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ABSTRACT: This article presents the results of a system-
atic synthesis study of elastomeric crosslinkable polysilicon
olefins, the related thermal crosslinking kinetics, and the
main permeability parameters recorded for inorganic gases
(He, N2, O2, and CO2) and C1–C7 hydrocarbons. Poly(vinyl
allyl dimethylsilane) (PVADMS; glass-transition tempera-
ture � 273°K) was obtained by the anionic polymerization of
bifunctional vinyl allyl dimethylsilane monomer. The poly-
mers were amorphous, high molecular compounds with
mixed carbo-heterochain structures containing double
bonds capable of intermolecular crosslinking under a ther-
mal treatment. Thus, thermally crosslinked polymers exhib-
ited a high resistance toward exposure to organic vapors,
unlike noncrosslinked PVADMS. IR spectroscopy was used
to investigate the polymer structural changes induced by the
thermal treatment. An original technique based on a differ-
ential method was used to measure gas permeability during
thermal crosslinking. PVADMS possessed higher permeabil-

ity for C1–C7 hydrocarbons than for inorganic gases (exclud-
ing CO2), even after crosslinking. Permeability coefficients
ranging from 140 to 1780 Barrer for He and CH4 were found
before crosslinking; the thermal crosslinking induced a non-
linear permeability decrease that could be correlated with
the disappearance of the double bonds in the polymer struc-
tures, that is, cis-CHACHO, trans-CHACHO, and
CH2ACHO in the side-chain position. According to the
found properties, PVADMS could be used as a prospective
material for the preparation of highly permeable selective
membranes suitable for lower hydrocarbon and volatile or-
ganic compound recovery from various chemical and pet-
rochemical process streams. © 2005 Wiley Periodicals, Inc.
J Appl Polym Sci 96: 927–935, 2005
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INTRODUCTION

Membrane technology for the separation and puri-
fication of gaseous mixtures is a quickly growing
research area for applications in various fields, in-
cluding the chemical, petrochemical, pharmaceuti-
cal, and food industries and biotechnology. Mem-
branes based on glassylike polymers are mainly
used in air separation, CO2 and water vapor re-
moval from natural gas, and hydrogen recovery
from industrial streams.1 Moreover, improved
membrane technology for lower hydrocarbon and
volatile organic compound recovery from gaseous
streams is expected to contribute to the develop-
ment of clean and environmentally friendly technol-
ogies and to the recovery of energy carriers from

renewable, natural, and industrial sources. In tar-
geted gas mixtures, the organic compounds are
present as a rule as minor components. In this case,
membranes must have preferable permeability for
organic compounds rather than permanent (inor-
ganic) gases;2 they must have high resistance to-
ward the attack of the organic components of the
studied mixtures as well.3 Rubberlike polymers are
suitable for this kind of application, but the choice
of such polymers is very limited,4 and few publica-
tions have reported the preparation of stable silox-
ane elastomers.5,6 Commercially available mem-
branes from rubberlike polymers [e.g., polydimeth-
ylsiloxane (PDMS)] for the separation of organic
vapors have limited separation selectivity and pos-
sess poor film-creation ability, rather low mechani-
cal properties, and limited stability against the at-
tack of concentrated vapor mixtures.7 Membranes
based on glassylike polymers with low free vol-
umes, such as widely used cellulose acetate8,9 and
polysulfone,10 may not be used for the separation of
hydrocarbons because they are more selective to-
ward smaller molecules, that is, inert gases.11 De-
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sired membranes can be obtained from elastomeric
polymer materials containing functional groups ca-
pable of intermolecular crosslinking.

This article presents the results of a systematic study
aimed at the synthesis of vapor-solvent-resistant poly-
(vinyl allyl dimethylsilane) (PVADMS), which is a rub-
bery polymer. The thermal crosslinking kinetics of
PVADMS were investigated, along with the main per-
meability parameters of inorganic gases and C1–C7 hy-
drocarbons in this class of highly permeable elastomers.

