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to occur suddenly at an nK of about 50a3,11 Thus, we 
find that the subtle difference in crossover behavior has 
led to the above-mentioned considerable difference in 
nKc between the two polymers. 

In conclusion, the combination of the YS theory and 
the DB equation accurately describes the dimensional 
behavior of flexible PIDP in NMP over a wide range of 
molecular weight. This combined theory seems to lack 
something important only for stiff chains, since it fails 
to explain the crossover behavior of PHIC, a typical stiff 
polymer, in hexane. 
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ABSTRACT The dynamics of copolymer and homopolymer mixtures with an arbitrary number of com- 
ponents both in bulk and in solution is studied within the framework of the mean field theory, and an 
expression of the first cumulant of the dynamic scattering function of a labeled component is obtained in 
terms of the static and dynamic single-chain properties and the Flory interaction parameters. In particu- 
lar, a new result is obtained to  relate the mobility of the labeled chain to  the mobilities of the other com- 
ponents, treating one of the homopolymer species as the "matrix" and using incompressibility. The case of 
polymers in solution is studied as a special case by treating the solvent as the matrix. The new results dif- 
fer from the reported theoretical results for binary homopolymer and copolymer solutions, as well as copol- 
ymers in a homopolymer matrix. The origin of this discrepancy is explained. 

Introduction 

In this paper we formulate the dynamic random- 
phase approximation' (or the mean field theory) in matrix 
form so that it can readily be applied to mixtures of 
homopolymers and copolymers wi th  an arb i t ra ry  num- 
ber of components both in bulk and in solution and com- 
ment on its relation to the formulation based on the Zwan- 
zig-Mor? projection operator technique. The work pre- 
sented in this paper is an extension of our earlier work 
on the same topic in which we considered only binary 
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polymer blends and copolymer meltsa3 Specifically, we 
calculate the dynamic scattering function of a labeled 
polymer species in the presence of others, treating one 
of the homopolymer component as the "matrix". We 
obtain the expression for the first cumulant and the relax- 
ation frequencies of various modes in terms of the dynamic 
and static properties of a single chain and the Flory K 

parameters. The results are extended to polymers in solu- 
tion by treating the solvent as the matrix in the general 
formulation. When specialized to the case of binary 
homopolymer and copolymer solutions, our results dif- 
fer from those reported earlier by Benmouna et aL4?' in 
the calculation of the mobilities and relaxation frequen- 
cies. 

0 1990 American Chemical Society 
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Dynamic Mean Field Approximation 
We consider a mixture of copolymers and homopoly- 

mers of different species. We refer to a species belong- 
ing to identical polymers as a “component”. Homopoly- 
mers of a given species with different molecular weights 
are identified as different components. The species in 
identical copolymers are also identified as different com- 
ponents. For example, a mixture of AB copolymers in a 
matrix of A homopolymers is considered to be as a mix- 
ture of three components a, b, and c. The number den- 
sity of the monomers in the j th  component at a point r 
is denoted by pj(r). Let H be the Hamiltonian of the 
system and let U(r,t) denote an external time-depen- 
dent potential, which is coupled to the density of mono- 
mers, so that the total perturbation potential is given by 

V ( t )  = l d r  pt(r)U(r,t) 

where p( r )  = col [pl(r) ,  ..., pj(r), ... p,(r)] and pt(r)  is the 
hermitian conjugate of p(r). In the linear response 
theory,6 the Fourier-Laplace transform of the time-de- 
pendent mean incremental density response to U(r,t) is 
expressed as 

GP(q,s) = -x(q,s)U(q,s) (1) 
where x(q,s) is the dynamic response matrix. The mean 
of the density is calculated with the time-dependent phase 
space distribution function in the perturbed system, which 
is characterized by the Hamiltonian H + V(t ) .  The time 
dependence of x(q,s) and the equilibrium averages of the 
dynamical variables in the system are determined by using 
H in the Liouville equation. 

