-trifIuorostyrene) 
[poly(Sa)] and other fluorine-, siloxane- or benzene ring-containing polymers 

No. Polymer PO, (Y Do, &,I& SozC sO, fsN, 

1 mMW 1.8 2.4 0.45 1.5 4.0 1.6 

2 PTFEd 0.43 3.2 0.15 1.8 2.8 1.8 

3 FEPd 0.49 3.1 0.18 1.9 2.7 1.6 
4 PFAd 0.42 3.5 - - - - 

5 PCTFEd 0.004 - - - - - 

6 PPDSS’ 4.0 3.0 1.8 1.8 2.2 1.7 

7 PS’ 0.12 5.5 0.056 2.8 2.2 2.0 

8 PDMSe 35.2 1.9 18.9 1.5 1.9 1.3 

“In 10m9 cc(STP) cm/cm’ s cmHg units. 
% 10m6 cm’ s-i units. 
‘In 10e3 cc(STP)/cm3 cmHg units. 
dRef. 6: PTFE = poly(tetrafluoroethylene); FEP = copoly(tetratluoroethylene/hexafluoropropyl- 
ene); PFA = copoly(tetrafluoroethylene/heptalluoropropyl trifluorovinyl ether); PCTFE = 
poly(chlorotrifluoroethylene). 
‘Ref. 7: PPDSS = poly[p-(pentamethyldisiloxanyl)styrene 1; PS = polystyrene; PDMS = poly- 
(dimethylsiloxane). 

Radical polymerizations of 5a-c were carried out in a degassed ampoule 
using potassium persulfate as the initiator and dodecylamine hydrochloride 
as the emulsifier [5] (Table 1). Compounds 5a and 5b could be polymerized 
to give a high-molecular-weight polymer in a similar manner to the unsub- 
stituted monomer, 5c. However, the yields of poly(5a) and poly(5b) were 
much less than that of poly(5c). This may be explained by the formation 
of a cyclic dimer [ 51. 

The resulting poly(5a) was a white solid, but incapable of forming a 
tough membrane because of contamination by the cyclic dimer (observed 
by GPC methods). For this reason, a laminated membrane composed of 
poly(5a) and crosslinked poly(dimethylsiloxane) was used for the measurement 
of the oxygen permeability (Yanaco, GTR-lo), and the PO, value of poly(5a) 
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was calculated using the series-model equation [ 11. Table 2 lists the results 
and related data. The PO, value for poly(5a) (No. 1) is considerably higher 
than the values listed for poly(tetrafluoroethylene) and other poly(mono- 
substituted tetrafluoroethylenes) (Nos. 2-5). Introducing a pentamethyldi- 
siloxanylphenyl group into the side-chains of poly(tetrafluoroethylene) in- 
creases the PO, value because of the increase in DOz (Nos. 1 and 2). This 
phenomenon may be attributed to the decrease in crystallinity and the enhanced 
mobility of the polymer chains. We have reported similar results for polystyrene 
[7] (Nos. 6 and 7). In addition, a high value of Soz for poly(5a) indicates 
that this factor contributes very significantly towards the high value for 
PO, for poly(5a). 
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