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ABSTRACT: We have used infrared microdensitometry to study the mutual diffusion across an originally 
sharp interface between two saturated polybutadienes of degrees of polymerization NA and N B  (>>Ne, the 
entanglement length) for three different ratios NA/NB. The extent of diffusion broadening suggests that the 
mutual diffusion coefficient is controlled by the mobility of the faster moving (shorter) polymer chains, indicating 
that convective flow may be important in such mixing phenomena. 

I. Introduction 
Self-diffusion and tracer diffusion in polymer melts has 

been extensively studied in recent years.l For highly en- 
tangled linear polymers of degree of polymerization NA the 
self-diffusion coefficient DA is well described by the rep- 
tation relation2v3 

where Ne is the entanglement degree of polymerization for 
the polymer (NA >> Ne),  Bo a monomer mobility, and kB 
and T are Boltzmann's constant and temperature. 

There is considerably less consensus on diffusion in 
blends of different polymers, to some extent because few 
direct experimental studies in such systems have been 
available. Recent investigations of the mutual diffusion 
coefficient in compatible polymer mixtures include studies 
by Gilmore et al.4 and by Jones et on the binary blend 
poly(viny1 chloride) /polycaprolactone using electron mi- 
croscopy methods, by Compost0 et  a1.6 on the poly- 
styrene/poly(phenylene oxide) blend and by Sokolov et 
al.' on the solution-chlorinated polyethylene/poly(methyl 
methacrylate) blend using particle scattering techniques, 
and by Murschall e t  a1.8a and Brereton et  alesb on the 
poly(phenylmethylsiloxane)/polystyrene system using 
short polymers (20-90 monomers) and a light scattering 
approach. Earlier studies using an electron microscopy 
method of interdiffusion in the PVC/PMMA system by 
Kamenskii et aLgb and by Chalykh et alaga should be noted. 

For two polymers A and B the Flory-Huggins free en- 
ergy of mixing islo 

where 4A and 4 B  are the respective polymer volume frac- 
tions, x is the segmental interaction parameter, and in the 
bulk 4A + c $ ~  = 1. For compatible polymers (where the 
segmental interaction parameter x may be large and 
negative) the attractive interactions between A and B 
monomers, when summed over the polymer chains, lead 
to a large enthalpic driving force favoring mixing." The 
resulting mutual diffusion coefficient is then strongly 
composition dependent and considerably enhanced relative 
to the intrinsic or self-diffusion coefficients of either A or 
B.596 In this paper we investigate a related question, that 

* To whom all correspondence should be addressed. 
'Cavendish Laboratory. * Exxon Research and Engineering Corporation. 
Weizmann Institute, Incumbent, Herman Mark Chair of Poly- 

mer Physics. 

of mutual diffusion in a blend of A and B chains, where 
the A and B monomers are identical ( x  = 0) but the 
polymers differ in molecular weight, so that 

NA > NB >> Ne (3) 

A number of theoretical treatments of this problem (for 
x = 0) have appeared in recent years and it will be of value 
to summarise them briefly here. All are based on an ef- 
fective driving force for mixing deriving from eq 2 but 
contain somewhat different assumptions regarding the 
mechanism of diffusion. Extending an earlier discussion 
by de Gennes,l'* Brochard et  a1.12 analyzed the diffusion 
broadening of an NAINB couple. The incompressibility 
condition assumed in their calculation amounted to a re- 
quirement that, in order for a short NB chain to diffuse, 
it was necessary for a longer NA chain to move away (also 
by diffusion) to create the necessary free volume. This 
results in a strong coupling of the mutual diffusion coef- 
ficient Dl(@) to both D A  and DB: 

Di(4) = Do[4(1 - R) + RI / [1  - 4(1 - R)1 (4) 

where Do = (DADB)'J2, R = NB/NA (R C l), and we have 
written @A = 4 = 1 - @B for clarity. 

A different approach was taken by Kramer and co- 
w o r k e r ~ . ~ ~  They used a lattice model, in analogy with 
treatments of diffusion in crystalline solids, where a va- 
cancy flux allowed bulk flow to take place. The resulting 
mutual diffusion coefficient D2(4) (for interdiffusion across 
the interface between the NA,NB couple) had the form 

( 5 )  

Le., the magnitude of the mutual diffusion coefficient is 
comparable to the self-diffusion coefficient DB of the faster 
moving (shorter) species over an appreciable composition 
range. Experiments to measure the displacement Ax( t) 
at time t of "markers'! positioned at the interface between 
two polystyrene samples of lengths NA (large and fixed) 
and N B  for three values of R showed 

A r ( t )  (DBt)l/' (6) 

a variation consistent with the form ( 5 )  for the mutual 
diffusion coefficient. 

