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The controversial origins of the unusual dynamics of miscible polymer blends are incisively probed through
computer simulations. The distribution of mobilities experienced by a probe monomer in a miscible blend of
chains with disparate glass transition temperatures is found to be much broader than in the pure polymers,
providing clear evidence for local concentration variations in the mixture. These concentration fluctutations
yield distinctly different temperature dependences for the dynamics of the two different components, in a
manner that closely mimics experiments.
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The dynamics of miscible polymer blends are unusuakimple cubic latticd13]. Monomers along a chain are con-
since, in many cases, the two components appear to maintairected by bonds of variable length. Double occupancy of
their own independent dynamic identities. Such behaviorsites is prohibited and no bond crossing is allowed. The
termed “thermorheological complexity,” manifests itself in ground state is defined to be “long” bonds of length 3; all
the anomalous broadening of the distribution of relaxatiorothers are assigned an energy 0. T* =kgT/€ is the re-
times of both blend components compared to the pure polyduced temperature, whekg is the Boltzmann constant. Pre-
mers, and in the breakdown of the empirical time-vious studies have demonstrated that this model can qualita-
temperature superposition principle at both the segmentdively capture the vitrification of polymersl3,14].
and chain leveld1-8]. The microscopic origins of these  We have studied two chain lengtté=10 andN=2. For
effects have been the subject of considerable debate in recethie N=10 systems, we employ a 8 attice, with periodic
years[4,9—17. One explanation for these phenomena is thaboundary conditions in all 3 directions. The overall lattice
the local environment in the blend is heterogeneous, witHilling fraction is p=8NM/L®=0.8,whereM =2160 is the
this effect being attributed to concentration fluctuationsnumber of chains in the system ami#=10 is the chain
[2-5,10 and chain connectivity effec{®,3,9. In contrast, length. For theN=2 system, we employ a £dattice, with
others have argued that thermorheological compleaitly ~ periodic boundary conditions in all 3 directions. The overall
reflects inherent differences in the local dynamics of the conlattice filling fraction is p=8NM/L3=0.9, where M
stituents[12]. =3600 is thenumber of dimers in the system. We model a

Since the dynamics of miscible blends are of fundamentab0/50 binary blend of two polymers where the two compo-
and practical relevance, it is important to resolve the molecunents have different bond stiffnesseg=1, andeg=2, re-
lar origins of these effects. To this end we have simulated gpectively. Componen& will thus have a lowerT,. The
miscible blend comprised of materials with disparate glasgorresponding pure materials are also simulated. In another
transition temperatures in the framework of the bond-set of simulations we replace 10 chains in e 10 system
fluctuation model. For blends of chains of lendi=10 we  with 100 “monomers” to probe the motion of small mol-
find that the dynamics of the two different components dis-ecules in these matrices while keeping the overall lattice fill-
play different temperature dependences. In contrast, mixturéag fraction constant. Note that these small molecules only
of chains withN=2 show that the two components have experience excluded volume interactions. Since the bond
identical temperature dependences. We have also simulaté&nding potential is the primary cause of vitrification of
the motion of nonselective small molecule probes in thehese model§13], a lattice of pure monomers would not
N=10 systems to delineate the origins of these results. Bpossess a glass transition. Thus, these tracers are expected to
considering the distribution of displacements in the blendbe sensitive probes of the variation in local compositiamnd
and contrasting it to the corresponding behavior in the puréence glass transitiongn polymer blends, without any in-
polymers, we show that the probe experiences a wide rangerference from their own vitrification.
of environments. These span motion as slow as the mean The systems were simulated using the standard metropolis
blend composition and as fast as regions strongly enriched iMonte Carlo technique. Only local moves are employed to
the fast polymer. These results, in conjunction, conclusivelystudy system dynamics. Initially, the system was equilibrated
demonstrate that the origins of thermorheological complexityat T* =«. Starting configurations for lower temperatures
can be attributed to the presence of concentration variationsere equilibrated configurations from the next highest tem-
in the blend, as has been conjectured by several grougserature. To check for equilibrium, we have monitored the
[2-5,9,10Q. autocorrelation function of the end-to-end vector and the

