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ABSTRACT: We show that the time corresponding to the peak of the segmental relaxation time distribution and
the mean time of that distribution for the components of several miscible polymer blends are strongly affected
by both chain connectivity and concentration fluctuations. These two measures of characteristic segmental relaxation
times differ from the time corresponding to the mean composition experienced by a segment, with these differences
being emphasized for blends with large glass transition contrast, lower temperatures, or increased concentration
fluctuations on the nanometer scale. These findings are in contrast to self-concentration models, which generally
assume that concentration fluctuations affect neither the mean nor the peak segmental relaxation times and are
only relevant for determining the distribution of relaxation times. Going further, we show through the inclusion

of self-concentration and concentration fluctuation effects that segmental dynamics are only affected by a local
environment of sizev1 nm surrounding a test monomer. This length scale is only weakly temperature and
composition dependent, even ndgr This estimate of a relevant dynamic length scale is in good agreement with

the conjecture on which the Lodg#/cLeish self-concentration model is based but is contrary to the ansatz used

by many concentration fluctuation-based models which assume that this local environment size diverges in the
vicinity of the glass transition.

Introduction times of the components of miscible blends only depend on
. . . self-concentration. Concentration fluctuations are assumed to
It is now well appreciated that the segmental dynamics of - SR i

be only relevant for determining the distributions of relaxation

the two polymers in a miscible blend can have quite different times. While these approaches are almost quantitative in their
temperature dependences® with this effect being magnified - - PP ) q
predictive ability for segmental dynamics far abolg more

when the component glass transition temperatures are very’ "
. ) . . . - recent work has shown that the self-concentration values
different. This behavior, which manifests itself as a breakdown . )
necessary to describe experimental data have to be small (and

of the empirical time-temperature superposition (tTS) principle, sometimes even negative) in the vicinity Bf’2"28Even more

is rationalized as follow$® since the monomer of interest is ) . . .
. . . disturbingly, the value of self-concentration that fits the
bonded to other monomers on the same chain, a certain fraction

of the “averaging volume” is “self-concentration”. This naturally experimental data for a particular polymer depends on the

) n . : artner with which the polymer is blended withThese results
biases the mean composition experienced by this segmen .
. . - . suggest that some other factor needs to be considered to resolve
toward its pure constituent. In addition, the remainder of the

volume is occupied by the segments of other polymers, with these apparent inconsistencies. In this paper we shall show that

this concentration subject to large fluctuati8h$he magnitudes concentration fluctuations play important roles even in deter-

. . . mining the peak or the mean segmental relaxation times. The
of both the self-concentration and concentration fluctuations are . . .
. - analysis of available experimental data for the segmental
controlled by the size of the averaging volume. If the two

constituents have different glass transition temperatures, the.‘llynamICS of miscible polymer blends using a model that

system has natural dynamic contrast, which then leads to thelncorporates both self-concentrations and concentration fluctua-

observed breakdown of tTS. Here, we address two importantt'.OnS suggests that segmentgl motion Is controlled_ bylam
; ST o sized neighborhood surrounding a test segment. This length scale
unresolved questions in this field: (1) In addition to the well-

accepted fact that concentration fluctuations determine the width 'Sar?rﬁ’g?r::élyo'nr;det?s:d;':/tvec:k th:rrrl1d eﬁgtmufgsétéoln?jne%ct:er\]/?/e
of the relaxation time spectrum, do they play any role in P y P P )

o - ! . therefore conclude that the inclusion of self-concentration and
determining characteristic segmental relaxation times (e.g., theconcentration fluctuation effects over this small volume should
mean or the peak times of the distribution)? (2) What is the

size of the volume which affects the relaxation time of a form the basis for a truly predictive model for blend dynamics.
segment, and how does this depend on temperature, compositionylodel Development

and blend partner? We base our ideas on the incompressible Flory theory of
The pioneering models of Kornfieldnd Lodge and McLeish polymer blends: thus, while we shall include the effects of
have postulated that the peak or the mean segmental relaxatiortoncentration fluctuations, we do not account for any density
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fluctuations (or compressibility effects) in our formalism. here is whether these experimental times correspoﬁxiﬁias

We introduce two distribution functionqa(qbg\ﬁ) dqs{:ff and has been assumed. We first focus on the most probable time or
pIn 7) d In 7, the probability distributions of effective the time corresponding to the maximum m@(In 7). This
concentrations surrounding a given segment and logarithmic maximum is defined by

relaxation times experienced by that given segment, respectively.

