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Abstract

Dielectric and dynamical mechanical measurements have been performed on mixtures of the small molecule glass-
forming liquid 1,1-bis(p-methoxyphenyl) cyclohexane (BMC) with poly(methylphenylsiloxane) (PMPS). Earlier measure-
ments had indicated that the BMC dynamics are modified in a very interesting way by the presence of the polymer,
despite the equivalence of their glass transition temperatures, Tg. By varying the molecular weight of the polymer (and
hence Tg), the BMC mobility is anomalously enhanced in mixtures of high Tg PMPS. An interpretation for these results
based on the coupling model of relaxation is suggested.

1. Introduction

Although the detailed consequences of mixing on
the local dynamics are not fully understood [1], the
respective relaxation times measured for a polymer
and a small molecule glass former are expected to
be closer in magnitude when mixed than in their
respective pure states. A free-volume concept of
segmental relaxation, whereby the glass transition
temperature, Tg, influences local dynamics through
the monomeric friction coefficient, suggests that
a polymer-rich mixture containing a lower T, dilu-
ent will exhibit a decreased relaxation time over

* Corresponding author. Tel: + 1-202 404 7352. Telefax: + 1-
202 767 0546.

that of the neat polymer (i.e. plasticization). That is,
if the diluent dynamics are faster than the polymer
dynamics, the segmental relaxation of the polymer
will be enhanced by addition of the small molecule.
In the less frequent case of the small molecule
diluent having a higher Tg, the segmental relaxation
time of the polymer will be increased with addition
of the diluent (i.e., anti-plasticization).

Further, it has become evident that the solvent
rotational mobility and local friction coefficient can
be significantly altered with the addition of small
amounts of polymer [2-4]. In a solvent-rich mix-
ture, it is expected that addition of a higher Tg
polymer will slow the reorientational relaxation
time of the solvent, while the addition of a lower Tg
polymer will decrease the solvent relaxation time.

These behaviors have been observed for various
mixtures having components with very dissimilar
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glass transition temperatures. The glass transition
temperature of the mixture as well as the relaxation
times of each component fall between those of the
neat materials. More interesting situations can
arise when the glass transition temperatures of the
neat components are nearly equal.

One notable example is the anomaly observed
in polychlorinated biphenyl (PCB, trade-named
Aroclor) containing a small quantity of poly(vi-
nylethylene) (PVE). The reorientational relaxation
time of the PCB was reduced by addition of the
polymer, which is remarkable considering that the
Tg of the PVE was approximately 19 K above that
of the neat PCB [5,6].

An interpretation of this phenomenon was pres-
ented [5] based on the coupling model of relax-
ation [7,8]. According to the coupling model, the
observed relaxation time, r*, depends both on the
local friction and on the extent to which non-
bonded neighboring molecules constrain the local
motion; thus,

T* = [(1 - n))wCTo]1 1(1  ) (1)

where wo ' defines the time for inception of inter-
molecular constraints and n is a measure of the
severity of intermolecular constraints. The local
friction factor is reflected in the magnitude of To, the
relaxation time in the absence of intermolecular
constraints. According to the coupling model, PCB
is weakly intermolecularly coupled (small n), in
contrast to PVE, whose highly cooperative seg-
mental relaxation has been ascribed to the presence
of the sterically hindering pendant vinyl groups
[9- 11]. Even though the PVE has a higher Tg than
PCB, the non-linearity of Eq. (1) suggests that the
polymer may have a smaller friction coefficient (i.e.,
smaller To). The intermolecular coupling of the
polymer is alleviated by dilution with a smaller
n effecting smaller T* (Eq. (1)). Its relaxation time
could actually become shorter than that of the
PCB. This is in fact predicted from Eq. (1), where
the relaxation time in the absence of intermolecular
constraints is calculated to be less for the PVE than
for the PCB, ToPVE < TOpCB [5]. Hence, the coup-
ling model predicts a reversal in relaxation times
since Tp*VE > TP*CB. This implies that, as observed,
addition of polymer would speed up relaxation of
the PCB. In their application of the coupling

model, Rizos and Ngai [5] gave no consideration
to possible modification of Tos due to a non-zero
excess volume of mixing (i.e., a non-ideal mixing
volume [12-14]. Actually, recent results with high-
er molecular weight and greater vinyl content PVE
reveal another source of the anomalous behavior in
this system, originating from an excess mixing vol-
ume that is atypically positive [6].

