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Abstract

Partial vapor pressures of the volatiles have been measured for four solvent/precipitant/polymer systems at different temperatures. The
high molecular weight compounds were polysulfone or polyethersulfone and the mixed solvent was either DMF/acetone or DMF/water.
Systems containing the very powerful precipitant water exhibit a special phenomenon: Upon the addition of polymer to a mixed solvent of
constant composition the partial vapor pressure of water increases by a factor of more than two before it falls to zero as the volume fraction of
the polymer approaches unity. This particular situation cannot be modeled using binary interaction parameters only, in contrast to the results
obtained with acetone as the precipitant. The present findings are used to discuss the necessity of ternary interaction parameters and

possibilities for their calculation from known binary interaction parameter2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction a polysulfone and of a polyethersulfone in binary mixed
solvents consisting of a good solvent and of a precipitant
The question of whether it is possible to predict the ther- because of two reasons. Part of the information concerning
modynamic behavior of multicomponent systems by meansthe binary sub-systems has already been obtained in the
of the mere knowledge of the binary interaction parameters course of a study on the effects of thermodynamic condi-
g; is of great theoretical interest and practical importance. tions during membrane formation on their performance
Many attempts have therefore been made to find a conclu-[9,10] and an unexpected enrichment of the precipitant in
sive answer [1-5]. Most of the past work was, however, the gas phase above the ternary mixtures at high polymer
restricted to the dilute regime and suffers from the fact concentrations [11], which can be taken as an indication for
that direct information on the interaction between a polymer the existence of ternary interactions.
and a precipitant (a liquid in which the polymer does not
dissolve noteworthy, but takes up considerable amounts of
solvent) is hard to obtain. 2. Experimental part
The latter restriction has meanwhile become less strin-
gent thanks to the development of a method, that combines a2.1. Materials
headspace-sampler with a normal gas chromatograph [6-8].
This technique, so far applied to binary systems only, gives The polysulfone (PSU 39w) and polyethersulfone (PES
access to the partial vapor pressures of the components oft9W) were both produced by BASF (Ludwigshafen,
mixed solvents in the presence of polymer (the different Germany) under the trade names Ultrason S 3010 and Ultra-
volatiles are separated in the GC). The additional knowl- SOn E 6020 P. The numbers in the abbreviations given in
edge on the chemical potentials of precipitants offers new brackets indicate their weight average molecular weight in
possibilites to find an answer to the above question k9/mol, as determined by light scattering experimentisHn
concerning the necessity of ternary interaction parameters. methylpyrrolidone (NMP) at 3TC.
For the present investigation we have chosen solutions of N.N-dimethylformamide (DMF) of absolute grade (stored
under nitrogen atmosphere, in contact with molecular
* Corresponding author. Tel.+49-6131-39-22491; fax:49-6131-39-  S1€veS) was purchased from Fluka (Neu-Ulm, Germany).
24640. It was used without further purification but kept under
E-mail addressbernhard.wolf@uni-mainz.de (B.A. Wolf). Argon after opening. The mass fraction purity of the DMF
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as determined by gas chromatography amounts to 0.999.energy of the system in thermodynamic equilibrium on a
Acetone (AC, for spectroscopy) was also supplied by computer. This method [12] has already been applied to

Fluka and used without further purification. binary mixed solvents and to polymer solutions [8,10]. By
means of this iteration procedure it is possible to find out
2.2. Headspace-gas chromatography whether a certain interaction parameter depends on the

Measurements have been carried out with an apparatuscompOSItlon of the mixture, and—if this is actually the

consisting of a headspace-sampler (Dani HSS 3950, Milemo,came._t0 establish the most adequate equation for its math-
; ematical representation.
Italy) and a normal gas chromatograph (Shimadzu GC 14B, - .
: ; For the description ofj; we use three different expres-

Kyoto, Japan). This procedure gives access to the amounts . : i . .