These probability distribution functions are related by the 9p,(In T)z
equation alnt
Pl dooy =p(In7)dInt 1) As discussed above, singe(In 7) and p(¢%;) are directly
T

related (eq 1), this condition for the maximum transforms to

#h: has contributions from both self-concentration and con- TR
centration fluctuation$® 0 I (gt eff] -0 ®)
alnz" ey In ¢
Peit = Do+ (1 — P’ (2)

We now use the Gaussian form mﬁ’:ﬁ) (eq 4) to obtain

where ¢” represents the intermolecular concentration experi-
enced by a test segment, whig,; is the self-concentration.
For small volumes, whose sizes are smaller than a Kuhn length
ba, the self-concentration is fixed since the chain is rigid at
these scale¥?’ If we assume that the averaging volume is a
sphere of radiu: (R: < ba), we obtain

d’Int
dgi’
dint
d¢2ff]

’¢Seak_ ;béff =-[1- ¢§elf]2|—_‘§¢2

d dIn
2 ~ Do’ B In[ =] (9)
Prelr = UA 3) Weir | Wi
se 2
27bAR; Thus, the maximum of,(In 7) occurs at a composition that is

shifted from the mean composition experienced by a segment
by an amount that is directly proportional to the mean-squared
concentration fluctuation. This is a central result of our paper.

We next focus on the mean of the segmental relaxation time
distribution. In previous worK we derived an expression for
the mean logarithmic relaxation time experienced by a test
segment. That form is slightly incorrect, and below we show
the correct Taylor series expansion for this quantity:

wherewva = lpaba? is the volume of a single A segment, while
loa andba are the packing and the Kuhn lengths of the polymer,
respectively?® The variation of concentrations sampled by the
test segment thus has no contributions from self-concentration
effects. In this case the distribution of concentration experienced
by a test segmenp(qﬁé‘ﬁ), is a Gaussiai§

1 (@5 — Po)’
expp——mmm

(o) = ———— (4) . 2
! \ 2100 2[00 [ 7(¢h) 0= In (¢hy) + %meﬁz dq:[\‘: +.. (10)
eff

where the mean-squared fluctuation in effective composition

Bpe?lis related to the usual mean-square concentration W€ ¢an then approximately transform eq 10 as

' > -
fluctuation (¢4 5 B &A N oh t(qﬁ’gﬁ)D— In T(¢:ﬁ) B

Deper = (L — Pl 10¢°0 ©) average el d In 7/d¢ly

- 1 d dint

p(¢%y) has a maximum at a mean effective concentraip, §®¢§ﬁ%_A In[ X ] (11)
which is related to the mean blend compositidm: AT eff

o=t + 1- o O ®) where ¢’;,erageis the effective composition corresponding to

eff — ¥self sel/ <A

(n (%) This shift relative to the mean compositiag,

werage
A . - . . . .
The companion pap¥rshows that the mean-squared concentra- — Pe IS half the magnitude and opposite in sign to the shift

tion fluctuation for component A is given by seen in eq 9. . . o
The most important point that emerges from this analysis is

N that neither the peak relaxation time nor the mean logarithmic

D¢’= 7 > A @) relaxation time rigorously equals the relaxation time that
o bi i bi corresponds to the mean value of the effective concentration,

R o, Dy i.e., o5 While we have not discussed the numerical impor-

tance of the concentration fluctuation terms in this contéxt,
An analogous expression can be derived for component B. Thus,we shall demonstrate below that including them in the analysis
both the self-concentration and the magnitude of concentration of experimental data (for either the peak time or the mean time)
fluctuations are controlled directly by the size scBle allows us to avoid unphysical effects such as negative values

Most experimental methods either measure the time corre- of the self-concentration.

sponding to the maximum gi,(In 7) [‘most probable” time]
or its mean [*mean logarithmic relaxation” time]. All self- How Important Are These Effects?
concentration models, including the Lo_dgb‘cheish model, To put some numerical values into these equations, we
convert the mean effective concentrati@jﬂ, to a relaxation employ the well-known VogetFulcher (VF) form to describe
time, which is then compared directly to these experimental the temperature dependence of relaxation times. [The VF
measures of mean relaxation times. The question we considerfunctional form can be readily reduced to the Williams
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Figure 1. Difference between the mean effective composition and the
composition corresponding to the peak relaxation time for PVE in a
50/50 blend of PI/PVE. We assumedRyvalue of 6 A, a Kuhn length
b= 14 A, and a packing length ¢f = 2.8 A. The WLF parameters

used to describe this system are listed in ref 27.

