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ABSTRACT: The influence of polydispersity on the transitions occurring in the weak segregation regime 
and on the scattering functions of the disordered phase in diblock copolymers is studied for one-compo- 
nent and multicomponent systems including mixtures with homopolymers. Application of the fluctuation 
corrections given by Fredrickson and Helfands leads to  the determination of the transition windows as a 
function of degree of polymerization N, polydispersity U ,  and composition f .  The applicability of the fluc- 
tuation corrections appears to  be extended to lower N and f with increasing U. The prediction of transi- 
tions is facilitated by the concept of a reduced phase diagram. 

1. Introduction 
The capability of block copolymers to form micro- 

domain structures is well-known and widely used to pro- 
duce a variety of polymer materials with outstanding prop- 
erties. Understanding the basic principles of the 
microphase separation thus not only is of interest from 
a purely scientific point of view but is expected to show 
new ways to improved polymer materials. 

Using methods based on the mean-field theory, Hel- 
fand and co-workers,l Ohta and Kawasaki,2 and Semenov3 
have been able to make quantitative predictions on the 
ranges of stability of the one-, two-, and three- 
dimensionally periodic structures appearing in the strong 
segregation limit. New developments are expected in this 
field since recent studies by Thomas and co-workers4+ 
and Hashimoto and co-workers7 have shown that the 

* To whom correspondence should be addressed. 

shapes of the domains are not restricted to spheres, cyl- 
inders, and lamellae. 

The transition from the ordered phase-separated struc- 
ture to the homogeneous melt and the phase diagram in 
the weak segregation limit is another feature of general 
interest. According to the theory of Leibler,g this phase 
diagram is, for diblock copolymers, completely defined 
by the composition f and the product xN,  where x is the 
Flory-Huggins interaction parameter and N the total num- 
ber of statistical segments per molecule. A particularity 
of Leibler's theory is the prediction that, except for f = 
0.5, there is no direct transition to ordered structures 
other than the bcc macrolattice. 

Recently, Fredrickson and Helfande have extended 
Leibler's theory to include the effect of composition fluc- 
tuations using a method established by Brazovskii.lo They 
find that Leibler's theory is only valid in the limit N - 
and that direct transitions from the homogeneous melt 

0024-9297/90/2223-3339$02.50/0 0 1990 American Chemical Society 



3340 Burger et al. 

to the hexagonal and the lamellar phase occur in well- 
defined ranges o f f  ("windows") for finite N. Further- 
more, the microphase-separation transition (MST) depends 
on three variables, f ,  xN,  and N ,  and occurs, for finite 
N ,  a t  larger xN values than the spinodal (xNS com- 
puted according to Leibler's theory. 

In the theoretical treatments used by Leiblera and by 
Fredrickson and Helfand? it is assumed that the sam- 
ples are monodisperse. Calculations of Leibler and 
Benoit'l and Hong and Noolandi12 have shown that poly- 
dispersity has a marked effect on the scattering curves 
of the homogeneous melts of block copolymers. I t  pro- 
duces a decrease of the position of the maximum and an 
increase of the intensity a t  the maximum, which is related 
to a decrease of ( X ~ V ) ~ .  This effect cannot be neglected 
in the evaluation of scattering data of block copolymer 
melts.13-15 The aim of the present work is to extend the 
treatment used by Hong and Noolandi12 to include the 
fluctuation corrections so that the results of Fredrickson 
and Helfandg can be applied to samples with nonzero 
polydispersity. 

2. Averaging Procedure 

We consider the polydispersity of diblock copolymers 
to be given by the normalized distribution ~ ( N A , N B )  of 
the number of statistical segments N A  and NB of types 
A and B. For a sample synthesized in the usual two- 
step polymerization process, the variance of N A  is, in gen- 
eral, independent of the variance of NB so that 

~ ( N A , N B )  = ~ A ( N A )  ~ B ( N B )  (1) 
for a given sample (one-component system). An easy way 
to vary the polydispersity for experimental purposes is 
a mixture of such samples (mutlicomponent systems). For 
a mixture of m samples with the number fractions zi we 
obtain 
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Following Leibler and Benoit" and Hong and 
Noolandi,12 we use distribution functions of the type 

n(N) = kN" exp(-aN) (3) 
generally referred to as Schulz-Zimm distributions, to 
facilitate the calculations. If ( N ) ,  is the number aver- 
age, ( N ) ,  the weight average, and U = ( ( N ) , / ( N ) , J  - 1 
the polydispersity parameter, the constants in eq 3 are 
given by 

a = l/((N)"U), v = (l/U) - 1, k = a'+'/I'(v + 1) 
Assuming the variances of N A  and N B  to be indepen- 
dent results in the relationship 

(4) 

where U,  UA, and UB are the polydispersities of N (=NA 
+ NB) ,  NA, and NB, respectively, and 7~ = (NK)n/ ( N ) n  
(K = A or B). 

