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We recently proposed a concentration fluctuation model to describe the segmental dynamics of
miscible polymer blendfKumaret al, J. Chem. Physl05 3777(1996]. This model assumes the
existence of a cooperative volume, similar to that in the Adam-Gibbs picture of the glass transition,
over which segments have to reorganize in a concerted fashion to facilitate stress relaxation. No
molecular theory exists for the cooperative volume. Consequently, here we critically compare two
alternative functional dependences for this quantity in the context of the segmental dynamics of the
most extensively studied miscible polymer blend, 1,4-polyisopr@tg and polyvinylethylene

(PVE): (a) The Donth model, which assumes the Vogel form for the temperature dependence of
relaxation processes, with a relaxation time that diverges at the Vogel temperature, roughly 50 K
below the glass transition, arid) a more recent dynamic scaling model that predicts the relaxation
time diverges algebraically, only about 10 K below the glass transition. We find that the dynamic
scaling model provides a near-quantitative description of the segmental relaxation in PI/PVE blends.
In contrast, the Donth model predicts that the relaxation time spectrum for PI, the faster relaxing
component, is bimodal, in qualitative disagreement with NMR experiments and our dielectric
measurements reported here. Our results therefore emphasize two findings. First, our model can
describe the segmental relaxations of the components of a polymer blend in a near-quantitative
manner. Second, and more fundamentally, it appears that the dynamic scaling model describes
segmental dynamics of polymers near their glass transition19@9 American Institute of Physics.
[S0021-960629)52137-5

I. INTRODUCTION (PVE).>~ Dielectric spectroscopyDS), selectively labeled

. - . 2H-2D NMR, and linear viscoelasticity measurements cor-
The dynamics of miscible polymer blends are critical to

their processing. A complication induced by the blending ofroborate the fact that this blend displays thermorheological

X . . complexity, both at the segmental level and at the chain
polymers is that the empirical time—temperature superposi-

tion (tTS) principlel which is known to be approximately level. In earlier work we presented a concentration fluctua-

valid for homopolymer systems, breaks down in some mis;:[ion model,. _baséed on the AQam-Gibbs de;cri.ption of the
cible polymer blend&-14This “thermorheological complex- glass_transmoﬁ, which permitted .the qual!tatllve under-
ity” manifests itself in different temperature dependences offtanding of the segmental dynamics of miscible polymer

the relaxation times of each blend comporfetn. contrast, blends:"1%"*!Here we shallquantitativelycompare experi-
other miscible blends exhibit  thermorheological Mental results on segmental dynamics of PI/PVE blérds,

simplicity.'>~1” Before we can predict the viscosity and re- disordered diblock copolymers, and blends of diblock co-
lated dynamic properties it is therefore imperative to underPolymers to model predictiof$using two descriptions for
stand the rheology of model miscible blends and the criticadynamics near the glass transition. Thus, we shall provide a
factors controlling their thermorheological behavior. critical test of these models in the context of this well-
Here we shall focus our attention on a model polymerinvestigated system.
blend which is miscible over a wide range of parameter = We begin by examining literature DS and NMR data on
space and whose dynamic behavior has been investigatée component segmental relaxations in PI/PVE
extensively: 1,4-polyisoprenéPl) and polyvinylethylene blends®’122223There are qualitative differences in the re-
laxation behavior as obtained from these two sources. Par-

dAuthor to whom correspondence should be addressed. Electronic maipCUIarIY’ the NMR experiments une_qUivoca”y ShOW_ that_the
kumar@plmsc.psu.edu relaxation of the PI, the faster relaxing component, is unimo-
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dal, and slowed down due to blending. In contrast, the di-TABLE I. Molecular characteristics of PI/PVE diblock copolymérs.
electric data have been interpreted to suggest that the PI re=

. . . . . Composition(PI/PVE) PI (wt%) % Vinyl in PVE My
laxation is bimodal, with one component relaxing as fast as
the pure PI, while a second component relaxes with a rate 75125 76 94 366 000
that may be expected from a homogeneously mixed blend. gggg 4%85 ?331 éi‘é%%g
To clarify these issues we complement these data with new 25/75 o5 08 242 000

