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Solution properties of block copolymers
have received much attention in recent years.!
Two typical conformations have been taken as
plausible models to describe the block co-
polymer conformation; one is a quasi-random
coil conformation, and the other is a segregat-
ed conformation in which dissimilar segments
rarely come in contact so that intramolecular
phase separation occurs.! For certain di- or tri-
block copolymers composed of a pair of in-
compatible polymers, it is known that a con-
formational transition from the quasi-random
coil to segregated form takes place, depending
on the selectivity of the solvent and temper-
ature.'®

We previously studied? the temperature de-
pendences of conformational behaviour of sty-
rene (St)—p-chlorostyrene (CISt) block copoly-
mers of A,B,,A,, and B,A,,B, types (A, St
monomeric unit; B, CISt monomeric unit, m
and n denote the number of units) in a selective
solvent of cumene which is a good solvent for
polystyrene (PSt) but a poor solvent for poly-
p-chlorostyrene (PCISt, 6=59.0°C3). In that
study,?® it was found that the conformational
transition from the quasi-random coil to seg-
regated form takes place at higher temperature
for the A,B,,A, copolymer than for the
B,A,, B, copolymer with the same molecular

weight and composition. This means the con-
formational transition temperature for the tri-
block copolymer having a long insoluble-
subchain as the middle block is higher than
that for the triblock copolymer having short
insoluble-side chains.

In this note, in order to confirm the previ-
ous conclusions, the intrinsic viscosities of the
A,.B,,A, and B,A,, B, copolymers were mea-
sured in diisobutyl ketone (DIBK) over a wide
temperature range. DIBK is a selective solvent
which has a selectivity opposite to cumene; i.e.,
DIBK is a moderate solvent for PCISt but a
poor solvent for PSt (6=284.0°C*).

EXPERIMENTAL

Materials

Two samples, an A,,B,,A,, copolymer and a
B,A,,B, copolymer, were prepared by the
anionic polymerization technique using sodi-
um naphthalene as the initiator and tetra-
hydrofuran as the solvent, as described be-
fore.”* The number average molecular weight
and composition of these two samples are
about the same; for the A, B,,A,, copolymer,
the number average molecular weight is
58.1 x 10* and the St content in mole fraction,
0.480; the corresponding quantities for the
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B,A,,B, copolymer are 55.3 x 10* and 0.515.

DIBK was purified according to the stand-
ard procedure,’ and the purity was checked by
means of gas chromatography.

Measurements

Viscosities of the block copolymer solutions
were measured over the temperature range
from 65 to 20°C by Ubbelohde dilution vis-
cometers with negligible kinetic energy correc-
tions. Plots of 7,,/c vs. ¢ were extrapolated to
zero concentration to obtain intrinsic viscos-
ities [n] according to Huggins’ equation®:

Np/c=[nl+kulnl*c+ - --

in which n, is the specific viscosity and ky is
Huggins’ constant. The concentration c of the
solutions used for measurements was in the
range of 0.15 to 0.5gdl™*. The St-CISt block
copolymers are not very stable in DIBK. It
was observed that the flow times slightly de-
creased after keeping the solution at 55°C
for two hours, which should be due to degra-
dation of the copolymer. Therefore, viscosities
were measured with caution so as not to leave
the solution long when the temperature was
elevated. All the values of [n] obtained showed
good reproducibility.

RESULTS AND DISCUSSION

The intrinsic viscosities for the B,A,,,B, and
A,.B,,.A,, copolymers in DIBK are plotted as
functions of temperature in Figure 1. On
lowering the temperature, the solution of the
highest concentration (ca. 0.5gdl™?!) used for
viscometry became somewhat turbid at 40°C
for the B,A,, B, copolymer and below 35°C
for the A,,B,,A,, copolymer, but the solutions
of lower concentration remained clear down to
a much lower temperature, until 30°C for the
B,A,,.B, copolymer and 20°C for the A,,B,,A,,
copolymer. The filled circles and triangles in
Figure 1 indicate that the solutions of the
highest concentration are somewhat turbid. It
is likely that intermolecular association took
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Figure 1. Temperature dependence of the intrinsic vis-
cosities of the St—CISt triblock copolymers in DIBK and
in cumene: (O), 4,B,,4, copolymer; (A), B,A4,,B,
copolymer; (—), in DIBK; (—-—), in cumene.

place in the block copolymer solutions which
seemed somewhat turbid. However, the extent
of the association should be very small under
the conditions of the present experiments ex-
cept for the B,A,,B, copolymer solutions
below 30°C, since a plot of #,,/c vs. ¢ for the
solution in question showed no significant
deviation from the linear relationship of #,/c
vs. ¢ obtained for the solutions of lower con-
centrations. All the values of [#] obtained in
the measurements showed good reproducibili-
ty. Variation of [n] with temperature should be
interpreted as a reflection of conformational
change of the copolymer molecules. It was
observed that in DIBK, the [y] values for the
B,A,,,B, copolymer were always larger than
those for the A,,B,,A,, copolymer, which im-
plies that the B,A,,,B, copolymer takes a more
extended conformation than the A,B,,A,
copolymer. On the other hand, viscosity data®
previously obtained on the same copolymer
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samples in cumene showed that the A, B,,A,,
copolymer takes a more extended conforma-
tion than the B,A,, B, copolymer, which are
also given in Figure 1 for the purpose of
comparison.

By lowering the temperature, the [5] for the
block copolymers in DIBK decreased grad-
ually, but variation of [5] with temperature was
not uniform; [#] changed markedly from a
slow to fast decrease at a critical point which
appears to be around 45°C for the B,A,,B,
copolymer and around 40°C for the A, B,,A,,
copolymer. This trend is the same as previous-
ly observed in [n] vs. temperature curves ob-
tained for these block copolymers in cumene.*
It is hard to draw a conclusion about the
conformational transition of the block co-

polymers only from the result described above.

However, previous studies?® on osmotic sec-
ond virial coefficient and light scattering of the
B,A,,B, and A, B,,A,, copolymers in cumene
led to the conclusion that the conformational
transition from the quasi-random coil to seg-
regated form occurs at a temperature where
variation of [#] with temperature changed
markedly from a slow to fast decrease. Since a
general feature of the shape of [¢] vs. temper-
ature curves is common to those obtained in
DIBK and in cumene, it is believed that the
marked change of [n] around 45°C for the
B,A,,.B, copolymer and around 40°C for the
A,,B,,A,, copolymer corresponds to the con-
formational transition in DIBK. Consequent-
ly, from the [n] data in this study, it can be
concluded that the conformational transition
occurs at higher temperature for the B,A,,,B,
copolymer than for the A, B,,A,, copolymer in
DIBK. This result obtained in DIBK is in
contrast with that in cumene, and it gives
positive support to our previous conclusion
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that the conformational transition tempera-
ture for the triblock copolymer having a long
insoluble-subchain as the middle block is
higher than that for the triblock copolymer in
which short insoluble-side chains attach to the
middle soluble block. It is expected that this
conclusion is applicable to all other triblock
copolymers in selective solvents.

Some comments are should be made with
regard to differences between the shape of [#]
vs. temperature curve for the B,A,,B, co-
polymer and that for the A, B,,A,, copolymer
in the region of low temperature. Below the
transition temperature in DIBK, a decrease of
[#] with temperature was linear and uniform
for the A,B,,A,, copolymer but not for .the
B,A,,.B, copolymer. The [5] vs. temperature
curve for the B,A,, B, copolymer showed the
second transition around 30°C. The values of
[#] for the B,A,, B, copolymer solutions in the
region below 30°C may be associated with the
formation of intermolecular aggregates.
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