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ABSTRACT:

The chemical composition distribution (CCD) of a high-conversion sample of

styrene-methyl acrylate statistical copolymer was determined by thin-layer chromatography (TLC).
The CCD was compared with the CCD determined by cross fractionation and also with that
calculated theoretically in our previous work. The agreement among the three CCD’s was

sutisfactory.
KEY WORDS Chemical
Chromatography / Cross
Copolymer / High-Conversion /

The determination of the chemical composition
distribution (CCD) is important for the molecular
characterization of stastistical copolymers. Among
various methods proposed, a few,! ~!! such as cross
fractionation,' “® thin layer chromatography
(TLC)"® can give quantitative CCD.

Strictly speaking, however, the cross fraction-
ation method should generally give a CCD nar-
rower than the true one, whereas it is inevitable
from the principle of chromatography that the TLC
method tends to give an apparent CCD broader
than the true one. Therefore, it is very interesting to
compare the CCD’s determined by both methods
using a sample with a broad CCD. It is also well
known that if the CCD of a sample is too sharp,
both methods may give a false and broader CCD.

In the present work, the CCD of a high-
conversion sample of styrene (St)-methyl acrylate
(MA) copolymer, used for the study of cross frac-
tionation in our previous work,® was determined
by TLC method. The CCD determined by TLC was
compared with the CCD determined by the cross
fractionation method and also with that calculated
theoretically in our previous work.®

Composition
Fractionation / Styrene—Methyl

Distribution /  Thin-Layer

Acrylate

EXPERIMENTAL

Samples

The sample chosen for this work was the same
copolymer sample (B-60) as that used in previous
studies.®'2 The sample was obtained by polymer-
izing a monomer mixture containing 60.0 mol?; of
methyl acrylate to 92.0 wt%; conversion in bulk. The
average MA-content of the sample was 56.4 mol%,
by elemental analysis and 56.0 mol%, by 'H NMR.
The number-average molecular weight M, was
4.8, x 10°,

Low-conversion samples of N-45 (MA/mol%;,=
46.6, M, x 10°=2.6,), N-60 (57.3, 2.7,), and N-75
(77.9, 3.0,) and a homopolymer of methyl acrylate,
PMA, were used as the reference samples for the
TLC experiments. The preparation of these samples
and the methods for their characterization are
presented in our previous paper.!?

TLC Experiments

The experindental procedures for TLC were sim-
ilar to those described by Inagaki et al.” Precoated
plates (Analtech Uniplate Silicagel GF-2511) were
used. The absorbent, silicagel, was activated by
heating the plates at 110°C for 1h before use.
Polymer samples of 20 ug were deposited with a
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microsyringe as spots from 2 ug ul™! chloroform
solutions (10 ul) along a line 2cm from the edge of
the plate. After 10min air drying, the plate was
placed in a chamber containing a mixture of CCl,
and methyl acetate 1 cm in depth.

Gradient elution was performed by adding
methyl acetate at a constant rate using a micro-
pump. The methyl acetate content was linearly
varied from 6.0 to 43.0 vol);. When the migra-
tion distance of the solvent front reached 10cm,
the plate was removed from the chamber and
dried by a hot air-stream.

A sulfuric acid solution of 3 N was sprayed over
the plate which was then heated at 250'C for 1h,
causing the positions of the polymers to become
visible as dark brown spots or streaks.

The amount of polymer was determined by a
Shimadzu High-speed Chromatoscanner, model
CS-920 (Shimadzu Seisakusho Co., Japan). The
chromatogram of blackness as a function of mi-
gration distance was obtained by a zig-zag scan-
ning of a sample spot or streak.

RESULTS AND DISCUSSION

Preliminary Tests

Three preliminary tests are required for convert-
ing a chromatogram obtained by a scanner to a
CCD. First, the linear relationship between the
amount of sample spotted and the area of the
chromatogram (blackness) was examined. This area
was proportional to the amount of sample up to
about 15ug for each reference sample (N-series
samples and PMA), provided the sample was dis-
solved in 10yl and spotted in an area 2.5—2.8
mm diameter.

Second, the relationship between the chromato-
gram area and the MA-content of the reference
samples at a constant polymer amount (10 ug) was
determined by measuring the chromatogram areas
of 16 spots for each reference sample. The re-
lationship obtained is shown in Figure 1.