DS measurements on PI/PVE blends, disordered diblock ca
polymers, and binary blends of diblock copolymers of sev-Reference 26.
eral different compositions. Our DS results are consistent

with the H-2D NMR measurements of Kornfield and
co-workers>”'2 and allow us to establish the relaxation

times of the Pl and PVE segments from wo Independen(Iation of Pl isalwaysunimodal. It is clear that this situation

Sources. We then compare these (_jata to predmyons of %Yfas to be resolved before a more complete understanding of
concentration fluctuation model using two descriptions for,

. the segmental dynamics of these systems can be obtained.
the temperature and composition dependence of the coopengs,, present such results here
tive volume. While Donth’s modét is able to qualitatively '
capture the experimental trends,cainnotgive quantitative B. Current work
agreement. Further, it incorrectly leads to the prediction that
the segmental relaxation time spectrum for the Pl is bimodal. ~ The molecular characteristics of the diblock copolymers
We shall then show that a dynamic scaling picture of theused in this study are discussed elsewffeamd listed in
glass transitioff-?® can provide an improved description of Table I. Size exclusion chromatograpk$EQ shows that
the segmental dynamics of this blend. The consequences M,,/M,<<1.1 for these anionically polymerized copolymers.
these results on our understanding of blend dynamics, an@ince Pl and PVE homopolymers form miscible blends, the
glass transition phenomena in general, will finally be considPI/PVE diblock copolymers are disordered at all tempera-
ered. tures studied.

Measurements of the complex dielectric function have
been made with a Novocontrol BCD-S system composed of
a frequency response analyz8olartron Schlumberger FRA
A. Past work 1260 and a broadband dielectric converter with an active

. . sample cell. The latter contains six reference capacitors rang-
Pl and PVE have different glass transition temperaturesl.n from 25 to 1000 bE. Measurements were made in the
T4(P)~210 K, T4(PVE)~273 K® These polymers are well 9 b

known to be miscible and have a small negative Flory inter-frequency range from 10 to 10° Hz using a combination of

action parameter over the temperature range 200TK three capacitors in the sample cell. The resolution indtan

; —4 1
<280 K’ The segmental dynamics of the PI/PVE blendgzaggttg ?)fatl\?vf 21(? mrr:) etc\),:lg-erllatle?j s?giilggs ?tierh;tgilge a-
have been studied byH-2D NMR®"1? and dielectric gold-p b P

spectroscogk?? Kornfield and co-workefd 2 used deute- rated by 100um maintained by small Teflon spacers. Care

. . . . was taken to ensure that the samples uniformly filled the
rium NMR with selective deuteration to show that the two P y
. ) . volume between the electrodes. Temperature was controlled
components in the blend have different segmental relaxatio )
: . ; . .petween 213 and 413 K with an accuracy-00.1 K.
times than in their respective pure states. Furthermore, in . . : .
Typical dielectric data for three diblock copolymers at

each blend the relaxation times of the two polymers el omparable temperatures are shown in Fig. 1. The dielectric
different from each other. The relaxation time for the PVE P b g- =

was close to that expected from a homogeneous blend Wit‘gl)ss data were converted to a distribution of segmental relax-

averaged WLF parameters and glass transition temperéture?éf&titrllm?; ;/r':; I|Enqs(elt) tgsllzr;g i.mod|fled version aoNTIN,
However, the Pl relaxed considerably faster. The relaxation 9 g- -

times of both components were unimodal, and well fit by %
8,,((1)):f

position. These results, however, are in marked contrast to
the NMR results of Kornfield;"*>who shows that the relax-

Il. EXPERIMENTAL RESULTS

Finr)——_dinr. )

log-normal distributions.
og-normal distributions . 1+ (wn)?

