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ABSTRACT We report measurements of the mutual diffusion coefficient D of the compatible polymer 
mixture poly(dimethylsiloxane)/poly(ethylmethylsiloxane), PDMWPEMS, with degrees of polymerization 
NA = 80 and NB = 90, respectively, at various compositions and temperatures. We have employed photon 
correlation spectroscopy PCS to obtain both D and the static structure factor S(q=O). Additionally, we have 
measured the self-diffusion coefficient D, by pulsed-field gradient NMR. The friction coefficients derived 
from the latter experiments have been compared with those from measurements of the dynamic shear modulus. 
For this model system far above the glass transition and macrophase separation we found a consistency 
between the dynamic quantities D,, the viscosity, and the kinetic factor g0 relevant for polymer interdiffusion. 
The resulting composition dependence for g0 is given by the reciprocal friction coefficient l0-I extracted from 
the mechanical measurement, a result only in harmony with the so-called “fast mode” approach and a more 
recent random phase approximati~n.~~ 

Introduction 
Mutual diffusivity in binary A/B polymer mixtures is 

controlled by the thermodynamic interactions between 
the chemically dissimilar polymer components (A, B) and 
their mobilities.’ Whereas the former domination is 
experimentally documented,- the functional form of the 
kinetic factor DO is still controversial. On the theoretical 
side, two different known as the “fast” and 
“slown modes, have been proposed to describe the com- 
position dependence of Do in terms of the tracer diffu- 
sivities Di0 (i = A, B) of the pure constituent components. 
Besides the neglect of velocity cross correlations13J4 that 
lead to these two analytical forms, the strong assumption 
of composition, 4, independent DPs requires negligible 
glass transition, Tg, effects. In real polymer mixtures, 
however, the fact that Tg($) is usually composition 
dependent renders the comparison to the theoretical 
predictions for DO(4) ambiguous. 

Experimental investigations of D at  constant 4 have 
revealed the rather striking insensitivity of Do to the degree 
of polymerization Ni for unentangled Rouse chains, i.e. 
DiO a Ni-l 1 4 3  and favored either4f’J6J7 the fast 0r2J8J9 the 
slow mode theory. Variation of $J usually complicates the 
dataanalysis due to Tg(4) effects, that are not encountered 
in the theoretical treatments. In fact, a mean field 
consideration20 of the forces ultimately responsible for Tg 
effects has recently suggested that slow or fast type 
behavior is related to the nearness of Tg to the experimental 
temperature T. This tendency has also been shown in 
recent computer simulation results.21 Therefore, com- 
parison between theoretical predictions and experimental 
evidence is meaningful if the latter can meet the assump- 
tions of the theory. 

In the present study, we report on the mutual diffusivi- 
ty of poly(dimethylsiloxane)/poly(methylethylsiloxane) 
(PDMS/PEMS) with N A  = 80 and NB = 90 at  different 
$J and 7“s. We employed photon correlation spectroscopy 
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(PCS) in the polarized mode to obtain D and static 
structure factor S(0) (in the q - 0 limit) of the concen- 
tration fluctuation 4q (q is the scattering wave vector). 
The present system was carefully chosen on account of (a) 
its virtually 4 independent Tg (-145 K) which is much 
lower than the experimental T (>260 K), (b) its low critical 
temperature Tc (- 120 K) and hence diminution of the 
thermodynamic forces (-l/S(O)), and (c) its components 
which possess different self-diffusivities whose relative 
magnitudes, more importantly, vary with T, i.e. DAO(T, 1 
DBO( 7‘). In addition to the PCS data, we have performed 
dynamic shear mechanical measurements of the average 
friction {(d) and pulsed-field gradient NMFt measurements 
of the self-diffusivities. The main objective of this report 
is to study the dependence of D on 4 andDi0’s and compare 
it with the prediction of theexisting theoretical treatments 
of interdiffusion in compatible undiluted polymer blends. 

