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ABSTRACT: The effect of gel-permeation on the compositional fractionation of copoly(sty-
rene/methyl acrylate) by high performance liquid chromatography (HPLC) was studied. Mixtures
of copolymer samples with different chemical compositions were fractionated by normal-phase
HPLC using two columns of CN-modified silica gels with different micropores (nominal values:
10 and 30nm) and the gradient elution of a mixture of tetrahydrofuran and cyclohexane. The
samples were clearly separated into the original components according to chemical compositions by
the column of 10 nm, while the separation by the column of 30 nm was very poor. The respective
peaks were very low and had very long tails in the latter case. Especially, a sample of low molecular
weight could not be detected. Moreover, in the chromatograms of the samples with the same
chemical composition but different molecular weights by the column of 10 nm, the peak area of a
sample with a molecular weight lower than 10° was half those of other samples with higher
molecular weights than 10°. These findings may imply that the gel-permeation effect is unfavorable
to compositional fractionation, when the micropores are so large that large amounts of the
copolymer samples can permeate into the micropores.
KEY WORDS Copoly(styrene/methyl acrylate) / Compositional Frac-
tionation / HPLC / Normal-Phase Adsorption / Gel-Permeation Effect /

In the molecular characterization of co-
polymers, it is important to determine chemi-
cal composition distribution (CCD). Recently,
high performance liquid chromatography
(HPLC) has been used for determining CCD
of copolymers based on both the mechanisms
of adsorption-desorption and phase-sepa-
ration. The former mechanism, which has been
applied widely to characterization of polymers
in thin layer chromatography,' was introduced
into HPLC of copolymer by us in 1979.2 The
latter mechanism, which has been used in bach
or preparative column,® was introduced into
HPLC as HP-precipitation—-LC by Glockner
et al. in 1982.* Since then, both mechanisms
have been used together or separately for
compositional fractionation of copolymers by

several authors.” "2

On the other hand, gel-permeation chroma-
tography has been used widely to determine
molecular weight distribution. However, the
gel-permeation mechanism may disturb com-
positional fraction of copolymers, as pointed
out by Glockner et al.’ if the mechanism
coexists with mechanisms of adsorption-
desorption and/or phase-separation.

It is the purpose of the present work to show
the results of compositional fractionation of
stat-copoly(styrene/methyl acrylate), (SMA)
by HPLC using two columns with different
micropore sizes and discuss the effects of these
mechanisms on the compositional fractiona-
tion of the copolymer.
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EXPERIMENTAL

Materials

The copolymer samples were styrene(S)-
methyl acrylate (MA) statistical copolymers
prepared by radical polymerization in bulk.
Table I shows MA-content determined by el-
emental analysis, apparent molecular weights
at the GPC peaks determined by standard
polystyrenes and conversions of the samples.
Fractions of a low-conversion sample SMA.
N-60 (MA: 57.3mol9%,) obtained by successive
precipitation fractionation?®) were also used.
Their number average molecular weights de-
termined by osmometry are shown in Table II.
Their MA-content was essentially the same in
all cases. The eluent for HPLC was a mixture
of tetrahydrofuran (THF) and cyclohexane
(CHX), both of which were chromatography
class reagent of Wako Pure Chemical In-
dustries, Ltd. (Tokyo).

HPLC Instruments

The instrument of HPLC was HLC-802 of
Tosoh Corporation (Tokyo), whose pump was
replaced with a high-pressure pump of Type-
510 of Waters Associates (U.S.A.). The gra-
dient controller was Type-680 of Waters
Associates. The UV-detector was ERC-7211
of Erma Inc. (Tokyo). Two columns packed
with CN-modified silica gels were used. These
were p-Bondasphere 5pu CN-100A and CN-
300A of Waters Associates. The nominal di-
ameters of micropores of gels were 10 nm for
CN-100A and 30nm for CN-300A, respec-
tively. The molecular weights at the exclusion
limits determined by standard polystyrenes of
Tosoh Corporation in THF at 30°C and
1.0cm®min~!' of flow rate, were around
5x10* and 3x10° for CN-100A and CN-
300A, respectively. The length and inner dia-
meter of the columns were 15cm and 3.9 mm,
respectively.
Experimental Conditions for HPLC