Suppose the Hamiltonian H is split into two parts as 
H = Ha + H’, where H’ denotes the part of the Hamilto- 
nian that we treat as perturbation. The response matrix 
in the unperturbed system is denoted by xo(q,s), which 
will henceforth be referred to as the “bare” response func- 
tion, to distinguish it from the response function ~ ( 4 , s )  
in the original system with interaction H‘. The time depen- 
dence of xo(q,s) and the equilibrium averages of the dynam- 
ical variables in the bare system are computed with Ha. 
We assume that H’ can be written as 

(2) 

where Wab(r) denote the interaction potential per parti- 
cle, or part of it, of a pair of “a” and “b” particles or 
monomers. In the mean field approximation, p(r’) in eq 
2 is replaced by its time-dependent mean &r’), where 
the average is performed with the time-dependent per- 
turbed distribution function that evolves in time accord- 
ing to the Liouville equation with Ha + H + V(t). Treat- 
ing 

(3) 
as an external perturbation in the bare system charac- 
terized by Ha and using the linear response theory,6 we 
obtain from eq 1 

(4) 
The definition of the bare system and interaction matrix 
depends on the way we break up the Hamiltonian as an 
unperturbed part Ha and a perturbation H’. Different 
choices of H, and H’ lead to different bare response func- 
tions xo(q,s) and different interaction matrices W(q). How- 
ever, the choice is interdepedent, since the choice of Ha 
determines W(q) uniquely. The accuracy of the mean 
field approximation would improve by including as much 

H’ = Jd r  pt(r)Jdr’ W(r’- r)p(r’) 

U(r, t)  + Jdr’ W(r’ - r)p(r’) 

GP(q,s) = -xO(q,s)[U(q,s) + W(q)GP(q,s)l 
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information in Ha as one can handle analytically. A con- 
venient choice of Ha, which is often used in the applica- 
tions because of its simplicity, is the one in which the 
dynamics of the bare system can be described by single- 
chain dynamics. In this case, H, contains only the chain 
connectivity. Although the dynamics and the equilib- 
rium properties of the bare system are completely described 
by Ha, one may determine xo(q,s) approximately by, for 
example, using the Kirkwood-Riseman diffusion’ equa- 
tion rather than using the full Liouville description when 
the polymer mixtures is in solution. The point is that 
the mean field theory offers more flexibility than the way 
it has been used in the literature. For example, incom- 
pressibility is not an essential feature of the theory even 
though it has invariably been assumed in the applica- 
tions. 

The incompressibility constraint is included in the mean 
field theory’ by introducing a fictitious external poten- 
tial u(r,t), which is coupled to all the monomers irrespec- 
tive of their kind. The total potential energy associated 
with this interaction can then be written as 

where p( r )  is the total number density, Le., p(r) = 
pT(r)E. Here E is a column matrix with elements “1”. 
The potential u(r,t) is to be determined such that the 
perturbed average of the total density will be zero (incom- 
pressibility). Again, treating u(r,t) as an external poten- 
tial we obtain 

6(q,s)  = -XO(q,s)[U(q,s) + 4q,s)E + W(q)GP(q,s)l 
( 5 )  

subject to the boundary condition 

ETGp(q,s) = 0 

Here we assume for simplicity that the segment volumes 
of various species are the same (see the Appendix). 
Although it is possible to eliminate u(q,s) and one of the 
components in the mixture by using this boundary con- 
dition in eq 5 as it is, we proceed assuming that the com- 
ponent to be eliminated, which we label as “c”, is not 
coupled in the bare system to the other components; i.e., 
xo(q,s)cj = 0 for j # c. This assumption necessarily implies 
that the component c consists of homopolymers. The 
results in this case are more readily interpretable and 
consistent with the conventional thermodynamic consid- 
erations. From eq 5 we obtain 

GP,(q,s) = - x o ( ~ , ~ ) , , ~ u c ( ~ , s )  + u(q,s) + WCj(9)6Pj(9,S)l 
(6) 

First separating the term j = c in the summation over j 
in this equation, then solving it for u(q,s), and substitut- 
ing the latter into eq 5, one obtains 

GP(q,s) = - x o ~ ~ , ~ ~ ~ u ~ ~ , ~ ~ + ~ ~ ~ ~ ~ ~ , ~ ~ ~ P ~ ~ , ~ ~ I  (7) 
where we have introduced the excluded volume param- 
eters in a matrix form v(q,s), the component of which 
are 