The vacancy-flux approach for analyzing the broadening 
of the NAINB interface was subsequently criticized by 
Brochard and de Gennes,I4 on the grounds that i t  would 
lead to unacceptable density gradients in the sample. They 
suggested that up to a time rA, the reptation time of the 
longer NA chains, the NA side of the couple would be 
swollen by the shorter chains at  a rate controlled by DB. 
Since the relevant length scales 1 5 (DBrA)l/' 1-20 pm 

Dz(d) = D B [ ~  + R(1 - 411' 
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Table I 
Molecular Characteristics of Precursor PBD Polymers“ 

sample M ,  X IO4 M J M ,  (N jNJb  
- 

LF-14 3.2 1.03 27 
LF-15 10.6 1.06 88 
JK/LF-l 20.0 1.05 167 
DSP-1 54.0 1.06 450 

nThe molecular weights were determined by light scattering 
(M,) and size-exclusion chromatography ( M J .  *The number of 
entanglement lengths per molecules is for the corresponding satu- 
rated PBD, takingz9 Ne = Mw/1.2 X lo3. 

were in all cases greater than the Ax values measured, this 
transient swelling would account for the marker-dis- 
placement results. This suggestion implies that any ex- 
periment whose spatial range is less than or comparable 
with 1 will also fall within the transient swelling regime 
(where the swelling is always controlled by the more rapid 
DB) . 

More recently the vacancy flux mechanism was analysed 
by Binder;15 he showed that if an equilibrium vacancy 
concentration was introduced in a self-consistent way, not 
only into the flux equations but also into the mixing free 
energy (eq 2), then the mutual diffusion coefficient reverts 
to the form Dl(4) (eq 4) proposed by Brochard et al. rather 
than the form Dz(4)  (eq 5 ) .  

Yet a third approach was taken by Sillescu,16 who ap- 
plied the classical theory for interdiffusion in binary liquid 
mixtures, with certain simplifying assumptions, to evaluate 
the mutual diffusion coefficient in the NA,NB system 
considered above. His treatment again used the Flory- 
Huggins expression, eq 2, for the mixing free energy, but 
without the need to invoke vacancy flux. Sillescu finds 
that the mutual diffusion coefficient in this case becomes 
identical with Dz($),  eq 5.16b The essential difference 
between the Sillescu and Brochard et al. analyses is the 
inclusion of a convective term in the former which main- 
tains the incompressibility conditions; the physical picture 
is then one where the shorter chains diffuse into the region 
of longer chains, and these latter move by convection in 
the opposite direction to maintain constant density. More 
recent treatments by Ball1’ and Jones,18 where convective 
flows are explicitly introduced into the flux equations, 
recover the Sillescu result a t  long times. 

In the present study we use an experimental approach 
to investigate the mutual diffusion across the interface 
between two polymers with chemically identical micro- 
structures but of different degrees of polymerization N A  
and NB. Such a system is of interest not only in the 
context of the foregoing discussion but also as a model for 
the more general problem of how two polymers interdiffuse 
when their mobilities differ widely. In several of the earlier 
 investigation^^^,^ pairs of polymers with widely differing 
glass transition temperatures were used, which necessitated 
assumptions in the theoretical interpretation of the data. 
This problem clearly does not arise in the present case. In 
section I1 we describe the experiments, and in section 111 
we critically compare our experimental diffusion-broad- 
ened profiles with these calculated on the basis of the 
predicted mutual diffusion coefficients arising from the 
various theoretical approaches. 

11. Materials and Methods 
The polymers used in this study are polybutadienes (PBD), 

saturated by catalytic high-pressure hydrogenation or deuteriation 
of the anionically polymerized PBD precursor chains (92% 1,4- 
isomer, 8% 1,2-isomer), leading to PBD-h and PBD-d, respec- 
t i ~ e l y . ’ ~ ~ ~ ~  Their characteristics are given in Table I. Infrared 
analysis was used to confirm complete saturation of each sample 
(i.e., the absence of a peak due to the double bond at 965 cm-’). 