In contrast to these NMR measurements, where the in-
dividual component dynamics can be distinguished by seledn the 75% PI and 68% PI copolymers there are clearly two
tive labeling, resolution of the molecular origins of observedrelaxation processes. In the 68% Pl copolymer, two local
relaxationé*?® in DS is difficult at best. In principle, the maxima ine” are observed, with comparable heights owing
known dielectric strengths of the two components can beo the fact that PVE has a higher dielectric strength. The very
used to identify relaxations in DS, but in practice the broadbroad DS dispersion seen for the 50% PI copolymer is also
overlapping spectra of the two blend components preventonsistent with two relaxation processes. Note that, in the
clean assignments. In a typical dielectric experiment on Plinset, the spectrum of relaxation times span times which are
PVE blends, especially for blends rich in PI, the isothermaloutside the frequency window probed by the dielectric spec-
dielectric loss data show two distinct peaks. Colmenero antrometer. This artifact is a consequence of usingdbsTIN
co-workeré?23 attributed the two relaxations to Pl relaxing package, and arises since we require a continuous distribu-
in a nearly pure Pl environment and both Pl and PVE relaxtion of relaxation times. Thé& (In 7) is only meaningful in
ing in an environment corresponding to the mean blend comthe time(frequency ranges covered by the experiment.
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0.01 10° *DS-PVE (ref 23)
¥ NMR - PVE (ref 6,7)
10 u DS-PI (this work)
10 v DS- PVE (this work)
——— Pure PVE (this work)
10" |—— Pure PI (this work)
10—14 .
200 220 240 260 280 300
1E-3 T T/K
-1 0 1 2 3 4 5 . . . .
10 10 10 10 10 10 10 FIG. 3. Comparison of segmental relaxation times obtained from NMR and
f / HZ DS from various sources for 50% P1/50% PVE compositions. Also shown
are segmental relaxation times for pure(8dlid curve and pure PVEdot-

FIG. 1. Dielectric loss spectra for three PI/PVE diblock copolymers with theted curve.
compositions and temperatures indicated, with the dielectric loss of pure Pl
shown as the solid curve. The inset shows the relaxation time distributions

determined for the 75% PI and 68% PI copolymers. L . L .
distribution. Thus, miscible blends and disordered copoly-
mers of the same overall composition have essentially iden-

In Fig. 2 we compare the dielectric spectra of a 50/50t|cal segmentalldyngmlcs.

blend of antisymmetric diblock copolymer@5% Pl and The relaxation times e_xtracted from both processes are

25% P) with a 50% PI diblock copolymeflines) at two in excellent agreement with thos_e from .NM.R’ as (_1emon-

temperatures. The two are virtually indistinguishable at higtﬁrated forthe 50/.50 blends and diblocks in Fig. 3 Since the

frequencies, while at low frequencies the 50% PI diblock MR (_jata are unimodal for _each component, this allows us
copolymer shows a slightly broader distribution of segmentaf0 assign the fast D,S relaxation t(.) Pl and the slow rela?(auo.n
relaxations. The segmental relaxation time distributionsto PVE. Colmerllero.s fast relaxation does not agree .W'th. el-
shown in the inset to Fig. 2 indicate that two relaxation pro-ther our d.et.ermmanon from DS nor the NMR dgtermmatpn
cesses can be extracted from the 50% Pl compositions Jgr PI. This is p.reSl.Jmany caused by the.errors involved with
well. Figure 2 clearly shows that the intermolecular environ- ONTIN determination of th? ,tWO relaxatloon processes from
ment surrounding a given segment, reflected by the meaAe T,llngle broad specrt]ru:cn 87 data at 50/;’ P{seehFlg.hJ_
blend composition, determines the segmental relaxation timet a temperaf[ures, the fast Process IS slower than the seg-

mental relaxation of pure P(solid curve in Fig. L

o0t lll. MODEL DESCRIPTION
PI/PVE mixture
~ 75/25+25/75 (50/50) Here we summarize the essential features of a concen-
002-% tration fluctuation model that we proposed to rationalize the
— segmental dynamics of miscible polymer blehndighe dis-
8" L tribution of concentration fluctuations in ancompressible
Jool—— W polymer blend is obtained from standard statistical
10°10°10°10 %?SIO 10710°10 mechanic§:7
(¢—9)? 1
- P(p)cexg — ———|, 2
0.01 (¢) r{ 2 (Bd)) (2
(=" whered is the mean blend composition, atd\ ¢)?) is the
mean-squared value of the concentration fluctuation,
b3
(ap2=" €
0.00 T T 1 T T
100 100 1000 100 100 10 10 S(q) is the static structure factrcorresponding to the size
f/Hz scale over which the fluctuation is samplédis the mono-
mer size(Kuhn length, andV is the volume of the fluctua-