EXPERIMENTAL

Materials

The structural formula of vinyl allyl dimethylsilane
(VADMS) based polymers is shown in Figure 1.
PVADMS was obtained through the anionic polymer-
ization of the bifunctional VADMS monomer in bulk
under various initial initiator concentrations, which
allowed us to prepare polymers with different average

molecular weights. Because of the different reactivities
of the double bonds of the monomer, the obtained
polymer contained functional double bonds in the
macrochain and in the organosilicon side chain; there-
fore, the polymer architecture enabled the flexibility of
the polymeric chain and the latent formation of chem-
ically crosslinked polymeric structures.12,13

The VADMS monomer was synthesized through
the reaction of vinyl allyl dimethylsilyl chloride (Al-
drich Chemical, Milwaukee, WI) and phenyl magne-
sium bromide according to the organomagnesium
synthesis method, as described by Petrov et al.14 The
polymerization conditions and polymers molecular
weights are given in Table I. The molecular weights of
the polymers were determined with osmometry and
gel permeation chromatography (Waters instrument
with an R-401 differential refractometer, Milford,
MA). The glass-transition temperatures (Tg’s) were
determined with differential scanning calorimetry
(TA-3000, Mettler, Columbus, OH).

The elemental compositions of the polymers corre-
sponded to the elemental composition of the mono-
mer, and this means that polymerization took place
through double bonds as expected (found: 22.30% Si,
66.52% C, and 11.18% H; calculated: 22.24% Si, 65.58%
C, and 11.18% H).

Polymerization through vinyl group was also con-
firmed by the absence in IR spectra of absorption
bands corresponding to vinyl groups directly linked
to silicon and by the absence in 1H- and 13C-NMR
spectra of the respective chemical shifts.

The PVADMS structure could be characterized by
the presence of two distinct substructures named frag-
ment I and fragment II:

The presence of fragment I was strongly confirmed by
the appearance in IR spectra of bands characteristic of
allylic structures connected at the silicon atom and by the
respective chemical shifts in 1H- and 13C-NMR spectra.

1H-NMR (�, ppm): 0.17 m (SiMe2), 1.50 d
(SiCH2O), 4.6 – 4.95 m (CH2A), 4.5– 6.2 m (OCHA).
13C-NMR (�, ppm): 23.4 (SiCH2O), 113.2 (CH2A),
135.0 (OCHA).

Figure 1 PVADMS structures are composed of two frag-
ments. Fragment I with a vinyl side group can be used for
further crosslinking reactions. Fragment II is responsible for
the rubbery characteristics of the polymer.

TABLE I
Conditions of the Bulk Polymerization of VADMS and the Characteristics of PVADMS

PVADMS Monomer/initiator
[VADMS]
(mol/L)

[sec-C4H9Li]
(10�3 mmol/L)

Yield
(wt %)

[�] in
toluene at

25°C
(dL/g)

Mw
(� 103)

Mn
(� 103) Mw/Mn Tg

1 100 5.75 57.2 65.5 0.08 17.7 10.3 1.72 �45.8
2 5000 5.90 1.18 50.6 0.62 316 64.5 4.90 �30.3

Polymerization temperature � 22°C. Mw � weight-average molecular weight; Mn � number-average molecular weight; [�]
� intrinsic viscocity.
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The presence of fragment II was also assessed with
NMR and IR spectra.

1H-NMR (�, ppm): 0.25 m (SiMe2), 1.9–2.4 m
(OCH2O), 5.4–6.2 m (OCHACH). 13C-NMR (�,
ppm): 14.2 (CH2Si), 36.9 (*CH2OCHA), 148.3
(ACHOCH2), 128.9 (SiCHA).

In IR spectra, the band related to the substituted
OCHACHOSi group had a wave number of 1620
cm�1.

The quantitative determination of substructures I
and II was conducted via 1H-NMR with the integral
signal intensity of the protons in the allylic group
(CH2A; A1) and the protons in the propenylic group
(OCHACHO; A2):

A2 � A1/2
�A2 � A1/2� � A1

� 100 (1)

This took into account the overlapping of the allylic
CHA of fragments I and II.

Thus, the obtained polymers were determined by X-
ray and NMR analysis13 to be amorphous, high molec-
ular compounds with a mixed carbo-heterochain struc-
ture containing double bonds capable of intermolecular
crosslinking under a thermal treatment.

Preparation of the membrane films

Membranes for gas permeability characterization
were prepared by two methods so that crosslinked or
noncrosslinked structures were obtained. In the first
standard method, the films were cast from a polymer
solution in toluene onto a cellophane support. The
concentration of the polymer in the solution was care-
fully controlled to obtain film thicknesses of approxi-
mately 100 �m. After solvent evaporation, the films
were thermally treated under the desired conditions,
and the obtained crosslinked polymer film was re-
moved from the cellophane support.

