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ABSTRACT: Research of a membrane’s polymeric material obtained by photoinitiated
radical polymerization of oligocarbonate methacrylate and butyl methacrylate (BMA)
was conducted by the method of reversed gas chromatography. The presence of defects
of two types in the polymer was confirmed: as gaps between grains, and spongy
interlayers. It has been established, that the relative size of gaps between grains more
than in 1.5 times exceeds the size of interlayers between grains. The selective separa-
tion of substances proceeds through interlayers between grains. The size of interlayers
(polymer’s Tg) depends on structure of an initial composition. Increase of the BMA
contents in an initial composition leads to polymer’s Tg increase, condensation of
interlayers between grains, and increase of selectivity of the appropriate membrane.
This dependence has an extremal character. © 2002 Wiley Periodicals, Inc. J Appl Polym Sci
85: 2725–2728, 2002
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INTRODUCTION

The development of scientific bases of polymeric
membranes formation by a method of photopoly-
merization enables creation of new highly effec-
tive membranes stable to atmospheric and chem-
ical influences, which can be used for separation
of chemical substances, clearing, and desalination
of waste water.

The formation of polymeric membranes by pho-
toinitiated radical polymerization from oligomers,
already having definite structure, allows synthe-
sization of polymers of a net-type structure with a
set of pores, which can be adjusted during poly-
merization. There is a close relation between the
structure of a membrane and its selectivity;

therefore, research of a membrane’s material is
important at a choice of optimal composition and
polymerization conditions. The method of re-
versed gas chromatography was used for the first
time for study of membrane’s structure. Research
of a material (which membranes were made of)
were carried out on a gas chromatograph
“Khrom-5” with the detector on heat conduction
at temperatures of 300–400 K. Carrying gas was
helium. Columns of 3 m length and diameter of
0.3 cm were used. Absolute retention volume cal-
culated according to the formula (1).1

Vg �
273.2�a�tr � t0�

Tfm
�

P0 � pH2O

P0
�

3�p1/p0�
2 � 1

2�p1/p0�
3 � 1

(1)

where tr and t0 are the retention time of the
sorbate and nonsorbing component; va is the ve-
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locity of carrying the gas flow, measured by a
foam flowmeter; Tf is the temperature of the flow-
meter; m is the weight of a stationary phase in a
column; p1 and p0 are the column’s inlet and
outlet pressure; and pH2O is the water vapor pres-
sure at the flowmeter temperature.

A stationary phase of researched polymer
formed on the surface of the inert carrier (“Khro-
maton” N-AW with the grain size of 0.2–0.25
mm). The process was carried out in quartz vessel
that inert gas—nitrogen—constantly passed
through. A watch glass was placed into a quartz
vessel and a solid carrier was placed onto the
glass. The top part of the carrier was sprinkled by
the initiator dissolved in an absolute ethanol. A
solid carrier was mixed and the procedure was
repeated until the solution of the initiator was
entirely consumed. The solid carrier was dried in
a nitrogen atmosphere. Similarly, a composition
solution (which is used to form a membrane) was
rendered onto the carrier’s top. The resulting in-
termediate was dried in a quartz vessel in the
suspended state in a nitrogen atmosphere at ir-
radiation by UV beams during the required time
for formation of the membrane from the same
composition. Then membrane was carefully
washed with ethanol and distilled water and
dried at room temperature up to constant weight.
The amount of polymer of the stationary phase
made was 2.5–3%. The column was filled with the
prepared sorbent.

We researched polymers obtained by a photo-
initiated radical polymerization of compositions
on a basis of oligocarbonate methacrylate [CH2A
C(CH3)OCOOCH2OOOC(O)OO]2R, where R
�OCH2CH2OCH2CH2O (0–76%), butyl acrylate
(0–24%), and initiator—di(azopropoxy) acetophe-
none (1.8%).

The diagrams of n-octane retaining by poly-
meric phases are given in Figure 1. It is seen that
dependence curves of the logarithm of the reten-
tion volume of the reciprocal temperature have
two inflection points that are designated as Tc
and Tc�. We believe that the two inflection points
are caused by defreezing of the polymer’s segmen-
tal motion. Such a two-step transition of the net-
type polymer from the glass state into an elastic
state is, probably, associated to the presence of
hole areas of both types. First, the process of
defreezing of the segmental motion begins in wide
gaps between grains and then, at a higher tem-
perature, spreads on the hole (spongy) material of
the interlayers. These two transitions match up
to two inflection points, which are designated as

Tc� and Tc, respectively. This correlates to the
theory of reversed gas chromatography,2 and does
not contradict the microheterogeneous theory of
net-type polymers, which provides the existence
of defects of a supermolecular level such as the
hole material of the interlayers and gaps between
grains, which are formed at deep polymerization
stages.3 Probably the transfer of the substance
through the membrane is carried out through so-
called “defective zones,” and their specific volume
and size in the polymer is related to the mem-
brane’s efficiency and selectivity.

