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Introduction

The solubility of polystyrene (PS) has been studied
in various organic solvents including alkanes, esters,
ethers, etc.! Such solutions are well-known examples
of weakly interacting polymer solvent systems. The
lower alkyl acetates are convenient solvents for PS, and
although in one sense acetates are typical weakly
interacting solvents, they do have special characteris-
tics. Those alkyl acetates examined to date are the
poorest of the ®-solvents (i.e. exhibiting the smallest
©-gap, thus PS/methyl acetate and PS/tert-butyl acetate
solutions show (©_cst — Oucst) to be only 50—60 K.12) 3
For n < 3, LL (liquid—Iliquid) UCST’s (upper critical
solution temperatures) are known for PS/n-C,Hz,+10-
(CO)CHgs solutions but LL LCST's (lower critical solution
temperatures) lie at unreachable high temperatures.
For somewhat longer alkyl chains (C4—Csg), UCST’s are
not observed (presumably having shifted below the
freezing point of the solutions), but LCST'’s have been
reported.*>

Reasoning from the values of UCST for small carbon
number, Prausnitz and co-workers>® concluded that
solvent quality in PS/n-CH2,+10(CO)CHj3 solutions is
a monotonic function of chain length with oLCST/on >
0 and dUCST/on < 0. So far as UCST is concerned,
however, this interpretation cannot be correct because
long chain acetates may be properly considered as CH3-
(CO)O— terminated oligoethylenes. It is well-known
that PS and polyethylene are incompatible® (even
though their lower oligomers are compatible), and
compatibility worsens with chain length. In support we
note that UCST's for PS/n-alkanes and PS/n-alcohols
(i.e. —H- and —OH-terminated oligoethylenes) show
distinct minima around n ~ 7;77° see Figure 1. These
results are consistent with results on PS/chloroalkane,
PS/cyclohexylalkane, and PS/phenylalkane solutions10-14
which also show a monotonic increase in UCST with n
(but without the minimum observed for the alkanes,
alcohols, and (now) acetates). Although end groups have
remarkable effects on PS solubility,? it is expected in
every case that alkyl chain effects must dominate at
large n. An initial decrease in UCST vs chain length
(n) in any PS/oligomer system must eventually damp
out, go through a minimum, and then increase. At high
enough n, this results in incompatibility. Thus, the
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Figure 1. UCST vs n for PS/n-CH2n+1CH3 and PS/n-C\Hzn+1-
OH (n-alkanes and n-alcohols) solutions. The data are from
refs 1, 9, and 19. UCST's for alcohol solutions are on the right
ordinate: small solid circles = M,(9000); small open circles =
Mw(4800); small solid and inverted triangles = M,(4000).
UCST's for alkane solutions are on the left ordinate: large
open diamonds = M,,(4000); large open hexagons = M,,(1241)

location of the minimum is solvent quality and carbon
number dependent. Similar minima have been observed
in other polymer/oligomer-solvent mixtures including
OH and acetate-terminated poly(propylene glycol)/oli-
godimethylsiloxanes.1®

In this note we examine data on PS/alkyl acetate
solutions and show the initial decrease of UCST with n
leads, as expected, to a minimum which is presumably
followed by regular increase to incompatibility. The
interpretation is complicated by the fact that the freez-
ing points of the n-alkyl acetate solvents also increase
with n, and the minimum in UCST and the beginnings
of its subsequent increase are masked by the LS
(liquid—solid) phase transition.’® However, when n is
approximately 10, the temperatures of the LL (liquid—
liquid) and LS transitions cross and LL is again observ-
able. We report cloud point (CP) measurements for PS/
n-dodecyl acetate at several M. The freezing point of
this solvent is 261 K, well below UCST for PS solutions
of My, > 5 x 105