In the second method, the polymer solution was
poured onto a rotating metal–ceramic porous support
(Trumen, Moscow, Russia) with a well-defined aver-
age pore size of 0.1 �m surrounded by a metal ring
(Fig. 2); the solvent was vaporized instantly and left a
noncrosslinked thin membrane film. The measure-
ment of the gas permeability was carried out directly
for membranes formed on the porous metal–ceramic
support before any thermal treatment was applied,
that is, as noncrosslinked structures, and during the
crosslinking process.

Figure 2 Rotating device used for the preparation of non-
crosslinked membrane films from polymer solutions.

Figure 3 Schematic diagram of the installation used to measure the gas-transfer parameters of membranes [GPB � gas
preparation block; GC � gas chromatograph; channel 1 � signal to a personal computer (PC) for diffusion coefficient
determination; channel 2 � signal to a PC for permeability determination].
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Characterization of the polymer structural
modifications during crosslinking

IR spectroscopy was used to investigate the changes in
the polymer structure under the applied thermal treat-
ments. The IR measurements, ranging from 400 to
4000 cm�1 (Specord-M82, Carl-Zeiss Jena, Germany),
were carried out as follows. A PVADMS solution in
benzene was poured onto pressed KBr pellets and was
kept in air until the complete evaporation of benzene;
this led to thin films of about 15 �m. The initial mea-
surements were registered for the noncrosslinked
polymer film samples at room temperature and at 120,
140, and 150°C just before the beginning of the thermal
treatment. Then, the polymer samples were thermally
treated in air at 120, 140, and 150°C for 15, 30, 90, 160,
180, and 300 min, and IR spectroscopy was succes-
sively recorded for each set of conditions.

Method and apparatus for the measurement of the
permeability parameters

Gas and vapor permeability parameters were mea-
sured with the differential method (DM) of permeabil-

ity with original equipment developed at the A. V.
Topchiev Institute of Petrochemical Synthesis and
with the integral method (IM) developed at ENSIC,
LSGC. For the DM measurements, there was a partial
pressure drop of 1 bar across the membrane, and the
temperature was 35°C. The installation was equipped
with two thermal conductivity detectors (TCDs) for
the separate determinations of the transient and
steady-state fluxes (Fig. 3). A detailed description of
the setup was previously reported.15,16

For the IM measurements, there was an absolute
pressure drop of 1 bar across the membrane, the vapor
activity varied up to 0.6, and the temperature was
35°C (Fig. 4). The vapor permeability measurements
were recorded in the steady state with constant vapor
activity of heptane or toluene; more details can be
found elsewhere.17

RESULTS AND DISCUSSION

Tg’s and mechanical properties

PVADMS materials were elastomers with low Tg’s. By
analogy with polymers synthesized from monofunc-
tional vinyl silanes, PVADMS might have been ex-
pected to be a polymer with a high Tg, but that was not
the case.18 However, because of isomerization poly-
merization, the obtained PVADMS contained a silicon
atom in the main chain and had, therefore, a lower Tg

than expected (Table II). The presence of heterochain
fragment II provided two important properties for the
polymer structure that were very useful from a prac-
tical point of view: the increased flexibility of the
polymer chains (low Tg) and the ability of crosslinking
with a thermal treatment.

Changes in the polymer structure with the thermal
treatment (IR spectroscopy)

As shown in Figure 5, the characteristic bands for the
saturatedOCH2O group at 2960, 2912, and 2856 cm�1

(� CH2, stretching vibrations) and at 1448 cm�1 (�
CH2, deformation vibration) and for the OSi(CH3)2O
bands at 1248 cm�1 (� CH3) and at 832 cm�1 (� SiOC)
were present in the IR spectrum for the non-
crosslinked polymer. Bands indicating the presence of

Figure 4 Schematic diagram of the installation used to
measure vapor-transfer parameters from pure components.
The vapor is generated above the liquid reservoir, which is
maintained at the vapor temperature (Tv), and comes into
contact with the membrane film at the film temperature (Tf).
Permeation through the film occurs under a pressure-gradi-
ent concentration driven by the vacuum pump, and the
vapor is trapped continuously under steady-state condi-
tions.