In these equations ~ , ~ ( q )  are the usual Flory interaction 
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parameters. I t  is noted that the dimension of the matri- 
ces in eq 7 is one less than the dimension of those in eq 
5. Also, we observe that the s dependence of the excluded 
parameters v,,,(q,s) stems from the bare response func- 
tion xocc(q,s) of the component c, which is commonly the 
component forming the invisible matrix. Equation 7 can 
be solved for Gp(q,s) in the form of the eq 1 to obtain the 
response function in the interacting system as 

Equation 9 represents the basic equation of the mean 
field theory, in the sense that it expresses the dynamic 
response matrix x(q,s) of interacting system in terms of 
the bare dynamic response matrix ~'(4,s) and the excluded 
volume matrix v(q,s). The static response matrix x(q) E 
x(q,s=O) is also given by this equation in terms of the 
bare static response matrix xo(q)  and v(q) 3 v(q,s=O) as 
discussed by Benoit et al.'9'' 

Calculation of the Scattering Functions 
The remaining task in the application of the mean field 

theory for the interpretation of dynamic or static scat- 
tering experiments is to express the response matrices in 
terms of density correlation functions S(q,t) = (bp(q, t )  X 
Gpt(q,O)). The linear response theory6 provides the desired 
relationship between them. For the static response func- 
tion x(q) = x(q,s=O), it yields 

x ( q )  = ( P / v ) S ( d  (10) 
where = l / k B T  and V is the volume of the system, 
which we set a t  V = 1 from now on, and where S ( q )  = 
S(q,t=O) is the static scattering function. The same rela- 
tionship holds also between ~ ' ( 4 )  and So(q) in the bare 
system. Substitution of eq 10 into eq 9 leads to the well- 
known result due to Zimml' in matrix form 

(11) 
The measured intensity I ( q )  in a scattering experiment 
can easily be obtained by introducing a column vector a 
whose components denote the excess scattering powers 
of the different species in the mixture (see the Appen- 
dix), as 

(12) 
Explicit forms of I ( q )  for different combinations of 
homopolymer and copolymer mixtures both in bulk and 
in solution have been worked out by Benoit et al.'"' 

The relationship between the dynamic response matrix 
x(q,t) and the dynamic scattering matrix S(q,t) is more 
complicated:6 

x(q , t )  = -P dS(q,t)/dt (13) 
The same relation holds also between xO(q,t) and 
S'(q,t). It  proves more convenient3 to introduce a fre- 
quency and q-dependent diffusion coefficient D(q,s) 
through the Laplace transform of S(q,t)  as 

S(q , s )  = [Is + q2D(q,s)l-'S(q) (14) 
In the Markov limit of s - 0, q - 0 with q 2 / s  = con- 
stant, D(q,s) reduces to the long-time diffusion matrix 
D = D(O,O), and S(q,t)  becomes S(q,t)  = exp(-q2Dt) X 
S(O),  Le., the sum of exponentials with exponents de- 
termined12 by the eigenvalues of D. In general, S(q,t) is 
not an exponential function of time when D(q,s) depends 
on s. Using eq 14 in the Laplace transform of eq 13 yields 

~ ( 4 , s )  = Pq2D(q,s)[Is + q2D(q,s)l-'S(q) (15) 
The same relationship holds also between xo(q,s),  

s(q)-' = SO(q)-' + v(q) 

~ ( q )  = aTISO(q)-' + v(q)]-'a 
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Do(q,s), and So(q) in the bare system. Substituting these 
expressions of ~ ( 4 , s )  and x'(q,s) into eq 9 yields one of 
the main contributions of this paper: 

S(q)-lD(q,s)-' = So(q)-'Do(q,s)-' + q2v'(q,s) (16) 
or 

D(q,s) = [I + q2Do(q,s)So(q)v'(q,s)l-'Do(q,s) [I + 

where we have introduced 
So(q)v(q)l (17) 