In general then, we can expect that observed
changes in relaxation times upon mixing may not
parallel the respective glass transition temperatures
of the pure components, particularly when the lat-
ter are close. This is due to the fact that the local
friction coefficient is governed by the magnitude of
To, rather than T* (or the temperature at which T*

assumes the value defining Tg). Of course, only the
latter is actually measured for the neat components.

In a recent tracer diffusion study of photo-
chromic dye molecules in polymer mixtures of
20 000 molecular weight poly(methyl-
phenylsiloxane) (PMPS) with 1,1-bis(p-metho-
xyphenyl) cyclohexone (BMC), the temperature de-
pendence of the translational diffusion coefficient,
D, of the photochromic molecules in solvent-rich
BMC/PMPS mixtures was found to have signifi-
cantly smaller values than those predicted by the-
ory [15]. These results are extremely interesting
considering that both the polymer and small mol-
ecule had equivalent glass transition temperatures.
Using photochromic probe molecules of the same
size as the BMC, the results indicate that the seg-
mental dynamics of PMPS are strongly modified
by the presence of BMC, notwithstanding the
equivalence of their glass transition temperatures.

Stimulated by these results, dynamic mechanical
measurements in the vicinity of the glass transition
temperature were carried out in a recent study on
BMC, PMPS of different molecular weights (and
thus different Tgs), and on both polymer and
BMC-rich mixtures [16]. In this previous study
[16], coupling model-derived arguments were ad-
vanced to explain the anomalous solvent modifica-
tion in mixtures of high Tg PMPS with small con-
centrations of BMC. The reorientational dynamics
of BMC were faster in the presence of higher Tg
PMPS. While non-zero excess volume can modify
the solution dynamics [4,17], BMC densifies when
mixed with a small concentration of PMPS [16].
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Based on free-volume ideas [4,18,19], this negative
excess volume should slow the BMC motion, con-
trary to the experimental results. In the case of
BMC/PMPS, it was concluded that the coupling
model offered the only tenable hypothesis for the
observed speeding up of the BMC relaxation.

By using dielectric relaxation techniques, we
have extended the work on the BMC, PMPS and
the corresponding mixtures, enabling the segmental
dynamics and rotational mobility to be monitored
over broader temperature and frequency ranges,
and, in particular, above the glass transition tem-
peratures as measured by DSC.

2. Experimental

The BMC, synthesized as described elsewhere
[20], was filtered through 5 jum paper immediately
prior to use; this slows down the crystallization rate
presumably by removing nucleating impurities.
The filtered BMC could be quenched without crys-
tallization, as confirmed by DSC. Without this fil-
tering, the relaxation behavior of BMC and the
BMC-rich mixtures in the vicinity of Tg was poorly
reproducible. The poly(methylpheylsiloxanes) were
prepared by an anionic ring-opening polymeriz-
ation of 1,3,5-trimethyl-1,3,5-diphenylcyclo-
trisiloxane; the full procedure and sample charac-
terization is described elsewhere [21]. The number
average molecular weights, as determined by GPC,
were 12 000 and 130 000, respectively, for the poly-
mers designated herein as PMPS-l and PMPS-h,
Polydispersities in both cases equaled 1.04.

Mixtures were obtained by dropwise addition of
the BMC to thin films of the polymer. After absorp-
tion of the BMC, the mixture was annealed at least
24 h at 50'C with periodic mechanical agitation,
followed by RT annealing for one week.