TABLE II
Characteristics of the Crosslinked Polymers Based on VADMS

PVADMS
sample
number Mw (� 103)

Thermal-treatment
temperature

(°C)a
Tg

(°C)

Tensile strength
(5 mm/min,

25°C; kg/cm2)
Elongation at break

(5 mm/min, 25°C, %)

1 17.6 120 �24 60 43
2 316 120 �26 70 48
2 316 160 �23 — —

a For 5 h.
Mw � weight-average molecular weight.
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unsaturated groups could also be observed in the
spectrum at 3080, 3066, and 3034 cm�1 (� CACH), at
1632 and 1618 cm�1 (� CAC), and at 980, 928, 890, and
750 cm�1 (�ACH and �ACH2), and the characteristic
bands at 3080, 1632, 980, and 750 cm�1 indicated the
presence of trans (970 cm�1) and cis (750 cm�1) con-
figurations in the double bonds (OCHACHO). On
the other hand, the bands at 3066, 3034, 1618, 928, and
890 cm�1 characterized side-chain allyl groups. There-
fore, the characterization of these bands proved the
presence of fragments of type I and II in the studied
polymers (see Fig. 1). The quantity of each type of
fragment was determined through an analysis of the
extinction coefficients of the absorption bands of cis,
trans, allyl, and SiOC (696 cm�1) bonds. The fragment
ratio was 70:30 I/II for all the obtained polymers.
Moreover, the ratio of cis and trans configurations was
20:80, and the data were in good agreement with the
1H-NMR analysis results.16 For the polymer heated at
150°C for 300 min, the total disappearance of the char-
acteristic bands of the unsaturated groups was ob-
served, whereas intensive bands appeared at 1730–
1700 and 1000–1100 cm�1, which were characteristic
of the stretching vibrations of CAO and COO bonds,
respectively. On the basis of these results, we suggest
the following assumption: during the thermal treat-
ment under the room atmosphere, the crosslinking
process of the polymer included the formation of per-
oxides because of the action oxygen, which decom-
posed into free radicals, inducing in turn the polymer-
ization of unsaturated chains and hence the formation
of the crosslinked polymers.

With the thermal treatment of the polymer, the
OCHACHO groups in the cis configuration (frag-

ment II) were much more reactive than the other un-
saturated groups of the polymer, that is, the trans-
CHACHO groups (fragment II) and the allyl groups
(fragment I), as shown on Figure 6. At the same time,
absorption bands that could be related to various ox-
ygen-connected structures were observed (Fig. 7).
Moreover, through a comparison of the changes in the
content of oxygen-containing groups and that of the
double bonds, we found that the content of oxygen-
containing groups in the polymer did not substan-
tially change anymore when the cis-CHACHO bonds
were completely consumed, even though a slow re-
duction in the contents of the trans and allyl groups
continued.

Therefore, these observations made during the ther-
mal treatment supported our initial assumption: the

Figure 5 Changes in the absorption bands of IR spectra of PVADMS before and after a thermal treatment at 150°C (room
atmosphere): (1) oxygen-containing groups (1710 and 1030 cm�1), (2) bond;CHACHO trans (970 cm�1), (3)
CH2ACHOCH2O allyl (890 cm�1), and (4) OCHACHO cis (750 cm�1).

Figure 6 Kinetic curves of the disappearance of double
bonds during the thermal treatment of PVADMS at different
temperatures: (E) cis (750 cm�1), (�) trans (970 cm�1), and
(�) allyl (890 cm �1).
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crosslinking process of the polymer was caused by the
fast oxidation of fragment II in the cis form by oxygen,
followed by the formation of unstable peroxide con-
nections and by the disintegration products of those
unstable peroxide bonds. The resulting carbon radi-
cals promoted not only the formation of interchain
oxygen-containing connections but also the initiation
of the crosslinking process.

Effect of crosslinking on the selective gas-transfer
parameters

The regularity of permeability parameters of inorganic
gases and lower hydrocarbons in polymers can be
divided into two main types: in glassy polymers, in-
organic gases typically have higher permeability than
hydrocarbons, whereas the opposite tendency can be
observed in highly rubbery polymers. In this study,
the selective permeability of PVADMS (elastomer)
with the variation of its crosslinking extent was inves-
tigated.