(18a) v'(q,s) = [v(q,s) - v(q)l/s 
which can be calculated by using eq 8 as 

where EET is a square matrix with elements that are all 
equal to unity. A special case of eq 17 was presented 
earlier in a study of the dynamics of copolymer meltse3 
The Laplace transform of the dynamic scattering func- 
tion of the interacting system follows from eq 14 by sub- 
stituting q2D(q,s) from eq 17. In principle the dynamic 
scattering function S(q,t) can be calculated in the time 
domain for all times if one knows, or models, the bare 
dynamic structure function So(q,t) and the excluded vol- 
ume parameters represented by v(q,s). In cases when 
such detailed description is not feasible, one can still extract 
certain aspects of S(q,t) from the measurement and try 
to interpret it the~retically.~ The first cumulant or the 
initial slope of S(q,t), defined by 

Q(q)  = -1im dS(q,t)S(q)-'/dt, as t - 0 (19) 
has been customarily used for this purpose. Either using 
eq 19 directly or using Q(q)  = k,Tx(q,t+O)S(q)-', which 
follows from eq 13 and 19, one finds Q(q)  = q2D(q,m). 
Using this result in eq 17 yields 

Q(q)  = [I + Q0(q)s0(q)v'(q,')1-'n0(4)[I + SO(q)v(q)l 
(20) 

where QO(q) = q2Do(q,m) is the bare first cumulant defined 
by eq 19 with S'(q,t). It  is more convenient to work with 
mobilities rather than first cumulants, which are related 
to each other by m(q) = @ Q ( q ) S ( q ) / q 2 .  From eq 20 and 
11 we obtain 

(21) 
where v'(q,m) can be calculated from eq 18b, using lim 

m(q)-' = mo(q)-' + (q2/P)v'(q,m) 

sxoc,(q,s) = q2mocc(q) as s - m ,  as 

In this equation, m',,(q) denotes the mobility of the c 
component in the mixture, which is eliminated by using 
incompressibility. Substitution of eq 22 into eq 21 yields 

m(q)-'= mo(q)-'+ [l/mocC(q)]EET (23) 
Inverting the right-hand side of eq 23 using the Sherman- 
Adams formula," we obtain the main theoretical contri- 
bution of this paper: 

The novel feature of this equation is the presence of the 
second term, which seems to be missed in earlier attempts 
to extend the mean field theory to multicomponent mix- 
tures in s ~ l u t i o n . ~ . ~  It  is easier to first compute m(q) 



610 Akcasu and Tombakoglu 

with eq 24 and then calculate the first cumulant Q(q)  by 
using Q ( q )  = q'm(q)S(q)-l/P in which S(q)-' is calcu- 
lated with eq 11 than obtaining Q ( q )  directly from eq 20. 
The calculation of moCc(q) and mO(q) in the case of Rouse 
dynamics will be presented below. 

Connection with the Langevin Equation Method 
We now discuss the connection between the mean field 

theory and the generalized Langevin equation method 
based on Zwanzig-Mori projection operator technique.' 
In the latter approach, D(q,s)  is given by14 

q2D(q,s) = Q ( q )  - * (q ,s )  (25) 
when the Kirkwood-Riseman diffusion operator is adopted 
to describe the dynamics of the interacting system. (The 
full Liouville operator can also be used for this purpose.) 
In eq 25, Q ( q )  denotes the frequency matrix and is defined 
byI5 

Q ( q )  = ( ~ p ( c r ) L b + ( s ) ) s ( q ) - '  
The ( e  - .) in this equation denotes the average with the 
equilibrium distribution \key, and L denotes the adjoint 
of the Kirkwood-Riseman diffusion operator in the inter- 
acting ~ y s t e m . ' ~ ' ~ ~  The explicit form of the memory matrix 
+(q,t) ,  which can be found e l s e ~ h e r e , ' ~ . ~ ~  is not needed 
for our discussions. A comparison of eq 25 with eq 17 
indicates that the mean field theory provides an approx- 
imate expression for [ W q )  - @(q,s) ]  as a whole, which is 
easier to work with than the exact statistical mechanical 
definitions of Q(q)  and +(q,s) in terms of the projection 
operators. Similarly, the mobility of the interaction sys- 
tem m(q) = /3(6p(q)L6pt(q))/q2 is expressed approxi- 
mately in eq 24 in terms of the mobility of the bare sys- 
tem mo(q) and the mobility moC,(q) of the matrix. The 
dynamics of the bare system, also, can be described by 
the generalized Langevin equation by choosing an equi- 
librium distribution Jioeq, and an appropriate dynamical 
operator Lo, consistent with the choise of \koeq, e.g., the 
adjoint of the Kirkwood-Riseman diffusion operator with 
\koeq. Then, Do(q,s) also can be written as q'Do(q,s) = 
QO(q) - a0(q,s), where 