To avoid unnecessary redefinitions of symbols, we adopt 
widely the notation used by Leiblers and by Fredrickson 
and Helfandg throughout this paper. 

In order to calculate the scattering function of the melt, 
we need the first-order correlation functions 

Sij(Q) = c;'1d3r exp(-iiji) sij(i.) 

u = f A 2 v A  + f B 2 v B  

i, j = 1, 2 (5) 

for a block copolymer system without any interaction 
between the polymer chains (i.e., for an ideal system). 

Here 

Sij ( i )  = ( [ C J O )  - E i ] [ C j ( i )  - C j ] )  

c l ( i )  and c p ( i )  are the local concentration of segments of 
type A and B, respectively, and co is the mean total con- 
centration of segments. The conformations of different 
chains are not correlated in an ideal system; therefore, 
the calculation of the function Sij is essentially a one- 
chain problem. For a monodisperse system of N A  and 
NB copolymers the function sij can obviously be repre- 
sented as 

$ij(eNA,NB) = Nip0 Kij(F;NA,NB) (6 )  
where PO 5 co/N is the concentration of chains (N = NA 
+ N B ) ,  Nip0 is the concentration of segments i (Le., A for 
i = 1 and B for i = 2), and Kij(i.) d3r is the conditional 
probability that a segment of type j is within the small 
volume d3r around the point i. if a segment of the type i 
of the same chain is at  i = 0. 

Similarly, for the general polydisperse case we have 

Si;(?) = 1 WA WB Ni P(NA,NB) Kij(i;NA,NB) (7) 

where 

P(NA,NB) WA WB = [co/(N)J ~ ( N A , N B )  WA WB 
(8) 

is the concentration of the chains with N A  and NB within 
small intervals CWA and CWB. Combining eqs 5-8, we 
get 

Sij(Q) JcW. WB [ N  ~ ( N A , N B ) /  (N),I Sij(G;NA,NB) 
(9) 

where sij(G;NAflB) corresponds to the monodisperse func- 
tion Sij(F;NA,NB) Via eq 5. 

Therefore, the correct averages of the first-order "ideal" 
correlation functions Sij are the weight averages (see also 
Hong and Noolandi12). This statement also holds for the 
higher order correlation functions Gijk  and Gijkl  defined 
in Leibler's work. The proof can be obtained in exactly 
the same manner as above via the corresponding cumu- 
lants 

S i j k ( F 1 , i J  = (Ci(0) cj(i1) c k ( j J ) c  

and 

3ijhl(i1,~2,?J = (ci(0) cj(i1) ck(i.2) cl(i.3) ) c  

3. Scattering of the Homogeneous Melt 

given by 
The scattering function of the homogeneous melt is 

S(q) = N /  [F(f,x) - a1 
where a = 2xN according to Leibler8 and cy = 2(xN). - t 
according to Fredrickson and Helfandg 

W , x )  = "1 + s22 + 2S,Z)/(S,,S22 - 5,:) = 
Pq(1.X) 

g,(f,x) gl(l-f,x) - l/*[g1(1,d - g,(f,x) - g1(1-f,x)l2 

gl(f,x) = 2[ fx  - 1 + exp(-fx)l/x2 
x = q2R2 = q2Nb2/6 

with q denoting the absolute value of the scattering vec- 
tor, R the radius of gyration of an ideal chain, and b the 
length of a statistical segment. The weight averages of 
Sij correspond to averages of the type (Ngl(f,x)),, which 
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Figure 1. Scattering function 1/F plotted versus f 1 J 2  = ( R 2 ) , 1 / 2 q  
for a one-component system, UK varying from 0 (lower curve) 
to 1 (upper curve) in steps of 0.25, f = 0.5, independent vari- 
ances of N K ,  UA = UB. 

are equivalent to the number averages (N2 gl(f,x)),/ 
( N ) n .  Due to the form of F(f ,x) ,  the averaging proce- 
dure results in replacing the functions gl(f,x) by 