FIG. 2. Dielectric loss spectra for a 50/50 blend of two PI/PVE diblock tion. In the context of a dynamic experiment, we have pos-

copolymers with antisymmetric compositiorig5/25 mixed with 25/7p tulated thatv corresponds to the volume of a “cooperatively

with an overall composition of 50/5@quarescompared to that of a single . . . . h
rearranging region” associated with each local concentration

copolymer with the same overall composititsolid curve at 248 K. The e > ) ™
inset compares the relaxation time distributions. fluctuation-®**Thus,V is a function of the local composition
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probed, and it would only be expected to be independent ofABLE Il. Donth model parameters for Pl and PVE.
¢ in the special case where the two components in the blend
relaxed identically.
Thus, the only important unknown in our model is the Pl 210 11.2 35
temperature and composition dependence of the “coopera- PVE 273 9.2 23
tive volume,” V, in Eq. (3). In the literature there are two
different approaches for describing the dependenc¥ oh
system parameters. Perhaps the most commonly accept
form is the one postulated by Donthwhich is based on the
Adam-Gibbs formalism for the glass transitith,

Component Tg (K) Ci C, (K)

Egnverted to a spectrum of relaxation times, iF(ln 7) by
using the appropriate mapping betweerand ¢. A final
issue is the role of chain connectivity as stressed earlier by
Vv -2 Kornfield®’ Any cooperative volume centered around a seg-
§= 3 , (4 ment of typei will have a certain volume fraction of seg-
ments that are connected to the same chain to which the test
whered is a material specific constant, afid is the Vogel = segment is attached. Thus the cooperative volume centered
temperature where the viscosity diverges. Associated witlround a Pl segment will not sample compositions rich in
this approach is also the temperature and composition depeRVE, making the only allowed compositions for Rip,
dence of the relaxation times of each species, describe&2b/¢. A similar idea also holds for the PVE segments.
through the WLF equatiohwith the blend glass transition This intramolecular cutoff controls the compositions that can
temperatureT,, as the reference temperature with relax-be sampled by each component, and hence is one of the

T-T.
TDO

ation time primary factors in causing the two blend components to have
dynamic asymmetry. We can thus obtain a spectrum of re-
T - Cl(T_ T ) : . .
log— = 9 (5) laxation times for each component, which are then compared
g T—TgteCy to experiment.

where c; and c,=T,—T., are WLF constants. We deter-

minedc, andc, for the two pure components, and then used)y. COMPARISON OF THEORY AND EXPERIMENT

a linear mixing ruleto calculatec,; andc, of both compo- _ _ - .

nents at any intermediate composition. The composition de- N this section we compare model predictions with ex-
pendence of the cooperative volumes and relaxation timegerlmental data for the segmental relaxation times and their
enter throughd and T, with the latter simply determined by spectrd” for blends containing 25%, 50%, and 75% PI. The

the Fox equation. In contrast, the pure comporimalues model parameters used for this study are listed in Table I,

were used as fitting parameters, with a simple linear compd@ken from the literatur®.Following our past work, we re-

sition dependence af for all blend compositions. placed S(q) ﬁgy S(0) in Eg. (3). The random phase
Dynamic scaling provides a second approach to describPProximation” leads to
relaxation in the vicinity of the glass transitiéh?® In this 1 1 1
I —\13 = + -2x, 8
model the relaxation time scales & whereé=V+" is the S(0) Ny doN, X (8)

length scale of cooperative motion, _
where ¢»; and ¢, are the volume fractions of the two com-

v _ ( 5)3:B(T—TC) “3 ©) ponents in the blendy; andN, are the chain lengths of the

b \b Te two components, andy=0.0074-3.2/T is the Flory-
o Huggins interaction paramet&Chain lengths were fixed at
Thus, the relaxation time scales as, the values appropriate for Kornfield's NMR experiments
T-T.| 2 (Np;=2650 andNp,g=1850) but the results did not change
T=A T, ) (7 significantly when the chain lengths relevant for our DS data

were used (908 Np <4100, and 1006 Npy<3400).
whereT. is the “critical” temperature for this dynamic tran- A Donth model
sition. We will show below that the composition dependence 2" M%€

of T. can be described by the Fox equation, asidgle, We begin by utilizing Donth’s mod#! for the tempera-
composition-independenglues ofAp,, Apye, andB allow  ture dependence of the cooperative volume. The WLF coef-
description of all blend data at different compositions. ficientsc, andc, for each component were calculated from