Dielectric measurements were performed in the
frequency range from 20 to 106Hz using a Hew-
lett-Packard impedance analyzer. The samples
were placed between two condenser plates (gold
plated stainless steel electrodes), inside a cryostat in
which the sample temperature was regulated via
a stream of temperature-controlled nitrogen gas.

Dynamic mechanical data in the vicinity of the
glass transition zone were obtained with a Bohlin

VOR rheometer using a parallel plate geometry.
Sample radii and gaps were typically 6 and 2 mm,
respectively. The dynamic shear modulus was us-
ually measured from 20 Hz down to as low as
1 x iO-' Hz. the broad range of experimental fre-
quencies obviated time-temperature super-
positioning (which is usually not valid for blends
[22-27] nor even for some neat polymers [28,29]).
Prior to measurements at any given temperature,
samples were maintained for a time period exceed-
ing the anticipated relaxation time, in order to
minimize errors due to physical aging, an absence
of which was affirmed by the reproducibility of
measurements repeated after various time periods.

3. Results

Fig. 1 displays representative measurements of
the dynamical mechanical loss modulus in the Tg-
region for the two siloxane polymers and for the
BMC, while typical dielectric dispersion data are
presented in Fig. 2 for the same materials at ap-
proximately 270 K. Also shown in Figs. 1 and 2 are
best fits to the Kohlrausch-Williams-Watts
(KWW) stretched exponential function [30,31]

(2)E(t) = exp [ - (t/r*) l - f]

using

E"(aw) = co w E(t) cos(cot) dt.

In none of these measurements was there any evid-
ence of multiple glass transitions, as has been re-
ported for a few other mixtures of small molecules
with polymers [32-37]. Note that the r* in Eqs. (1)
and (2) is very nearly equal to (2nf1p)-', wherefp is
the frequency of the maximum in either the dy-
namic loss modulus or dielectric dispersion. Ac-
cording to the coupling model [8,9], broader dis-
persions (larger n values) for amorphous polymers
are associated with more intermolecular
cooperativity, while a narrow dispersion implies
weaker constraints on the relaxation from non-
bonded neighbors. The best-fit values for n are
listed in Tables I and 2 for the dynamical mech-
anical and dielectric results, respectively. The
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Fig. 1. Dynamic mechanical loss moduli measured for the neat
material in the vicinity of their respective glass transition tem-
peratures, along with the best-fit curve calculated using Eqs. (2)
and (3). For the polymers, semi-logarithmic plotting emphasizes
the contribution of segmental motion, and de-emphasizes that of
the Rouse modes.
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Fig. 2. Dielectric dispersion data measured for the neat PMPS
polymers and the BMC at approximately 270 K, along with the
best-fit curve calculated using Eqs. (2) and (3).

magnitude of n was only weakly dependent on
temperature, varying no more than + 0.02 over the
range of temperatures for the mechanical measure-
ments and + 0.03 over the range of temperatures
for the dielectric data.

Table I
Dynamical mechanical spectroscopy results for neat liquids and
mixturesa

Tgb log A B T, n

BMC 241.0 -20.79 3556 173.2 0.44
PMPS-l 237.4 - 21.96 2693 188.6 0.50
PMPS-h 243.2 - 15.69 1414 208.5 0.50
90% BMC

in PMPS-l 240.5 -15.16 1868 193.2 0.44
90% BMC

in PMPS-h 240.9 -17.22 2427 186.0 0.44
10% BMC

in PMPS-I 238.7 -7.43 303 224.7 0.51
10% BMC

in PMPS-h 242.5 -10.47 667 219.3 0.48

aErrors are given in the text.
b Corresponding to the temperature at which the mechanical
relaxation time equals 100 s.