# , ( f K , f )  = 

(@ gl(fK,x))n/ ( N ) , 2  = 2 [ f K f  - 1 + (exp(-fKx))nI/f2 
and 

g,(l,a) = Z[Z - 1 + (exp(-x)) , l /~~ 

where 

f = (N),b2q2/6 
Using a Schulz-Zimm distribution, we obtain 

(exp(-fKx)), = (1 + u ~ ~ ~ z ) - ' / ' x  
for a one-component system and 

(exp(-fKx)), = 

for a multicomponent system, where X i  = q2Nib2/6, f ~ ,  
= ( N K i ) n / < N i ) n ,  Pi = - ( N i ) n / ( N ) n ,  and f i  = Pifa Fur- 
thermore, f~ = xi Z i p i f K , .  

Due to the independence of UA and Ug, we find 

(exp(-x)), = (exp(-fAx)),(exp(-fBx)), 
for a one-component system and, accordingly 

for a multicomponent system. 
Figure 1 shows plots of 1/F versus Q 1 J 2  = ( R 2 ) n 1 J 2  q 

for a one-component system, UK varying from 0 to 1, f 

0 1 2 3 4 5 

S q  
Figure 2. Scattering function 1 F plotted versus f 1 J 2  = (Rz),,lJ2q 

to 1 (upper curve) in steps of 0.25, U = UA = UB. 

= 0.5, and independent variances of NK as given by eq 
4, but taking UA = UB. These curves are proportional 
to the scattering intensity of diblock copolymer melts with 
a = 0; i.e., x = 0 in Leibler's approach. 

Figure 2 shows similar plots corresponding to calcula- 
tions taking U = UK as proposed by Hong and Noolandi.12 
The latter assume that only the size but not the compo- 
sition of the molecules is affected by the polydispersity. 
One observes a much less pronounced effect of the poly- 
dispersity and, in particular, due to the invariance of the 
composition, a vanishing intensity for q - 0 indepen- 
dent of the magnitude of the polydispersity. This approx- 
imation is, however, inadequate since in all cases of prac- 
tical interest both the composition and the size of the 
molecules are affected by the polydispersity. 

Figures 3 and 4 show plots of x * ,  the position of the 
maximum in the scattering intensity, and of the ratio 
( ~ N ) , / ( x l V ) ~ o  = F(U,f,x*)/F(O,f,x*), as a function of the 
polydispersity UK for various values o f f  assuming inde- 
pendent variances of NK. We see that x* tends toward 
0 for finite values of UK; e.g., UK = 1 for f = 0.5. This 
means that above these limiting values of UK, the scat- 
tering curves show a maximum at q = 0 comparable to 
that observed in homopolymer melts. The value of (xNS 
decreases considerably with increasing polydispersity and 
falls below the ( x N ) .  values for the corresponding mix- 
ture of (monodisperse)  homopolymer^.^^ 

Figure 5 shows the upper limits of UK for nonzero x* 
as a function off. 

It is of interest to note that the equations developed 
for multicomponent systems also hold for mixtures of 
block copolymers with homopolymers (and, in principle, 
also for homopolymer mixtures). 

Figures 6 and 7 show x* and (xNB curves, respec- 
tively, as a function of UK for a two-component mixture 
of a homopolymer with a diblock copolymer. The com- 
position of the diblock copolymer is f = 0.5, the number 
fraction of homopolymer molecules is z1 = 0.5, the poly- 

for a one-component system, tr K varying from 0 (lower curve) 
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0 . 0  0 . 5  1 . 0  1 . 5  2 . 0  

UK 
Figure 3. Position of the maximum x* in the scattering func- 
tion for a one-component system plotted versus UK, values of 
f varying from 0.1 (upper curve) to 0.5 (lower curve) in steps of 
0.1, independent variances of N K ,  UA = UB. 

t . o  
(X4./(XN)IP 

0.8 

0.6 

0.4 

0.2 

0 . 0  

\ 

0 . 0  0 . 5  1 . o  1 . 5  2 . 0  

U K  
Figure 4. Plot of the ratio ( X ~ ? ~ / ( X M . O  for a one-component 
system as a function of UK, values off varying from 0.1 (upper 
curve) to 0.5 (lower curve) in steps of 0.1, independent vari- 
ances of N K ,  UA = UB. 
dispersities of t h e  homopolymer and the copolymer blocks 
a r e  assumed t o  be  equal,  and N is t h e  same for both com- 
ponents.  