Figure 1. Typical concentration-distance profile @ ( x )  (a) im- 
mediately following creation of step-function between a film of 
hydrogenated PBD, M = 5.4 X lo5, and a film of 95% hydro- 
genated PBD/5% deuteriated PBD, both of M ,  = 3.2 X lo4 (b) 
@ ( x )  following diffusion broadening at 176 f 0.5 OC. for 1.21 x 
lo6 s. The thin broken lines in both a and b represent the “ideal” 
step-function. The half- or interquartile-width of the experimental 
step function (a) (Le., the width between @ ( x )  = b0/4 and 3@0/4, 
where bo = 5% is the height of the step) is -55 pm, while the 
half-width of the broadened profile (b) is -310 pm. 

The resulting saturated polymers have a polyethylene-like 
structure, with ca. 18 ethylene side groups per thousand main- 
chain carbon atoms.lg 

We use infrared microdensitometryz1 (IRM) to  observe the 
broadening with time of an originally sharp interface between two 
polymers in a couple as they interdiffuse. The shape and width 
of the resulting diffusion-broadened profile is recorded directly 
and contains information on the magnitude and concentration 
dependence of the mutual diffusion coefficient.z2 

The thin-film IRM technique was used? squares of the two 
polymers (5  mm X 5 mm X 140 Fm) were prepared by molding 
small quantities of each material between poly(tetrduoroethy1ene) 
(PTFE) spacers in a vacuum oven. A sharp interface was then 
created between the NA and NB polymers by placing the squares 
adjacent to each other in a rectangular PTFE former and sand- 
wiching the couple thus formed between layers of PTFE and glass 
slides, as described previously. The N A  (>NB) side of the polymer 
couple consisted of 100% hydrogenated chains, while the NB side 
was composed of 5% PBD-d and 95% PBD-h. The diffusion 
couple was sealed under an atmosphere of nitrogen and inter- 
diffusion took place at 176 f 0.5 O C  for varying periods (ca. 2 
weeks). At the end of each run the extent of broadening was 
measured by scanning across the sample by using IRM at the 
absorption frequency of the C-D stretching peak.z1 Typical 
concentration-distance ( @ ( x ) )  profiles are shown in Figure 1. The 
experimentally measured (interquartile) width of the initial step 
function (Figure la) varied (as in previous studies using IRMzl) 
between 40 and 80 pm, due mainly to the finite width of the slit 
in the IR microdensitometer, while the final diffusion-broadened 
profiles had interquartile widths at least 5 times this value in all 
experiments (see also Figure lb  and Figures 2-4). We note that 
in the determination of the initial step function (Figure la) the 
couple was first melted and then rapidly quenched. Thus any 
spurious broadening effects resulting from volume changes on 
melting and solidifying of the sample are included in the initial 
step function width and are therefore small compared with the 
final broadened profiles. 

111. Results and Discussion 
Figures 2-4 show typical profiles obtained after diffusion 

broadening of the NAINB couples for the three values of 
R (Table I). For an incompressible binary system with a 
concentration-dependent mutual diffusion coefficient D($) 
the interdiffusion equation in one dimension isz2 

d $ ( x , t ) / d t  = d/ax(D(4) 34/dx) ( 7 )  

where 4 is the concentration of one of the components (at 
x and t )  and for a binary couple as in our experiments the 
boundary conditions on eq 7 are 4 = 0 a t  x = -m and 4 
= 1 at x = + m  for all t. Equation 7 has been solved for 
4 by Brochard et a1.12 for D = Dl(4) (eq 4) and by Kramer 
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- 1.00 0 1.00 
- x, mm 
Figure 2. Typical concentration-distance profile ( @ ( x ) )  for the 
couple 3.2 X 104/1.06 X lo5 (R = 0.30) following diffusion- 
broadening for 1.21 X lo6 s at 176 f 0.5 "C. The broken curve 
and the dotted curve represent profiles calculated on the basis 
of Dl(@) (eq 4) and Dz(@) (eq 51, respectively. 

- 1.00 0 1 .oo 
x ,  mm 

Figure 3. Typical concentration-distance ( @ ( x ) )  profiles for the 
couple 3.2 X 104/2.0 X lo5 ( R  = 0.16) following diffusion broad- 
ening for 1.21 X lo6 s at 176 f 0.5 O C .  The broken and dotted 
curves are profiles calculated on the basis of Dl(@) and D2(@) ,  
respectively. 

et al.13 for D = D2(4)  (eq 5), for selected values of R. 
Theoretical profiles for these two functional forms of D(6)  
for the values of R in our experiments were generated by 
using a rapidly converging iteration procedure {see Ap- 
pendix) and checked against profiles calculated for dif- 
ferent R values by Brochard e t  a1.12 and Kramer et al.13 