Third, the relationship between the R, -value and
the MA-content of the sample was determined, as
shown in Figure 2. In actual practice, the data of
these reference samples are taken together with the
sample to be examined in all experiments.

The R, axis of the chromatogram obtained by the
scanner can be converted to the MA-content axis
by using the relationship in Figure 2. The hight
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Figure 1. The relationship between chromatogram

area (blackness) and MA-content of the reference
samples.
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Figure 2. The relationship between R -value and MA-
content.

of the chromatogram at each point, 4, was cali-
brated by taking into account the relative black-
ness at the point, B;, in Figure 1. The absolute
value of the gradient, |AR;/Aal|;, where o is the
mol%, of MA, was also obtained from Figure 2.
The relative hight, H,, of the histogram of CCD
(arbitrary unit) can thus be obtained by,

h.

H,=—|AR,/Aa|, )
B;

The integral-type CCD was obtained by normaliz-

ing H; and cumulating the normalized H,.

Determination of CCD

The chromatograms of N-45 and B-60 are shown
in Figure 3. Not only sample B-60 but also the N-
series samples have sub-peaks corresponding to
PMA (R;=0). Moreover, PMA shows double peaks
at R,=0 and R >0, when the development is
carried out by an eluent containing mthyl acetate
(polar solvent) that is more than 43 vol%,. However,
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Figure 3. The TLC chromatograms of samples of N-45
(a) and B-60 (b).

these copolymer samples should not contain PMA,
as is clear from their preparation procedure.!? The
CCD obtained by theoretical calculation as well as
that obtained by cross fractionation did not show
such a sub-peak for B-60.° Therefore, these sub-
peaks at R, =0 should be the apparent (false) ones,
and may be due to a residue of sample left at the
starting point as reported by Tagata and Homma
for column adsorption chromatography.®

Sample N-45 is a low-conversion sample obtained
from the same monomer mixture as that for B-60.
The sub-peak of N-45 is clearly separated from the
main peak as shown by the shaded area in Figure 3.
Assuming that the apparent part at R,=0 is equal
in the chromatograms for both N-45 and B-60, we
substracted the shaded part of N-45 chromatogram
from that of B-60 to obtain the correct CCD of B-
60. Thus, the integral-type CCD of both B-60 and
N-45 were calculated from the original chromato-
grams in Figure 3, as shown by solid (a) and dotted
(b) lines in Figure 4, and the CCD of N-45 in the
region of 70—100 mol%, of MA-content was sub-
stracted from the CCD of B-60, and the residual
CCD of B-60 was again renormalized.

The corrected CCD of B-60 thus obtained is also
shown by a dashed line (c¢) in Figure 4, and is
compared with the CCD’s obtained from cross
fractionation and the theoretical calculation in the
previous work® in Figure 5.

The agreement among the three CCD’s in Figure
5 is satisfactory. The average MA-content calcu-
lated from the uncorrected CCD [Figure 4(a)] does
not agree with the value for the original sample, but
the value calculated from the corrected CCD
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Figure 4. The CCD’s obtained from TLC chromato-
grams: (a), uncorrected CCD of B-60, (b), uncorrected
CCD of N-45; (c), corrected CCD of B-60.
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Figure 5. The CCD’s of B-60 obtained by TLC meth-

od ( ), cross fractionation (Q) and theoretical

calculation (---).

Table 1. The average MA-content

of sample B-60

MA
mol%,

Original sample

Elemental analysis 56.4

'H NMR method 56.0
Average from cross fractionation 56.1
Average from TLC method

Corrected 55.7

Uncorrected 60.4

[Figure 4(c)] is in good agreement with the original
value, as shown in Table 1. From these agreements,
we may conclude that the above procedure for
correction is valid.
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The residue at the starting point was not reported
by Inagaki et al.,” who used reference samples
having almost the same sharp CCD as in this work.
This difference in observation may be due to the
difference in the activities of the adsorbents used
and/or to the difference in the extent of drying of the
sample spots. When CCD is determined by TLC,
however, a peak is sometimes observed at the start
line. In such a case, the correct CCD should be
obtained by substracting its contribution. Since it is
not yet clear as to whether the residue at R, =0 is
independent of the chemical composition of the
sample, it is advisable to use a low-conversion
sample as the reference sample to determine the
apparent part.

Figure 5 also shows that the TLC method gives a
broader CCD and the cross fractionation gives a
narrower CCD than the theoretical one, as was
predicted.
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