To  include the fluctuation correction in to  t h e  compu- 
ta t ion of t h e  scattering curve of the homogeneous melt ,  
t h e  coefficient c has  t o  be  calculated.  According t o  Fre-  

0 . 5 -  

0.0 
1 " " 1 " ~ ' 1 ' ' ~ ' 1 " ' '  

0.0 0 . 1  0.2 0.3 0.4 0.5 

f 
Figure 5. Plot of UK*, the upper limit of UK for nonzero X I ,  

versus the composition f, independent variances of N K ,  UA = 
UB * 

X* 
4: 

0.00 0 . 2 5  0.50 0.75 1 . 0 0  

UK 

Figure 6. Position of the maximum 3c* in the scattering func- 
tion for a two-component mixture plotted versus UK; compo- 
nent 1 is a homopolymer ( f~  = 0), component 2 is a block copol- 
ymer (fi = 0.5), equal degree of polymerization of the compo- 
nents, number fraction of component 1,z1, varying from 0 (upper 
curve) to 0.4 (lower curve) in steps of 0.1, independent vari- 
ances of NK and UA = U, for the block copolymer. Polydis- 
persity of the homopolymer equal to UK of the block copoly- 
mer. 



Macromolecules, Vol. 23, No. 13, 1990 Polydispersity Effects in Block Copolymers 3343 

(XNI 
1 1  1 

10 n 

0.00 0.25 0.50 0 . 7 5  1 . o o  

UrC 
Figure 7. Plot of (xM.  as a function of UK for a two-compo- 
nent mixture: component 1 is a homopolymer (fl = 0), compo- 
nent 2 is a block copolymer ( f 2  = 0.5), equal degree of polymer- 
ization of the components, number fraction of component l,z1, 
varying from 0 (upper curve) to  0.4 (lower curve) in steps of 
0.1, independent variances of NK and UA = UB for the block 
copolymer. Polydispersity of the homopolymer equal to UK of 
the block copolymer. 

drickson and Helfand? t is given by 

t = C'T + ~ ~ d X / ( t i V ) ' / ~  (10) 
where 

7 = [F(x* , f )  - 2xAq/c2 

c = [x*F"(x*,f)/3]'/2 
d = 3x*/2ir 

and 

x = ~r,(o,o)/c4 

If we define reduced coefficients and by 
z = t~-2(dX)-2/3N1/3 

and 
= 7(dX)-2/3N'/3 

eq 10 becomes 
A I  = - ;-w 

Figure 8 shows a plot of versus -;. If the tempera- 
ture dependence of x can be approximated by x = a + 
b/T, this represents the general features of a plot l/S(x*) 
versus 1/ T. Such plots have been used to determine T., 
the temperature a t  the spinodal, by linear extrapolation 
toward l /S(x*) = 0 from low values of 1/T, i.e., high 
values of ~ / S ( X * ) . ' ~ - ~  Inspection of Figure 8 shows clearly 
that such an extrapolation, although possible in princi- 
ple, leads for finite values of N to an underestimation of 

f 
4 . 0  

3 . 5  

3.0 

2.5 

2 . 0  

1 . 5  

. 1 . 0  

0 . 5  

0.0 
- 3  - 2  - 1  0 1 2 3 

-? 

Figure 8. Coefficient as a function of -;. is proportional 
to 1/S(x*); --T is proportional to 1 / T -  l/Ta, if ~ ( 7 ' )  = a + b/T.  

the-value of T. since the correct value of T, corresponds 
to 7 = 0. 

4. Coefficients at the MST 
To calculate the exact value of t, we have to compute 

the coefficient I'4(0,0) for finite values of the polydisper- 
sity. To obtain the values at the MST, tt and (xN)~,  and 
the ranges in f corresponding to the direct transitions 
from the homogeneous melt to the cubic, hexagonal, and 
lamellar phase, we need the corresponding coefficient r3 
as well. This involves the application of the averaging 
procedures discussed in section 2 to the higher order cor- 
relation functions G i j k  and G i j k l  given in Appendix C of 
Leibler'sa work. If eq 1 is valid and Schulz-Zimm dis- 
tributions are used, one obtains analytical expressions 
for these functions. In the Appendix of this paper, the 
averaging procedure is demonstrated on some examples. 