Landel-Ferry form.] We assume that the blend Vogel temper-
atureT, follows the Fox equation, while all other quantities are
composition-independent. (It is important to note that there is
no a priori reason to use the Fox equation, and below we shall
consider the use of an alternate form, the DiMarzio expression
to describe the composition dependenc&pfThe use of this
different form does not qualitatively alter the conclusions we
draw.) Under these assumptions, eq 9 reduces to the form

1

1
Toa  Tog

¢§eak_ P = 2®¢eﬂ2‘:r0[ T ) (12)

(T— To

for component A, wher&ya andTog are the Vogel temperatures
of pure components A and B, respectively. Thus, the effective

concentration corresponding to the peak relaxation time is E=

different from the mean effective composition (eq 6), with this
difference becoming larger as concentration fluctuations grow,

if the Tp contrast between the two polymers is increased or as
Tis lowered. To get a sense of the magnitude of these numbers
we use parameters for the 50/50 PI/PVE blend system: for PVE

with R. = 6 A, we obtaind¢er?C~ 0.012 andp’,; = 0.5. As
Figure 1 shows, in the high-temperature limit, this equation

predicts that the difference in volume fraction between the peak

and the Lodge McLeish prediction would only be-0.009. At

Ty the difference in compositions predicted by this model is
~0.05, which would affect the relaxation times by orders of
magnitude. This result reiterates our previous statement that th
Lodge—McLeish approach works remarkably well when one

considers blends far above their glass transition temperatures

but this model becomes less reliable at lower temperatires.
We also consider the findings of Ediger and co-workérs,

who had used NMR to obtain thmean relaxation times

B‘(q&’;ﬂ)D of polyisoprene, when blended with a range of

different polymers. (At these high temperatuﬁs(@’gﬁ)[m 1+

lg] r(¢’:ﬁ)D and thus we simply calculate the mean logarithmic

relaxation time.) These workers used the LodlyieLeish (LM)

[S)
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value of self-concentration is also affected by the presence of
concentration fluctuations:
In[

We now make the standard assumption that the relaxation time
of the blend components follows the same VF form as the pure
material, withTy given by the Fox equation. Thus, we obtain

mqseﬁZDT
1-®, 0[

~ 1. |zw)effzt| d
21 Py agfy

dint

(13)
dest ]

A,apparent__ A
¢self ¢se|f

1 1 T

TOA TOB T- To

A,apparent__
self

ATERS (14)

for component A. If A is the lowFy component, thegf?P2e™

< ¢4 and if A is the highTy component, theryfiPPe" >

¢hy Thus, since Pl is the loWy component of PI/PVE
blends, the apparent self-concentration extracted from the mean
time should be lower than the LM prediction. Further, for a
50/50 PI/PVE blend, the magnitude of this shift in self-
concentration is predicted be0.01 at high temperatures, while

it should be~0.06 at low temperatures. The NMR derived self-
concentratiof? is ¢haPP?"= 0.41+ 0.05 for Pl in this blend,
while the Lodge-McLeish prediction is/)’s'\elf: 0.45. While we
"shall provide a more detailed analysis of this issue below, it
appears that including concentration fluctuations might allow
resolution of this problem.

Results and Discussion

Fits to the Peak Relaxation Times for the PI/PVE and
PoCS/PVME Blends.We fit the temperature dependence of
peak segmental relaxation time data from the literature to eq 9,
using one temperature-independent fitting parameter, the size
of the volumeR.. In all cases we minimize the “cost” function
Yi(ln r[«p’;ﬁ] — In 7[®4])i%, where the first term on the
right side is the predicted value of the logarithm of the relaxation
time (corresponding to either the peak or the average value)
while the second quantity is the experimental value. Knowledge
of R. immediately yields both (1) the fluctuation in effective
compositionld¢er?L(eq 7) and (2) the self-concentratieﬂ:tje,f
(eq 3). To proceed from here to obtain the relaxation times
relevant to the experiments, we need to make two assump-
tions: (1) the composition dependencelp{using for example
the Fox or DiMarzio equations) and (2) the detailed form of
the temperature dependence of relaxation time.

We shall show below that the results are insensitive to both
of these assumptions: we speculate that this insensitivity results
because the models that work have sufficient variability resulting
rom adjusting the single parametd®. In this sense it is
powerful if the CF model presented here works better than the
LM model: we argue that, in this case, the model including
CF better embodies the physics. In the companion p#pee,
fit the entire distribution of relaxation times, effectively using
a single parameterR., again illustrating the power of this
approach.

Results.Figures 2 and 3 and Table 1 represent our best fits

model and treated the self-concentration as a variable. SUrpriS-to the peak Segmenta| relaxation time (Or frequency) for the

ingly, they found thaw’, for Pl was dependent on the blend
partner. When Pl was blended with high& materials, the
apparent ¢§e” was consistently smaller than the Lodge
McLeish prediction (0.45), while it showed an opposite trend
when the partner had a low&g. To understand this result, we

constituents of two different blends with a temperature-
independen®; for each blend componenpoly(o-chlorosty-
rene)/poly(vinyl methyl ethet} and polyisoprene/poly-
(vinylethylene¥-3—following eq 9. For the PoCS/PVME blends
the dependence of log vs composition was described by a

return to eq 11. Since the self-concentration is used as a fit Vogel—Fulcher form, with onlyTo, the Vogel temperature, being
parameter to describe the mean time, it follows that the resulting dependent on compositiofy was obtained via the Fox equation.



5762 Kumar et al. Macromolecules, Vol. 40, No. 16, 2007

T T T T T T
10°F » 25% PI+75% PVE
2f
3 @ 10
»
- Pa
10
10°F
30% PoCS/70% PVME 7 0
T (K)
0 L 1 1 1 1
28 3 32 34 3.6 T T T
1000/T (K) , .
10T 50% P1/50% PVE 7

T T

50% PoCS/50% PV

Figure 3. Temperature dependence of relaxation times corresponding
to the peak in either the NMR(squares) or the dielectric relaxation
)3 Y] 3 33 3 36 spectrurd! (circles) for two compositions of the PI/PVE blend. The
1000/T (K) : filled symbols are PVE while the open symbols are PI. The lines are
fits to eq 9 withR; independent of temperature. The predictions of the

Figure 2. Frequencies (in Hz) corresponding to the peak in the | oqge-McLeish model for these PI/PVE blends are reported in ref
dielectric relaxation spectrum for two compositions of PoCS/PVME d27'

blends®? The circles are PoCS, and the squares are PVME. The dashe

lines are predictions of the Lodg#&cLeish model with a temperature- . . .

independent self-concentration. The full lines are fits to eq 9 With ~ Observed previously by Kornfield in the case of the PI/PVE
independent of temperature. blend? Kant et al’’” have suggested that the apparent self-

concentration of PVE has to approach zero or even become

For the PI/PVE blends we used the WLF form with a negative in the vicinity offy to rationalize dielectric spectros-
composition-independent values of and of ¢, as we have copy results for thea-relaxation time with the mean-field
utilized previously. (We examine the sensitivity to using a Lodge—McLeish model. Similarly, Rolarfd has suggested that
different form for the composition dependenceTofsuch as the PoCS data from a PoOCS/PVME blend has an unusually low
the DiMarzio equation below.) The required parameters were fragility parameter. We thus conclude that the mean-field
derived from refs 32 and 27, respectively. In both of these Lodge-McLeish model consistently fails for the high-
blends, the glass transition temperatures of the constituents areomponent nearTg. One must either use a temperature-
very different. dependent self-concentration or include some missing physics.

In agreement with past work on PI/P\VVEwe find that the Introduction of concentration fluctuations (CF) allows us to
peak relaxation time for the faster (lo¥y) component can be  satisfactorily resolve these problems (solid lines in Figures 2
well fit by using either the LodgeMcLeish mean-field ap- and 3; see also Table 1). Our results show that the experimental
proach or the model proposed here (see Figures 2 and 3 andgeak relaxation times for both components in each blend can
Table 1). In all cases we ugglog 7) in Table 1 as a metricto  be fit by the proposed model, with smaller uncertainties than
characterize the goodness of fih(log 7) is the standard those obtained using the LodgklcLeish model. Further, we
deviation of the fit value of log relative to the experimental  get reasonable fits even though we have employed temperature-
most probable value of the relaxation time. This standard independent values &% in each case. In the worst case of PVE
deviation is reported in decades and represents in a singlein the 75/25 PI/PVE blend, it is apparent that the fits to PVE
number the quality of the fits over the temperature range of the are poor and even use of the CF model only allows us to fit the
available data. data to within one decade. We thus argue Ratnay need to