In Figures 2-4 are shown computed curves based on the 
values of R used in the present study (R  = 0.30, 0.16, and 
0.059 for Figures 2, 3, and 4, respectively). The values of 
DA and DB (for self-diffusion of the NA and NB saturated 
PBD chains) used in scaling these theoretical profiles were 
taken from the tracer diffusion data for linear deuteriated 
PBD diffusing a t  176 "C from ref 20, 

Di = DLNi" (8) 

where DL = 2.8 X cm2 s-l, a = 1.95, and i = A or B; 
Ni here is the number of backbone carbon atoms in the 
polymer chain. The tracer diffusion coefficient DB of 
PBD-d, M ,  = 3.2 X lo4, diffusing in PBD-h of M ,  = 5.4 
X lo5 (at 2% w/w of the shorter molecules a t  176 "C), was 
measured by using IRM, to check the validity of eq 8 for 

- 1.00 0 1.00 
x ,  mm 

Figure 4. Typical concentration-distance ( @ ( x ) )  profile for the 
couple 3.2 X 104/5.4 X lo5 (R = 0.059) following diffusion 
broadening for 1.21 X lo6 s at 176 f 0.5 "C. Broken and dotted 
curves are profiles calculated on the basis of Dl($) and D2(@), 
respectively. The profile is from a different experiment than that 
shown in Figure lb; within the scatter, the two experimental curves 
are closely superimposable. 

Table I1 
Theoretical and ExDerimental Half-Width W ,  ,,. in um 

w1/za WI/Z w,/2 
MAIMB (exptl) (D=Dl(4))b (D=Dz(&))~  

106 X 103/32 X lo3 370 f 25 (318) 
200 X 103/32 X lo3 329 f 20 (283) 
540 X 103/32 X lo3 298 f 20 (256) 

OBased on between 3-5 experiments for each couple (6-10 ex- 
perimental profiles). Calculated by using DA, DB values from eq 
8, where error is based on estimated error in DL (eq 8). Values in 
parentheses are calculated by using DA, DB values scaled down to 
take account of possible matrix effects (see text following eq 8). 

this study. The value obtained, DB = 5.4 X 10-lo cm2 s-l, 
is lower than that obtained by interpolation from eq 8, DB 
= 7.3 X cm2 s-l. The difference is a little larger than 
the estimated error in DLzO and suggests a slight matrix 
effect (the matrix used in establishing eq 8 was a poly- 
disperse linear polyethylene). DB compares more closely 
with the self-diffusion coefficient interpolated for such a 
molecular weight from the study (on PBD-d/PBD-h melts) 
by Bartels e t  al.24 (for which DB = 5.6 X cm2 a t  
176 "C). The effect on the theoretical profiles of using 
these differing values of DB is small (see also Table 11). 

Examination of the experimental profiles (solid lines in 
Figures 2-4) reveals a distinct assymmetry in the profiles, 
with considerably more broadening on one side of the 
original interface (the NA side, penetrated by the more 
rapidly diffusing NB chains) than on the other: this is due 
to the large disparity between DA and DB (which scales as 
R2) and was noted by both Brochard et al. and by Kramer 
et al. when they presented the calculated concentration 
profiles deriving from eq 7 for Dl(4) and D2(4), respectively 
(we note that such asymmetry is absent from earlier IRM 
studies when NA = NBZ1). Comparison of the experimental 
concentration-distance profiles of Figures 2-4 for the three 
R values with those generated from eq 7 shows that the 
theoretical profiles corresponding to D2(4) (dotted curves) 
are closer to the experimental IRM profiles than those 
corresponding to Dl(4 )  (dashed curves). This is less 
marked for the 3.2 X 104/10.6 X lo4 couple (Figure 2) but 
is quite noticeable for the 3.2 X lo4 couple (Figure 3) and 
is particularly striking for the 3.2 X 104/5.4 X lo5 couple 
(Figure 4, R = 0.059). This comparison strongly suggests 

330 f 20 
330 f 20 
335 f 30 

309 f 20 (266) 
221 f 15 (190) 
129 f 10 (111) 
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Table I11 
Values of j3R,i = W,,,(4Di(1/2)t)’IZ (i = 1 or 2) where W I j z  Is 

Interquartile Width of the Diffusion Broadened 
Step-Function Following a Time t with Mutual Diffusion 

Coefficient DAd) 

106 X 103/32 X lo3 0.30 1.12 1.10 
200 X 103/32 X lo3 0.16 1.16 1.11 
540 X 103/32 X lo3 0.059 1.26 1.13 

”For a $-independent diffusion coefficient (R=l), $E,, = Bo = 
1.10. 

that the interpenetration across the NA/NB interface is 
controlled by a mutual diffusion coefficient with a form 
given by D2(4). 