S ., sions. The series expansion reported by Redlich and Kister
of the volatiles in a constant volume of vapor phase, which [13]
is in thermodynamic equilibrium with the liquid. From these '
data it is possible to calculate the partial pressures of theg; (¢) = b + c(2¢; — 1) + d(2¢; — 1% + e(2¢ — 1% + -
volatiles. A detailed description of the machine and the )
method has already been given [6—8]. . _ _

Samples of the different liquids (2.5 ml) were filled into Whereb, ¢, d ande are adjustable, the equation of Konings-
crimp top vials (capacity 5ml) and sealed with air-tight veld and Kleintjens [14],
septa. In order to guarantee thermodynamic equilibrium, B
they were conditioned for 24 h at constant temperature 9j(¢) = a +
inside the headspace-sampler before the analysis. The repro-
ducibility of the experimental results was checked by means with the adjustable parametats 8 andvy, plus the relation
of at least five independent measurements for each samplesf Wilson [15]
and temperature; the experimental error in the vapor pres- 1 1
sures is typically of the order of 1-3%—only for DMF it g; = — No In(1—-Ajg) — No In(1-Aje) 4
goes up to 6% as a result of its low volatility. i hd
All measurements were performed within the homoge- whereA; andA; are adjusted.

neous region of the different ternary systems known from  Two theoretical expressions accounting for non-random

the earlier experiments and theoretical analysis [10]. Keep- mixing were also used. The so called NRTL [16]:
ing the composition of the Ilow molecular weight

3
[ ©)

compounds constant, the concentration of the polymer g = & exp(—a€/RT)

was varied within the range from 25 to 85 vol%. According RTN ¢ + ¢/Nj[exp(—ae/RT)]

to this procedure, t'he co'mpo.smons of a samplg series are 6 exp(—ae/RT)

located on a straight line in the corresponding phase + 5)

diagram [11]. RTN ¢/N; + ¢[exp(—ag/RT)]

in which €;, €; and a are adjustable parameters, and the

3. Theoretical background foIIo_v_vin_g relation, based on the concept of quasi-chemical
equilibria [17,18]
The evaluation of experimental data is performed in 1+ I+ 4a,
terms of the well-known Flory—Huggins equation Ogce = G T’" (6)
AG - ; ;
BT = % In ¢, + % In ¢, + % IN ¢p + Q100105 Where' the interaction parametgyce accounting for the
1 2 P establishment of quasi-chemical equilibria, is calculated
from the interaction parametey;, referring to random
+ Gappree + Gopbage + Groppreap @ mixing (e.g. Eqgs. (2)—(4)), by means of the interchange
where index 1 stands for the solvent, index 2 for the preci- energye according to [17,18]
pitant, and index P for the polymer. For the calculatiolNof a0y = ¢ioy[exp(2w/KT) — 1]. )

the number of segments of componerthe smallest molar

volume of the constituents is taken as the segmental volume. Information on the binary interaction parametgsp

The possible ternary interaction parameters of the iiyper (which is normally not directly accessible) can be obtained

iPP { corresponding to 1 or 2) are, as usual, incorporated for one composition from swelling experiments with the

into the concentration dependence of the corresporgiing  binary mixtures and as a function of concentration by

Only ternary interactions between 1, 2 and P are dealt with modeling the phase diagrams measured for the ternary

explicitly in terms ofg;op systems. In the first case, it is possible to obtain the differ-
The measured partial pressures of the volatiles in multin- ential interaction parameter from the condition of equal

ary mixtures were evaluated with respect to the interaction chemical potentials of the solvent in the coexisting phases

parameters by means of a minimization of the Helmholtz by means ofgp"®! the volume fraction of polymer for
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Fig. 1. Experimentally determined reduced partial vapor pressures of DMF and AC as a function of the volume fraction of DMF of the mixti@esmnat 32
representation of these results by meangmfac. Solid line: calculated according to Eq. (5); broken line: calculated according to Egs. (4) and (6).

established swelling equilibrium [10]. Since this informa- solvent, given by
tion refers to one composition of the binary system only and . @1
nothing is known on the concentration dependence of the ¥1 = 1-¢=
differential interaction parameter we set it for the present

purposes equal to the integral paramgggF” so that we can The superscripts zero in Eg. (10) indicate that the inter-
write action parameters refer to vanishing polymer concentration.

—_— (1D
e1t ¢

Il Il
gng\)/eII _ _ In(1— (PISDWE )+ QDE’WG

el s (8 4. Results and discussions
(¢p™)

i . The solvent component (index 1) was DMF in all cases.
The modeling of the phase diagrams for the ternary 1yyq gifferent precipitants (index 2), namely AC and water,

systems has shown thgleis well described by have been used for PES as well as for PSU (index P). Partial
et 5 9 vapor pressures were in all cases measured at least at three
Gop(ep) = K+ lop + Mep ©) temperatures. In view of this large number of systems and

temperatures, only the most interesting and typical results
are presented in detail. More information is available on

request. In the subsequent presentation, the material is
grouped according to the nature of the precipitant since
the choice of this component turned out to be the most
important for the phenomena that are observed.

where the parameteks | andm are adjusted.

