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Strong isotopic labeling effects on the pressure dependent thermodynamics
of polydimethylsiloxane Õpolyethylmethylsiloxane blends
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Using photon correlation spectroscopy we show that isotopic labeling can strongly alter the pressure
dependent thermodynamics of polydimethylsiloxane/polyethylmethylsiloxane blends, while each
blend enhances its miscibility upon pressurization up to 2 kbar. The pressure dependence of the
Flory interaction parameter,x, changes by a factor of 4 when the deuteration of side groups is
switched from one polymer to the other, but its pressure dependence is always negative. These
results may be understood as being driven by the very different negative excess volumes of mixing
for these different isotopic blends. We have attempted to unify our understanding of the role of
pressure on blend thermodynamics into a single master plot by examining our data on volume
changes on mixing vs the interaction parameter for the polysiloxane blends, and those from neutron
scattering experiments on polyolefin blends and on a blend of a polyolefin and a polysiloxane. We
find no universal trends when examined on this basis, and instead observe that variations in the
chemical identity of the polymers in question and their chain lengths lead to very different plots.
Further, since both neutron scattering and light scattering provide the same qualitative results, we
argue that these results are not artefacts of either experimental technique. Our results strongly argue
that the role of pressure on blend thermodynamics are much more complex than previously
anticipated, and stress the need for improved theories for this important class of experiments.
© 2002 American Institute of Physics.@DOI: 10.1063/1.1428346#
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I. INTRODUCTION

Previously,1,2 it has been shown that pressure can
hance the miscibility of model blends which exhibit upp
critical solution temperature~UCST! behavior.3 These results
are surprising since most typical UCST blends demonst
the opposite behavior, i.e.,]Tc /]P>0.4,5 The observed com
patibilization upon compression for the polyethylmethyl
loxane ~PEMS!/polydimethylsiloxane~PDMS! blend, i.e.,
]Tc /]P'225 K/kbar,1 has been unambiguously attribute
to its negative volume change on mixing,DV, which was
measured on identical samples.6 In contrast, most UCST
blends possessDV>0,7 providing a basis for explaining th
decreased miscibility of typical polymer blends on press
ization.

The role of pressure on the thermodynamics of polym
blends can be understood by a straightforward extensio
the Flory–Huggins free energy of mixing two polymers p
lattice site,DGmix ,8,9
1180021-9606/2002/116(3)/1185/8/$19.00
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~12f!

NBvB
ln~12f!1

x

v0
f~12f!.

~1!

Here Ni and v i are the degree of polymerization and th
molar volume for speciesi, respectively,f is the volume
fraction of speciesA, andv0 is a reference volume.x is the
interaction parameter which includes all of the consequen
of pressurization on blend thermodynamics. Lefebvreet al.7

and Kumar9 showed that, to better than 1%, the role of pre
sure is captured by the simple relationship,

x~P!5x~P50!2
Pv0

2RTF]2~DV/v incom!

]f2 G
T,P

, ~2!

wherev incom is the molar volume of a hypothetical mixtur
which has no volume change on mixing. This equation c
be derived by using the Maxwell relationsh
]3DGmix /]f2]P5]3DGmix /]P]f2 and postulating that the
resulting derivative on the right-hand side is pressure in
5 © 2002 American Institute of Physics
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1186 J. Chem. Phys., Vol. 116, No. 3, 15 January 2002 Beiner et al.
pendent. Note that the application of this Maxwell equat
using the experimentally derived values ofx is not affected
by fluctuations, and hence the Ginsburg criterion, for a
chosen blend. Thus Eq.~2! may be regarded as a genera
applicable relationship for systems with low compressibili
i.e., far from their gas–liquid critical points. For PDMS
PEMS, characterized byDV5nI v incomf(12f), it follows
from Eq. ~2! that

F ]x

]PG
T

5
v0

RT
nI . ~3!