We first discuss the fits obtained using only self-concentra- depend weakly on temperature. We shall explore this aspect
tions, i.e., the LodgeMcLeish approach. Figure 2 and Table further below and in the companion pag&hut it is important
1 show that this approach works very well for the lay- to stress that the current results suggest that our calculations
component in all cases. However, in agreement with the ideasusing a single temperature-independBatas a fit parameter
presented in previous wof, the Lodge-McLeish model offer a better description than the LodgklcLeish model with
provides a much less satisfactory fit to the relaxation time for the same number of fit parameters (a single valueﬁggﬁ).
the slower component (PoCS in the PoCS/PVME blend and Note that while the LodgeMcLeish model without CF requires
PVE in the PI/PVE blend). In both blends, the experimental very small values of the self-concentration in some cases (e.g.,
data for the highFy component show a much weaker temper- the PVE in the blends with 25% or 75% PVE), the correspond-
ature dependence than might be expected from the applicationing values required with the inclusion of CF (column 6 in Table
of the mean-field LodgeMcLeish model. This result has been 1) are always much larger, and vary less with blend composition.
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Table 1. Fit Parameters for PI/PVE2” and PoCS/PVME2? Miscible Blends

systentt T (K) oy A(log 7)-M ¢ Re () bean Dper? A(log 7)CFe T o
30/70 PoOCSPVME 276-303 0.52 0.05 7.7 0.28,0.018 0.10 260 0.47
3070 PoCSPVME 313-366 0.32 0.60 10.1 0.33,0.012 0.15 340 0.30
5050 PoCSPVME 281—-310 0.58 0.075 6.4 0.41, 0.020 0.04 275 0.57
50/50 PoOCSPVME 327379 0.23 0.61 10.1 0.33,0.016 0.14 353 0.16
7030 PoCSPVME 293-322 0.54 0.14 5.9 0.48, 0.016 0.09 292 0.54
70/30 POCSPVME 368-416 0.50 0.45 7.7 0.57, 0.009 0.08 390 0.36
75/25 PI/PVE 214-263 0.55 0.10 6.4 0.30,0.014 0.05 217 0.41
75R5PIIPVE 214-300 0.02 1.76 13.0 0.11, 0.011 1.62 225 0.03
5050 PI/PVE 238-264 0.38 0.29 6.8 0.27,0.024 0.26 226 0.38
5050PI/PVE 241—-290 0.25 0.67 6.85 0.40, 0.016 0.49 234 0.18
25/75PI/PVE 237F249 0.40 0.14 6.4 0.31, 0.023 0.09 236.5 0.40
25/75PIIPVE 252—-303 0.09 0.60 6.8 0.40, 0.016 0.38 253 0.08

aEach row corresponds to one component in a blend, denoted in%@ltained by fitting the experimental data directly to the LodlykLeish model.
¢ Standard deviations of the fits from the experimental data reported in log @ifit® self-concentration and concentration fluctuations are calculated
following egs 3 and 7 using thi; values reported in column 5Ty of each component for PI/PVE was obtained from Kornfield et alhile for PoCS/
PVME we used data from Urakawa et?alf These data for the self-concentration for the LodlyeLeish model were derived following eq 17 and the data
shown in column 5 (or 6).

10* T T T relaxation time data, especially for the Ioliy-component. How
does this model fit data adequately, when we argue that
10°F 30% hbPP +70% PIB 3 concentration fluctuations play an important role?
—~ First, we focus on the fact that the relaxation times for the
Z 10%F J low-Ty component always appear to be fit with lower uncertain-
8 ties than the data for the highy component. To understand
v 10°F 3 this result, we note that both the LM model and the CF model
é start with expressions for the composition experienced by a test
L 3 ] segment, which is then converted to a relaxation time. Thus, if
a model predicts the relevant composition with an error of
8f k Aq&’;}ﬁ, then the error in predicted log time|i@ log r)/d¢§ﬁ| X
10 Al . .
. ] ] R |A¢el. Let us consider one representative case; the PI/PVE
200 250 300 350 400

T (K) blend with 25% PI. We use the Fox equation, in conjunction
) o . with the WLF equation, to estimate the mean value(dflog