A few salient features of the model are stressed here, and/LF fits to DS data on pure Pl and PVE, and a linear mixing
the interested reader is referred to Ref. 19 for more informarule was used for intermediate blend compositions. @he
tion. These approaches yieldR{¢) as observed by a dy- values for each componefq. (4)] are considered to be fit
namic probe. For a system whevedoes not vary with com- parameters and the model predictions were compared with
position, the distribution functioP(¢) will be unimodal experimental data for blends containing 25%, 50%, and 75%
and centered at the blend composition. For blends withPl. Figure 4 shows comparisons of the model predictions to
strong dynamic asymmetr{large disparity in component the experimental data for a 75% PI blend usihg=1.75
glass transition T,) the P(¢) can be bimodal, with one and dpg=220 which were the best fit values in this case.
peak always centered at the mean composition, and a secofimilar results were obtained for the 50% and 25% PI
peak at the pure low; component. Thé>(¢#) can then be blends, but it is important to note that ttg, g values have to
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10" N 0 25/75 P/PVE NMR M a
L 3.5 -| m75/25 P/PVE DS
10 3 | 450550 PPVE DS 4 o
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1 L @'5 b >
BT 107 10° 10 107 e o
e10 ﬂ.‘ s ~ 2 A %* o
_; *
10 ®DS-PVE .". 1.5 R o 44
» u DS - PI '.’ A °
10 VNMR - PI 19 %o o
ANMR - PVE
107 | —— PI-Donth Model 0.5 -
~=--- PVE - Donth Model 0
10"
. 200 220 240 260 280
10 : . : . :
200.0 2200 240.0 260.0 280.0 300.0 320.0 (a) T/K
5
FIG. 4. Comparison of the Donth model predictions to experimental data for 45 Sg;,%esl;)}’,%%‘ﬁMR . .'.’
a 75% PI1/25% PVE copolymer. The inset shows the bimodal character of 4 | & SUSOPIPVE NMR ot -l.o
o 75/25 PUPVE NMR A

the Donth model prediction for the distribution of segmental relaxations of
Pl in a 75% P1/25% PVE blend at 300 K.

+ Pure PVE DS
! m 25/75 P/PVE DS

4 50/50 PL/PVE DS

2 ® 75/25 PI/PVE DS
525 A
be varied dramatically with compositiomtp,g=65 at ¢p, vlzi
=0.50 anddpye=35 at ¢p;=0.25, while thedp, values re- T 73
main unchanged. The dependencalpfg on blend compo- 05 | o
sition makes us question the utility of the Donth model. Al- '0 ‘ ‘
though the model predictions seem to describe the 200 220 240 260 280 300 320
experimental observatiorisee Fig. 4, these fits suffer from (b) T/K

one major problem. We find that the relaxation time spec- _—
. . . FIG. 5. Temperature dependence of segmental relaxation times from NMR

trum for the Pl is bimodal, with one peak centered at theon blends(Refs. 6, 7, 12 (open symbolsand DS on diblock copolymers

average blend value and another one at pures&® inset to  (filled symbols plotted in the scaling form of Eq7). (a) Segmental relax-

Fig. 4). This result is in dramatic disagreement with experi-ation times for PI, andb) segmental relaxation times for PVE.

mental data, which unequivocally show that the PI relaxation

time spectrum is unimodal. Of course, one can obtain a uniétron er composition dependencesvbaind = than the cor-
modal distribution of Pl relaxation times by changidgyg g P P 4