The discussion with respect to the ternary interaction
parameterg);,p rests on the expression reported by Figuer-
uelo [5].

0 0
« * 91rp92p
O128(¢1, ¥p) = O12(¥1)
1R YRS — 900020/ 00p) — O9p(0010/ 9 pp) 4.1. Systems containing acetone
o 01R(3G2p/9@p) + G2p(0010/ 0 p) 4.1.1. Binary sub-systems
+ @pg12(¢1) 5 5 - :
1 — 97(002p/d@p) — Oop(801p/d ©p) Fig. 1 shows how the reduced partial vapor pressures of

(10) DMF and AC vary with the composition of the binary mixed
solvent at 32C (the error bars, shown for representative data
This equation, which was established for dilute solutions only, result from a statistical analysis of the experimental
of a polymer in a mixed solvent, relatgs,p to the three data and considering all errors occurring during the
binary interaction parameters of the sub-systems. It is measurements). The composition dependencies of the
formulated for constant composition of the pure mixed binary interaction parameter, formulated in Egs. (5) and
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Table 1 these results are typical. The corresponding primary data
Interaction parameters for DMF/AC, the components of the mixed solvent, p5ye already been reported [11]. For the sake of compari-

i f hei ial in th f pol L .
as detgrmlned romt eir pa_rtla (\J(Sapor pressures int e absence of po ymerson, the parameters describigg{es) in the case of one
according to the cited relationgpyeac is the interaction parameter for . -
PES system are also included in Table 2.

=05
our First we have checked whether the vapor pressures
Interaction parameters for DMF/AC measured for the ternary systems can be calculated on the
T(C) 32 a1 50 basis of Egs. (8) and (9) by means of the parameters
Nowe(Nac = 1) 1.0435 1.0391 1.0346 obtained from phase diagrams. Since these dependencies
(cf. Fig. 2a) do not represent the findings with sufficient
NRTLEQ. (5)  o%Semc 0.2238 0.0539 0.1948 accuracy, we have formulated the two following relations:
elRT 7.1446 1.8402 3.3031
€/RT 0.0330  —0.7831 0.0025 9op = a+ bep 12
a 0.5955 0.5328 10515 \yherea andb are adjusted to the measured vapor pressures,
Quasi- e 0.2188 0.0631 0.1701 and
chemical
equilibria Eq. Gop = G357 + bl gp — (208" — 1)] (13)
(6). g; Ea. (4) L : -
A 1.0160 0.9752 0.9694 which is obtained from Eq. (12) by substituting the para-
A —-1.0117 —1.7695 —1.4337 metera using the information of the swelling experiments
€ 1.5675 1.0000 0.8351 (accounting for the differences between differential and

integral interaction parameters).

(6) in combination with Eqgs. (4) and (7), represent the Fig. 2a demonstrates that it is possible to predict the vapor

present data best. The observation that the parameters oP'€SSUres of the present terary system in an approximate
these relations, collected in Table 1, do not change system-Tanner on the basis of the binary interaction parameters
atically with temperature results from the fact that different ©Ptained from the independent measurements. From part b
sets of parameters describe the experimental results with®f thiS graph, it becomes obvious that the results can be
comparable accuracy. Equations assuming random mixingMedeled quantitatively within experimental erromgicesy

(Egs. (2)=(4)) turned out to be inadequate. is fitted to the measured vapor pressures. The best agree-
The binary interaction parametegg have already been

ment is obtained if one uses Eq. (12) and $ets 0. In this
reported [10]; the data fogscp Obtained from swelling

context it appears worthwhile to note that the interaction
experiments and from modeling of the ternary phase between the precipitant and the polymer results more favor-
diagrams are listed in Table 2.

able from the vapor pressures of the ternary system than
from swelling experiments with the binary sub-system (cf.
Table 2). In conclusion of the valuation of the experiments
with the mixed solvent DMF/AC it can be stated that there is
no need to account for extra effects stemming from ternary
interactionsl—2—P inthis special case under consideration.

