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ABSTRACT: The screening of interactions is compatible binary homopolymer blends A and B and in the
diblock copolymer A-B system is studied. A systematic comparison between both cases is presented, and
a general expression for the effective screened potential Usa®, acting on one chain of type A, is given as a
function of the compositions ®, and &g for both components, their Flory interaction parameter xr, the
degrees of polymerization Na and Ng, and the wave vector |k|. The theoretical variation of the screened
potential Uasa® as a function of the composition and the wave vector is considered in the case of homopoly-
mer blends A and B and in the case of the diblock copolymer system. The main result of this study is the
Gaussian behavior of a single chain in the system (Uas® = 0) before the spinodal is reached. In the partic-
ular case where the composition is chosen to be 50/50, this is achieved at |k| = 0 and at the critical value
of (xrN). = 2 in the case of binary homopolymer blends A and B and at the values of |k| = |k*| =~ 21/2/
Rea and (xpN) = 5.25 in the case of the diblock copolymer A-B system, where Rg4 is the radius of gyra-
tion of one block chain of species A. These values of |k*| and (xgN). are identical with those obtained by

Leibler using a theoretical approach dealing with the scattering properties.

I. Introduction

In a previous paper,! the screening of interactions in
compatible blends of two homopolymers A and B was
discussed. In that paper, mean-field and perturbation
theory was used to derive general expressions for the effec-
tive screening potential Uaa® and for the radius of gyra-
tion (Rga2) as a function of the compositions &4 and &g
of both components and their Flory interaction param-
eter xp. The main conclusion of that work was the Gaus-
sian behavior (when the effective screened potential Usa®
is equal to zero) of one chain within the system before
the phase separation (spinodal decomposition) takes place.

In the present paper we mainly discuss the case of
diblock copolymer A-B and show that the screening of
interactions in such systems provides a similar effect. In
this theoretical approach, one treats the fluctuations in
the Gaussian approximation. Whereas the Gaussian
“point™ described above occurs at |k| = 0 for the blend
of A and B homopolymers, the total screening or the zero
of the effective interaction potential of the A part for
the diblock copolymer system at 50/50 composition is
obtained at the value of the wave vector [k| = |k¥| ~
21/2/Rea, where R4 is the radius of gyration of one block
chain of species A. This result is in perfect agreement
with the theoretical approach regarding the scattering
properties.2-5
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The present paper is organized as follows: In the next
section we calculate first the mean-field Hamiltonian
explicitly for the dense melt of diblock copolymers. This
Edwards Hamiltonian will provide the generalized ran-
dom phase approximation (RPA) for diblock copolymer
systems. Similar calculations have been attempted in refs
6 and 7. The knowledge of the Edwards Hamiltonian
allows us to carry out the screening calculation. This is
done in section III of the paper. Hence we integrate out
all terms coming from the B parts of the diblock copol-
ymers and we are left with an effective A system in the
presence of the mean field coming from the B system.
Then the “effective A chains” will screen their effective
interaction themselves. Finally, we are left with a sin-
gle A chain taking into account the presence of all the
other A and B species. The final result is therefore the
effective Edwards Hamiltonian for one chain, i.e., the con-
figurational part and an effective interaction potential
acting on this chain. This effective interaction potential
is called the screened potential. In the remainder of the
paper we analyze the effective interaction potential and
discuss the consequences.

II. Calculation of the Edwards Hamiltonian for
Diblock Copolymers

Let us consider a melt system of a diblock copolymer.
First we have to derive the mean-field Edwards Hamil-

© 1990 American Chemical Society
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tonian (Edwardsian) for this system. In real space the

partition function Z for the block copolymer melt is given
by

Z(R,Ry) = [ R, [ R, exp{-(g%) ﬁ”(%)z do
(2) 1) a- J2 fvamo-
R, ()] ds ds' - LLIL,LVBB[RB(s) ~Ry(s)] ds ds’ -
SF 52V 0B, ) - Ry ds ds'{ (1)

where Ra(s) and Rg(s) are all A and B parts of the diblock
copolymers, respectively. Vs (a, 8 = A, B) are the appro-
priate interaction potentials between the blocks them-
selves and the different blocks. s is the contour variable
and ! the effective step length of the copolymer chain,
supposed to be equal for both species A and B.

We consider a diblock copolymer A-B where the first
part of the contour length fL of the copolymer chain con-
sists of the type A and the second part (1 - f)L of the
type B. f is the relative composition of A monomers in
the diblock copolymer chain, 0 < f <1 (i.e., L’ = fL; see
Figure 1). Instead of having the partition function in
the chain variables Ra(s) and Rg(s), we want to rewrite
Z as a function of the microscopic density variables

fL i
pkA - ;: ‘I; ds ethA(s) (2)

A monomers

o= Z

all

B monomers

Thus we have to evaluate the following integrals
2o o) = J iR, { 6Rg Z([R,()Rp(s)]) X

H‘S(PkA _ j;fLeikRA(s))Ha(qu _ .[;If‘eiqﬂg(s)) (4)
k q

The transformation of the energetic part of the partition
function is straightforward and we will have

expl= [, 7 VulR(s) - Ry(7)] ds ds'} X
expl- f; f., Ven[Ra(s) - Ra(s)] ds ds'}
eXp{’j;fL j;LLQ V,s[R4(s) - Ry(s")] ds ds’} =
expf- VAA;PI:AP—I:A - VBB;PkBP—kB - 2VAB;PkAP-kB}
(5)

This is valid under the assumption that the potentials
V. are short ranged, i.e.

ViR -R) =V, R-R) (6)

L, _ikRg(s)
dese B (3)

Therefore we are left with the Jacobian

J= fﬁRA(S)aRB(S) exp{—(_g_z)‘ﬁfLRAﬂ(s) ds -
21

3 .
() Simao o~ fewme [T~
k q
j;lf‘eikﬂa(s)) (7

where we have assumed that the 3" ai monomers is absorbed
into the J sign and R’ = (3R/ds). To proceed further it
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Figure 1. See text.

is useful to parameterize the & function as

H&(pkA - j;fLexp{ikRA(s)} ds) =
k
S oo explid_ounlos -~ f"e™ O ds)} (8a)
k
[Tote® - f expliaRa(s)} ds) =
q

S 0baexpli_valo- f €% do)} (8b)
q

where 6¢x and &yq are functional integrals over the set
of functions ¢x and ¥q. