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Abstract. The determination of chemical composition by means of GPC is discussed on the basis
of statistical and block co-polymers from styrene-butadiene or a-methylstyrene-butadiene. This
method can be used when the refractive index increment (dn/dc) of the copolymers is the sum of

the refractive index increments of homo-polymers.

In addition, the dependence of extinction

coefficent from the sequence length, and the dependence of the refractive index of the polymer
from molecular weight, were considered. The GPC results were in good agreement with those

obtained from IR and NMR spectroscopy.

Recently, the Gel Permeation Chromatograpy (GPC)
has become a fast -and reproducible method for the
determination of molcular weight distribution.1’7,a.b.c.
The gels that are used have a structure which is bulky
for the chromatographic process. Because the GPC
method is based on delayed diffusion of the polymer
molecule in the pores, one can only expect a separation
according to the molecular size, since for smaller
molecules the pores are more accessible than for the
larger ones. This separation according to the molecular
size is not only expected for the homopolymers, but
also for the copolymers. ’

In this work the investigation was made inorder to
apply the GPC method for determining chemical compo-
sition of block and statistical copolymers. For such
investigations one requires a detector combination that
can make a simultaneously continuous determination
of the total amounts of the copolymer and the. partial
concentration of a component possible. For example,
styrene in copolymer with butadiene can be determined
with the help of UV instrument at 254 nm.

When refractometric and the spectrophotometric
curves show the same shape, then the copolymer under
investigation is considered as chemically homogeneous
in respect to the chemical composition within the GPC
separation. If both curves have different shapes then
chemical heterogenity is demonstrated.

This problem was investigated on statistical and block
copolymers from styrene-butadiene and o-methylsty-
rene-butadiene which were produced from different

polymerisation techniques.
The GPC results were compared with those obtained
from NMR and IR spectroscopy.

Experimental

We used LKB—UV-instrument which in our case
record the a-methylstyrene component at wavelength
A = 254 nm. This instrument is also often used for
concentration measurements of protiens solutions and
other biochemical substances. It can only be used for
such solutions which have no specific absorption in
the UV range. We used Waters-filling deviced to fill
our separation column. We have not presented a
schematic representation of the GPC chromatographs
because it has already been described in detail®.

Polystyrene, poly a-methylstyrene and polybutadiene
which were produced by anionic polymerisation, were
used as standard substances. The molecular weight
range varied from (i) Polystyrene from 900-1, 800,000;
(ii) Poly a-methylstyrene from 2000 - 4000,000;
(iif) Polybutadiene from 1000 - 400,000; The polydis-
parity ( d = M /M) was 1.2-1.06 for the polystyrene
For poly a-methylstyrene and polybutadiene this value
between 1.02 and 1.05, was calculated. A detailed
description of these polymer. has already been givenl?.

Statistical and block copolyu:ers were studied. The
a-methylstyrene butadiene copolymeis were produced
by anionic polymerisation with Li-Butyl catalyst at

: -75° and the styrene butadiene copolymers by radical
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polymerisation at +50° with Redox catalyst. The GPC
analysis was done in tetrah drofuran (THF) at 40°. We
used styrenedivinyl-benzene gel with various permeabili-
ties as the stationary phase. The recording of the GPC
curves was done with the aid of a differential refracto-
meter and a UV instrument which were continuously
switched on. All the butadiene and copolymer samples
were initially filtered to prevent an eventual blocking
of the separating column.

Results and Discussion

Initially we investigated the homopolymers from
polybutadiene, polystyrene and poly —«r-methylstyrene.
The GPC curves are shown in Fig. 1. From Fig. 1 it
can be shown that polybutadiene showed no UV
absorption at a wave length A =254 nm. This value was
recorded for polystyrene and poly «-methylstyrene
within the limits of GPC accuracy.
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Fig. 1. GPC curves of polystyrene, polybutadiene and poly
o-methylstyrene in THF., Column combination 105 + 10?' +
10‘3 +10% + 60 R; Temperature: 40° 1 = Poly a:methylstyrene
(Mn)Os; 1, IV = Polybutadiene (Mn) Os; Il = Polystyrene
(Mw)Ls.

With GPC, the separation of the dissolved macromole-
cules take place according to their molecular dimensions
in solution, because the molecular volume in the first
case only depends on the degree of polymerisation,
the separation in general proceeds according to different
molecular sizes. Certainly by chemically non-homo-
geneous copolymers which are built from monomers
of different polarities, the influence of chemical disorder
is quite noticeable because the molecular volume also
depends upon the degree of solvation. Moreover,
absorption accuracy still appears.

The Waters equipment as already said was provided
with a differential refractometer and an additional
UV apparatus.

It is thus possible to determine the composition of
the copolymers because the differential refractometer.
registers both components together and the UV
apparatus on the otherhand (at approximate wave
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length) registers only one component. At A = 254 nm
the absorption coefficient of polybutadiene, in contrast
with that of polystyrene and poly .o-methylstyrene is
negligible. ~ While the refractive index difference
between solution and solvent at the exit of the column
is proportional to the polymer concentration. The
transmission (Dx) in the UV range depends on the
logarithm of the polymer concentration in accordance
to the Lambert-Beer Law.
Log _JL = LogD, = —E= — %, .C.5.—(1)
(o]

For the calculation of styrene butadiene and
a-methylstyrene-butadiene portion in the copolymer,
we needed a direct calibration of the refractometer and
the UV instrument. In addition, the homopolymers
(polystyrene, polybutadiene and poly a-methylstyrene)
in a dilute state were calibrated. These calibration
curves are shown in Fig. 3 A & B.

