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We present the scattering function for AB diblock copolymers, and their mixtures with homopolymers A
and/or B, in the single-phase state. The calculation is a generalization of earlier random-phase
approximation calculations to include differences in monomer volumes and statistical segment lengths, as
well as homopolymer molecular-weight distributions and copolymer composition distributions. Their
individual and combined effects on the scattering profiles I(g) and on the Flory interaction parameter
determined from I (g) are discussed. Using poly (styrene-b-isoprene ) as a specific example, we found that for
pure block copolymer the asymmetry effects are negligible if the volume fraction of one of the blocks, f,,
is close to 0.5, but that they become significant as f, approaches zero or unity. For a blend, we found
asymmetry effects over a wide range of system characteristics.

(Keywords: block copolymer; blends; small-angle X-ray scattering; small-angle neutron scattering; y parameter

random-phase approximation)

INTRODUCTION

Investigation of the spectrum of thermally induced spatial
composition fluctuations of AB block copolymers and
their mixtures with corresponding homopolymers A
and/or B in a bulk, disordered, single phase is an area
of active research in polymer physics. The spectrum can
be studied experimentally by small-angle X-ray scattering
(SAXS)! and small-angle neutron scattering (SANS)?.
The scattering profile can depend on the constituent
molecules’ architectures, average degrees of polymeriza-
tion as well as molecular-weight distributions, statistical
segment lengths a,, monomer volumes v, and Flory
interaction parameter .

A theoretical treatment of scattering from binary
homopolymer blends was given by de Gennes® for the
case of equal statistical segment lengths and monomer
volumes. This case is what we refer to as ‘symmetric’ in
this paper. It was generalized to asymmetric homopoly-
mer blends (unequal monomer volumes) by Warner et
al* and Shibayama et al.®. Scattering from mono-
disperse, symmetric AB diblock copolymers has been
treated by Leibler® and Fredrickson and Helfand’. The
Leibler theory was generalized to polydisperse symmetric
copolymers by Leibler and Benoit® and Bates and
Hartney®, as well as by Mori et al.'°, who also introduced
a partial correction for asymmetry (discussed in the
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fourth section). The Leibler theory was also generalized
by Bates et al.!! to monodisperse but asymmetric
copolymers. Hong and Noolandi formally treated
polydisperse, asymmetric copolymers'?, but concen-
trated on the effects of polydispersity. Symmetric,
copolymer/homopolymer blends have been treated by
Leibler and Benoit® and Benoit et al.'3.

In this paper we generalize the scattering equation,
taking into account the combined effects of polydispersity
and asymmetry for diblock copolymer/homopolymer
blends. Using the Schultz—Zimm molecular-weight
distributions, we demonstrate numerically their effects
on the scattering profiles and on the estimated y
parameter.

SYSTEMS TREATED

We consider a ternary mixture of AB diblock copolymer
with A and B homopolymers in a bulk, disordered, single
phase. To simplify the notation we denote homopolymers
A and B as polymers D and E, respectively, as shown in
Figure 1. The overall volume fractions of copolymer and
homopolymers in the mixture are denoted by ¢, ¢, and
¢, respectively, and the statistical segment length by a,
for each component. We associate with each component a
monomer volume v, by the relation v, = 1/p,,, where
Po. 1s the density of pure component x, in monomers per
unit volume. Each statistical segment length depends at
least in part on, for example, chain stiffness, and so is
independent of monomer volume (although of course to
within a numerical factor v, ~a>). The intrinsic
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Figure 1 Block copolymer/homopolymer systems considered in this
paper. They consist of AB diblock copolymers, together with D and
E homopolymers which are chemically identical to the A-block and
B-block chains, respectively. The volume fractions of the respective
components are ¢ (copolymer), ¢p and ¢g. N,, a,, v, and r, (k = A,
B, D or E) are, respectively, the degree of polymerization,

statistical segment length, monomer molecular volume and effective

degree of polymerization defined by equation (5) in the text

asymmetry of the A and B chains exists in the fact that
va # vy and a, # ag. On the other hand, in assuming
that the A and D blocks are chemically identical, we do
assume that v, = vy and a, = ap, and likewise that
vy = vg and ag = ag.

In addition to the asymmetry, each chain has a
distribution of molecular weights which we model here
using a Schultz—Zimm distribution, i.e.