Figure 4. Temperature dependence of relaxation times corresponding A

to the peak in the dielectric relaxation spectrum (circles) for the hhPP 7)/ddg;| for each component over the relevant temperature

component in a 30% hhPP/70% PIB blédhe filled squares are  range (Table 1). This yields a value of 15 for Pl and 40 for

the mean logarithmic relaxation times for the hhPP component: the PVE (i.e., a composition error of 0.1 would change the PI

low-temperature data are from dielectric spectroscopy, while the high- (a|axation time by 1.5 decades but would change the PVE

temperature data are fat(lfrom NMR (at high temperature eXpg . - .
0~ [0 and so we consider both the NMR and dielectric data on the relaxation time by 4 decades). These differences are not due to

same footing). The lines are fits to eqs 9 and 10 with both self- the temperature ranges studied, which include the appagent
concentrations and the magnitude of concentration fluctuations inde- of each component (Table 1). Since this derivative is larger for

pendent of temperature. lower temperatures, we might have expected that Pl would yield
a larger derivative, given the narrower temperature range studied
Fits to the Peak and Mean Relaxation Times for the hhPP/  relative to PVE. Instead, the opposite trend is observed. This
PIB Blend. Next, we proceed to the dynamics of the hhPP {rend reflects the fact that, at a given distance frogn the
component in a 30% hhPP/70% PIB blefdyhere we have  derivative is larger for compositions richer in the high-
data on both the peak time (from dielectric spectroscopy) and component. Since PVE (with its self-concentration) samples this
the mean logarithmic relaxation time (from NMR) as functions end of the composition spectrum, it is then unsurprising that
of temperature. Figure 4 clearly shows that these two quantitiesthe derivatives for PVE are larger than for PI. Since the ratio
are different, with the differences becoming more pronounced of the derivatives track the relative errors of the relaxation times
as temperature is lowered. The two lines in Figure 4 correspondfor the Pl and PVE as predicted by our model, we conclude
to the fits following egs 9 and 10, with the same valueRpf that the apparently lower error in the Pl is not a consequence
6 A. It can be seen that excellent fits are obtained, reiterating of the fact that its peak composition is predicted better than for
that this approach is useful for representing these different the PVE. Rather, the magnitude of the error reflects the
measures of segmental relaxations for the Aigltomponent  amplification associated with the conversion from composition
in miscible blends. In contrast, the LM model fails to predict tg relaxation times.
either data sét with a single value ofp,. Next, we focus on the apparent success of the Ledge
Sensitivity of Results to the Fitting Procedure Employed McLeish model in predicting the peak relaxation time of the
The data presented in Table 1 (and Figures 2 and 3) show severalow-T, component over the temperature ranges considered using
important trends which need to be explained. First, regardlessa constant self-concentration. To understand this result, we start
of the model employed (LM vs CF), the data for the I3y-  with the “error” function:
component are apparently fit better than those of the figh- A A2
component. As a consequence, it appears that the data for the F= Z(m t[dim] — In tldce); (15)
low-Tg component are less sensitive to concentration fluctuations :
than the highfy component. Is this reasonable and can we where the first term in the brackets is the logarithm of the
understand these trends? Second, the Ledige_eish model relaxation time predicted by the Lodg®cLeish model, while
appears to provide a reasonable fit to the experimental peakthe second is the prediction of the concentration fluctuation
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Table 2. Comparison of the Quality of Fits Using the Fox Equation vs the DiMarzio Equation

system T(K) LM —Fox CFFox LM— DiMarzio CF- DiMarzio
75/25PI/PVE 214-263 0.10 0.05 0.10 0.02
75R5PIIPVE 214-300 1.76 1.62 2.38 2.66
50/50 PI/PVE 238-264 0.29 0.26 0.26 0.26
5050 PIIPVE 241-290 0.67 0.49 0.54 0.46
25/75PI/PVE 237-249 0.14 0.09 0.16 0.10
25/75PIIPVE 252-303 0.60 0.38 0.60 0.34
30/70 POCSPVME 276-303 0.05 0.10 0.09 0.10
30’70 PoOCSPVME 313-366 0.60 0.15 0.52 0.50
50/50 POCSPVME 281-310 0.075 0.04 0.04 0.05
50/'50 PoOCSPVME 327-379 0.61 0.14 0.53 0.49
70/30 POCSPVME 293-322 0.14 0.09 0.08 0.15
70'30 POCSPVME 368-416 0.45 0.08 0.37 0.35
model for the peak relaxation time (i-@ép = ¢;‘eakfrom eq the composition dependence of the Vogel temperaiyréor

9). Thus, we treat our CF model predictions (using the Tg), while the companion paper uses the DiMarzio equation.
concentration fluctuations and the self-concentration) as “data” To critically examine the consequences of this choice, we have
which are fit to the LodgeMcLeish model. This procedure considered data from the PI/PVE and the PoCS/PVME systems.
allows us to focus only on the ability of the LM model to Table 2 presents fit quality as characterized\gjog 7) in four
reproduce data which are affected by concentration fluctua- different cases: LM-Fox, CF—Fox, LM—DiMarzio, and CF

tions. The best fit composition for the Lodg®IcLeish model, DiMarzio. Table 2 shows that the use of the DiMarzio vs the
d)ﬁM, can be derived by Taylor expanding the first term about Fox equation for describing the composition dependence of the
the peak concentration and truncating it at first order: Vogel temperature does not qualitatively alter the conclusions

drawn. However, the particular choices of mixing rules Ter
dlnt\2 A do affect the values of the fit parameters and the absolute values
N 0= Z A [P~ Ppeal (16) of the standard deviations between the fits and the experiments.
CLAY T\ 0 i For the purposes of this paper, both formalisms yield comparable
quality of fits to peak relaxation time data.