The temperature of the column bath was
30°C. The flow rate of the eluent was 1.0
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Table 1. Copolymer samples
S Conv.
Code M, x10742
mol%; wt%
SMA-1 23.8 6.2 22.5
SMA-87-40 40.2 24 9.3
SMA-87-53 54.3 31 10.3
SMA-87-68 66.3 40 8.9
SMA-87-88 88.9 75 2.1
® Values of standard polystrene at the GPC peaks of the
samples.
Table II. Fractions of SMA N-60
Fr. No. M,x 1074
2 48.4
6 22.3
8 9.0

2 Osmometry. MA/mol?%,, 57.3.

cm’ min~!. The polymer concentration of the
injected solutions was 0.2mgcm ™ for each
component. That is, the total concentration
of 5 components mixture was 1.0mgcm 3.
The injectioh volume was 0.1cm? in all mea-
surements. The wave length of the UV-detec-
tor was 259 nm.

The linear gradient of the eluent was used to
separate the samples. In all measurements.
THF-content was changed from 25 to 65 volY,
for 20min as shown in Figure 1. The chro-
matogram of blank elution is also shown in
Figure 1, where the base line of the gradient
range straight as anticipated from the gra-
dient program.

Determination of Cloud Points

The samples of different chemical compo-
sitions were dissolved in THF at the con-
centration of 2mgcm ™3, respectively. The first
cloud points were determined by titrating the
respective solutions with CHX visually at
30°C.

Polymer J., Vol. 21, No. 10, 1989
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RESULTS

The chromatograms obtained using the col-
umn of CN-100A for mixtures of 4-com-
ponents (upper) and 5-components (lower) are
shown in Figure 2.

In both cases, the mixtures were clearly
separated into the original components ac-
cording to the order of S-content. The assign-
ments of the respective peaks in Figure 2 were
carried out by comparing these chromato-
grams with those obtained by single compo-

Program 100

THF/Vol.%

1 1 1

20 30 50
Elution Time /min.

1
0

Chromatogram

S

Figure 1. The gradient program used for the Figures
2—4 and chromatogram of the blank elution by using
the column of CN-100A.

nent injections. The peak positions for the re-
spective components in the chromatograms
obtained by the single component injections
were in good agreement with those in the chro-
matograms of mixtures.

In the chromatogram of 4-components mix-
ture, the peak areas are almost proportional to
S-content of the respective components, while
in the chromatogram of 5-components mix-
ture, the sample SMA-1 with low molecular
weight (6.2 x 10*) shows a very small peak area
irrespective of the highest S-content.

The chromatograms obtained by the column
of CN-100A for the samples with almost equal
MA-content but different molecular weights
are shown in Figure 3, where the number
average molecular weights and peak areas by
an arbitrary unit are illustrated. Two samples
with higher molecular weights (2.23 x 10°,
4.84 x 10°) have almost equal peak areas, while
the sample of the lowest molecular weight
(9 x 10*) has a peak area of half those of the
other samples.

Figure 4 shows the chromatograms for 5-
components mixture and the respective com-
ponents obtained using the column of CN-
300A. The samples with molecular weights of
10° order were detected in both chromato-
grams of the mixture and the single compo-
nent, respectively, while the sample of SMA-1
with a molecular weight of 10* order did not
give any peak not only for the mixture but

4 Components

5 Components

Column; CN-100A

Figure 2. The chromatograms obtained by the column of CN-100A for mixtures of 4-components and

S-components.
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Figure 3. The chromatograms obtained by the CN-100A column for the fractions of sample N-60 with
almost the same MA-content (57.3mol%,) and different molecular weights (shown in the figure). The peak

areas in the figure are expressed in arbitrary units.