4.1.2. Ternary systems

Out of the many measurements with mixtures of DMF,
AC and PES or PSU, only that for PSU at one composition
of the mixed solvent and at 32 is shown graphically, since

Table 2 4.2. Systems containing water

Concentration dependenciesgat e resulting from either the evaluation of .
the phase diagrams or from vapor pressures measured for the ternary4-2.1. Binary sub-systems

systems, exemplified for DMF/AC/PSU 39¢c = 0.232) and DMF/ The thermodynamic properties of the mixed solvent
ACIPES (49w)¢ac = 0.341) at 32C consisting of DMF and water have already been reported
Interaction parameters PSU39w  PES 49w [8], as well as the determination [10] gip (by means of
AC/PSU and AC/PES HS-GC andlllght scattgnng) arys (from swelling data and
from modeling according to Eqgs. (8) and (9)).
Eq. (8) (swelling experiments)  g5ue! 0.80 0.74
Eq. (9) (modeling of the phase ey 0.93 0.98 4.2.2. Ternary systems
diagrams) Solutions of PES or PSU in the mixed solvent DMKH
:‘ _8'82 82(2) exhibit an outstanding feature [11]. The vapor contains
m 016 0.05 considerably more precipitant than calculated along the
usual thermodynamic lines. From Figs. 3 and 4, which
Bq. (12) (vapor pressurds=0)  a 0.434 0.327 present some results for PES and two constant compositions
Eq. (13) (vapor pressurel’ # e 0.573 0.423 of the mixed solvent, it can be clearly seen that the partial
0 . vapor pressure of water increases markedly as the polymer
b’ —0.493 —0.547 concentration rises. Atp = 0.85 it becomes more than
el 0.520 0.460 i

twice as large than in the absence of the polymer. This




C. Barth, B.A. Wolf / Polymer 41 (2000) 8587-8596 8591

1.0 r T T - T T DMF / AC / PSU 39w
> ¢, = 0232, T=32°C
0.8F e 00 0° -
| DMF NG _
NS
< 0.6 N .
3 e e s 0 -
0.4} ° -
L _
0ok NN NNy g e |
_ AC " I\\\\
! 1 1 1 ! l 1 | \ \\
0.0 0.2 0.4 0.6 0.8 1.0
(a) Ppsu sow
1.0 ————T———————— DMF/AC/PSU 39w
5 (p*AC =0.232, T=32°C
0'8 - T 0] (@] o ©
| DMF o |
< 0.6 F -
3 Ll e e o]
02F e - 1
_ AC _
0.0 0.2 0.4 0.6 0.8 1.0
(b) q)F’SU 39w

Fig. 2. Reduced partial vapor pressures of the volatiles for the system DMF/AC/PSU 39%Cair82at constant composition of the mixed solvgrit =
0.232. The curves are calculated on the basis of the independently determined binary interaction pagymetersand gowrac by means of different
information concerning the interaction between the precipitant and the polymer. (a) Calculated with independently degrepipessolid line: from
swelling experiments; broken line: from modeling of the measured phase diagram. (b) Adjustmentefto the measured partial vapor pressures—solid
line: gacpsy = constantbroken line: linear dependence on polymer concentration according to Eq. (13).

behavior can be understood qualitatively on the basis of the The quantitative discussion of the measured reduced
largely different binary interaction parameteys and gzp. vapor pressures of the volatiles shown in Fig. 3 is at first
The precipitant interacts so unfavorably with the polymer exclusively based on binary interaction parameters again.
(as compared with the solvent) that it is increasingly prefer- The different curves shown in Fig. 3a testify that it is impos-

ring the gas phase over the liquid phase as the polymersible to account for the preferential evaporation of water,
concentration rises in order to avoid these contacts. neither by usingy; values that reproduce the phase diagram
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Fig. 3. Reduced partial vapor pressures of the volatiles for the system DRIFPHS 49w at 4’C and at constant composition of the mixed sol\(@ﬁ,go =
0.028). The curves are calculated on the basis of the independently determined binary interaction pagymetesand gomem,0 by means of different
information concerning the interaction between the precipitant and the polymer. (a) solig{jspes = constantadjusted to the measured partial vapor
pressures; broken lingy,opesfrom the modeling of the measured phase diagram; dotteddingresfrom swelling experiments. (o, opesadjusted to the
measured partial vapor pressures—solid line: linear dependence on polymer concentration according to Eq. (12); broken line: linear depehygtapece on p
concentration according to Eq. (13).