The calculation of the styrene-butadiene and
a-methylstyrene-butadiene portions in the comply-
from the GPC curves resulted according to the

mer
already shown example, (Fig. 2).
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Fig. 2. Shows the GPC curves obtained from the refractometer
and UV instrument.

The chromatogram was divided into equivalent strips
and for each V; value, the corresponding transmission
(Dx) from the experimental GPC chromatogram was
obtained and converted to the extinction (E) see equa-
tion .1. Afterwards from V; value the extinction was
arranged with the help of the calibration E=f (c) and in
this way, the experimental UV curve was converted into
an extinction curve. The remaining curve then yielded
the butadiene portion in the copolymer.

This simple way of calculation of gross chemical
composition of copolymers with the help of GPC
method is only then possible if the refraction increments
(dn/dc) of the copolymers additively compose of the
homopolymer, that is when (dn/dc)gp = cs(dn/dc)s +
cg(dn/do)y (2) is valid. cg and cp are the mass
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Fig. 3. Calibration of refractometer and UV instrument with
homopolymers in tetrahydrofuran(THF)’ (A). For polystyrene
and polybutadiene (B). For poly q-methylstyrene and
polybutadiene. Where n_ = Refractive index; UVD = UV
detector; E = Extinction; As = recorder deflection.

163

o

~
T T T
\
e

- /b l
i * Polystyrene )
A Poly-butadiene ~
O Styrene Butadiene
copolymer 1
i x Polystyrene-Polybu-
tadiene - mixtures
L a-10:90 wt (%) e
b-50:50 wt (%)

—— dp/d (cm¥a)
o

=

A 1

3 A
?’B 20 0 60 80

—= Wt (%) Styrene
Fig. 4. The plot of the refraction inerement (dn/dc) on the
chemical composition of copolymers in THF., PB = Polybuta-
diene andPST is Polystyrene.
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portions of the styrene-butadiene components in the

copolymer respectively. Therefore, (dn/dc) measure-
ments on homo and copolymers and mixtures from
homopolymers (styrene and butadiene out of which
the copolymer is composed) were carried-out® with a
differential refractometer at 25 and 40° The corres-
ponding (dn/dc) values are plotted against the compo-
sitions of the copolymers in Fig. 4. Tetrahydrofuran
(THF) was used as solvent, because we had used it as the
elution medium for the GPC investigation. Fig. 4.

TABLE 1. CALCULATED CHEMICAL COMPOSITION OF STATISTICAL
AND A BLOCK CO-POLYMER.

GPC analysis

IR - analysis NMR analysis
weight % weight % weight % Copolymer

ST BD ST BD ST BD
SBR -8 29,60 70,40 28,00 72,00 32,30 67,70 S-B-S
SBR - 1 31,30 69,80 29,00 71,00 31,90 68,10 ?
SBR -2 23,40 76.60 25,00 75,00 23,00 77,00 —7—
SBR - 4 25,50 74,50 23,00 77,00 - - 7=
F,/SBR -1 25,00 75,00 29,00 71,00 31,26 68,70 =’
SBR -9 14,50 85,50 13,80 86,20 12,20 87,80 statist.
SBR - 12 22,00 78,00 23,00 77,00 22,00 78,00 =7
SBR - 10 32,90 67,10 29,70 70,30 29,50 70,40 -
SBR - 18 31,00 69,00 29,40 60,60 38,40 61,60 =
SBR - 11 69,30 30,70 64,50 35,50 65,90 34,20 -
SE -45b 94,50 5,50 — — 94.50 5,50 A-B
SE -29b 71,00 29,00 — — 77,50 22,50 o
SE -25b 19,00 81,00 — - 22,50 71,50 ="
F,/SBR -1 33,00 67,00 - — - — S-B-S
F,/SBR -1 36,00 64,00 - — - — &

ST = Styrene, BD = Butadiene, F = Fraction.
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Fig. 5. Dependance of the refractive index(nD\ on the mole-
cular weight of Polyethyleneglycol, ethylene oxide and
polystyrene. Curve 1: Experimental data for poly-ethylene-
glycol (Fred and Larsen“; Curve 2: Data for ethylene oxide
from polymer hand book Vol. 34, 1966; Curve 3: Our data for
polystyrene.
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Fig. 6. Relations between the area (F) of a GPC curve and the

composition of the copolymer at various column combinations

Curve 1-4: Area from extinction curves; Curve 5: Area ratio

(Extinction curve/refractometer); Curve 6: Extinction

coefficient.

Polystyrene with a molecular weight MW = 900 was
also measured because the refraction increment shows
a deviation from the constant value!! at low molecular
weight polymers, It indicates that a molecular weight
dependance on the refraction increment occurs.
According to Fred and Larsen}'1 the refractive index ny,
depends on molecular weight as shown ip Fig. 5.

Also our experimental investigations verify the poor
increase of the refraction with molecular weight as
can be seen in Fig. 5 (see curve 3). For the experi-
ments carried-out, the small deviation of (dn/dc) with
the molecular weight was neglected.

One obtains the chemical gross composition of a
copolymer from the ratio of the area of the chromato-
grams from the UV and differential refractometer. The
area under the GPC curves ( that is the extinction or
the refractometer curves ) between two abscissa values
M, and M, is thereby a measure of the portion in a
molecular weight range between M, and M,. These
results are shown in Fig. 6.

We assumed by our calibration of the UV absorption
that the absorption coefficient of styrene in the
copolymer and the homopolymer is not different from
that obtained by Meehan.!2 Brussau ez al.13 found a
definite dependence of the absorption coefficient on
the sequence length. The gross compositions calculated
from statistical and block copolymers and fractions
of copolymers have been tabulated in Table 1 and
compared with the values obtained from IR and NMR.
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