SMA-1
?

87-53 — _

SMA-BW

Column; CN-300A

Figure 4. The chromatograms obtained by the column of CN-300A for a mixture of 5-components and
for the components separately by single component injections.

also for the single component.

DISCUSSION

The present copolymer samples were clearly
separated into the original components ac-
cording to their chemical compositions as
shown in Figure 2. The content of THF in the
eluent at the respective peak positions in the
chromatogram obtained by the column of CN-
100A was plotted against MA-contents of the
samples, together with THF-content at the
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first cloud points for the samples, in Figure 5.
The THF-content at the peak positions by
HPLC was higher than those at the first cloud
points for the respective samples. This delay of
the peak position from the first cloud points
may demonstrate that the copolymer com-
ponents were first dissolved selectively at the
first cloud points by a phase-separation mech-
anism and then the components were sepa-
rated by an adsorption-desorption mechanism.
The elution of each copolymer component
may have been determined finally by the

Polymer J., Vol. 21, No. 10, 1989
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Figure 5. The relationships between MA-content of
the copolymer samples and content of THF at the peak
positions in the HPLC chromatogram by the column of
CN-100A (Figure 2) and at the first cloud points by
titration.

adsorption-desorption mechanism. This may
be supported also by the fact that the peak
widths in Figure 2 are almost equal to those in
Figure 3, though the molecular weight distri-
butions of the samples in Figure 2 are broader
than those of the fractions in Figure 3. In this
region of molecular weight, the effect of mo-
lecular weight cannot be neglected on phase-
separation, but can be neglected on absorp-
tion-desoption.

In Figure 2, only the sample SMA-1 with
molecular weight of 10* order shows an ex-
traordinarily small peak area, while the other
samples with molecular weight of 10° order
gave peak areas proportional to S-content. In
Figure 3, only the fraction of No. §, which has
a molecular weight of 10* order, shows a peak
area half those of the other samples with
molecular weights of 10° order.

Thus there may exists a gel-permeation ef-
fect. The samples of low molecular weight
(SMA-1 and Fraction No. 8) contain large
amounts of components which can permeate
micropores of 10nm. The components which
permeated the micropores may be adsorbed
onto the inner surface of the pores, because the
polarity of the eluent in the pores is lower than
that of the eluent between the gels. Con-
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sequently, elution of the components with
low molecular weight occurs later than that of
the components with high molecular weight.
Of course, the samples with higher molecular
weights also contain low molecular weight
components which can permeate the micro-
pores. However, the amounts of those com-
ponents may be small. The base lines in
Figures 2 and 3 are curved upward, whereas
the base line of the blank elution in Figure 1 is
straight. This must be caused by the com-
ponents of low molecular weight which can
permeate the micropores.

In Figure 4 obtained using the CN-300A
column, all peaks were much lower and broad-
er compared to the peaks in Figure 2 ob-
tained by the column of CN-100A. The peak
of SMA-1, very small in Figure 2, has disap-
peared in Figure 4.

This is also explained by the gel-permeation
effect. In the column of 300A, large amounts
of the respective samples can permeate the
micropores, so that the gel-permeation mech-
anism must greatly interfere with composi-
tional fractionation. On the other hand, in
the column of 100A, the components which
can permeate the micropores are not so much
that interference by the gel-permeation effect is
serious.

Consequently, we can say that the present
copolymer can be fractionated effectively by
HPLC according to chemical composition by
co-operative contribution from the mech-
anisms of adsorption—desorption and phase--
separation. However, if the micropores of the
gels in HPLC columns are so large that large
amount of the copolymer components can per-
meate the micropbres, the gel-permeation me-
chanism is unfavorable to compositional frac-
tionation. Therefore, the absorbent gels for
compositional fractionation should have mi-
cropores that are either large enough for all
polymer molecules to permeate, or so small
that no polymer molecules can permeate the
micropores.
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