nor if gy, 0p is adjusted by a constant. In all cases the partial measured values, whereas that of DMF remain rather
vapor pressure of water is predicted considerably too smallunchanged (cf. Fig. 3b). However, a closer look at the
at high polymer concentration and consequently that of data range o, op reveals that this interaction parameter
DMF by far too large. The adjustment @f;,op ON the starts negative at low polymer contents and becomes posi-
basis of Egs. (12) and (13) (cf. Table 3) shifts the vapor tive with rising polymer concentration. This feature and the
pressures calculated for water markedly towards the extremely large range of values (from ca20 to +20) are
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Fig. 4. Reduced partial vapor pressures of the volatiles for the system DEF?PHS 49w at 4°C and at constant composition of the mixed sol\(@nﬁ,tzo =

0.056). The curves are calculated on the basis of binary and ternary interaction paraggigess andgpvem,o stem from independent measurements and
Oomrm,0pEsiS calculated according to Eq. (10) by means of different information concerning the interaction between the precipitant and polymer. Solid line:
On,0es from swelling experiments; broken line: from modeling of the measured phase diagram; dotted line: linear dependence on polymer concentration
according to Eqg. (13); dash-dotted line: linear dependence on polymer concentration according to Eq. (14).

physically not meaningful and constitute a further indication parameters. Figs. 4 and 5 show the results for two different
that binary interaction parameters do not suffice for the possibilities to modet);,p.

description of the present system.

The theoretical curves of Fig. 4 are based on a relation

For that reason we have investigated whether it is possi-reported in the literature [5]. According to this approach
ble to account for the observed preferential expulsion of (Eg. (10)), developed for dilute polymer solutions in a

water from the liquid phase by means of ternary interaction mixed solvent,

Table 3

Concentration dependencies@y,op resulting from either the evaluation

the ternary interaction parameter is
composed of the three binary interaction parameters. For
0» We have used the relations of the previous section
(Egs. (8), (9), (12) and (13)) again and additionally intro-

of the phase diagrams or from vapor pressures measured for the ternaryduced the following expression
systems, exemplified for DMFA®/PSU 39W(¢(;,0 = 0.014) and DMF/
H,O/PES 49W(¢fy,0 = 0.028) at 4TC

Interaction parameters,®/PSU and HO/ PSU 39w PES 49w
PES
Eq. (8) (swelling experiments) ~ g5&e! 4.03 2.70
Eq. (9) (modeling of the phase g% 2.45 2.22
diagrams)
k 2.45 2.15
| 0.00 0.13
m 0.00 0.00
Eq. (12) (vapor pressurds= 0) a 3.36 3.21
Eq. (12) (vapor pressurds# 0)  g32p -16.50 -7.25
a —-37.10 —18.40
b 41.20 22.30
Eq. (13) (vapor pressures) e -0.02 -5.88
b* 8.43 19.50
gpvel 0.99 0.97

Gop = Gor° + b — (262" — 1))

+¢'lep — 5" 3" - 2)] (14)
which constitutes the extension of Eq. (13) by one adjusta-
ble parameter modeling a curvaturegs(ep).

From the results of these calculations, plotted in Fig. 4, it
becomes obvious that a linear concentration dependence of
02r (EQ. (13)) reproduced/py(H-0) at least qualitatively and
that the adjustment of two parameters (Eqg. (14)) describes
the situation reasonably well. But still the calculated partial
vapor pressurep/po(DMF) is by far too large for high
polymer concentrations, as with the neglect of ternary inter-
action parameters in the last section. One possible reason for
the failure of Eq. (10) could lie in the fact that it was estab-
lished for dilute solutions and is therefore inapplicable to the
present situation.
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Fig. 5. Reduced partial vapor pressures of the volatiles for the system DRIFPES 49w at 4°C and at constant composition of the mixed sol\(epﬁ,(zo =

0.056). The curves are calculated on the basis of binary and ternary interaction paraggigrss andgpmrn,o Stem from independent measurements and
Jomem,opesiS Calculated according to Eq. (17) by means of different information concerning the interaction between the precipitant and polymer. Solid line:
linear dependence on polymer concentration according to Eq. (14); broken line: linear dependence on polymer concentration according to Eg. (13).
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Fig. 6. Reduced partial vapor pressures of the volatiles for the system DRIF?BU 39w at 49C and at constant composition of the mixed solvéaf;,o =