—7.5, for example, but in this case the average relaxatio responding WLF/Donth approach. We shall show below that

time for the PI component becomes slower by one order-o?hls significantly improves t_he description of the dynamics of
. . the PI/PVE system, especially for the PI component.
magnitude or more at each temperature. We have also trie -
As noted above, the exponent assumes a near “uni-

several other “mixing” rules to describe the cooperative vol- ., . 8
umes at intermediate compositions, but find that these essev?rsal value of 9 for polymeric systemis.|t then follows
’ fom Eq. (6) that a plot of7~*° vs. T should be linear, with

tial conclusions remain unmodified. As a consequence w and A determined from the slone and intercent. Figure 5
are therefore forced to conclude that the Donth model in its © P pt. FIg

current form cannot quantitatively capture the segmental dyglheor:/(\gz S;;:T)g:gitr?efg;rzImarl\]lclj\AFl;V;Legéa%g t:g;f;go\r/]atri';g
namics of the two blend components. ' '

of both the pure components and the blends follow this scal-

ing, especially close to the extrapolat€dvalues where the

relaxation time diverges. Also, the data from dielectric as
We now consider the dynamic scaling madéPfollow- well as NMR experiments are in reasonable agreement with

ing Egs.(6) and(7). For pure polymers, Co|6§7 has shown e€ach other, except for PVE in blends rich in PVEcluding

that data from oscillatory shear experiments, which probe

chain dynamics, and DS and NMR, which probe segmental

dynamics, obey this scaling behavior with a near universal o PI-NMR

value ofvz=9. Further, theT . values obtained from all sets EE%ED:S&«R

of data agree internally. This last result should be contrasted § o

with fits to the WLF model where th&.. values derived sl °

from OS and DS can differ by as much as 40 K. Thus, there ¥

is experimental evidence that the form of the divergence of

relaxation time is better described by E@) rather than Eq.

(5). Further, T.>T,,, typically T,—T.~10 K andT4—T.. 0003 ‘ ‘ ‘ |

~55 K. This result has profound implications on segmental 0 02 04 0.6 08 1

dynamics, since most experiments designed to measure seg- P

mental dynamics are conducted close to the glass transitiofig. 6. Fox plot of the composition dependenceTgf Diamonds are PVE,

temperature of the blend. The scaling approach predictsicles are Pl, and the dotted line is the Fox equation.

B. Dynamic scaling model

0.0055 l

0.005

*320

= 0004

0.0035 -

Downloaded 27 Dec 2000 to 164.15.130.85. Redistribution subject to AIP copyright, see http://ojps.aip.org/jcpo/jcpcpyrts.html.



6126 J. Chem. Phys., Vol. 111, No. 13, 1 October 1999 Kamath et al.

0.1 10!
&—6® PFINMR
G—>O PI Scaling Model 10°
®---2 PVENMR & DS -PVE
0.08 - & —-& PVE Scaling Model aDS-PI
) ~—— Dielectric Data 10" VNMR - PI
A NMR - PVE
2 —— PI - Scaling Model
10 ----. PVE - Scaling Model
0.06 "
- S
2 ) .
= 107 e,
0.04 o,
10° .0..
%
. 107"
0.02 | &
107 : : : : ;
200 220 240 260 280 300 320
(a) T/K
fo7 10° 10° ,
(a) s 10
o DS -PVE
0.1 10" ANMR - P1
—® PINMR vV NMR - PVE
o G—=o PI Scaling Model " eDS-PI
;HB \ |w—-EPVENMR 0" ¢ —— PI - Scaling Model
0.08 & "'ﬁq & — -0 PVE Scaling Model ----- PVE - Scaling Model
1 104
wn
0.06 .\é& © o
E ‘\.\ [
= "t 1w0e | *
0.04 Vi o,
Wt e,
39\ . 10°
0.02 \
-7
| oz 240 260 280 300 320
LNy (b) T/K
S0+ 10" 107 TS 10° ,
(b) " 0 —
FIG. 7. Comparison of the segmental relaxation time distributions of 10" °
blended Pl and PVE calculated from the scaling md@dpen symbolswith
the log Gaussian distributions from NM@Refs. 6, 7, 12 (filled symbolg 107 |
for (a) a 50% PI1/50% PVE blend at 242 K, artd) a 75% P1/25% PVE
blend at 232 K. The segmental relaxation time distribution from(Bal- 107 |
tiplied by a constant for better comparigdor a 50% P1/50% PVE diblock 3
copolymer is also shown as the dotted curve in gayt The solid and 10
dashed curves are guides for the eye. o DS - PVE °
0° ¢ ©NMR - PI °0.
4 NMR - PVE [
107 | — PI-Scaling Model .o..
. . . - — Scali
pure PVH. The relaxation of PVE at high temperatures is FYE = Scaling Model
consistently slower in NMR than in DS, and the origin of w’ Py pos =0 o