In Figures 9 and 10, the ratios r3/r3O and I'dO,O)/ 
r4O(O,0), respectively, are plotted as functions of the poly- 
dispersity parameter UK of the blocks for various values 
of the composition f (ria corresponds to UK = 0). I'3/I'3" 
changes only slightly with f but strongly with UK, whereas 
both UK and f produce a marked change of I'4(0,0)/ 

In order to compute the values of et and (XN),, we have 
to find a numerical solution for the set of eqs 3.10-3.21 
and 4.1 given by Fredrickson and Helfand in their paper.g 
This is facilitated by the use of reduced coefficients 

r40(o,o). 

t 
7* = 7 (&4-2/3"/3 = ; 

t 

p* = p,X-5/6d-'/3N'/6 
where Tt, p, and X are defined according to Fredrickson 
and Helfand.g It  can be shown that, for a given type of 
transition, T* is a function of p* only. For the transition 
to the lamellar phase (n  = l), T* is constant (= -2.0308). 
For the transition to the hexagonal phase (n  = 3) and 
the cubic phase (n  = 6), T* is increasing with increasing 
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0 . 0 0  0 . 2 5  0 . 5 0  0 . 7 5  1 . 0 0  

U K  
Figure 9. Plot of the ratio r3/I'30 for a one-component sys- 
tem as a function of UK, values o f f  varying from 0.1 (lower 
curve at UK = 0.2) to 0.4 (upper curve at UK = 0.2) in steps of 
0.1, independent variances of NK,  U A  = UB. 

1 . 5  

1 . 0  

0 . 5  

0.0 r 
0 . 0 0  0 . 2 5  0 . 5 0  0 . 7 5  1 . 0 0  

U K  
Figure 10. Plot of the ratio r4(O,O)/r4O(0,O) for a one-compo- 
nent system as a function of UK, values o f f  varying from 0.1 
(lower curve) to 0.5 (upper curve) in steps of 0.1, independent 
variances of N K ,  UA = UB. 
Ip*l. The points of intersection (triple points) are located 
at  

p*l = -0.5641, T * ~  = -2.0308 
p*2 = -1.4089, T** = -1.1298 

for n = 1 and n = 3 
for n = 3 and n = 6 

1 BCC \ 

j ':m - 2  - 

/ LAM 
T 

- 4  - 3  - 2  - 1  0 

P* 

Figure 11. Reduced phase diagram for diblock copolymers in 
a plot of T* versus w * .  

Hence, for 0 < 1p*1 < 0.5641, the MST is to the lamel- 
lar phase, for 0.5641 < IF*[ < 1.4089 to the hexagonal 
phase, and for [p*l > 1.4089 to the cubic phase. For Ip*l 
> 2.6197, r* is positive, which means that (xN8 > (xNt. 

Figure 11 shows a plot of r* as a function of p* for the 
MST as well as for the transitions within the ordered 
phase. The latter have been obtained by numerical solu- 
tion of eqs 4.7 and 4.8 given in Fredrickson and Helfand'ss 
paper. The plot is a reduced phase diagram in which 

The value of tt is obtained from T* using eqs 10 and 
and p*2 represent triple points. 

11. The value of (xNt is given by 

(xNt = (xN, - K1v-1/3 
where 

K = ~*c'(dX)'/~/2 
For the transition to the lamellar phase, K is a func- 

tion o f f  and UK only, since r* is a constant. For the 
transition to the hexagonal and to the cubic phase, K is 
a function of N as well so that the variation of (xNS - 
(xNt with N becomes more complicated. For example, 
T* varies approximately linear with p* in the range 1.7 
< (p*I < 3.0. If this relationship is given by I* = a0 + 
alp*,  we get 

(xN), = (xN), - - Bllr'/6 

where A = ao~2(dX)2/3/2 and B = al~2d1/3X-1/6/2. 
Knowing p*l and p*2, we can calculate the relation- 

ship between N ,  UK, and the limits of the transition win- 
dows in f. For a given value of UK, we obtain the func- 
tions Nl(f )  and Nz(f) from the relationship 