Theoretical Background 

In a compatible incompressible polymer blend, the 
thermal concentration fluctuations $Jq = 4q(A) = -4q(B) 
determine the dynamic structure factor”l1 

S(q,t) = (4q(t)4-(0)) = S(q) exp(-Dq2t) (1) 
where S(q) = ()+q(0)12) is the static structure factor with 
( 14q(0)12) being the Fourier transform of the mean square 
concentration fluctuations. In the mean field 
S(q) is related to the scattering power Sio of the nonin- 
teracting coils and the segment interaction parameters XF 
by 

1/s(q,T) = l/(uAsAo) + l / ( u B s B o )  - 2xF(T)/uO (2) 
where ui is the segmental volume of component i and uo 
is the volume of the reference unit cell. For qh << 1, with 
Ei being the correlation length of &, the q independent 
structure factor S(0) is written in the form 

~/s(o,T) = 2 ( ~ ,  - xF) = (uA~ANA)- ’+  (uB$JBNB)-’ - 
2xF(T) (3) 

where xs denotes the interaction parameter XF( T,) at the 
spinodal. 
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The mutual diffusion D in the exponential equation (1) 
is written as the product of a kinetic factor (DO), a 
thermodynamic factor (S(O,T)-l), and a geometrical 
faCtOre1,68J0,11. 

D = 4A4BDo/S(0) (4) 

The transport coefficient DO is expressed in terms of the 
bare self-diffusion coefficients DiO's, but the analytical form 
is in dispute between the theoretical approaches. Under 
conditions of microscopic incompressibility, the mean field 
expression for Do readssJOJ1 

whereas other treatmenta6s7 allowing different diffuse 
segment fluxes lead to a Hartley-Crank type of equation: 

Do = 4BD:NA + 4,D;NB 
However, there are arguments12 and computer simula- 
t i o n ~ ~ ~ * ~ ~  that suggest the approximate nature of these two 
simple relations. Moreover for a real mixture, DAO and 
DBO relate to the actual blend composition 4 and not to 
the limiting values of the pure states. 

In the Onsager formulation of the current densities 
linked to the gradients of the chemical potentials there 
are four phenomenological Onsager coefficients X u ,  XBB, 
Am, and XBA. Keeping the nondiagonal terms XAB = XBA 
for a vanishing number of vacancies, one obtainsl3~2l 

Do = (XuXBB - Xm2)/(Xu + 2Xm + &) (7) 
To derive the previous simple relations, it was assumed 
that XAB = 0 and DAO = X&(1 - ~ A ) / N A ,  DBO = X B B ( ~  - 
~B)/NB. 

The relation of the diffusivities DAO and DBO to the pure 
melt self-diffusion coefficients is a difficult task requiring 
a molecular theory of 1/P, the relevant microscopic friction 
coefficient. In a recent random phase approximation 
(RPA) approach for an incompressible ternary system with 
the third component treated as vacancies the derived 
expression for Do incorporates both the slow (eq 5 )  and 
fast (eq 6) mode equations. For unentangled chains23 

with &, DcO, and Nc being the volume fraction, the self- 
diffusion, and degree of polymerization of the c component 
(vacancies). Equations 5 and 6 can be recovered by eq 8 
when &DcONc approaches zero or infinity, respectively. 
Thus, far away from Tg the third term in eq 8 can be 
neglected, recovering the fast mode equation (6). 

Alternatively, it was recently shown20 that a relation 
between D and D P s  can be derived using a "mean field 
approach of Tg". It reads 

(9) 
where D,O and DP denote the Do of the slow (eq 5) and fast 
(eq 6) modes and DiO's are now pure melt self-diffusivities. 
The parameter U(T) is a measure of the closeness of T to 
TB' Far above Tg (T >> Tg),  U = 0 and D is predicted to 
follow D,O, i.e. a linear dependence on composition of the 
friction {= kT/D,O. At the other extreme near Tg, D should 
follow DP and show a linear 9 dependence of the mobility. 

(Do)-' = (1 - U)(D:)-' + U(DP)-' 
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Figure 1. Unnormalized intensity correlation function lag(q,t)12 
for a homogeneous blend PDMS (80)/PEMS (90) with volume 
fraction 4~ = 0.4 at q = 2.6 X 1W A-l. The solid line indicates 
a single exponential fit with residuals shown in the lower part 
of the figure. 