this discrepancy is not clear. Figure 5 is used to determine ©) T/K

for each component in all blends. For all CompOSitionS' W& G, 8. Comparison of the scaling model predictiéogrves to experimen-

find Ty—T.<20 K. Since we do not know hoW. varies  tal segmental relaxation times obtained from NMR on bleiRis. 6, 7, 12

with composition, we assume it is described by the Fox(open symbolsand DS on diblock copolymetdilled symbol3 for (a) 75%

equation. Figure 6 illustrates this to be a reasonable approxf2/25% PVE.(b) 50% PI/50% PVE, andc) 25% PI/75% PVE.

mation, using the pure componeRt’'s. We usedv=1, and

optimized Ap,, Apye, andB for 50% PI blends at 242 K.

These values were then employed at all blend compositionsheck, we predict the segmental relaxation time spectra for

to compare model predictions with data. Figute) Bhows a Pl and PVE in a 75% PI blend using the same values,of

comparison of the model predictions with the log Gaussiamp,, Apye, andB, in Fig. 7(b). As seen in the figure, we get

relaxation time spectra used to analyze NMR data for Pl andood agreement for the 75% PI blend as well. Finally, we

PVE in a 50/50 blend at 242 K. examine the predicted value of the average relaxation times
Two points need to be emphasized about Fig). First,  for both components as a function of temperature at all three

our predicted distributions of relaxation times for each com-compositions in Fig. 8.

ponent are in near-quantitative agreement with experiment. While the agreement between experimental segmental

The shape differences between theory and experiment arelaxation times and predictions at 50% Pl and 75% PI are

probably of little consequence, as the NMR data are showneasonable, the predictions at 25% [Flg. 8(c)] are poor,

as log Gaussian fits, but other unimodal fitting functionsparticularly for the Pl segmental time. At 25% PI, the pre-

worked just as welf® Second, note that the PI relaxation is dictions would improve significantly if th&, were lower