Since experiments for the PEMS/PDMS blend show than
52331022 and (]x/]P)T,f52531026 bar21, Eq. ~3! is
obeyed remarkably well by this model system. In addition
suggesting the experimental applicability of Eq.~3!, Ref. 7
has also shown the additional result thatnI scales with the
x(P50) for a class of saturated hydrocarbon polymers. T
constant of proportionality between these quantities wh
describes experimental data is unknown, even though
proportionality was derived on general thermodynam
grounds 65 years ago.10,11More recently Kumar9 showed for
systems which obeyed regular solution theory,

nI .x~P50!
kTRT

v0
, ~3a!

wherekT is the isothermal compressibility of the liquid.
obeyed by real systems, this implies that a correspond
states principle, based on a single variable, can explain
role of pressure on the thermodynamics of the ideali
polyolefin blend systems.12 The application of Eq.~3a! to
typical polyolefins can be made by assigningkT

50.06 kbar21, v05150 cm3/mol and T5400 K. This sug-
gests thatnI 50.013x(P50), which should be contraste
with the experimental results,7 nI 50.17x(P50)27.6
31025. Thus, the physics embodied in Eq.~3a! misses im-
portant features of the experimental data, and the role
pressure on system thermodynamics remains poorly enu
ated at this time.

To better understand the role of pressure on blend t
modynamics, we have extended our light scattering work
h-PDMS @h-M #/h-PEMS @h-E#,1 to h-M /d-PEMS @d-E#
and d-PDMS @d-M #/h-E blends each comprised of cha
with very similar lengths. We have employed photon cor
lation spectroscopy to elucidate the pressure dependenc
the Flory interaction parameter,x, and from there estimate
the excess volume change on mixing of this blend@using Eq.
~3!#. We then show thatnI does correlate withx(P50), as
expected, but that the slopes of the lines for the differ
isotopic blends considereddepend strongly on the chemic
identities and chain lengths of the polymers in questi.

TABLE I. Sample characteristics.

Code NPDMS NPEMS

Mw
PDMS

~g mol21!
Mw

PEMS

~g mol21! FPDMS Tc

d-M /h-E 224 259 17 850 22 000 0.52 '122
h-M /h-E 263 275 19 450 24 250 0.51 62
h-M /d-E 210 262 20 000 21 500 0.53 '40
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These results illustrate that pressurization of polymer ble
may not be understood in a simple corresponding states m
ner, and implies that pressure effects on blend thermodyn
ics are more complicated than anticipated based on pas
periments.

II. EXPERIMENT

A. Sample preparation

The various polymers used were synthesized by anio
polymerization~see, e.g., Ref. 13!. Accordingly, relatively
sharp fractions of material are obtained which are analy
by gel permeation chromatography for the molecular wei
distribution. The parameters resulting from this analy
are summarized in Table I. We prepared samples with th
critical composition, as derived from the mean-field pred
tion, i.e., fc5NPEMS

1/2 /(NPDMS
1/2 1NPEMS

1/2 ) for PDMS. Proper
amounts of polymers were dissolved inn-hexane and filtered
through Millipore Teflon filters~0.22 mm! into a 1

2 in. o.d.
dust free light scattering cell. To remove the solvent t
samples were held under vacuum for several days
T.Tc . Note that, as expected from past work, switches
isotopic labeling dramatically alter the critical temperatur
of these blends.

B. Experimental setup

Hydrostatic pressure in the range 1–1750 bar is app
by compressing nitrogen gas from a Nova Swiss membr
compressor. To ensure that no gas will diffuse through
sample to the position of measurement~at the bottom of the
cell!, a diffusion path of 2 cm length is attached on top of t
sample in the form of a moving piston. The piston is sea
by a Viton O-ring to the inner surface of the cell. Since t
diffusion coefficient of N2 in liquids is of the order of
1025 cm2/s at ambientP, we estimate the time for a saf
experiment to be;6 h.