Table 2
Dielectric spectroscopy results for neat liquids and mixtures'

Tgb log A B T. n

BMC 267.3 -26.84 6920 135.7 0.44
PMPS-1 258.4 - 11.32 548 225.9 0.49
PMPS-h 261.8 - 11.47 621 225.7 0.47
90% BMC

in PMPS-1 265.6 - 19.27 2969 181.2 0.44
90% BMC

in PMPS-h 262.3 -10.42 458 231.3 0.52
10% BMC

in PMPS-l 258.1 - 12.67 834 216.4 0.48
10% BMC

in PMPS-h 262.1 - 12.87 876 219.2 0.48

'Errors are given in the text.
8 Corresponding to the temperature at which the dielectric re-

laxation time equals 0.0001 s.

The n values obtained for BMC are consistent
with, albeit slightly smaller than, those previously
reported from dielectric spectroscopy measure-
ments [38]. Although a dependence of the observed
relaxation function on the experimental probe used
to measure it would not be without precedent
[10,39,40], we believe at least part of the difference
between both the mechanical and dielectric results
herein and the earlier dielectric data [38] is due to
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the different manner in which the respective data,
all obtained in the frequency domain, were fitted to
the time domain KWW function [41]. Although
the two polymers have different glass transition
temperatures (and hence different at any given tem-
perature), it has been previously demonstrated that
the shape of the segmental relaxation dispersion,
and hence the degree of intermolecular coupling, is
not a function of molecular weight [16,42].

Although the distribution of local environments
engendered by concentration fluctuations should
broaden both the mechanical loss modulus peaks
and dielectric dispersions relative to those of the
neat liquids [23,24,43-45], this effect is seen to
make a minor contribution to the measured mech-

--
CD

0)0

3.6 3.8 4.0
1 000/ T (K-1)

4.2

Fig. 3. The relaxation times (defined as (21fp)- ', wherefP is the
frequency of the maximum in the dispersion) for BMC, PMPS-I
and their mixtures. The open and filled symbols represent the
relaxation times measured by dynamical mechanical and dielec-
tric spectroscopies, respectively. In this and in Fig. 4, the solid
curves represent the results of fitting Eq. (4) to the data.

anical dispersions. This apparent absence of signifi-
cant inhomogeneous broadening allows direct
application of Eq. (2), even though in principle the
viscoelastic spectra of blends will not exhibit the
KWW shape [23,24]. The results (Tables 1 and 2;
Ref. [16]) suggest that the components upon mix-
ing exhibit very nearly the coupling parameter ob-
served for the neat material. Of course, the possibil-
ity also exists that some inhomgeneous broadening
is negated by a concurrent reduction in the inter-
molecular coupling of either component upon mix-
ing. When measured with the dynamical mechan-
ical technique, BMC containing 10% of either
PMPS may have a slightly smaller coupling para-
meter, with this reduction of n compensated by
a modest inhomogenous broadening. However,
when measured by dielectric spectroscopy, it is in-
teresting to note that BMC containing 10% of
PMPS-h is an exception, having a broader loss
dispersion that neat BMC. In general, there is no
reason to expect that the shape of the relaxation
function, time-temperature shift factors, and cor-
relation times measured by the two spectroscopies
be equivalent [10].

Figs. 3 and 4 displays the temperature depend-
ence of the relaxation times measured for various
mixtures of BMC with low molecular weight
PMPS-l and high molecular weight PMPS-h, re-
spectively. Also included in the figures are the best
fits of the Vogel-Fulcher equation [18] (see Tables
1 and 2)

t* = A exp(B/(T- T.)- (4)

(Due to the non-uniqueness of fitting three para-
meters in the Vogel-Fulcher equation, the best-fit
curves are shown only as a visual aid and should be
interpreted as such.)

4. Discussion

4.1. BMC-rich mixtures

In Fig. 3, the addition of 10% PMPS-l to BMC
reduces the latter's relaxation time, as expected
simply from Tg considerations. Since the PMPS-h
has a higher glass transition temperature than
BMC, its addition might be expected to slow down
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Fig. 4. The temperature dependence of the relaxation times for
various mixtures of BMC with PMPS-h measured mechanically
(open symbols) and dielectrically (filled). BMC plasticizes the
PMPS-h relaxation, while, over the range of the measurements,
the higher T, polymer reduces the relaxation time of the lower
Tg BMC.