Sensitivity of Results to Data Utilized To understand the
9ln 7\ 2 sensitivity of our results to the particular data set employed,
Z —_— ¢Seal$ we consider one particular representative situation: this corre-
™\ 9¢% |, sponds to Pl in a 75/25 PI/PVE blend. In this case we have
= a7) access to relaxation time data from NNMRnd dielectric
dln |2 spectroscopy31Fits to the NMR data yield aR; value of~6.8
Z A A, while corresponding fits to the two different dielectric
"\ et [ relaxation data yielded 5.4 and 5.7 A, respectively. It is
) ) o ) important to note that analysis of different data sets can yield
This equation can be simplified using eq 9 to relate the peak jitferent values oR.. While this is most likely due to the fact

composition to the effective composition and concentration hat the NMR and the dielectric data were taken over different

oF

leading to

fluctuations. ranges (see more on this point below), it could also be a
1 3 31In 7\ 2 consequence of the erroneous assumption that the WLF
¢ﬁM _ (EAﬁ R |92®¢2D_ |nz o0 (18) parameters for Pl are the same for all three different data sets,.
¢ 2 s A . Al More analysis, where WLF parameters relevant to data derived

a¢eff a¢eff i

from each protocol, could help to resolve this issue, but below

Further, for simplification, we replace the summation by an W€ focus on the scenario thet must be weakly temperature
integral going over the temperature range of interest. On this dépendent.
basis, then, we can use tRg(and hence the self-concentration Is ¢seir INdependent of Temperature and Blend Partner?
and the concentration fluctuations as derived from our model) Finally, we consider the work of Ediger and co-work&s:2°
in conjunction with the experimental ranges of temperatures to who measured the mean segmental relaxation times of PI, when
determine the value of the self-concentration which would allow blended with a variety of other polymers. These workers found
the LM model to best fit the peak relaxation time data as that the resulting Pl self-concentrations depend on the compo-
generated by the CF model. The last column in Table 1 shows nent with which it was blended. We had argued above that, in
that the proposed approach, which fits the LM model to the a qualitative sense, eq 14 would allow us to rationalize these
data generated by the CF model, nearly quantitatively reproducedindings. Our results in Table 1 are less convincing. For the
the results obtained by directly fitting the LM model to four polymers studied we find that ti&. values (and hence
experimental data. We thus conclude that the LM model can the self-concentrations) vary considerably even with changes
always be forced to fit experimental data which are affected by in blend composition. In the same context, we note our
CF, but at the cost of obtaining poorer fits to the experimental discussion above which suggested that a temperature-indepen-
data than the CF model proposed here. The differences indent value ofR. performed poorly in some cases, e.g., for the
uncertaintiesA(log 7) (i.e., compare columns 4 and 7 in Table PVE component in a blend with 25% PI/75% PVE (Table 1).
1), then reflect the improvement achieved in going from the To potentially resolve these issues, we fit experimental peak
Lodge—McLeish model to the concentration fluctuation based relaxation time data to a separ&evalue at each experimental
approach. point for each component. Figure 5 shows that in all cases the
Composition Dependence of Vogel TemperatureOur fits resultingR. are independent of composition and exhibit a modest
to the peak relaxation times use the Fox equation to describetemperature dependence. We now couple these findings to the
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PI/PVE Blends the data, possibly reflecting the weak temperature dependence
T T T of the Kuhn length or packing length. While we are not aware
of data for the temperature dependence of chain dimensions
for PVE, PVME, or PoCS, SANS data show that the Kuhn
length of Pl increases weakly with temperatéfrepnsistent with
o R. of Pl in Figure 5.
12 7 We thus believe that we have satisfactorily resolved the
o A . qguestion raised by Ediger: The results obtained for the
dependence of self-concentration on blend partner results from
ignoring concentration fluctuations, coupled to the fact Rat
has a weak temperature dependence. In this context it is im-
4r ] portant to stress that the. values themselves can be quite
different depending on the model employed. We therefore use
500 . 255 . 250 N 2;5 300 Rc as a fjtting parameter with some relatively stringent con-
T (K straints, i.e., that it be of order the Kuhn length and be inde-
( ) pendent of the blend partner and composition.