The light scattering cell used for this study is identical
the one which has been described previously.14 We have used
an argon ion laser~Spectra Physics! operating at l
5488 nm. The incident polarization is verticalV. Mono
mode fibres were placed close to the optical windows of
pressure cell, and their output fed into the input of an AL
monitoring system essential for measuring the full autoc
relation function of the scattered light intensity with an AL
5000 correlator. While no analyzer was used, neverthel
the polarization of the scattered light isV to a very good
approximation since PDMS and PEMS exhibit almost
depolarized scattering~about two orders of magnitud
smaller thanRVV of toluene!. All intensities were measured
with respect to toluene thereby using the Rayleigh ratio
RVV

Tol53.9631026 cm21.

C. Data treatment

The static structure factorS(q) is obtained fromI (q) via

S~q!5
I ~q!l4rNLRVV

Tol

I TolnTol
2 4p2~nA2nB!2Mmon

, ~4!
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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where NL is the Avogadro number,r5fArA1fBrB , the
density ~A,B: components! n the index of refraction of the
appropriate species, andMmon5fAMA

mon1fBMB
mon the

monomer molar mass. Itol and nTol are the intensity and re
fractive index of the toluene standard. The desired auto
relation function of the scattered electric fieldg(q,t) is re-
lated to the measured intensity time correlation funct
G(q,t) through the Siegert relation,

G~q,t !5^I ~q!&2$11 f a2ug~q,t !u2%, ~5!

where^I (q)& is the mean intensity,f is an instrumental fac-
tor, anda is the fraction of the totally scattered intensit
I c(q)/I (q), arising from concentration fluctuationsfq(t).
g(q,t)5^fq(t)f2q(0)&5S(q,t)/S(q) is identified as the
concentration autocorrelation function whereS(q,t) is the
dynamic andS(q)5^ufq(0)u2& is the static structure factor
The time evolution ofS(q,t) is given by

S~q,t !5S~q!exp~2G~q!t !, ~6!

with G(q) being the Rayleigh linewidth, which is identifie
with the collective thermal decay rate of composition flu
tuations fq(t). Figure 1 shows the experiment
S(q,t)/S(q) for the polymer blendsd-M /h-E at 105 °C,
h-M /h-E ~sample A in Ref. 1! at 50 °C andh-M/d-E at
40 °C, respectively, at different pressuresP. All relaxation
functions decay exponentially, in agreement with Eq.~6!,
yielding the diffusive~q2-dependent! rateG(q).

At low wave vectors q→0,S(q→0)[S(0)
5(]2DG/kT/]f2)T,P and Eq.~1! leads to

S~0!2152„xs2x~T,P!… ~7!

with 2xs5(fANA)211(fBNB)21, the value of the interac
tion parameter at the spinodal. FurthermoreG(q) is con-
nected to thermodynamics via the random phase approx
tion,

G~q!5f~12f!
L

S~0!
q2, ~8!

whereL is the purely kinetic Onsager coefficient, which
proportional to the local segmental mobilityw0 .15 Access to
both the interdiffusion coefficientD5G(q)/q2 and S(0)
}I c in the limit q→0 is possible through our dynamic ligh
scattering experiment and provides complementary, s
consistent information which is not possible to get by oth
methods like SANS.

III. RESULTS

As noted above, the intermediate scattering funct
S(q,t) is well described by Eq.~6! yielding the interdiffusion
coefficient D5G(q)/q2. In all three cases, we clearly ob
serve an unexpected speeding up ofS(q,t) with increasingP
shown up toP5400 bar~Fig. 1!. Above this pressure, th
kinetic effect, i.e., the reduced mobility cancels the therm
dynamic effect ofP. The latter is reflected in the static stru
ture factorS(0), which sharply increases with decreasingP
below 400 bar~Fig. 1!. Figure 2 clearly demonstrates th
pressure compatibilizes this polysiloxane blends. As pre
ously shown in Ref. 1, the decrease ofS(0) with P is respon-
sible for the increase ofG @Eq. ~8!# and hence the speedin
Downloaded 21 Dec 2006 to 134.94.122.39. Redistribution subject to AIP
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up of S(q,t) in Fig. 1. Obviously the pressure effect on the
modynamics overcomes the countereffect ofP on the mobil-
ity @L in Eq. ~8!#, at least in the vicinity ofTc(P). At higher
P the influence on the mobility term may become importa
as found in a low molecular massh-M /h-E blend~system C
in Ref. 1!, where dynamic data was collected forT.Tc