Y (N) = mVﬂ?“M‘ exp(—vNo) (1)
where
g
or
Nyw/Nen = ke + 1)/ k= 4, (3)

N, .and N, ,, are the number-average and weight-average
degrees of polymerization of the x chain, and 4, is the
heterogeneity index. The constants k, and v, charac-
terize the polydispersity in molecular weight for the x
chain. We assume that the k, and v, for A, B, D and E
are mutually independent, as in previous treat-
ments®19:12:13 Note that the ¥, (N, ) given by equations
(1) and (2) is the normalized weight-distribution
function.

GENERAL FORMALISM

The scattering function can be calculated as a
generalization of the result of Hong and Noolandi'?. We
need to calculate the free energy associated with small

fluctuations in the concentration profiles for the system
of polydisperse AB copolymers and D and E
homopolymers. The basis of the calculation is the general
expression for the free energy of polymer blends!“. In the
present case we assume that the interaction energy
depends only on the local volume fractions of A and B
type monomers at each point, independent of whether
the monomers belong to copolymer or homopolymer,
which we denote ¢,(r) and ¢,(r). In the language of
Hong and Noolandi, we need to introduce only two fields
w,(r) and w,(r). The free energy density associated with
small fluctuations in the concentration profiles, in units
of kyT where kg is the Boltzmann constant and T is the
temperature, can be expressed to second order as'®

A A
Po B Po
d*q (1
=VJ(27{) < ”zalel// ‘1)%( q

I
- Z Yi(g)o(—q)
72 Z Kd)xgu(q’ —9q

K i, j=ua

o (q)w —q)> (4)
In this expression, p, is the reference density, which is
used for defining the Flory interaction parameters y;;,
i,j=a or B, which describe interactions between
components i and j; y,; describes interactions between
A or D with B or E, and x,, = 55 = 0. As well, ¢,(q)
i = o or B, is the Fourier transform of the fluctuation of
the local volume fraction of constituent i from its overall
value, y;(r) = ¢,(r) — ¢,. The summation over x is over
molecules, i.e. xk = C, D and E, where C stands for an
AB copolymer. Polydispersity is incorporated here in
that molecules of differing molecular weight, even if
otherwise identical, are treated as separate components
k. For each such component, the r,, sometimes referred
to as the ‘effective degree of polymerization’, is:

he = (UK/UO)NK (5)

where p, = 1/v, is the reference density used in defining
the Flory interaction parameters. For block copolymers,
Ic =1y + rg. Similarly, each ¢, in equation (4) is the
volume fraction of the corresponding component with
degree of polymerization N,.

For homopolymers, k =D or E, the gfi(q, —¢)
vanishes unless i = j = k, in which case:

g5(q, —q) = 9P (g, —q) (6)
with

2
92(q, =5 x 1) (7)
which is the Debye function, in which x = N _a2g?/6.
For copolymers, k = C, there are three mdependent
functions:

gaalq, —q) = 9% (¢, —q)
gAB(q,—q)=gBA(q, —q) = fafeg(0)g8’ (—q) (8)
gs8(q, —q) = f395(q. —q)

with

1
go(g)=—(1-¢e7™) (%)
X
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and

fo=Te_ _ N (10)
fo  Nava + Npvy
These factors f, and fp are the volume fractions of
components A and B within each copolymer. Note that
the actual degrees of polymerization, N,, appear in the
arguments of the Debye function, whereas the effective
degrees of polymerization, r,, appear in the prefactors f,.
Equation (4) can be rewritten as:

Af2_ lf d
po  VJ(@n)

< Z xii(4)¥( q)~_2¢ (9)o;(—q)
—rZ Si(q)w;(g)w;(— q)) (11)

where the elements of the matrix S, which depend on
only |g|, are given by:

Sua(@) = bc<rcgiale, —q)), + dp<{rdgBplg, —¢)).
Saﬂ(q) = Sﬂa(q) = ¢c<rcggn(q’ —q)), (12)

Sps(q) = dc<rcsn (@, —4)), + delregie (g, —4)D,
where { ), designates a volume average, and the line
over a quantity, €.g. S,5(q), indicates that it contains
volume-average quantities. For homopolymer, volume
average is equivalent to weight average, and using a
weight-distribution function such as equation (1) can be
written (for homopolymer D):

<"DQDD( —-q)).= J‘dND\PD(ND)nggD(q’_q) (13)

with an equivalent expression for homopolymer E. For
polydisperse, asymmetric copolymers, the volume and
weight fractions are not equivalent, but in this paper we
approximate the volume average by the weight average,
and have for example:

{regiale, —4)0,

zdeAdNBLPA(NA) (NB)ngAA( —q) (14)

The next step is eliminating the potentials w;, which
is done by minimizing Af, with respect to each w;. This
results in an expression for ;, which is easily inverted
to give (to leading order)'

wi(q) = —Z [5(a)1;'¥;(—9) (15)

=ua

which can be substltuted into equation (11) to give:

3 B
Afy _ L dq Y (o + [S@15 3 0:(@)¥;(—q)
(16)

pO (27() i,j=a
Finally, we use the incompressibility condition to
eliminate the i, arriving at:

é&_L ¢

Po (2m)?
= 2[S(q)1s" + [S(9)15' H¥ulg)I? (17)

{—2x + [S(9)]5
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where we have denoted y,, simply by y. From equation
(17}it follows that the scattering profile in the disordered
phase, 1(q), is given by:

t

I(q)oc — —
2[8(q)]" +[8(9)145' —

[S(9)]a' —

where g is the magnitude of the scattering vector:
q = (4n/2)sin(0/2) (19)

and 4 is the wavelength of the radiation and 6 is the
scattering angle. Expressing the elements of [§]7! in
terms of the elements of S, equation (18 ) can be written:

1(q) oc [S(q)/W (q) — 2x] ! (20)
with

S(4) _ Su(d) + 2545(q) + Sg(4)

Wiq) Saa(Q)Sﬁﬂ(Q)—Saﬂ(Q)z

Equations (5)-(10), (12)-(14), (20) and (21)
constitute our general result for the scattering from the
AB/A/B blend of polydisperse homopolymers and
polydisperse, asymmetric diblock copolymers. The
detailed evaluations of the weight-average functions,
using the Schultz—Zimm distributions, are given in the
Appendix.

These results reduce to the cases referred to in the
‘Introduction’ (except for the theory presented by
Fredrickson and Helfand”) by appropriate choices of
volume fractions, statistical segment lengths, monomer
volumes and distribution functions. In particular, the
partial correction for asymmetry used in refs 1 and 10 is
equivalent to using the equations for the symmetric case,
but with the effective degree of polymerization used in
both the prefactors f, in equation (8) and the arguments
of the correlation functions. In this paper we compare
our calculated asymmetry corrections with those of that
approach, which we hereafter refer to as the ‘conventional’
correction.

(21)

NUMERICAL ANALYSIS OF ASYMMETRY
EFFECTS AND DISCUSSION

In this section we show and discuss results obtained using
the scattering equations presented above and the
Schultz—Zimm distributions. For these calculations, we

have chosen the reference volume vy = \/v,0g.

Pure copolymer

Figures 2 and 3 show the results of numerical
calculations for pure AB diblock copolymers, i.e. the case
of c = 1 and ¢ = ¢ = Oinequation (12). The profiles
rCS(q)/W(q) in Figure 2 and rg 1W(q)/S(q) in Fzgure
3 can be calculated for a given set of parameters (4, fj .,
m, ) as a function of qR,. Here 4 is the heterogeneity
index for the A-block and B-block chains (equation (3))
which for these figures are assumed to be equal:

A=A, =g (22)

Sfa.n 18 the effective volume fraction of A-block chain in
the copolymer as defined by equation (A.5), and m, , is
defined by:

- RZAn/R

=[1+ (aB/aA)Z(NB,n/NA,n)] -t
(23)
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Figure 2 Effect of asymmetry on rcmj/ (q) for monodisperse AB diblock copolymers, A = N, /N, =1: (a) Ng/N, =1 and (b) Ng/N, = 5.

The profiles rS(q)/W (q) correspond to various sets of the asymmetry parameters (vg/v,, ag/a,). The solid and broken curves are results of the
full and approximate treatments of the asymmetry effect, respectively (see text). Each set of profiles is vertically shifted to avoid overlap except for
the lines labelled by number 1 ; the (i + 1)th set of profiles is shifted by 50 units relative to the ith set (i = 1 to 6 forpart(a),i = 1 to 4for part (b))

and
R, =Rls.+Rls. (24)

where R, , = (§a?N, )"/, the number-average radius
of gyration of the x-block chain, and R, , is that of the
entire diblock chain. Alternatively, (4, vg/va, ag/a,) can
be used as an equivalent set of parameters. It should be