QO(q) = (sp(s)L06pt(q) )S0(q)-' (26) 

mO(q) = p(Ms)L0spt(q))/q2 (27) 
The averages in the bare system are calculated with respect 
to \koeq. Equation 27 yields the bare mobilities explic- 
itly once Lo is chosen. 

Summary and Conclusions 
(a) In the absence of hydrodynamic interactions (Rouse 

dynamics) mO(q) follows from eq 27 as Diag [njN,/ 
tJ,J=1,2, , , I ,  where nd is the number of chains per unit vol- 
ume, t, is the friction coefficient per monomer, and N, is 
the number of monomers per chain of type j. moab = 0 
even when the components a and b constitute the two 
species in a copolymer when Rouse dynamics is used in 
eq 27. The mobility of the matrix mocc = n p c / f c .  The 
mobility m(q) of the interacting system follows from eq 
24 as 

from which the mobility follows as 

m o L L m o ] J  

m,, = m o  6 - (28) 
n >  V 11 
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nal even though mO(q) is. The bulk limit follows from 
eq 28 with mocc = 0. In the case of a melt of homopoly- 
mer species A and B, one obtains maa = mbb = -mab, as 
must be true in an incompressible mixture, and the usual 
inverse superposition of mobilities:" 

mOcc + E m o , ,  
k 

where i ,  j = 1, 2 ,  ..., n - 1. It is noted m(q) is not diago- 

-=-+- 1 1  1 
mas moa, mobb 

This results was also obtained by Akcasu et ala3 in the 
study of the dynamics of binary homopolymer melts and 
copolymer melts. Equation 28 provides a generalization 
of this result to a multicomponent mixture in a matrix. 

(b) The previous results can also be used when the poly- 
mers are in solution, by chosing the component c as the 
solvent and interpreting xo,,(q) appropriately. For this 
purpose one treats the solvent "particles" as noninteract- 
ing "fictitious monomers", as is done in lattice models, 
with the same volume as that of the monomers of the 
chains. The static response function xo,,(q) is obtained 
from eq 4 as fin,, where n, is the density of the solvent, 
because for noninteracting point particle S",(q) = N,  where 
N ,  is the total number of solvent particles. Benoit et 
a l . ' ~ ~ ~  have calculated the static structure factor in 
homopolymer mixtures in solution, as well as copoly- 
mers in solution, using this identification, and showed 
that the bulk limit is correctly reproduced when the den- 
sity n, of the solvent is set equal to zero. The calcula- 
tion of the dynamic response function xos,(q,s), however, 
requires closer attention. Using eq 13 and SoS,(q,t) = N, 
exp(-q'D,t) in it, which is the dynamic scattering func- 
tion of the noninteracting solvent particles with a diffu- 
sion coefficient D,, one obtains the response function of 
the solvent as xo,(q,s) = pnsq'D,/(s + q2D,) and its mobil- 
ity as moss = /3nsD,. Then, eq 28 becomes 

The second term in this equation is missed in the study 
of the dynamics of binary homopolymer and copolymer 
solutions by Benmouna et  al.4*5 One may of course argue 
that the diffusion of the solvent "particles" is much faster 
than the diffusion of monomers of the chains, so that 