The main difference between the theoretical profiles 
based on the two forms of D(4) is in their width rather 
than their shape: we expect those based on Dl(4) to have 
a width characterized by (Dot)’i2, where t is the time of 
diffusion broadening and Do is the geometric mean of DA 
and DB; while the concentration-distance profiles gener- 
ated on the basis of Dz(4) have a width characterized by 
(DBt)’Iz. By use of our data to discriminate between the 
two forms of D(4), then, it is the broadening of the profiles 
that must be especially scrutinized, rather than their shape 
alone. A particularly useful quantitative measure of this 
broadening is the interquartile width Wllz ,  which is the 
width between the 4 = 1/4 and 4 = 3/4 concentration points 
(see also Appendix). In Table I1 we compare the inter- 
quartile widths with the computed interquartile widths, 
for the two forms Di(+) and for the three values of R. As 
with the qualitative comparison of the full profiles in 
Fip-nes 2-4, the experimental interquartile widths in Table 
III correspond more closely to the theoretical values pre- 
dicted on the basis of Dz(+), especially at  the lower R 
values. 

At this point it is appropriate to consider a number of 
points relating to the validity of the comparison between 
our experiments and the various theoretical models. First, 
we note that the concentration of deuteriated polymer in 
our diffusion couples is a t  no point higher than 5%; this 
avoids possible problems associated with nonzero (positive) 
x values, which can lead to a demixing effect,25 or some 
reduction in the diffusion coefficient, as recently observedz6 
for interdiffusion in polystyrene couples at  a high (- 50%) 
concentration of deuteriated species. Second, the length 
scales involved in the diffusion broadening are on the order 
of 500 bm; this is considerably larger than the length 1 
(DB7A)’I2, which even for the 3.2 X 104/5.4 X lo5 couple 
is only about 1 pm; that is, the diffusion time is well beyond 
the transient “swelling” regime.14 

Finally, there is the possibility that “tube-renewal” ef- 
fects may be playing a role in the diffusion proces~,~’ over 
and above reptation, especially for the 3.2 x 104/5.4 x lo5 
couple (Figure 4), and that they could be responsible for 
the broadening in the NB half of the couple (where the 
much longer NA chains are essentially in a pure NB me- 
dium). However, it is important to recall that even our 
shorter (NB) chains are nonetheless much longer than the 
entanglement molecular weight (NB N 27Ne); in this case 
one may show, either from theoryz7 or from experiment,28 
that the crossover value NA* beyond which tube-renewal 
effects are dominant is greater than the value of NA in our 
experiments. Thus from ref 28b (where polystyrene melts 
were used) for a value NB = 27Ne the tube-renewal 
crossover can be extrapolated as NA* = 600Ne, while, for 
the 5.4 X lo5 PBD-h sample, NA 450Ne. Thus NA* > 
NA for all our couples, and tube-renewal is unlikely to 
dominate the dynamics. 

We conclude that our experimental system provides a 
reasonable realization of the theoretical models for in- 
terdiffusion across an NA/NB couple where the A and B 
monomers are identical. Our results strongly indicate that 
the mutual diffusion coefficient is controlled by the mo- 
bility of the faster moving chains (as first proposed by 
Kramer and co-worker~’~) and thus suggest that for such 
a system the appropriate model may need to take account 
of convective effects, as proposed by Sillescu.16 

Acknowledgment. Support by the SERC (E.A.J. and 
R.A.L.J.), IC1 plc. (R.A.L.J.), and the Israeli Academy 
(J.K.) is gratefully acknowledged. This work was initiated 
following a stimulating talk at the Cavendish by Francoise 
Brochard some years ago. Comments and suggestions by 
K. Binder, F. Brochard, P.-G. de Gennes, E. J. Kramer, 
F. Miller, T.  Nicholson, H. Sillescu, J. Sokolov, and M. 
Tirrell are gratefully acknowledged. 