noted that the profile rc 'W(q)/S(q) is proportional to
the scattering intensity I(q) in the limit of y =0 (see
equation (20)), i.e. the stable limit of the systems against
the thermally induced spatial composition fluctuations,
far away from the spinodal point. As the system
approaches the spinodal point the asymmetry and
polydispersity effects become increasingly important.
Figure 2 shows the asymmetric effect on r.S(q)/ W (q)
for monodisperse AB block copolymers, i.e. A = 1. The
profiles for equal block lengths, Ng/N, = 1, and highly
disparate block lengths, Ng/N, = 5, are shown in panels
(a)and (b) respectively, for various sets of the asymmetry
parameters (vg/vs, ag/as). In order to highlight the
asymmetry effects, for each set of parameters two profiles
are shown; the ones shown by the solid curves were
calculated using the equations for the asymmetric
copolymers, equations (12), (21) and (A.6)-(A.19), and
the profiles shown by the broken curves were calculated
for symmetric copolymers with v, = vy =v, and
a, = ag = 4y, but using the ‘conventional’ asymmetry
correction discussed at the end of the previous section.
For the sake of convenience we designate hereafter the
analysis yielding the solid and broken profiles as full and

approximate treatments, respectively. In Figure 2 each
set of profiles is vertically shifted to avoid overlap (see
figure caption).

Asindicated in Figure 2a, the asymmetry effect is rather
minor for the case of block copolymers with equal
degrees of polymerization, except for the cases of the
large asymmetry parameters such as (vg/va, dg/a,) =
(2.20,1.3), (2.74,1.4) and (3.38,1.5). However, the
effect is much enhanced for the case of highly disparate
block degrees of polymerization, as shown in Figure 2b;
the difference between the solid and broken profiles is
much larger than for the case of Nz/N, = 1. This is
reasonable since the asymmetry in the statistical segment
lengths tends to enhance the asymmetry in R, , , and
R, p.. in equation (23) in these cases (both ap > a, and
Ny > N,). For conventional block copolymers such as
poly (styrene-b-isoprene ) (PS-b-PI) and poly (styrene-b-
butadiene) having vg/v, ~ 0.77 and ag/a, ~ 0.86, the
approximate treatment based upon the theory for the
symmetric copolymer with effective f, would suffice for
the copolymers with nearly identical Ny and N,. However
as the difference between Ny and N, becomes large, the
accuracy of the approximate theory worsens, and the full
theory should be used.

Figure 3 shows comparisons of the scattering profiles

rc 'W (q)/S(q) obtained for the cases of : no asymmetry
and no polydispersity (curve 1), asymmetry but no
polydispersity (curve 2), no asymmetry but polydis-
persity (curve 3), and asymmetry and polydispersity
(curve 4), for the cases of Ny ,/N, , = 1 in part (a) and
Ng.o/Na. = 3in part (b). All the profiles were calculated
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Figure 3 Comparison of the scattering profiles rc'W(q)/S(q)
(proportional to I(q) for the case y = 0) for AB diblock copolymer
obtained for the cases of no asymmetry and no polydispersity (curve
1), asymmetry but no polydispersity (curve 2), no asymmetry but
polydispersity (curve 3), and asymmetry and polydispersity (curve 4),
for the cases (a) Np,/Nan, =1 and (b) Ny ,/N,, = 3. All the profiles
are calculated for the case y =0, v, =100cm*mol™’, vg=
77cm?mol ™}, a, =7A, ag= 61§ and ic = N¢,/Nc, = 1.1. These
values correspond approximately to PS — b — PI copolymers

for the case of y=0, v, =100cm®mol™!, wvg=
77em®*mol ™!, a, =7A, ag = 6 A and N, /N, = 1.1 for
the entire block chain. Note that az/a, = 1 in equation
(23) and vg/v, = 1 in equation (A.S) for the case of no
asymmetry. This set of parameters approximately
corresponds to that for PS-b-PI diblock copolymers
where A and B correspond to PS and PI, respectively.
The set of parameters in part (a) gives f, , = 0.565 and
m, , = 0.576, while that in part (b) gives f, , = 0.302
and m, , = 0.312.