1100 K.
While our data in Fig. 2 show that pressure effects le

to a stabilization of blend miscibility at low pressure, data
high pressures~up to 1750 bar! for the most immiscible
blend,d-M /h-E ~for code, see Table I!, appear to suggest
flattening or even a slight increase ofS(0) with P. This trend
of increasingS(0) with P is a sign of incompatibilization,
which was a typical case in polymer blends,4 and tentatively
suggests that re-entrant pressure dependent behavior m
be feasible at even higher pressures. It should also be n
that this behavior is different in block copolymer systems16

where a re-entry in the phase diagram with a clear inten
minimum was found. However, block copolymer systems

FIG. 1. The dynamic structure factorS(q,t) as a function of logt for sample
d-M /h-E at T5105 °C ~a!, h-M /h-E at T550 °C ~b!, and h-M /d-E at
T540 °C ~c!. T for q50.034 nm21 and various pressures in increasing o
der as indicated by the arrow:P/bar: 175, 200, 240, 400~a!; P/bar: 125, 150,
200, 300, 400~b!; P/bar: 1, 100, 200, 300, 400~c!. The lines connect the
experimental points.
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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truly one component systems and can not be compared
blends, which are regular physical mixtures.

The effect of pressure on the material dependent pro
ties is demonstrated in Fig. 3, whereD is plotted againstP
for variousT’s for all three blends considered. The maximu
of the functionD(P) was found to shift to elevatedP with
decreasingT clearly indicating that higherP is needed to mix
at low T. The shift of the phase boundary to lowerT with P
is evident as highS(0) values~cf. Fig. 2! are attained only a
lower T with increasingP.

Whether thermodynamics alone fully accounts for t
critical behavior of interdiffusion can be checked from t
monotonic dependence of purely kinetic coefficientL with T
and P according to Eq.~8!. For the blendh-M /h-E,1

L(T,P) displays no extremum, and exhibits a rather weakT-
and P-dependence, which is the expected behavior fo
blend that is far fromTg and Tc .15 The activation volume
DV#5RT(] ln L/]P)T and the activation energyDE
5R(] ln L/](1/T))P quantify theP and T dependence ofL
in the pressure range 500–1000 bar.DV# for the three blends
assumes a very similar value of 6064 cm3/mol. In contrast,
the low activation energy,DE, is associated with larger er
rors and does not yield meaningful trends. A reliable estim
of DE at constantP can be obtained from the values ofL in
d-M /h-E ~at high T!, h-M /h-E ~intermediate T!, and
d-M /d-E ~at low T!. Thus an Arrhenius temperature depe

FIG. 2. The static structure factorS(0) as a function of pressure for variou
temperatures as indicated in the plot. The lines are to guide the eye.
Downloaded 21 Dec 2006 to 134.94.122.39. Redistribution subject to AIP
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dence ofL at 90 °C, 65 °C, and 40 °C from the data in Fig
2 and 4 leads toDE51665 kJ/mol. The speed up effect o
pressure onS(q,t) in Fig. 1 is therefore of purely thermody
namic origin.

In Fig. 4 we plot 1/S(T,P) vs 1/T @Eq. ~7!# at various
pressures to obtain the enthalpic,xh , and entropic,xs , con-
tributions to the Flory parameter,x,

x5
xh

T
2xs . ~9!