The ratio of the gap’s sizes between grains
and interlayers was investigated. For this pur-
pose the dependence of the Tc� and Tc of the size
of the model molecules (n-heptane, n-octane,
and n-nonane) was researched. It was found
that temperature Tc depends on the length of
the molecule (Figs. 2 and 3). The transition to
the next homolog, starting with heptane, re-
sults in AN increase of the virtification temper-
ature Tc on an increment �T � 7 K (for poly-
mers containing 12% BMA) (Fig. 2 and Table I),
and �T � 10 K (for polymers containing 24%
BMA) (Fig. 3, Table II). At the same time, Tc�
does not change for all ranges of the used mod-
els. It is possible to explain that the indepen-
dence of Tc� of the size of the model molecules to
that of the sizes of the gaps between grains are
rather big, for the penetration of the model mol-
ecules (alkanes C7–C9).

According to the diffusion models,4 the possi-
bility of the model molecule’s diffusion in the poly-
mer is realized only when in a polymer’s matrix

Figure 1 Dependence of the logarithm of retention
volume of reciprocal temperature at use of octane as a
model for polymers: 1-OKM-2-88%, BMA-12%; 2-OKM-
2-76%, BMA-24%.
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contains fluctuational holes with dimension (r), in
which the molecule of the diffused substance with
the length (l) can be placed.

r � kl (2)

The increase of Tc at the transition to higher
homologs practically means the increase of the
size of fluctuational holes (r0), which are formed
at temperature Tc. The holes’ size corresponds to
the length l0 of the molecule of that carbon, where
the increase of the temperature Tc is observed,
because, i.e.:

r0 � kl0 (3)

The size of gaps between grains r� can be related
with length l� of the highest alkane, when tem-
perature Tc� did not yet depend on the size of
model molecules:

r�� kl� (4)

Assuming that coefficient k is a constant for the
entire volume of the polymer we have:

r�

r0
�

kl�
kl0

�
l�
l0

(5)

It was established, that the size of gaps between
grains exceeds the size of the interlayer between
the grains more than 1.5 times.

The influence of the contents of the initial poly-
meric composition based on OKM-2 on the poly-
mer structure and on the membranes selectivity
was investigated. The increase of the BMA con-
tents in the polymer leads to an increase of the

Table I Dependence of Polymer’s Vitrification
Temperature of Sorbate Molecules’ Size

Alkane Tc� Tc

12% BMA, OKM-2
Heptane 304 346
Octane 305 353
Nonane 305 360
24 % BMA, OKM-2
Heptane 304 329
Octane 304 339

Table II Dependence of Polymer’s Vitrification
Temperature, Its Selectivity (R)* and
Membranes’ Productivity of BMA Content
in an Initial Composition Based on OKM-2
(P � 0.15 MPa)

BMA Content,
% Tc�, K Tc, K R, %

Productivity,
cm3/cm2/min

0 304 340 15 0.368
8 304 348 31 0.075

12 305 353 70 0.058
24 305 339 22 0.037

Selectivity and productivity was determined at baromem-
brane separation of an aqueous solution of albumin at the
membrane (p � 0.15 MPa); concentration was controlled spec-
trometrically at � � 540 nm. R � (C0 � C)/C0 � 100%.

Figure 2 Dependence of the logarithm of retention
volume of reciprocal temperature at use of heptane,
octane, and nonane as models for polymers OKM-2-
88% and BMA-12%.

Figure 3 Dependence of the logarithm of retention
volume of reciprocal temperature at use of heptane,
octane, and nonane as models for polymers OKM-2-
76% and BMA-24%.
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membrane’s selectivity, which passes through a
maximum, i.e., has an extremal character (Table
II).

As to vitrification temperature, the first diver-
gence from linearity is observed at the same tem-
perature Tc� � 304–305 K, whereas another in-
flection point Tc— was at different temperatures.
An increase of the vitrification temperature at an
increase of BMA content in the initial composition
passes through a maximum. The highest vitrifi-
cation temperature corresponds to a membrane of
optimal structure and optimal selectivity. Be-
cause this vitrification temperature is associated
(as was mentioned before) with defreezing of the
segmental motion in the interlayers between
grains, obviously, the selective separation of the

substances is carried out through these inter-
layers.
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