unimodal, again in agreement with experiment. As a furthethan what is predicted by the Fox equation. Apparently, the
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Fox equation does not adequately describe the compositidior any blend where segmental relaxation is measured at a
dependence of .. However, the scaling model provides an temperature below the glass transition of the higheom-
adequate description of relaxation times with parameters thagonent, the long-time end of the segmental relaxation time
are independent of composition and temperature. distribution of each component will be cutoff sharply. The
NMR data actually can be fit by a variety of unimodal forms
as well as by the Gaussian form used in Ref. 12. Thus, the
NMR experiment can neither refute nor support the predicted
One important success of the dynamic scaling model igorm of the sharp cutoff. Future experiments should be de-
its prediction that the faster relaxing componéRt) has a  signed to look for this sharp cutoff, which is a predicted
unimodal distribution of segmental relaxation times. This re-characteristic at temperatures below fhg of the highT
sult is predicted for all miscible blends withT ;<80 K. For ~ component.
blends with larger dynamic asymmetrAT,>80 K) the As noted above, the cutoff arises from the dependences
model predicts a bimodal distribution of segmental relax-0f V andd In 7/d¢ on local composition. Sinc¥ enters in an
ation times for the lowF, blend component. This prediction exponential fashion in the calculation B{ ), it will play a
agrees with DS results on blends with stronger dynamigtronger role than the divergence of the quantityn 7/de.
asymmetry. Polystyrene/pdiyethyl phenyl siloxanewith This point restresses the fact that the success of the scaling
AT4=115 K shows a bimodal relaxation spectrum in DS, model in this context is based on the strong dependence of
even though the loW; componentPMPS is the only com- the cooperative volume on composition, especially when one
ponent that is dielectrically actiVé. A 50/50 blend of operates near the glass transition of a blend with components
polystyrene/polinyl methyl ethef with AT,=125 K also with disparateTy's. This form is much stronger than EG)
shows evidence of a bimodal distribution of relaxation timesadopted in the Donth formalism sindg—T.<T;—T... In
where only the lowF, componentPVME) is dielectrically addition to these ideas, it is also clear that the scaling ap-
active®! In both of these examples, one of the peaks appear@roach(i.e., Egs.(6) and (7)] is in better agreement with
to represent the low, component relaxing in the environ- experimental relaxation time spectra since it predicts a uni-
ment of the mean blend composition, while the secondnodal distribution of relaxation times. In contrast, the Donth
(faste) relaxation corresponds to an environment that ismodel predicts a bimodal distribution of relaxation times.
nearly the pure lowF, component. This finding agrees well Both approaches predict that the distributionsRgfb) are
with our model, as Eqgs(2) and (3) have two maxima in bimodal, with one peak at the mean composition and one
P(#), one at¢=¢ and the other with the smallest cor- peak at pure PI. Consequently, thg scaling approach is more
responding to compositions rich in the 6Ty-component. successful in reproducing experiment since the quantity
An important point that we do not fully understand yet is 4 In 7#d¢ has a much stronger composition dependence than
the fact thatv=1 provides the best description. Consider-in the Donth model especially for compositions rich in PI.
ation of data on a number of glass-forming polyniefsot 1 his fact permits for the prediction for a unimodal distribu-
blends resulted inv=3/2. Howevery=3/2 is clearly incor- tion of relaxation times. In combination, these results stress
rect for the PI/PVE blends considered here, because thdat the success of the scaling approach is attributable to the
peaks get much sharper with=3/2, and more importantly adopted functional forms fdooth Vand Inrin Egs.(6) and
the segmental relaxation distribution for Pl becomes bimo!{7):
dal. Sincevz=9 for polymers’® v=1 suggests that=09,
which seems too large. Andrade creep, universally observ
for all glass-forming materials, suggests that6.%°> A better
understanding of these critical exponents is needed before we We have used dynamic scaling in conjunction with a
can claim to “understand” dynamics through dynamic scal-concentration fluctuation model to provide an improved de-
ing. scription of segmental relaxations in miscible polymer
Close inspection of Figs.(@ and qb) show that, while  plends. The model correctly predicts that each component in
both peaks are roughly the correct width, the predictions ar@|/PVE blends has a unimodal distribution of segmental re-
cutoff sharply at the long-time end of the distribution. The |axation times. Furthermore, the model provides a reasonable
origin of this cutoff lies in the calculation of the distribution description of the composition and temperature dependences

V. DISCUSSION

e\gl. CONCLUSIONS

of segmental relaxations(In 7), from P(¢). of the peaks of these segmental relaxation time distributions
do for each component. The model also predicts that blends
Fin(r)= P(¢)m. (9)  with stronger dynamic asymmetrAT ;>80 K) have bimo-

dal segmental relaxation time distributions for the [Gyy-

HereP(¢) goes to zero at the blend composition that has theomponent, consistent with available data. The success of
T. at the particular temperatuisee Eqs(2), (3), and(6)].  this approach apparently arises from a better description of
Similarly, the derivatived In 7/d¢ also diverges at the same cooperative volume than the earlier model of Donth. How-
point[Eq. (7)]. Both of these factors then directly ensure theever, our understanding of the cooperative volume is still
presence of a strong cutoff in the distribution of relaxationrather vague, and it appears to hold the key to understanding
times. For the 50% PI blend at 242[Kig. 7(a)] this critical ~ dynamics in glass-forming liquids. Future work in our group
composition is¢p=0.25, while the 75% PI blend at 232 K will therefore be aimed at an improved understanding of the
[Fig. 7(b)] has this critical composition abp=0.4. Thus, cooperative volume, through computer simulation.
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