Experimental Section 
Materials. The polymers PDMS and PEMS were synthesized 

by anionic ring polymerization of methylcyclotrisiloxane and 
triethyltrimethylcyclotrisiloxane, respectively, and characterized 
as described elsewhereau The degree of polymerization N 
amounte to 80 and 90, respectively, for PDMS and PEMS, with 
T,(PDMS) = 148 K and T,(PEMS) = 141 K. Blends ofaferent 
composition 4 were prepared by direct filtration through a 0.22- 
pm Millipore filter into a dust-free round light scattering call of 
l/Z-in. outer diameter. 

Photon Correla9on Spectroscopy (PCS). The polarized 
intensity correlation function G(q,t) was measured at different 
scattering angles 8 (40-130") and temperatures T (-10 ' to +lo0 
"C) using a 128-channel full correlator (Brookhaven BI 2030). 
The light source was an argon ion laser (Spectra Physics 2020) 
operating at X = 488 nm with a power of 150 mW. The desired 
normalized electric field correlation functiong(q,t) = S(q,t)/S(q) 
(eq 1) is given, under homodyne conditions, by 

(10) 
with ( I ( @ )  being the mean light scattering intensity at wavevector 
q = (4?m/X) sin 8/2 (n is the refractive index of the medium), p 
an instrumental factor, and a the fraction of the total intensity 
Z(q) arisi i  from concentration fluctuations with correlation times 
slower than about 10-8 s. Figure 1 shows a typical semilog plot 
of the unmormaliied function lag(q,t)l2 of a homogeneous PDMS/ 
PEMS blend with 4 = 0.4 at 20 O C .  The adequate single 
exponential fit according to eq 1 is demonstrated by the residual 
plot of Figure 1. The intercept at short times a2 = 0.72 suggests 
that about 85% of the light scattering intensity arises from q+. 

Pulsed-Field Gradient NMR. Pulsed-field gradient NMR 
(PFG-NMR) measurea the self-diffusion coefficient D, of particlea 
bearing 'H nuclei if the field gradient is applied as a pulse during 
the spin echo experiment. The resulting attenuation J, of the 
echo is given by% 

G(q,t) = (4q))2(1 + fclag(q,t)l2) 

$ = exp(yz62g2hD,) (11) 
with y being the gyromagnetic ratio, 6 and g the width and the 
height of the field gradient pulses, and A ita separation in time. 
In the case of having more than one species, like here, one 
measures the tracer diffusion coefficient and J, is modified 
according to 

IL = Cpi exp(T2628mi) (12) 

with pi being proportional to the number of protons causing the 
attenuation of the echo. For the present mixture resolution of 
$ into two exponents would probably require deuteration of one 
of the polymer componente. In our case, however, all attenuation 
curves were found to be single exponential with respect to 62 
within experimental error, which means DA = De = D, = kT/ 
( S W .  
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Table I. Interdiffuaion Coefficient D and Kinetic Factor 
g0 (eq 4) in a PDMS (I)O)/PEMS (SO) Blend ( a s  in cm2/s) 

263 K 293 K 373 K 
dPMEs log0 l0BD l0BD l0BDo 10'0 1 0 9 0  
0 5.4a 
0.06 20.0 4.2 3.8 
0.10 13.6 1.81 3.9 3.6 2.0 1.48 
0.2 12.1 1.74 3.1 3.3 1.8 1.28 
0.4 18.2 1.35 2.2 2.62 1.0 1.17 
0.5 7.3 1.26 1.9 2.48 1.0 1.15 
0.6 6.5 1.1 1.8 2.33 0.97 1.06 
0.8 6.8 0.79 1.8 1.84 0.96 0.81 
0.9 6.2 1.7 1.55 1.4 0.94 
0.95 5.9 1.6 1.35 
1.0 2.7a 

a From self-diffusion data g0 = D&. 