For PS-b-PI copolymers with N, = Ny, the asymmetry
effect is seen to be insignificant by comparing profiles 1
with 2 and 3 with 4 in Figure 3a. The molecular-weight
distributions of PS-block and PI-block chains affect the
profiles much more than the asymmetry, as clearly
observed by comparing profiles 1 with 3 and 2 with 4.
The small suppression of the intensity due to the
asymmetry can be traced to the slight increase in f, ,
beyond 0.5 (see the changes in the profiles from curve 1
to 2 or from curve 3 to 4). In this case, neglecting
asymmetry leads to an underestimate of the value of y
determined by the best fit between experimental and
theoretical SAXS and SANS profiles. On the other hand,
neglecting polydispersity tends to overestimate y.
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For PS-b-PI copolymers for which N, # Np, the effect
of asymmetry is comparable with that of polydispersity,
as shown in Figure 3b. Once again,the asymmetry effect
is seen by comparing profile 1 with 2 or 3 with 4,while
the polydispersity effect is seen by comparing profile 1
with 3 or 2 with 4. In this case the asymmetry tends to
enhance the scattered intensity, contrary to the case of
Figure 3a. This is due to the fact that the asymmetry
tends to suppress the asymmetry in the effective volume
of the PS-block and PI-block chains in this case, causing
fa.n to be closer to 0.5. In this case neglecting either the
asymmetry or polydispersity tends to overestimate y, and
both significantly affect the scattering profiles and hence
the fitted value of y.

Copolymer | homopolymer blends

Figure 4 shows scattering profiles rc 'W(q)/S(q) for
binary mixtures of AB diblock copolymer and D
homopolymer plotted as a function of gR, , where R, ,
is the number-average radius of gyration of the AB
diblock copolymer. The four panels of the figure
correspond to: (a) Np,/Na,=0.1 and ¢.=0.8; (b)
Npn/Nan=0.1 and ¢c=02; (¢c) Np,/Ns,=3 and
¢c=0.8; and (d) Np./Ns., =3 and ¢ = 0.2. In each
panel, curves 1 to 4 have the same meanings as those in
Figure 3. All panels are calculated using f, , = 0.565,
My, = 0.576, Ac = Ap = 1.1, vg/v, = vy/vp = 0.77 and
ag/a, = ag/ap = 0.86, values which correspond approxi-
mately to binary mixtures of PS-b-PI with homopoly-
styrene. (The copolymer characteristics are the same as
in Figure 3a.)

Effects of the copolymer volume fraction, ¢ for a given
Np./Ns, on the scattering profiles are seen by
comparing panels (a) with (b) and panels (c) with (d).
The asymmetry effects are found to be greater for lower
¢ than for higher ¢, for this particular case where
the diblock copolymer by itself exhibits little asymmetry
effect. Effects of Ny, ,/ N, , for a given ¢ on the scattering
profiles are seen by comparing panels (a) with (c) and
panels (b) with (d). The asymmetry effects are found to
be greater for a greater Ny ,/N,, than for a smaller
Np ./ N4 o The asymmetry effect is very small in the case
of part (a) so that the approximate treatment as discussed
earlier would suffice. However, it becomes significant, to
varying degrees, for the other cases. In general, the effect
becomes increasingly important with increasing value of
ro®p/rcdc for this particular diblock copolymer system
having f, , = 0.565.

In conclusion, we have derived a set of scattering
equations for copolymer/homopolymer blends which
incorporate polydispersity and asymmetry, and have
found that the effects of each can be comparable, and
that both can be significant. These equations are no
harder to use than previous scattering equations.
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Figure 4 Comparison of the scattering profiles rc 'W(q)/S(q) (proportional to I(q) for the case y = 0) obtained for a binary mixture of AB
diblock copolymer and D homopolymer plotted as a function of gR,, where R, is the number-average radius of gyration of the AB diblock
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APPENDIX

Detailed scattering formulae

In this appendix we outline the calculation of the
weight averages appearing in equation (12) using the
Schultz-Zimm weight-distribution function of equation
(1), and exhibit results. Throughout, we assume that the
reference volume used in defining the Flory interaction
parameter is vy, =

The copolymer contribution to S,,(q) contains
{(regSa(q, —q)>,. Approximating this by the weight
average, and using the Schultz-Zimm distribution, it can
be expressed as:

VAUg-

—q)>,

le+ IV’I‘;“H

[(ky+ D (kg + 1)

<nggA(q7

| [ avvany
o Jo

x Ng[exp(—vaN,)INE [exp(—vgNg)]
1,\2 1 2
TERE

Uo te yaNi
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ST ham-H) (A
T(ky + )T (kg + 1)
where
H, e
#,| - f f ANy dNp
H3 (1] 0
x N [exp(—vaN,)INg[exp(—vgNg)]
52 2N,/ (yare)
X(;’;> [2/(yArc)]exp(—yaNa) | (A2)
2/(yire)