0.014). The curves are calculated on the basis of binary and ternary interaction paramgtessy andgpmem,o Stem from independent measurements and
Oomrm,0rsu iS calculated according to Eq. (17) by means of different information concerning the interaction between the precipitant and the polymer. Solid
line: linear dependence on polymer concentration according to Eq. (14); broken line: linear dependence on polymer concentration accordB)g to Eq. (1
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In order to get rid of that restraint, Eq. (10) is slightly terms of interaction parameters, this would mean that

modified. We maintain the assumption thai-is a function ternary interaction parameters, as formulated in Eq. (10)
of the three binary interaction parameters of the sub- or (17), do no longer suffice to describe this particular
systems, according to situation.
One aspect of the above results deserves further
Y12p ° G1201PG2p (15 comment, namely the fact that the vapor pressures of
and also formulate the concentration dependenagpfs water are modeled with reasonable accuracy for the system
in the original work [5], with the only difference, that the DMF/H,O/PES, in contrast to that of DMF, which emerges

last term is no longer restricted to the dilute regime by far too large. Since the Gibbs—Duhem equation is forc-
edly obeyed during the theoretical evaluation of primary

; 0 9G10p data, there remain two obvious possibilities to explain that

Giae 1, ¢p) = Gzl e) qDP( dep ) (16 finding. The more likely of them is an inadequate formula-

. _ o . _ tion of the ternary interaction parameters. The other option
Inserting Eq. (15) and its derivations into Eq. (16) yields consists in experimental errors of the partial vapor pressures
the following expression for the dependence of the ternary at high concentrations of PES, which are however, rather

interaction parameters on polymer concentration improbable in view of the agreement between experiment
and theory for the systems DMF/AC/PES, DMF/AC/PSU,
G12K(P1. @p) = G1a(pDIG1pG2P + @p(G1p(9T2e/0pp) and DMF/HO/PSU.
+ O2p(001p/0 ¢p))] 17 _
5. Conclusions
The evaluation of the present data on the basis of Eq. (17)
and of the polynomials formulated fagr in the Egs. (13) Measured partial vapor pressures of the volatiles for poly-

and (14) yields the results shown in Fig. 5. From this graph it mer solutions in mixed solvents in combination with known
becomes obvious that the agreement between experimenphase diagrams plus the theoretical evaluation of these data
and theory has not improved significantly, at least for the demonstrate beyond doubt that systems exist for which
present system. binary interaction parameters do not suffice to describe
In order to check whether this statement is a particularity their thermodynamic behavior.
of PES or more general, we have also evaluated the results In a first valuation of the present results we conclude that
of solutions of PSU in the mixed solvent DMF@ by one condition that brings the necessity of ternary interaction
means of Egs. (10) and (17). The original version for the parameters into play consists in a very pronounced prefer-
ternary interaction parameter again turned out to be insuffi- ence of the polymer for the solvent, in combination with an
cient, whereas the modified version reproduces the experi-insufficient supply of this component due to the composition
mental results quite accurately (cf. Fig. 6) if Eq. (14) is used of the mixed solvent. It is self-evident that additional
for the concentration dependencegzs. experimental material is required to obtain a more detailed
In a common valuation of all results presented here it can understanding of the observed phenomena. Above all it will
be stated that ternary interaction parameters as formulatedbe necessary to vary the binary interaction parameters
in Eq. (10) are at least for the systems with very powerful systematically. One special combination that leads to the
precipitants incapable to describe the vapor pressure dataphenomenon of cosolvency appears particularly interesting
Some generalization according to Eq. (17) seems to bein that context. For systems exhibiting that behavior the
useful for mixtures with low content of precipitant (DMF/ interaction between the components turns a mixture of
H,O/PSU) or weaker precipitants, while systems with high two liquids, which are both non-solvents for the polymer
water concentrations (DMFAD/PES) still lack adequate under consideration, into a thermodynamically good solvent
theoretical description. Only a speculative explanation can [19,20].
be offered for these findings. Reasoning on the basis of a On the basis of the then available broader information
pronounced preference of both polymers for DMF leads to concerning special effects reflecting the immediate neigh-
the following plausible situation: the larger solvent content borhood of molecules in systems composed of three or more
of the mixed solvent in the case of PSU guarantees acomponents it will be worthwhile to start a new attempt for
sufficient surplus of this component; even at very high the theoretical calculation of multinary interaction para-
polymer concentration it is therefore possible to establish meters from pair interactions.
many favorable contacts to the polymer without large
entropy costs. With PES, on the other hand, the DMF
concentration in the mixed solvent is considerably less Acknowledgements
and this depletion requires the expulsion of a larger
fraction of water into the vapor phase in order to facilitate =~ We are grateful to the Deutsche Forschungsgemeinschaft
a larger number of highly advantageous 1—-P contacts. Infor financial support.
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