Dynamic Shear Mechanical Measurements. The real and 
imaginary parts of the shear moduli were measured with a 
Rheometriar RMS-800 spectrometer. The imaginary part G"(w) 
is related to the shear viscosity qa via 

G"(W) 
q, = lim - (13) 

For every mixture at the given temperature over the range 10-' 
< w/rad 8-l < 102 the common plateau at low shear rates was 
reached which allows a reliable determination of q,. 

Rssults 

to the experimental G(q,t) in eq 10 

u - o w  

The fit of a single exponential decay function for g(q,t) 

[G(q,t)/l(I(q))l2 - l ) l / f*  = a exp(-r(q)t) (14) 
leads to the interdiffusion coefficient D = F / q 2  and the 
fraction a. The static structure factor S(q) can be obtained 
from the Rayleigh ratio R&) due to the concentration 
fluctuations by 

S(q) = R,(q)X4p/ [4~2n2(dn/d4)21 ( 1 5 )  
where p is the number density and dn/d$, the refractive 
index, amounts to the difference of the refractive indices 
of the two components since n of the blend depends linearly 
on 4. For PDMS, n~ = (1.515-3.8) X 10-4Tand for PEMS 
n~ = (1.526-3.3) X 10-42' (2' in K). The Rayleigh ratio 
R&) can be obtained either from ( I ( @ )  after subtraction 
of the contribution of the density fluctuations in pure melts 
and/or from I&) = a(I(q))  as described e1~ewhere . l~~~~  
For the present low molecular weight blend very far from 
T,, S(q) is predictedll*Z and found insensitive to q 
variations. Hence, for light scattering q's, S(q) = S(O), 
the thermodynamic limit. 

The "kinetic factor", DO can be computed from eq 4 
since in all theoretical treatments the thermodynamic 
factor is the same (eq 3). The experimental values of D 
and the computed values of DO are listed in Table I. Figure 
2 shows the variation of D, S(O), and Do of the PDMS/ 
PEMS blend at  20 "C. The static structure factor is 
dominated by the entropic contribution (2xS)-l (eq 31, 
shown as a solid line in Figure 2. Using U A  = 76 cm3/mo1, 
ug = 90 cmVmo1, and uo = ( u A v B ) ' / ~ ,  we compute from the 
experimental value S(0) = 32 at  4 = 0.5 and xs = 0.024 the 
interactions parameter XF = 8 X 103 at 20 "C. This is in 
agreement with the reported XF value in a higher molecular 
weight and hence a less compatible PDMS/PEMS 

The composition dependence of D is similar to that of 
the kinetic factor Do. For XF = 0 and a symmetric blend 
(UANA = UBNB), the 4 dependence of ~A~B/S(O) in eq 4 is 
exactly canceled, i.e. D = DOIN. For the present system, 
it is possible to vary the ratio DA"/DBO with T despite the 
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Figure 2. Interdiffusion (D), static structure factor (S(O)), and 
kinetic fador Do as a function of &m in the PDMS (WPEMS 
(90) blend at 20 "C. The solid line denotes the entropic 
contribution (2x1)-l to S(0) (eq 3). 

t 
0.8 

'EMS 
0 

Figure 3. Semilog plot of the friction 
PDMS/PEMS blend at three temperatures. 

= lb2 (eq 16) in the 

fact that T >> T g ~  z T,B This is feasible, because the 
pure components possess different activation parameters 
B = c1c2 in the WLF temperature equationn deduced from 
the viscosity measurements. 

From the shear mechanical data, we have calculated 
the local friction coefficient f' E cob2 assuming Rouse 
dynamic28 

f' = q36M:/pNAM (16) 
where Mo = ~AMA + 4 a ~  and P = ~ A P A  + ~BPB, 
respectively, are the molecular weight of the repeating 
unit and the density of the blend. The variation of log r 
with blend composition is clearly nonlinear,29 as visualized 
in Figure 3. The friction r is larger in bulk PEMS, and 
moreover the ratio S(PEMS)/ S(PDMS) increases with 
decreasing T. In fact, the activation energy EA obtained 
from the Arrhenius fit of the experimental q1 is an 
increasing function of the composition in the blend. 
Over the temperature range -20 to +lo0 OC, far above Tg, 
the Arrhenius EA can be represented by EA (kJ/mol) = 
15.9 + 6 . 9 1 4 ~ ~ ~ .  