BMC reorientation. On the contrary, however, at
all temperatures the BMC relaxation time is ob-
served to decrease upon addition of 10% PMPS-h
(Figs. 4 and 5(a)).

A similar anomaly appears in PCB/PVE mix-
tures, where again a higher Tg polymer increases
the relaxation rate of a lower Tg small molecule
liquid. A hypothesis has been advanced to explain
the unexpected nature of the modification of PCB's
dynamics by PVE [5]. This explanation assumes
that the magnitude of the local friction in the mix-
ture is reflected in the primitive relaxation time, To

(i.e., relaxation absent intermolecular coupling), de-
duced via Eq. (1) from measurements on the neat
liquids. Because the neat polymer is associated with

I I

BMC

10% BMC in PMPS-h
10% PMPS-h
in BMC

stronger intermolecular coupling than is the neat
PCB, there is a reversal in the relative magnitudes
of the relaxation times in going from T* to To via
Eq. (1). Of course, such a calculation of To is only
a 'first-order' treatment, which circumvents de-
tailed consideration of how the free volume and
potential field arising from the local environment
influences that actual rT in the mixture.

Nevertheless, we apply Eq. (1) together with the
n measured for the neat liquids to obtain at least
qualitative predictions of the effect that PMPS-h
has on the BMC reorientational dynamics. Taking
101 rad/s < oc < 10"2 rad/s, To for BMC is found
to be longer than the corresponding primitive re-
laxation time of PMPS-h, even though
TBMC < TPMPS-h (see Fig. 5(a)). Thus, 10% PMPS-h
decreases the local friction, contributing to faster
BMC relaxation. The anomalous decrease in
BMC's relaxation time can be reconciled in terms
of the reversal in the magnitude of the respective
relaxation times upon reduction in the strength of
the effect of intermolecular coupling; i.e.,
TBMC < TPMPS h but TO,BMC > TospMpS (Fig. 5(a)). The
fact that ToBMc > ZoPMps means that the guest poly-
mer molecules have higher intrinsic (on the To level)
mobility than that of the host BMC molecules, at
least before cooperative constraint dynamics are
considered. As a consequence, the guest molecules
will mitigate the mutual dynamic constraints
among the BMC molecules, leading to their faster
motion (i.e., a decrease of TBMC as described by
Eq. (1) with a decrease in the coupling parameter).

As discussed earlier, polymer solution additivity
of the volumes is not expected, and it must be
recognized that a non-zero excess volume can con-
tribute to changes in the relaxation times [4,19].
While densification is more common for mixtures
of small molecules with polymers [12,14,46], posit-
ive volume changes upon mixing are known [47].

In Fig. 6, the density measured at room temper-
ature is shown for neat BMC and PMPS-h, as well
as for the 10% polymer mixtures. The excess vol-
ume, while very small, is negative for the BMC-rich
solution. This would contribute to a slowing down
of the BMC motion, notwithstanding that experi-
mentally the relaxation accelerates. Thus, the rever-
sal in Tos discussed above (Fig. 5) must be at least
the primary, if not the only, factor governing the

*s
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Fig. 5.(a) The relaxation times of neat BMC and PMPS-h, along with the results for a mixture containing 10% of the polymer. 1 he
lower curves in this and in Fig. 5(b) represent the values Of To calculated using Eq. (1) from the T* measured for the neat components. This
reversal in To gives rise to the anomalous decrease in relaxation time of BMC upon addition of the higher T, PMPS-h. (b) The relaxation
times of neat BMC and PMPS-h, along with the results for a mixture containing 10% of the BMC. Notwithstanding the reversal in the
relative magnitudes of the relaxation times upon removal of intermolecular cooperativity effects, the absence of the predicted
anti-plasticization of PMPS-h upon addition of BMC may be a result of the additional free volume arising from mixing.

modification of BMC dynamics upon addition of
the PMPS-h.