The integrand contains asymmetry parameters ex-
plicitly through v, /v, and implicitly through rc and y,.
It is worth while to note that the calculations for the
symmetric systems can be adapted to the asymmetric
systems by the replacements:

fN-orn (=f)N-r (A3)
Y= Yalvo/vy) S fa /N - 1/rc .
The final result for H,, for example, is given by:

He - <uA)3 2l (ky + DT (kg + 1) (vB)'k"
3 UO yA(kA + kB + 1)VkA+kB+1 VA

XF<l’kA+ 1’kA+kB+2;E___(U_A/UL)2ﬁ>
" (A4)
for
fan= Na.aPa < ka (A.5)

NauwVa + Ngop  ka + kg

where F (a, B, y; z) is the Gauss hypergeometric function.
The condition stated by equation (A.5) arises from the
convergence condition of the Laplace transformation of
the Whittaker function'®. The expression for H,
corresponding to the condition f, , > k,/(ks + kg), as
well as the other contributions to the scattering
equations, can be obtained similarly.

We summarize here the equations for the simplified
case where the A-block and B-block chains have identical
polydispersity parameters, kA =kg=kor i, =4i3=4,
and for the case when equation (A.5) is satisfied. (This
latter condition can always be satisfied by designating
the block with volume fraction less than 1/2 as the A
biock.) Beginning with the copolymer contributions:

<ngAA( —q)),
2
~ ’C"fA,,{xA“ (1,k+2,2k+3;1—fﬂ>
xA,n 2fB.n B,n
11
+ [zg/“-l)F(Lk + 1,2k +2;1 _Jan z,
fll,n}'-+-1 fB.n
~F(1,k+1,2k+2;1—%>]} (A.6)
B,n
where
=1+ xs0(A-1)]7" (A7)
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Son=1—=fan (A.8)
Tem = (0a/Uo)Na o + (05/06) N (A9)

which is the number average of the effective degree of
polymerization, and

xl(,n = yKNK.n
for k = A or B. Next:
<nggB(q’ —q)),

(A.10)

2rC Xg, fa
~ "f,,[ n <1k+12k+31— L
" 2fyn
11
- F<1,k+1,2k+2;1—f"~")+clJ
fB.n/~+1 B.n
(A.11)
where

Zl/(i—l)
G, =—;F(1,k+ 1,2k +2;1 ——fA'"zs_l)

Sen(A+1) -
(A.12)
for
Xgo S kfpa(l/fan—1/fs.) (A.13)
and
. =i“~p‘<1,k+ 1,2k +2;1 —fB‘"25>
JanlA+1) fan
{A.14)
otherwise. In these equations:
zs=[1+xpa(A—1)]" (A.15)

Finally:
(regianlg, —4)),

1
Soa(A+1)

fea fAnan[

xA nXB,n

><F<1,k+1,2k+2;1 —&>
B.n

ZH=1) < fa
- FlLk+1,2k+2;1 - ’"z)
fB,n(l + 1) fB,n 2
—Gt GZ] (A.16)
where
A(A-1),1/(A—1)
GZ=L¥;F(1,k+ 1,2k +2;1 —@>
Sea(A+1) SB.aZs
(A.17)
for
SanZa/(faazs) <1 (A.18)
and
1/(A—1),Al{A—1)
GZ=L—,‘?5——F<1,1¢+ 1,zk+2;1_&£§_>
fan(Z+1) San?2
(A.19)
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It should be noted that equations (A.4) to (A.19) reduce
to those given previously (equations (42) to (48) in ref.
10) for the symmetric block copolymers with v, = vg = v,
and a, = ag = a.

The contribution from homopolymers D is given by:

<nggD(q, _q)>v= 2'
xD,n

+ 1+ (hp— 1)xp] W71}
(A.20)

and from homopolymers E is obtained from equation
(A.20) by replacing the subscript D with E. The r, is
the number-average effective degree of polymerization
for homopolymer «:

rx,n = (UK/UO)NK.H (Azl)

for k = D or E, with x, , given by equation (A.10), and
each A, is the heterogeneity index for homopolymer «,
which may differ from that of the copolymer blocks
(Ag = Ag = 4).
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