The length b of the statistical segment, necessary to 
compute the local friction { = r /b2 ,  should depend on 4, 
since the pure components have different values ( b ~  = 5.8 
A, bg = 6.4 We can estimate b(4),  however, 
independently by assuming the same t for interdiffusion 
(kT/Do) and q (as discussed in the next section). 
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Figure 4. The variation of Dq (a), DOq (b), and DID, (c) with 
composition in the PDMSIPEMS blend at 20 "C. D is the 
interdiffusion, D is the kinetic factor (eq 4), D, is the average 
self-diffusion coefficient, and 7 ,  is the experimental shear 
viscosity. 

Discussion 
A. Comparison with Shear Viscosity. Mass trans- 

port is directly connected with the viscosity of the medium, 
and a typical example is the well-known Stokes-Einstein 
equation for Brownian diffusion. It is likely that a relation 
D - 1/11 should also hold for interdiffusion if the 
thermodynamic factor equally affects both D and 7, and 
moreover T, effects do not play any role.30 

The product of the experimental quantities Dq at 20 O C  

is plotted at  different compositions in Figure 4a. The 
displayed behavior reveals two interesting features for the 
interdiffusion dynamics in compatible blends well above 
T, (- 120 K). Due to still unfavorable (XF > 0) thermo- 
dynamic interactions (Figure 2b), D is slowing down in 
the middle of the 4 range where 11 appears to be less 
sensitive (see Figure 4b) to the compositions fluctuations. 
However, the product Dq exceeds the value of about 2 X 
10-8 g cm s - ~  at  the edge of the 4 range where the influence 
of XF is very small (xE >> XF). DT is larger for blends rich 
in rigid PEMS chains since b(PEMS) > b(PDMS) and 
hence enhanced 11 at high ~ P E M S  values (eq 16, Figure 3). 

The purely kinetic factor Do should scale with q-l over 
the whole 4 range. There is, however, a hint of small 
deviations at high C $ P E ~ ,  which again reflect differences 
in the chain stiffness of PDMS and PEMS chains. 
Alternatively, the ratio between Do and the average self- 
diffusivity DE obtained from PFG-NMR is virtually 4 
independent (Figure 4c). For Rouse dynamics, obeyed by 
the present blendI6 and freely rotated chain, DOID, should 
amount to about 85 (the average degree of polymerization). 
For a real chain, however, the ratio is reduced at most by 
the ratio of the number of statistical segments Ne over N. 
In the present case this ratio is estimated to be 1.5. The 
observed value is by 25% lower, and at present we can 
speculate on the origin of this additional disparity. It 
could arise from faster D, values due to the different 
averaging behavior in the NMR experiments1 and uncer- 
tainties in the absolute Rayleigh ratio R&) (eq 15) 
affecting directly the calculation of Do (eq 4). 

The local mobility kTb2/r  can be obtained from the 
viscosity data (eq 16) and the segment length b, which is 
computed at 20 OC by identifying DO = kT/{o. b increases 
systematically from 5.1 to 6 with $p= of the rigid PEMS 
chain. We have then used these values to compute kTV/  r at 263 and 373 K from the data of Figure 3. The results 
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Figure 5. Composition dependence of the kinetic factor Do(A) 
andthemobilitykTl(d0) from theviscositydataatthreedifferent 
Ts. At 293 K, the equivalence of Do and kT/fo wa~ taken for 
granted to compute the segment length b (eq 16). 
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Figure 6. Interdiffusion D and kinetic factor D versus com- 
position ~ P E M S  at two temperatures. The dashed lines are to 
guide the eye whereas the solid lines denote linear fits, according 
to eq 6. 