Pn,D, >> x m o j j  
i 

and hence the second term is negligible. However, in 
this case one would not be able to reproduce the bulk 
limit correctly as the limit n, - 0. If this approxima- 
tion is indeed valid in solutions, then there should be a 
crossover concentration nsc, determined with the equal- 
ity sign in eq 31, such that the solution-like behavior pre- 
vails when n, > nsc and the bulk behavior when n, < nsc. 
Hence, the use of eq 30 without the second term to cal- 
culate the relaxation frequencies, as was done by Ben- 
mouna et  al.,495 becomes questionable at  concentrations 
near the bulk limit. This difficulty, which arises from 
the treatment of solvent particles as fictitious mono- 
mers, does not cause any problem in calculating static 
quantities as was done by Benoit et  al.9"0 

(c) The first cumulant is calculated by substituting eq 
28 into Q ( q )  = (q2/P)m(q)[S0(q)-1 + v(q)]. The ele- 
ments of v(q) are determined from eq 8 with xocc(q) = 
pnJVc'P(xc) where P(x)  = ( 2 / x ' ) [ x  - 1 + exp(-x)] is the 
usual Debye function with x = q'R,'. Since the Debye 
function is obtained from the static structure factor 
S,(q)  for a single Gaussian chain in the q range where qa 
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<< 1 (a = statistical segment length), P(x)  has to be re- 
placed in the interpretation of neutron scattering ex- 
periments" involving large q values for which qa = 1 by 
the full e x p r e ~ s i o n ' ~ , ~ ~  of Ss(q ) /N?  

132) 
P(x)  = N'(1 + 2(e" - l)-'[l- ( 1  - e-N")/N(l  -e-")] 

where a = q2a2/6  = x / N .  For qa >> 1, P ( x )  approaches 
asymptotically 1/N, whereas the Debye function decreases 
as 2 / x .  

(d) The calculation of the static structure factor P(q) 
in the bare system is well-known for Gaussian chains: 
When the components a and b are homopolymers we have 

sab(q) = 6abnaN2Pa(x) (33) 
where P,(x) is given by eq 32 with N = N ,  and statisti- 
cal length appropriate to a chains. When the compo- 
nents a and b are two species in a copolymer molecule 
we have 

sab(q) = (1/2)ncop(Na + Nb)'[PT(X) -f;P,(x) - (1 - 
fa)2Pb(x)I (34) 

where ncop is the number density of the copolymers con- 
sisting of a and b, N ,  and Nb are the number of mono- 
mers of each type in a copolymer molecule, and PT is 
given by eq 32 with N = N ,  + Nb. Here we assume for 
simplicity that both a and b chains have the same sta- 
tistical length. 

(e) The short-time behavior of S(q , t )  is approximated 
in the framework of the mean field theory by 

S(s,t) = exp{-Q(q)t)S(q) (35) 

S(q , t )  = exp(-(q2/P)m(q)S(q)-'tJS(q) (36) 

The initial slope a,, of S,,(q,t) in a scattering experi- 
ment on a multicomponent system, in which only the a 
component is visible, is defined by w,, = -1im d In S,,(q,t)/ 
dt as t - 0. Its approximate form can be obtained from 
eq 36 and 28 as 

w,(q) i= kBTq2mo, [ 1 - mo; Is-',(.) (37) 

The factor Saa(q) is to be calculated from eq 11. All the 
quantities in eq 37 are now known in terms of single- 
chain properties and Flory K parameters. I t  is impor- 
tant t o  note that w,,(q) is not equal t o  Q(q),, = [kBTq2 X 
m(q)S(q)-l],,. To clarify this point we not that the short- 
time behavior of S(q , t )  is given by eq 35 so that S,(q,t) 
= (exp[-Q(q)t]S(q)),, and can be expressed as the sum 
of exponential functions of time with relaxation frequen- 
cies determined by the eigenvalues of Q(q) .  But its deriv- 
ative at t = 0 is {Q(q)S(q)], , ,  which is equal to w,,(q) X 
Sm(q). In other words, waa(q) is equal to a weighted aver- 
age of the components of W q ) .  