First, the effect of the initial molecular weight of the
noncrosslinked polymers on the gas permeability pa-
rameters of the thermally crosslinked membranes was

studied. The experimental results showed that the
molecular weight of the initial noncrosslinked poly-
mers did not have an appreciable effect on the gas
permeability parameters of crosslinked PVADMS (see
Table III, membranes 1 and 2), and this meant that
crosslinking occurring during the thermal treatment
took place at the level of the monomer chains. There-
fore, polymers of different molecular weights might
be used in the preparation of composite membranes
with respect to the porosity parameters of a given
support; to prepare a composite PVADMS membrane
on a metal–ceramic support, a polymer of a higher
molecular weight was used (Table III, membrane 3).

The permeability properties of PVADMS were de-
termined before any thermal treatment: a non-
crosslinked PVADMS structure, coated onto a sup-
port, showed the typical permeability properties of a
rubber (Table III, membrane 3). The permeability of
the hydrocarbons exceeded the permeability of the
inorganic gases, and the permeability in a series of
C1–C4 hydrocarbons increased with the number of
carbon atoms in the alkane series (Fig. 8).

Upon the thermal treatment, that is, with an in-
crease in the crosslinking extent, the modification of
the polymer structure could be clearly related to the
evolution of the polymer gas permeability properties

Figure 7 Kinetic curves of the disappearance of double
bonds and the appearance of oxygen-containing groups dur-
ing the thermal treatment (150°C) of PVADMS: (E) cis (750
cm�1), (�) trans (970 cm�1), (�) allyl (890 cm �1), (F)
oxygen-containing bond (1710 cm �1), and (Œ) oxygen-con-
taining bond (1030 cm �1).

TABLE III
Gas Permeability of Noncrosslinked and Crosslinked PVADMS Samples of Different Molecular Weights

PVADMS
membrane

Mw
(� 103)a Support

Heat-treatment
temperature

(°C)

Permeability (barrer)

He N2 O2 CO2 CH4 C2H6 C3H8 C4H10

1 316 — 120 40.9 1.9 7.9 53.0 4.1 10.1 11.2 41.3
2 17.7 — 120 52.1 2.4 9.1 67.6 5.2 — — —
3 316 Metal–ceramic untreated 142.1 19.3 59.1 364 54.6 83.7 195.1 780.8
3* 316 Metal–ceramic 120 46.4 1.9 7.7 59.5 6.2 8.1 10.2 39.7

Mw � weight-average molecular weight.
a Initial noncrosslinked polymers.

Figure 8 Dependence of the permeability of n-alkanes in
PVADMS on the number of carbon atoms in an n-alkane
molecule at 120°C: (F) 0, (E) 15, (�) 30, and (�) 60 min.
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(Tables IV and V): the permeability was reduced for all
gases and vapors tested, including heptane and tolu-
ene. However, the highest value was noted for toluene
vapors.

Moreover, the difference in the experimental results
for the gas permeability parameters of the crosslinked
structures prepared as freestanding films and as com-
posite membranes (i.e., membrane 3* on a metal–ce-
ramic support) was not appreciable (Table III). This
certified a good equation between the molecular
weight of the polymers and the pore size parameters
of the metal–ceramic support; that is, the non-
crosslinked polymer did not fill up or passed through
the pores of the metal–ceramic support.

Despite the permeability reduction, the crosslinked
polymers maintained the gas-separation properties of
the noncrosslinked polymers (Table V; e.g., the per-
meability of C4H10 was greater than the permeability
of N2). On the other hand, these polymers had sepa-
ration selectivity toward He/N2 mixtures at a level of
8–20, which is unusually high for elastomers. The
raised separation selectivity obtained for O2/N2 (3–4)
and for CO2/CH6 (�9), in comparison with PDMS,
also had to be noted.

All the aforementioned permeability properties al-
low us to mention the unique potential of PVADMS
polymers, especially if we take into account the easy
preparation of thin membranes, without the need of
any additives for crosslinking, and the good mechan-
ical properties. On the whole, the permeability of
these new organosilicon-containing elastomers ex-
ceeds the permeability of carbon-based rubbers, being
inferior only to that of PDMS.