Another interesting feature in Figs. 4 and 5 is the
apparent inversion of the respective relaxation
times for the neat material as temperature increases
above the DSC measured glass transition temper-
ature. This observation is confirmed in Fig. 4 by
the reversal in the relaxation times as measured by
the dielectric spectroscopy (i.e. TB*MC > TP*MPS-h);
thus, at high temperatures, the higher T, polymer
has a shorter relaxation time!

The directional changes in the relaxation times
for the polymers upon addition of 10% BMC show
'conventional' behavior for the dielectric data
(Figs. 3 and 4). That is, the mixture transition tem-

peratures are intermediate to those of the pure
components. However, the apparent acceleration of
the BMC rotational mobility in the 10% polymer
mixtures is incompatible with the observed nega-
tive excess volume for the BMC-rich solution, but
is consistent with Eq. (1) (i.e., TBMC > TPMPs-h and
TO,BMC > tO.PMPS-h). We do note that the BMC-rich
mixture exhibits a relaxation time almost equiva-
lent to the neat PMPS-h (Fig. 4).

Further, the reversal in the relaxation time of the
10% PMPS-h mixture as the temperature is de-
creased far below the DSC measured glass tran-
sition temperature is consistent with the reversal
predicted in the To values for the neat material (Fig.
5(a)). Again, since To is only a 'first order' treatment
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Fig. 6. The density measured for the mixtures at
ature (the symbols correspond to those in Fig. 1).
represents linear interpolation between the pure lii
Note that addition of PMPS densifies the BMC
with the observed decrease of the latter's relaxat
polymer-rich mixture may be associated with a :
excess volume, but the result is not greater than the
data.

of the data, the slight deviation in temr
the predicted crossing point of To valu
observed reversal in relaxation times. T'

able (Fig. 5).

4.2. PMPS-rich mixtures

The directional changes in the relaxati
the polymers upon addition of 10% Bb
surprising; BMC plasticizes the higher I
(Figs. 4 and 5(b)) and anti-plasticizes tf
PMPS-I (Fig. 3). This is 'conventional' I
that it is consistent with the component
sition temperatures; however, it begs tl
why the reversal seen in the BMC-ri,
(TB*MC < TPMPS h but TOBMC > TOPMPS-h)

served for PMPS-h containing 10%
prediction from Eq. (1) of longer To for
for PMPS-h suggests, upon addition o
enhancement of intermolecular coupl
PMPS, with concomitant increase in T'

It follows that 10% BMC should :
segmental relaxation of PMPS-h; hov

anomalous anti-plasticization of the PMPS-h is
not observed in Fig. 5(b). The data in Fig. 6 hint
that the polymer-rich mixture may be associated
with a positive excess volume. Although the result
is not significantly greater than the scatter in the
measurements, it is tempting to infer that the ab-
sence of the predicted anti-plasticization of PMPS-
h upon addition of BMC (since from Eq. (1), tOBMC

, > tOPMPS-h) is due to the additional free volume
arising from mixing. In other words, the anti-plas-
ticization effect predicted from the coupling model
may be obscured by the plasticization effect caused

80 100 by a positive excess volume.
This hypothesis can be tested by considering

similar experimental measurements using PMPS
samples with lower molecular weights and corres-

room temper- pondingly lower Tgs. These samples will have shor-
The solid line ter TOs than that of PMPS-h as illustrated in Fig. 7
quid densities. for PMPS-I and for a sample of PMPS (referred to
~,incongruent

ion time. The as PMPS-s) that has the same Tg as that of BMC
slight positive [15]. The z*s and the calculated Tos of the three

scatter in the PMPS samples and BMC are shown in Fig. 7. It is
seen that the ratio TOBMC/TOpMpS increases signifi-
cantly when going from PMPS-h to PMPS-s to
PMPS-l. We can conclude from the trend of this

)erature for ratio that the predicted anti-plasticization effect
ies and the will be enhanced in PMPS-s and PMPS-I when
, is accept- compared to PMPS-h. This suggests that in