For the three blends, 1/S(T,P) decreases linearly with 1/T
supporting the validity of Eq.~9! in this context. In agree-
ment with past work,1,4,7 and with theoretical
expectations,9,17 Fig. 5 shows thatS21(P,T), and hencex,
vary linearly with pressure. In contrast to experimental
sults on typical UCST polymer blends,4 x decreases withP
in accordance with the observed compatibilization effect
P. We find (]x/]P)T,P524.731026 atm21 at 50 °C for
h-M /d-E, 22.331026 atm21 for h-M /h-E at 80 °C, and
21.031026 atm21 for d-M /h-E at 105 °C. These results ar
in the same range as the (]x/]P)T,P521431026 obtained
from SANS for the PEE/PDMS blend2 at atmospheric pres
sure andT5144 °C. The overall (]x/]P),0 results from

FIG. 3. The interdiffusion coefficientD as a function of pressure for variou
temperatures as indicated in the plot. The lines are to guide the eye.
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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an increase of bothxh andxs with P, whereas for the case
where (]x/]P).0, it was found that]xh /]P.0 and
]xs /]P,0.

For h-M /h-E, we have previously illustrated tha
(]x/]P)T,f is in agreement with the negative volum
change of mixing as described in Eq.~3a!. From Eq.~3a! we
obtain nI y incom5212.431022 cm3/mol for h-M /d-E, 26.5
31022 cm3/mol for h-M /h-E, and 23.631022 cm3/mol
for d-M /h-E. While x(T) at 1 bar increases only by 20%
unI u becomes more than three times larger fromd-M /h-E to
h-M /d-E at the corresponding temperature of Fig. 5. Use
Eqs. ~3! and ~3a! suggests that (]x/]P)T,f5x@P50#kT .
Since the isothermal compressibility of a polymer liqu
does not change significantly for such changes in temp
ture, our results show that the regular solution approach c
not describe the behavior of these systems on pressuriza
This point has been appreciated before.7

Figure 6 shows the temperatureTc at which the onset of
visible phase separation in our blends was observed f

FIG. 4. The inverse structure factorS21(0) vs 1/T at different pressures a
indicated in the plot. The solid line represents linear fits of the mean fi
Eq. ~7! to the data. The temperatures atS21(0)50 are experimental values
obtained from turbidity measurements. Sample code as in Fig. 1.
Downloaded 21 Dec 2006 to 134.94.122.39. Redistribution subject to AIP
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a

range of pressures. Since the systems respond very fa
pressure changes we chose to determine the pressurePc be-
low which a phase separation occurs at a givenTc . These
turbidity temperatures are similar within experimental unc

d

FIG. 5. Variation of the computed interaction parameterx from the enthal-
pic partxh /T and entropic partxs ~obtained from the intercepts and slope
of Fig. 4 at different pressures! at T5105 °C~top!, T580 °C~middle!, and
T550 °C ~bottom! at different pressures where the symbols¹ denote the
computed values ofx5xh /T2xs!. Sample code as in Fig. 1.

FIG. 6. Demixing curves for the blends under study. The two phase re
is below the respective solid line. For the systemh-M /h-E two pairs ofN
are given being codeA, B from Beineret al. ~Ref. 1!.
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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TABLE II. The interaction parameter,x(T,P)5x(T)p51 bar1(]x/]p)P.

Blend d-M /h-E h-M /h-E h-M /d-E

x(T)p51 bar•1035 ~0.1960.17!103

T
1~7.8260.44!

~3.1560.11!103

T
2~1.9460.34!

~6.8560.44!103

T
2~13.461.5!

S ]x

]pD •106 bar215
~4.760.3!103

T
2~13.560.7!

~4.460.3!103

T
2~13.560.7!

~1.460.1!104

T
2~4763!
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tainties with those from the extrapolatedS21(0)→0 in Fig.
4. All samples display]Tc /]P^0 despite the fact that th
mixing is exothermic. The observed pressure effect is sign
cant,;25 K/kbar~even larger ford-M /h-E!, which is com-
parable in magnitude to those reported for other UCST s
tems where pressure induces demixing.

IV. DISCUSSION

To obtain a unified understanding of the role of press
on blend dynamics, we compare and contrast our dat
those on polyolefin blends presented recently by Lefeb
et al.7 and on a polyolefin/polysiloxane blend presented
Schwahnet al.2 In particular, we shall examine if a relation
ship similar to Eq.~3a!, i.e., x(P50)}nI , can describe all
sets of data.