are plotted versus  PEW in Figure 5 along with DO. At 263 
and 373 K, the mobility kT/{o is respectively lower and 
higher than Do. The two quantities can be forced into 
agreement if b is decreasing with T.  This is an expected 
conformational behavior and the temperature coefficient 
db/dT E 1.4 X 103 84/K is a typical value. For bulk PDMS, 
this coefficient is reporteds2 to be 4 X 103 A/K based on 
a rotational isomeric state model calculation. Based on 
the data of Figures 4 and 5 a consistent agreement between 
DE, 7, and Do has been established over the whole 4 range 
using physically meaningful values of b. Hence, the 
composition dependence of DO is that of l / lo .  This is not 
an unexpected result since D and hence DO are referred 
to the thermodynamic limit (Q << 1. 

B. Composition Dependence. The variation of the 
interdiffusion coefficient with 4 at 263 and 373 K is shown 
in Figure 6. At the highest T and near the middle of the 
composition range D(4) exhibits a minimum which be- 
comes less pronounced with decreasing T (see also Figure 
2). At 263 K, no extremum is present and D(4) is a 
decreasing function of #PEW. The different behavior of 
D ( 4 )  at high and low T is respectively a manifestation of 
the thermodynamic and mobility effects. For a symmetric 
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with the self-diffusion coefficient of its homopolymer 
constituents. These simple expressions represent ap- 
proximately the real situation and can be derived from 
more general expressions under certain assumptions for 
the relevant microscopic friction coefficient.la Neglect of 
cross correlations in the velocities of segments of different 
polymers leads to the fast mode equation. This should be 
a reasonable approximation far away from Tg, and it is 
supported by the present results. On the contrary in this 
limit eq 9 would predict slow mode behavior (U - 0). 

C. Current Situation. There is theoretical and 
experimental agreement as far as the thermodynamic 
factor S(0) and the N dependence of Do for unentangled 
blends are concerned. In all theoretical expressions, the 
diffusivities of the pure melts appear as product DiONi so 
that Rouse behavior has been established for unentangled 
blends. Thus the separation of the thermodynamic and 
kinetic effects on D is generally accepted mainly because 
the experimental slowing down of the interdiffusion can 
be accounted for by eq 4. Inconsistent conclusions, 
however, are drawn for the validity of the approximate 
formulas (eqs 5 and 6) so far. This is probably due to the 
fulfillment of the assumptions that led to eqs 5 and 6 and 
the adoptionla of the reptation result, i.e. Di0 - Ni-2. 

On the experimental side the molecular weight depen- 
dence of Do at constant 4 for entangled blends, where 

or both4J8 components exceed the critical degree of 
polymerization N* at which entanglements become ef- 
fective, was compared with the predictions of eqs 6 and 
6. For quenched PS/PVME blends,'* time resolved light 
scattering led to P(N) data following either eq 6 or eq 5 
at low and high Nps, respectively. We should mention 
that the data analysis in ref 18 was based on the reptation 
result and the overall N dependence was represented by 
eq 8 (modified for entangled blends). In the interdiffusion 
study of entangled PS/PXE blend4 by means of forward 
recoil spectrometry (requiring also a built-in concentration 
gradient), the conclusive support of the fast mode equation 
(6) has been questioned in the more recent ref 18 (Figure 
14). For the PEO/PPO blends far above Tg the DO(Npm) 
results, obtained from PCS at thermal equilibrium, have 
also favored the fast mode theory. However, both equa- 
tions can describe the data in refs 14 and 18 when instead 
of the reptation result one would include the matrix 
effect,'2 i.e. Di z (Nc/NA + Nc/NB)/Ni. 

The composition dependence of DO(4) when Tg(4) effects 
are virtually absent has been investigated for PEO/PP06 
and the present system. For the former blend, the 
deviation of DO(#) near the middle of the composition range 
from both eqs 5 and 6 has been described to the failure 
of the mean field theory due to the proximity to Tc. Thus 
only the present system appears to best meet the theo- 
retical assumptions with regard to Dio(4). 