Appendix 

need to solve 
For the one-dimensional geometry of our experiment we 

d/dt[4(x, t ) l  = d/dx[D(+) d 4 l d x l  (AI) 

subject to the boundary conditions (for a unit step function 
at  t = 0) 4 ( x )  = 1, x = m, and @(x) = 0, x = --m at all t. 
We use the usual Boltzmann transformation of variables 

z = x/(Dot)’ /2  (-42) 
where Do is a constant with the dimensions of a diffusion 
coefficient, and set d ( x , t )  = c(z), so that eq A 1  becomes 

-‘/,z(dc/dz) = d/dz[(D(c)/Do) dc/dz] (A3) 

i.e., the interdiffusion coefficient is D(c)  in units of Do. A 
simple iteration procedure to solve (A3) for c ( z )  is as 
follows:30 we guess a function A(z) such that 

= D(c(z))/Do 
Then from (A3), 

Y2(z dc/dz) + d/dz (A(z) dc/dz) = 0 

d/dz (A(z)e*(’) dc/dz) = 0 

(A4) 
An equivalent form of eq A4 may be written 

(-45) 
where 

and (A5) may be integrated once to give 
dc/dz = (A/A(z))e-“(z), A = constant (A6) 

and integrated again to give 

c(z) = B + 1: [A-“(‘”) dz”/A(z’q] 

where B is another constant. Since our boundary condi- 
tions have 4 ( - m , t )  = 0 = c(z=-m), we have B = 0, while 
A is fixed by the other boundary conditions, i.e., c(+-m) = 
1. Thus, making an initial guess for A(z), we find c(z) and 
use it for an improved A(z). 

For D(4) varying as Dl(4) or Dz($) we find that about 
6-8 iterations of this procedure give a final self-consistent 
solution for the profile c(z), when implemented on a BBC 
system B microcomputer. The midpoint of both theo- 
retical and experimental curves was determined by en- 
suring that the “diffused” areas on either side of the 
midpoint (at x = 0) were equal (by numerical integration 
and by counting squares for theoretical and experimental 
profiles, respectively). The theoretical profiles were in 
addition “smeared” by convoluting the calculated curves 



Macromolecules 1988,21, 239-243 239 

with the slit function corresponding to the slit width, es- 
timated from initial step profiles as in Figure la;  :his 
smearing made little significant difference to the profile 
half-width. Profiies thus generated are essentially identical 
with those published by Brochard et  al.12 and by Kramer 
et al.13 for the selected R values used by these authors. 
This procedure was used to generate the theoretical curves 
appearing in Figures 2-4. 

The theoretical interquartile widths Wl12 appearing in 
Table I1 were also computed by this numerical procedure. 
These provide an especially useful quantitative measure 
of the mutual diffusion coefficient controlling the broad- 
ening, for the following reason. For an initial step-function 
distribution whose subsequent diffusion broadening over 
a time t is controlled by a concentration-independent 
diffusion coefficient D($) = Do, the half-width Wl12 of the 
resulting complementary error function, or erfc, profile is 
given by 

where Po = 1.10 (to 3 sf). For the case of the concentra- 
tion-dependent diffusion coefficients Dl(4) and D2($) the 
interquartile width may also be written as 

where PR,i (i = 1 or 2) is a constant depending on R and 
on which of the two forms of Di($) is applicable, and Di- 
(1/2) is the value of Di (for a given R) a t  $ = 1/2.  The 
values of PR,i all turn out to be close to Po (even though the 
shapes of the curves are very different from an erfc profile), 
and, for a given R (within the range of the present study), 
are within a few percent of each other, as shown in Table 
111. Thus the experimental Wl12 may be used to estimate 
the effective mutual diffusion coefficient D(4=l/J char- 
acterizing the broadening at  the interface. This observa- 
tion (that the values of P are generally close to Po) turns 
out to hold also for other forms of D(4) ,  as long as the 
concentration dependence of D($) is not too drastic. 
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ABSTRACT The aperiodic crystal picture is used to predict the solvent number fraction dependence of 
the mutual diffusion coefficient for two dense polymer-solvent systems. This theory, which has been applied 
successfully to diffusion in one component glasses, gives results that are distinct from previous free volume 
theories. The theory provides a way to calculate the free energy surface for a dense disordered system, from 
which the barrier heights to diffusion can be estimated. 

Introduction 
The diffusion of polymers in solvents and copolymers 

is an important and well-studied t0pic.l The formation 
of polymers is strongly dependent on the diffusion of 
molecules both into and out of the polymer, so the ability 
to predict diffusion rates would be of enormous importance 
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to polymer chemists and engineers. The rate of polym- 
erization is dependent on how fast monomer units, initi- 
ators, and other molecules can diffuse into the growing 
polymers, while further processing requires the low mo- 
lecular weight residues to be removed. Thus, it is evident 
that efficient design of polymer synthesis requires an un- 
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