(f) I t  is often stated in the literature that the mean 
field theory is equivalent to neglecting the memory effects 
in the generalized Langevin equation description, i.e., 
cP(q,s), in eq 25. We think that this is not the case, a t  
least in the present context, because in the random phase 
approximation [Q(q) - O(q ,s ) ] / q2  in eq 25 is approxi- 
mated as a whole by the right-hand side of eq 17. In 
fact, the memory effects can be included in the descrip- 
tion of the bare system also, by applying the GLE tech- 

or 

mocc + E m o , ,  
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nique to determine q2Do(q,s) as q2Do(q,s) = QO(q) - 

(8) The intrachain hydrodynamic interaction can be 
included in the calculation of mo(q) through eq 27, if the 
c component is a solvent. We have not attempted to do 
so because this refinement does not seem to be needed 
in concentrated solutions, where the mean field approx- 
imation is expected to be valid and where the hydrody- 
namic interactions are screened. We think that the mean 
field theory is flexible enough to take into account not 
only the intra- but also the interchain hydrodynamic inter- 
actions, by allowing a part of the interspecies interac- 
tions to be included in the unperturbed Hamiltonian. In 
this case, the bare response matrix xo(q,s) is not diago- 
nal even when the mixture contains only homopolymers, 
and the implementation of the mean field theory becomes 
cumbersome. 

(h) Stuhn and Rennie" have recently reported neu- 
tron scattering experiments on copolymers of A and B, 
in the matrix of A homopolymers. Only the A mono- 
mers in the copolymers were labeled. They have inter- 
preted the data by extending the theoretical results of 
Akcasu et al.3 for copolymer melts, to take into account 
the effect of the A matrix. Although their results repro- 
duce the correct bulk limit, they are not consistent with 
the multicomponent description presented in this paper. 

In conclusion, the theoretical results obtained in this 
paper in matrix form reduce the study of the dynamics 
of polymer mixtures with arbitrary number of compo- 
nent with RPA to straightforward matrix calculations. 

Appendix. Chains with Different Segment 
Volumes 

the incompressibility assumption is 

@O(q,s ) .  

The intensity I (q , t )  for an n component system, before 

n 

I(q,t)  = Caiaj(aPi(q,t)aPj*(q,o)) (-41) 
ij=1 

When the incompressibility constraint, which reads 
n 

i=l 

where the segment volumes ui are allowed to be differ- 
ent, is implemented, eq A1 becomes 

where V is the volume of the system and Sij(q,t)  is the 
volume fraction correlation function 

(444) 

with &Dj = i.e., the volume fraction of the j th  com- 
ponent. The component labeled j = n in eq A1 has been 
taken to be the matrix (labeled "c" in the text) and has 
been eliminated in eq A3. The latter expresses I (  q,t) in 
terms of the "contrasts". 

In order to include the effect of the differerce in the 
segment volumes on the RPA calculations of Sij(q,t)  in 
eq A3 in terms of the bare correlation functions and inter- 
actions, it is convenient to start with the mean response 
equation 

& = -xo[U + UUE + Wp] (A5) 
which has the same form as eq 5 in the text except for 
the incompressibility term uE which now becomes uuE 

S i j ( ~ , t )  = v(a+i(q,t)6+j*(q,o)) 1 
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where u is the diagonal matrix defined by u = hijvi. We 
can express the volume fraction vector 6 9  in terms of 
the number density vector Sp as 69 = uSp. Thus multi- 
plying eq A5 by u, we obtain for the mean response of 
6 9  

SZJ = -xo[U + iiE + WSS] (A6) 
where io = ux0u is the bare response matrix for the mean 
volume fractions and W = u-~WU-' is the modified inter- 
action matrix. In obtaining eq A6 we have used u-' u = 
E. The point of this transformation is that eq A6 has 
exactly the same form as that of eq 5, with the same incom- 
pressibility relation ETS9 = 0. Hence the various formu- 
las obtained in the text, assuming the segment volumes 
to be the same, can be transcribed to the case of differ- 
ent segment volumes ui, by expressing the correlation func- 
tions in volume fractions and using the modified inter- 
action matrix W = u-' Wu-' in the calculation of the 
excluded volume matrix P(q,s). Explicitely, we find 

2Kin(q)6ij - [ K i j ( q )  - 
P 

(4  ,s 1 
ui;(q,s) = ___ - 

Kin(q) - Kjn(q l I (1  - 6ij)  (A71 
where 
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and 

The bare mobilities become mojj = vj2njNj/ l j .  
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