Finally, on the theoretical side, eqs 8 and 9 which relate 
D to the self-diffusion coefficients Di0 of the pure melts 
can predict eqs 5 and 6 as limiting cases, however, with 
contradicting conditions. The observed linear 4 depen- 
dence of the mobility factor P in the low molecular weight 
PDMS/PEMS blends far above Tg is in favor of eq 8 which 
is also in accord with the overall N dependence of P in 
PS/PvME mixtures.lB 

(NA = NB = iW blend, eq 4 takes the simple form 

which for x > 0 predicts smaller interdiffusivity than self- 
diffusivity (DOIN) with a minimum near 4 = 0.5. At 373 
K the self-mobilities Wio = kT/{i approach each other 
( W ~ W B  z 1.7, Figure 5) and hence Do($) becomes a weak 
function of 4. The thermodynamic slowing down of D is 
therefore measurable in blends with similar self-mobili- 
ties.6 At 373 K and 4 = 0.5, X F  is estimated to be 6.5 X 

which is positive and smaller than that at 293 K. 
Alternatively, at 263 K w d w ~  z 5 and the reduced mobility 
at  high c # ~ p ~  determines the composition dependence of 
D. In fact Do(4) computed from eq 4 becomes stronger 
composition dependent (Figures 2 and 6) with decreasing 
T. Thus, eqs 4 and 17 can account for the measured 
composition dependence of D in PDMS/PEMS blends if 
D0(4) is a decreasing function of &-EMS. 

As mentioned in the Introduction, the presence blend 
is a model system since the experimental Ti's are far above 
T, and Tg of the mixture with Tgb z TB* Therefore, the 
random-phase approximation and its strong assumption 
concerning the 4 independence of the self-diffusivities in 
the blend is best fulfilled. Hence the $ dependence of the 
disputed (eqs 5-7) kinetic factor can be compared with 
the experimental Do($), shown in Figures 2 and 6. At all 
three T's eq 6 provides a better fit to the experimental DO 
than eq 5. However, the ratio Dp/D,O between the 
predicted values of the fast and the slow mode equations 
for composition independent self-mobilities at $ = 0.5 is 
( A  + W/4A where X = w(PDMS)/w(PEMS). At 373 K, Dp 
andD,Odiffer by about 7 % whereas at 263 K this disparity 
increases to about 75%. Consequently, we discuss Do($) 
at this lowest T for which the theoretical predictions 
deviate much more than the experimental uncertainty in 
DO. 

The fit of eq 6 to the experimental Do($) of Figure 6 
yields w(PDMS) = 2 X 10-6 cm2/s and slope (A - 1)/X = 
0.75 f 0.03 at  263 K with a correlation coefficient of 0.996. 
The last compares favorablywith the value of 0.79 obtained 
from the viscosity data of the bulk blend components. In 
contrast, the fit of eq 5 to the same DO($) data has a 
correlation coefficient of 0.96 and yields slope (A - 1) = 
2.6 which is more than 30% less than the expected value. 
On the premise that DAO and DBO are 4 independent, the 
data of Figures 2 and 6 rather favor the linear composition 
dependence predicted by the fast mode theory. 

The segmental mobilities or the self-diffusivities Di0 are 
not necessarily intrinsic properties of the pure melts. DiO 
should rather be taken as the tracer diffusion coefficients 
at the given blend composition.12 In fact, the PFG-NMR 
experiment can be reasonably described by single expo- 
nential decay over the whole composition range despite 
the fact that the self-diffusion coefficients of the pure 
components are different by a factor of 2.3 at 20 "C. If this 
disparity and the contribution of each component to the 
spin echo were $ independent, then the decay curves would 
experimentally deviate from the single exponential form 
at least at r#J = 0.5. However, such deviation was not 
observed and thus a single average self-diffusion coefficient 
was extracted (Figure 4). Nevertheless, the composition 
dependence of this D, coefficient is still closer to the 
straight line, given by eq 6. Assuming a similar linear r#J 
dependence for the Die's, the linear dependence of the DO 
according to eq 6 is still preserved. 

The actual value of the simplified formulas, eqs 5 and 
6 lies in the connection of the interdiffusion in the blend 
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