Thex(T,P) for the three blends considered here, as
tained from the static structure factor of Fig. 4 can be co
puted fromx(T,P50) and]x/]p. The temperature depen
dences of these two quantities for each blend are liste
Table II. Thex for the PEMS/PDMS blend displays a stro
ger pressure dependence at lower temperatures@Fig. 7~a!#.
Further,h-M /d-E exhibits the strongest andd-M /h-E the
weakestP-dependence ofx among the three blends. Figur
7~a! further shows that (]x/]P) is different for all three
blends, contrary to the (]x/]P) in four polymethylbutylene/
polyethylbutylene blends only depended onx(P50) and is
independent off andN. In these polyolefin blends, pressu
induces incompatibilization and hencen.0.7 However, in
both systems (]x/]P)T,f increases with 1/T.

In Fig. 7~b! the x values atP51 bar are plotted vs 1/T
for the three polysiloxane blends. Clearly, these values
rather different, reflecting the disparity depicted in Fig. 7~a!.
The first concern when one views these data is if the li
scattering experiments, or the differences in analysis pro
dure between light scattering and SANS, may yield th
unusual results. SANS was used to determinex values at 1
bar for the h-M /d-E and d-M /h-E blends.18 The SANS
derived x values x54.7/T-0.004 for d-M /h-E (T
;140– 230 °C) and x57.8/T-0.018 for h-M /d-E (T
;70– 140 °C), compare favorably with the data in Fig. 7~b!
extrapolated to these ranges. To further confirm that
analysis procedure in light scattering does not distort
findings, we have reanalyzed our light scattering data us
the standard procedure employed in SANS. Since we
effectively no change, within experimental uncertainty, in t
derivedx values at least at 1 bar pressure it is clear that
light scattering derivedx values are unambiguous.
Downloaded 21 Dec 2006 to 134.94.122.39. Redistribution subject to AIP
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Two questions now remain to be addressed in light of
experimental results discussed in this paper. First, we nee
understand the strong isotope effect on thex parameter, and
also on its pressure dependence. Second, we need to u
stand the general applicability of the results reported he
That is, we need to know ifnI values scale linearly with
x(P50), as suggested by Lefebvreet al.,7 and if the depen-
dence is system independent.

To probe the first question we refer to recent work

FIG. 7. ~a! The pressure derivative of the interaction parameterx vs the
inverse temperature.~b! The x-parameter at ambient pressure as a funct
of the inverse temperature and~c! relationship between the parametern/n0

for the volume change of mixing and thex(P50) for the three samples a
indicated in the plot. The solid line in~b! indicates extrapolatedx values
obtained ford-M /h-E from SANS ~Ref. 18!.
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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Krishnamoorti and co-workers19 who had suggested tha
swapping isotope labeling between the two components
blend lead to changes in miscibility that were explaina
through changes in the solubility parameter on deuterat
To elaborate with particular emphasis on our example,
note that h-M /d-E is the most soluble blend, while
d-M /h-E is the least soluble. Krishnamoortiet al.19 suggest
that deuterating a polymer would lower its solubility para
eter,d. Based on this statement and the regular solution d
nition of x;(d12d2)2, it would be reasonable to conclud
that dhM,dhE , and further thanddM,dhM , and ddE

,dhE . There is one complicating factor, however, whi
prevents us from using this approach further to underst
the experimental results presented here. Previous work
Beaucageet al.20 has shown that the isotopicx parameter in
the case of PDMS is negative and large, although the ent
pic part of the interaction parameter itself appears to be p
tive as expected. For the chain lengths examined in
work, Beaucage suggests an isotopicx;2531023. Since
the solubility parameter approach described above o
works in the case of positivex values, it appears that thi
methodology cannot be successfully applied to the prob
of interest.