Experimental Section

Polystyrenes (Pressure Chemical, My, = 2.0 x 108, My/M,
< 1.30; My, = 9.0 x 10% My/M, =< 1.06; My, = 5.75 x 105, My/
M, = 1.07) and dodecyl acetate (Aldrich 97%, [112-66-3]) were
used without further purification. Solutions were prepared in
glass vials, then capped and mixed overnight at room tem-
perature which is ~20—25 K above the demixing temperatures
of the solutions studied. Aliquots were loaded into 2 mm ID
glass capillaries and flame-sealed. CP’s were determined
visually in an ethylene glycol/water thermostat at six concen-
trations evenly spaced from 2 to 10 wt % PS-5.75 x 105, seven
concentrations between 2 and 8 wt % PS-9 x 10% and 14
concentrations between 1 and 7 wt % PS-2 x 10°. Cooling to
the demixing temperature was carried out step by step in 0.1—
0.2 K steps. In the region of the phase transition, 2—3 min
were provided at each step. Waiting 5—10 min makes no
difference. After waiting 2 or 3 min at the step where demixing
was first observed, warming back 0.1 or 0.2 K resulted in a
transparent solution. We conclude that the reported data
represent the equilibrium demixing temperatures within the
stated experimental error, ~+0.2 K.

© 2000 American Chemical Society

Published on Web 06/23/2000



Macromolecules, Vol. 33, No. 14, 2000

3.66

3.64

3.62 A

3.60 4

1000/T gy (1/K)

3.58

3.56 T . :
6.0e-4 8.0e-4 1.0e-3 12e3 14de3
Myy~1/2

Figure 2. Modified Schultz—Flory plot for PS/n-dodecyl
acetate. The intercept of the correlation line corresponds to ®
= 285.2 £ 0.4. The slope is 100.7 x 10% amu¥?/K.
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Figure 3. UCST vs n for PS/n-CrH2,+10(CO)CHj3 solutions
(large solid circles), and solvent freezing points, Tep (small open
circles).’® The solid and dashed lines are freehand guides to

the eye. UCST for n = 12 was determined in this paper. The
other data are from the literature.*516

Results and Discussion

UCST cloud point (CP) data for PS/n-C;,H»50(CO)-
CHjs solutions are reviewed in Figures 2 and 3. LL is
not sharp and uncertainties in Tcp are ~+0.2—-0.4 K.
CP/concentration curves are remarkably flat, confirming
the similar observation of Zeman and Patterson'’ for
PS/CH30(CO)CHgs. This pattern may be a general
characteristic of PS/acetate solutions. Because of the
flatness Tyax ~ TucsT, (the true critical point lies to the
high concentration side of the maximum, but the dif-
ference (Tmax — TucsT), is estimated to be smaller than
the experimental error.’®) Figure 2 is a modified Shultz-
Flory plot of the CP data and yields ®ycst = 285.2 +
0.4 K. The solvent carbon number dependence of ®ycst
is shown in Figure 3, which also plots the freezing points
of the normal alkyl acetates.'® Within present experi-
mental error these do not differ from the freezing points
of the solutions, Tep. For (4 < n < about 10) Oycst <
Trep and CP cannot be observed. Even so, because ®ycst-
(n = 12) > Ouycst(n = 2 and n = 3), we conclude that
PS/alkyl acetate solutions behave similarly to PS/n-
alkane and PS/n-alcohol solutions so far as LL demixing
is concerned (i.e. an initial decrease to a minimum,
followed by increase to eventual incompatibility). This
is noteworthy because the PS/alkyl acetate solutions are
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normally classified as ©®-solutions, while alkanes and
alcohols are considered to be poor solvents for PS. In
good solvents (e.g., PS/phenyl-alkanes, PS/chloroal-
kanes),11011 no minimum is found; instead, a monotonic
decrease in solvent quality (increase in UCST) with n
is observed. Comparing (UCST, n)mn loci for different
PS/oligomer series yields information about end group
effects. Thus, CH3COO— as end group improves PS/
(oligomeric ethylene) transforming the initial poor-
solvent H-terminated n-alkanes into ® solvents. On the
other hand, when the alkyl chain is short and end group
effects dominate, CH3;COO— (the same group which
improved solvent quality at intermediate and high n)
now makes the solvent worse. Comparing end group
effects on compatibility of PS/ICH3(CH2)nX mixtures for
N > Nmin 0Ne finds X = CgHs > X = Cl > X = CgH11 ~
X = CH3COO > X = OH > X = CHj3 as judged by the
ordering of UCST temperatures and/or © gaps.
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