Why Are the R; Values Here So Different in Behavior
PoCS/PVME Blends Than Those Used in Previous Versions of CF Models?
T T T T T Previous versions of concentration fluctuation models (e.g., by
Zetsche and Fisch®rand Kumar, Colby, and co-workéfs?)
16k i have found that th&; values necessary to describe experimental
relaxation time data appeared to diverge at low temperature,
and values as large as 10 nm were found even 20 K above the

20

16 -

20

o 2r 1 blend glass transition temperature. In contrast, the values derived
o A% in this paper are typically~1 nm in size with a weak
sk ” i o
me s, temperature dependence. It is important to ask why such a
difference exists between earlier works and the current paper.
af e The work by Zetsche and Fischer did not include the effects of

self-concentration. Additionally, and probably more importantly,

1 1 L L L this work only considered blends where the dielectric relaxation
00 250 300 380 ~ 400 450 500 was dominated by the loWy component, which is further from

T(K its Tg and hence less sensitive to variations in the valuB.of
Figure 5. Temperature dependence of the radius of the spherical The work of Kumar, Colby, and co-workers includes the effects
averaging volume (A) for PI/PVE blends and for PVME/PoCS blends. of both self-concentration and concentration fluctuations, but
Zhgrjlltlreigns?g:rgrseiﬁetn? gmgo‘?;’”;%%”r]‘igtip(\%Ogrplg/o'\é%%ca;‘gthe the formulas used to calculate the contribution of concentration
hgve a wegak temperaturegdepenc?ence. y fluctuations contalne(_i gnco_ntrolled approximations. This Worl_<
overcomes these deficiencies and uses improved concentration

&Iuctuation expressions in conjunction with a self-consistent
expression for the self-concentration. In this last case, we find
R: typically in the 1 nm range, consistent with the ansatz of
Lodge—McLeish. We thus assert that CF models yield dynami-
cally relevant length scales which are consistent with the self-
concentration model of LodgeMcLeish. However, we show
that the inclusion of CF effects permit for an improved
description of experimental blend relaxation time data.

results presented in the companion paper, where we have applie
the full concentration fluctuation model (with chain connectivity
effects) to the dielectric relaxation behavior of two different
blends PI/PVE and PBO/PVE:34 There, we found excellent
fits to the full relaxation time distribution in all cases; as will
be discussed in the more detailed companion p#péne
resulting values oR; are essentially independent of composition
and the blend partner for PVE. However, a weak temperature
dependence survives. Similarly, fits to the PS/PVME blend
system yieldRe~ 5 A for the PVME, a result which is in very
good agreement with thig; values obtained for PVME for the Our primary conclusion is that both the mean and peak
PoCS/PVME blend discussed in Table 1. While we thus argue segmental relaxation times of the constituents of miscible
for very good agreement between the results of this paper andpolymer blends are affected by self-concentration and concen-
the companion paper, differences in absolute magnitude dotration fluctuations. Further, the mean and the peak times fall
persist. For example, we find thgg for Pl is in the range 4.5 on different sides of the prediction by the mean-field Lo¢lge
6.5 A, while the companion paper find& ~ 4 A. Similarly, McLeish model, corresponding to the peakpf®es). These

the results in Figure 5 of the current paper for PVME in a 30/ effects become more important as the glass transition temper-
70 PVME/PoCS blend show a much stronger temperature ature is approached, where these three predicted times differ
dependence than those found in the second paper. We do noby orders of magnitude. The inclusion of both self-concentration
understand these differences but speculate that they might ariseand concentration fluctuations allows us to rationalize experi-
because we only fit to the peak time, while the companion paper mental data on a range of blends using an averaging volume
fits to the overall distribution of relaxation times. With these whose size is~1 nm, independent of blend composition and
caveats, however, in a predominant number of cases we appeablend partner, with only a weak temperature dependence. Our
to be able to fit the experimental results for blend relaxation results suggest that simply incorporating concentration fluctua-
with R; values which are independent of the blend partner and tion effects into the LodgeMcLeish model for self-concentra-
composition. However, the resultirg values retain a subtle  tion may thus provide a predictive model for segmental
temperature dependence which appears to be a real feature oflynamics in miscible polymer blends.

Conclusions
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