In the bond fluctuation model each monomer occupieself-intermediate scattering function, both of which go to
eight adjacent sites, which define a cube of side 1, on aero as t—~ %, and the average mean square displacement of

the center of mass, which is diffusive at long times. The
system was considered to be in equilibriuralf three cri-
*Electronic mail: kumar@plmsc.psu.edu teria were simultaneously satisfied/e have also considered
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FIG. 1. Plot of the diffusion coefficients of the pure components
and each component in a 50/50 blega).

potential changes on mixing, using the chain incremen

x~0, thus suggesting that the stiffness disparities are n

N=2, (b) N=10.

large enough to induce immiscibilifyl 6].

melt, and the tracers, we have calculated the diffusion coe
ficient of each component &&= Iime(<r2>/6t), wheret is

the scaling form D~[T—T.] *) or the Vogel form D

50/50 blends oN=10[Fig. 1(b)]. TheD of the two compo-

temperatures of the two blend components ﬁﬁ@ 0.30,

[N=2] with the same bond length potentials. Figure)l
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FIG. 2. Plot of the diffusion coefficients of the probe monomer
and of each component in a 50/50 blend witk- 10. The data for
the monomer tracer are also divided by @pen squargso com-

pare with the flexible component data.

blend, i.e., thermorheological simplicity. These results un-
equivocally prove that thermorheological behavior is more
than a difference in the local dynamics of the two materials.
Thermodynamics suggests thétA ¢)?)~S(0), where
S(0) is the zero wave vector limit of the scattering function,
and((A ¢)?) is the width of the distribution of concentration
fluctuations. For a system withb=0 andN=2, the random
phase approximation yield§(0)=0.5, while for N=10,

the miscibility of these mixtures by calculating the chemicalS(0)=2.5. This argument suggests that the longer chain sys-
fem, which shows a breakdown of time-temperature super-

method[15]. In agreement with previous work we find that positipn, samples a much w.ider range pf concentrations than
e dimer blend. To conclusively establish that local concen-
tration variations are the cause of disparate dynamics, we

From the mean square displacement of the center-of-mas¥?W con_sider the diffusion o =1 tracer molecules in the
r2) for each component in the blend, the single componenp?/20N=10 blend. Figure 2 shows a plot of thevalues of

the two blend components and also of the monomer tracer.

When we divide the tracer diffusion data by 40, we find that
its temperature dependence tracks that of the flexible com-
the Monte Carlo time. We first consider the systems Withoutponent in the blend. This temperature dependence is dis-
any tracer particles. Figure 1 dem_onstrates that the diffusivn-ncﬂy different from that of the slower component. These
ity data from both the pure materials and the blend show gegylts, therefore, suggest that the diffusion coefficient of the
significant slowing down with decreasing temperature, bothyacer is determined by environments that are dominated by
for N=10 andN=2. Each set can be adequately fit by eitherine faster blend component.
Since diffusivity data are dominated by the fastest moving
~exgA/(T—Tg)]). We find, as expected, that pure chains of monomers, such data do not provide adequate information on
type B have a Vogel temperature that is twice that of pAre the distribution of environments that a tracer particle experi-
chains[i.e., Tg=2T5=0.40+0.02]. We now consider the ences. To probe this issue further we focus on the distribution
of displacements of the probe monomer in the blend as well
nents have different temperature dependences. The Vogak the single component systems. In the temperature range
0.5<T* =2, the diffusion coefficient in the blend is smaller
T§=0.34, quantifying this fact. Qualitatively similar results than that in the single componefiow T,] system. A com-

are found for two other compositions studied, i.e., 25/75 angarison makes the most sense where the diffusion coefficient
75/25. Thus, this blend demonstrates the normal signatures the probe monomer is the same in both systems. For this
of thermorheological complexity, in a manner that mimicsreason, we compare the distribution of tracer displacements
experiment. We have also considered mixtures of dimer#n the pure lowT, polymer at a temperature which is lower
than the blend by a factor of 0.625. The mobility of each
suggests that, in contrast to the longer chains, the dynamid¢sacer monomer was tracked at these different temperatures
of the dimers have identical temperature dependences in tHer the blend and pure polymer as a function of time, and
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FIG. 3. Plot of the distribution of tracer displacements for both 229(")=9aa(r) +gss(r) ~20as(r) for the N= 10_b|end system
the blend and the single component melt at the point where th@nd the dimer system with 50/50 compositionTat=0.5.
mean square displacement of the tracers are identical in both sys-