Ni = (p*i /p)6X5dz 

where i is 1 or 2. 
Figure 12 shows plots of log N1 (lower family of curves) 

and log Nz (upper family of curves) versus f for various 
values of UK. The minima in these curves obviously indi- 
cate that the limits of the applicability of the fluctua- 
tion corrections derived by Fredrickson and HelfandB do 
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f 
Figure 12. Limits of the transition windows from the disor- 
dered phase to the lamellar phase (lower family of curves) and 
to the hexagonal phase (upper family of curves) as a function 
of N and f for one-component systems. Within a given family 
of curves, UK varies from 0 (upper curve at f = 0.25) to 0.8 
(lower curve at f = 0.25) in steps of 0.2, independent variances 
of NK, UA = UB. Example of evaluation: For N = 104 and UK 
= 0.6, the lower limit of the window of the transition from the 
disordered phase to the lamellar phase is f = 0.422; the window 
of the transition from the disordered phase to the hexagonal 
phase extends from f = 0.313 to f = 0.422. 

depend not only on N but also on f and U. The position 
of the minimum in log N Z  for U = 0 agrees with the 
assumption that the lower limit of N is approximately 
104 as estimated by these authors. The position of this 
minimum in f indicates a lower limit of approximately 
0.25. The curves for nonzero values of UK show that both 
limits are shifted toward smaller values with increasing 
polydispersity, i.e., the range of applicability of the fluc- 
tuation corrections is increased in polydisperse systems. 

In Figure 13, the effect of polydispersity is demon- 
strated in a phase diagram for N = lo4. The solid lines 
mark the transitions expected for U = 0, the diagram 
corresponds to that already published by Fredrickson and 
Helfand.9 The dashed lines and the dotted lines are 
obtained for UK = 0.4 and UK = 0.8, respectively. The 
effect of polydispersity on the transition from the ordered 
to the disordered phase as well as on the transition from 
one ordered phase to another is clearly visible. For a 
given composition f, the xN values a t  the transitions are 
generally decreasing with increasing UK. For U = 0, there 
is no transition to the bcc phase, which can also be seen 
in Figure 12. The exact coordinates of the triple points 
can be calculated using the corresponding fixed coordi- 
nates of the triple points in the reduced phase diagram. 

5. Summary and Discussion 
The results of the present work show that polydisper- 

sity has a strong influence on the coefficients character- 
izing the MST. With the relationships developed it is 
possible to predict the behavior of samples of practical 
interest, especially mixtures including homopolymers, in 
the weak segregation regime. The relationship between 
the widths of the transition windows, the polydispersity, 
and the degree of polymerization indicates that the range 
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Figure 13. Phase diagrams xN vs f for N = 104, polydispersi- 
ties U = 0 (solid lines), UK = 0.4 (dashed lines), and UK = 0.8 
(dotted lines), independent variances of NK, U A  = VB. Triple 
points are marked with circles. The only triple point present 
for U = 0, hex/lam/dis, is located at f = 0.439 and xN = 12.85. 
The diagrams for UK = 0.4 and UK = 0.8 show two triple points 
with the coordinates f = 0.297, xN = 12.02, and f = 0.335, xN 
= 6.944, respectively, for bcc/hex/dis, and f = 0.419, xN = 9.669 
and f = 0.432, xN = 6.066, respectively, for hex/lam/dis. 

of validity is extended to values of N lower than lo4 with 
increasing polydispersity. Furthermore, this relation- 
ship shows clearly that the applicability is also limited 
in f .  Extending the applicability to lower N is of inter- 
est for experimental studies of the MST. 

The concept of the reduced phase diagram shown in 
Figure 11 facilitates the prediction of the transitions for 
given sample characteristics. This concept has been incor- 
porated in a computer program together with the calcu- 
lation of all relevant coefficients for the scattering curves 
of the disordered phase. The program runs on a stan- 
dard PC. 

We hope that the present study will help experimen- 
talists to improve the evaluation of scattering data for 
block copolymer systems in the weak segregation regime. 
It should be mentioned, however, that block copolymers 
and block copolymer/ homopolymer systems have subtle 
energetics and are thus very sensitive to several practi- 
cal variables that can have a major influence on the behav- 
ior of the system. More quantitative experimental stud- 
ies are needed to check the validity of the assumptions 
used in the treatment of fluctuations based on the the- 
ory of Fredrickson and Helfand.g The general concept 
of polydispersity corrections for correlation functions pre- 
sented in this paper is, however, expected to be valid 
also for future improvements of the fluctuation theory. 
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Appendix 

Nonlinear Response Functions of Gaussian Copol- 
ymer Chains with Polydispersity. We consider the 
effect of polydispersity to be given by the weight aver- 
ages of the response functions Gijk(h) and Gijkdhl,hd. 
As examples, we carry out the averaging on the func- 
tions G121(h) and G1122(0,0). 
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