PMPS-s-rich or PMPS-1-rich mixtures, the en-
hanced anti-plasticization effect may overcome the
plasticization coming from the positive excess
volume.

ion times of Evidence of this can in fact be found in the tracer
!4C are not diffusion measurements of Lohfink and Sillescu on
rg PMPS-h mixtures of PMPS-s and BMC [15]. They found
he lower Tg that addition of BMC to PMPS substantially re-
behavior in duced the diffusion constant of a probe molecule
glass tran- having the same size as the BMC [15]; this is in

he question direct contradiction to the consequences of an in-
ch mixture crease in volume upon mixing. The anti-plastici-
is not ob- zation seen for 10% BMC in PMPS-I (Fig. 3), not-
BMC. The withstanding the positive excess volume of the mix-
BMC than ture, provides additional support for an interpreta-
f BMC, an tion based on the second relation of the coupling
ing of the model (Eq. (1)). We also note in passing that the
P*MPS-h* probe diffusion measurements of Lohfink and Sil-
slow down lescu [15] in BMC-rich mixtures have also found
vever, such an increase of mobility with addition of PMPS-s
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Fig. 7. The T*S for three polymers with different molecular
weights, PMPS-h (v) PMPS-s (-) and PMPS-1 (v), and
BMC ( -4 - ). The corresponding non-cooperative relax-
ation times, Tos for these materials are indicated by the corres-
ponding open symbols and the thinner continuous curve for
PMPS-s.

analogous to our mechanical relaxation data for
BMC-rich mixtures of PMPS-h.

5. Conclusions

For the BMC-rich mixtures we observe an ano-
maly - the addition of higher Tg PMPS-h reduces
the BMC's relaxation time. This result is difficult to
explain given the PMPS-h has a higher Tg than
BMC, and that the excess volume in BMC-rich
PMPS solutions is negative (Fig. 6). This anomaly
can be rationalized from the coupling model
(Eq. (1)). The analysis shows that the monomeric
friction coefficient, reflected in the value of To,

is smaller for PMPS-h than for BMC, notwith-
standing the polymer's higher T. The value of Tg

measured for a neat liquid is governed by in part
intermolecular coupling. Intermolecular coupling
is stronger in PMPS-h (n = 0.50) than in BMC
(n = 0.44); thus, T*pMpS-h is longer even though
ToPMPS-h < TOBMC. The results herein from mechan-
ical and dielectric spectroscopies are consistent
with earlier probe diffusion experiments on mix-
tures PMPS and BMC having equal glass
transition temperatures [15].

In PMPS-h-rich mixtures, we observe a positive
excess volume which will speed up the PMPS-h
segmental motion. The coupling model, limited to
a comparison of TOBMc and TOPMPS - h, predicts slow-
ing of PMPS segmental relaxation upon addition
of BMC. It is likely that in the PMPS-h mixtures,
the change in volume upon mixing dominates,
whereby the coupling model prediction fails. This
situation is expected to be reversed in polymer-rich
mixtures using lower molecular weight PMPS; the
anti-plasticization effect (Eq. (1)) will overcome the
plasticization coming from the positive excess vol-
ume. This expectation has been realized in the
probe diffusion results discussed earlier [15], and
verified with data presented herein. A principal
finding is that the primitive relaxation time, To, and
the related monomeric friction coefficient are small-
er for the polymer than for BMC, in spite of the
relative values of T* and Tg measured for the neat
liquids. Hence, addition of BMC slows down probe
diffusion, and addition of PMPS-h increases the
relaxation rate of BMC.

Note that only through the study of mixtures
comprised of components of nearly equal Tg can
the anomalies observed herein and elsewhere
[4,11,15,16] be observed. In the more usual situ-
ation, a large difference in component glass
transition temperatures overwhelms the more
subtle effects arising from Eq. (1) or excess mixing
volumes; consequently, much interesting physics is
undetected.
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