Effect of the time and temperature of the thermal
treatment on the permeability parameters

As shown in Figure 9, the crosslinking induced by the
thermal treatment resulted in a nonlinear decrease in
the permeability of the inorganic gases down to about
one order (except for He, which was 3 times only),
whereas the permeability of C2–C7 hydrocarbons de-
creased 10–20 times. This tendency could probably be
attributed mainly to the reduction of the diffusion
coefficients: the crosslinking increased the diffusion
resistance within the polymer matrix, and so the per-
meability of larger C2–C7 molecules was more se-
verely altered. The preferable permeability for hydro-
carbons was retained even after the complete
crosslinking of the PVADMS structure. As shown in

Figure 9 Dependence of the permeability of CH4 and the
selectivity for CO2/CH4 in PVADMS on the thermal treat-
ment time: (F) 120, (�) 140, and (�) 160°C.

TABLE IV
Effect of the Thermal-Treatment Time (at 120°C) of PVADMS on the Gas Permeability of Permanent Gases (Barrer)

Heat-treatment
time (min) He N2 O2 CO2 CH4

Permeability of CO2/
Permeability of CH4

0 142.1 19.3 59.1 364.0 54.6 6.7
15 96.7 10.9 34.6 220.0 32.1 6.9
30 85.0 8.9 28.4 181.0 25.6 7.1
60 73.4 6.6 22.1 146.3 19.4 7.5
90 — 5.2 18.5 129.6 16.0 7.8

160 — 3.1 13.0 92.5 10.2 9.1
300 46.3 1.9 7.7 59.5 6.2 9.6

TABLE V
Effect of the Thermal-Treatment Time (at 120°C) of PVADMS on the Permeability of Hydrocarbons (Barrer)

Heat-treatment
time (min)

Permeability

CH4 C2H6 C3H8 C4H10 C7H16
a C7H8

a C4H10/CH4 C7H16/PCH4 C7H8/CH4

0 54.6 83.7 195.1 780.8 14.3
15 32.1 48.7 110.7 451.2 1700 13500 14.1 52 420
30 25.6 38.6 84.9 338.9 13.2
60 19.4 29.4 62.4 248.8 12.8

300 6.2 8.1 10.2 39.7 300 1520 6.4 48 245

a Measured at a vapor activity of 0.6.
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Figure 10, the permselective relief was calculated for
noncrosslinked and crosslinked PVADMS samples
with an approach based on the Lennard–Jones force
constant and gas-molecule diameter.11 The separation
selectivity of PVADMS could be controlled by the
crosslinking conditions. The crosslinked polymer ex-
hibited preferable permeability for hydrocarbons,
CO2, and He and, therefore, could be used with these
kinds of complex gaseous mixtures, particularly for
petrochemical process streams.19

CONCLUSIONS

The permeability parameters of inorganic gases and
hydrocarbons in a new class of polyorganosilicon-
containing elastomers (PVADMS) containing unsatur-
ated bonds within a mixed carbo-heterochain struc-
ture based on VADMS were systematically studied; in
particular, the structure–property relationships were
investigated with respect to the crosslinking extent of
the PVADMS structure induced by a thermal treat-
ment versus the time. The cis-CHACHO groups were
preferentially oxidized, and this gave rise to peroxide
bond formation at the beginning of the thermal treat-
ment in air and led in turn to the formation of inter-
chain oxygen-containing connections and finally to
crosslinked macrochains.

PVADMS had higher permeability for C1–C4 hydro-
carbons than for inorganic gases, regardless of its
crosslinking extent. Moreover, the permeability for
hydrocarbons increased with an increase in the num-
ber of carbon atoms in the hydrocarbon molecules up
to more than one order of magnitude.

The permeability of the inorganic gases and C1–C4
hydrocarbons decreased nonlinearly with an increase
in the crosslinking. The decrease in the permeability
could be divided into two kinetic parts, fast and slow;

the sharp decrease in the permeability of the gases
correlated with the fast disappearance of the flexible
cis-CHACHO structure in the polymer.

These new polymers based on VADMS are prom-
ising materials for the preparation of highly perme-
able selective membranes for the recovery of butane
and other hydrocarbons from various chemical and
petrochemical process streams. The obtained depen-
dence of the gas permeability parameters on the
crosslinking conditions (the temperature and time
of thermal treatment) and the molecular weight of
noncrosslinked polymers may be useful for formu-
lating composite membranes with good resistance
toward organic attack and profitable gas permeabil-
ity parameters.

The authors are grateful to G. N. Bondarenko for her help
with the IR studies of the polymers.
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