Therefore, we are forced to conclude that current ide
which use the solubility parameter approach, cannot be u
to rationalize the strong isotope dependence of the pres
dependence of the interaction parameter in this case.
possible, as suggested by Beaucageet al.,20 that the changes
in coil dimensions on blending in the case of these silox
polymers21 might play a critical role in this case. We conje
ture that such changes in chain dimensions might be im
tant since the two classes of blends which have obse
negative volume changes on mixing both involve siloxa
based polymers.2 Apart from these conjectures we offer n
conclusive understanding of the results reported in this pa

To address the second issue, we plot thenI values as a
function of x(P50), as suggested by Lefebvreet al.7 It is
clear that, while the data from any one system appear
follow a linear dependence between these quantities,
three different sets of experimental data for the siloxa
blends do not superpose@Fig. 7~c!#. To seek a better under
standing of this situation, we have replotted Fig. 7~c!, but
now including data from the polyolefin blends from Lefebv
et al.,7 the PEE/PDMS blend data from Schwahnet al.2 and
those from this work. Due to the large disparity in cha
lengths considered in these different works, i.e.,N'2000 for
the polyolefins,'30 for the PEE/PDMS, and'200 for the
PDMS/PEMS blends the relevant ranges ofx values exam-
ined, and hence the thermodynamic states referred to,
quite different.

To normalize these differences, Fig. 8 uses anx-axis of
xN. Several important points are highlighted by this figu
First, note that the three different blends have very differ
values for thenI , and its dependence onx(P50). This im-
mediately suggests that the role of pressure on system
modynamics is much more rich than previously thoug
Rather, this figure argues persuasively against the applic
ity of any universal, one parameter corresponding states p
ciple for describing the role of pressure on blend thermo
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namics. Second, note that, at any givenx(P50) value, the
unI u value decreases with increasing chain length. Thus
may be expected from an equation of state model,5,22 data on
volume changes must be considered in the context of t
degree of polymerization. Considering plots ofnI vs x(P
50), as in Ref. 7, which ignore the role of this importa
variable in both axes, will not collapse experimental data i
universal manner. Third, it is clear that thenI value from the
PEE/PDMS blend~obtained from SANS! is 2–3 larger in
magnitude than the corresponding data from the PEM
PDMS blend~using light scattering!. The fact that SANS and
light scattering on different systems yield qualitatively sim
lar results gives us considerable faith that we are not pick
up artefacts in either one probe. Finally, data from the th
PEMS/PDMS blends collapse better onto a straight l
when examined as a function ofxN, than as a function ofx.
This argues one more time thatx(P50) cannot be the mos
appropriate variable if one attempts to obtain universal p
describing the relationship between volume changes on m
ing and system energetics.

V. CONCLUSIONS

We have measured the pressure dependence of the i
action parameter for various combinations of isotopically
beled PEMS/PDMS blends. Our data, in combination w
other sets of experimental data in the literature on blend
polyolefins, and a mixed polyolefin/siloxane blend persu
sively argue that the role of pressure on system thermo
namics is significantly richer than previously anticipated. W
clearly observe that, even though thenI values from the poly-
olefin blends and the siloxane blends vary linearly w
x(P50), these dependencies are strongly effected by
chemical nature of the two polymers, and their chain leng
Since there appear to be no straightforward organizing p
ciples that explain these data, we strongly appeal to theo
to consider this important problem and provide new meth
ologies for their understanding.
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18H. Götz and B. Ewen~unpublished!.
19R. Krishnamoorti, Ph.D. thesis, Princeton University, 1994.
20 G. Beaucage, S. Sukumaran, S. J. Clarson, M. S. Kent, and D. W. Sc

fer, Macromolecules29, 8349~1996!.
21W. Theobald, A. Sans-Pennincks, G. Meier, and T. A. Vilgis, Phys. Rev

55, 5723~1997!.
22R. H. Lacombe and I. C. Sanchez, J. Cryst. Growth80, 2568~1978!.
 license or copyright, see http://jcp.aip.org/jcp/copyright.jsp