tems. The data correspond to a time-step af18° Monte Carlo tity 2A9(r)=0gaa(r)+9ps(r) —29as(r), where g, (r) is

units and(r?)=218, indicated by the large “X” in inseth). Inset  the jntermolecularpair distribution function for monomess
(a) shows an expanded view of both distributions for dlsplacement%ndy Ag(r) would identically equal O for alf in systems
greater than 25. Inséb) shows a plot of the mean square displace- :

ments of the tracers for both Systems. Whe_re_ both components are randomly mixed, and hence any
deviations from O are a measure of nonrandom packing

(“concentration variations). Figure 4 plots this quantity for

their distributions are compared at identical times, i.e., whergyoth theN= 10 andN= 2 blends. It is immediately clear that

their mean square _center-of-m_ass displacements are id_entiqﬁb longer chain length blend has larger valuesAaf(r)

[see |nset(2b) of Fig. 3]. In Fig. 3 we plot the quantity g ggesting that concentration variations are larger in this

P(r)=4m=r"W(r) ,where W(r) is the probability that & 456 In addition to this intermolecular effect, past work has

monomer has m°"9d exactiyn the t_ime_t. '”Se“?) inFig. 450 suggested intrachain connectivity effects also become
3 is an expanded view of both distributions at displacements, .o important with increasingl. Thus, while we cannot

greater than 25_Iattice units..lt is clear that the distributiqn ofesolve whether intermolecular or chain connectivity effects
displacements in the blend is much broader than that in th

i . ) Sre more important in this context, the evidence here is con-
pure material. This suggests that the tracer in the blend &xsqjye that the blends with larger concentration variations

periences a broad range of dynamic environments. Since &,y |arger departure from thermorheologically simple be-
diffusivity data suggest that the largest particle displacements_.,

avior.
have a temperature dependence analogous to the faster blend,, summary, we have provided several lines of evidence
component, we conclude that the high displacement end Qfich ’

T . Co in combination, unequivocally illustrate that local
the tracer distribution corresponds to regions rich in the flexz,ncentration variations are the source of thermorheological

ible component. To bo!ster this Statement, we ha_ve traCkeE’omplexity in miscible polymer blends. Figure 1 shows that
the local environmentfi.e., the immediate six neighbors theN=2 andN=10 systems have similar inherent mobility

around a probe monomer and averaged this quantity over e rences betweer and B, yet thermorheological com-
whole dynamic run. We find that monomers with lower mo- plexity is only observed for thél=10 system. Thus, ther-

biliies [(r*)<10], on average, experience a COMPOSItion o heological complexity is not merely a reflection of the
that is identical to the mean blend composition, while mono,herent differences in the local dynamics of the two compo-
mers with(r %) =40 (the high displacement end of the distri- hopis e show that the measurement of probe diffusion pro-
bution) have a local environment that is richer in_the flexible \iqes complementary information to currently available dif-
component ¢y~ 0.75. Thus, we have clear evidence that g,qjyity measurements on the two blend components. The
the local environment in the blend is heterogeneous, W'tnemperature dependence of theof small molecule probes
composition spanning from regions close to the averagenoy|d track that of the fast component in the blend, but its
blend composition to regions rich in the faster component. gisribution of mobilities, if measurable, should provide a
Afinal point is to understand the difference in behavior of yirect measure of the dynamical heterogeneities in the blend.
the N=10 blend, which appears thermorheologically com-g,ciy data are currently unavailable, although we are aware

plex, and theN=2 blend which is thermorheologically of ot jeast one group which is pursuing these measurements
simple. Above we have suggested that the random-phase

proximation model anticipates that the longer chain blen
experiences larger concentration variations than Nhe2 Financial support was provided by the National Science
blend. To substantiate this prediction we examine the quaroundation(Grant No. DMR-9977928
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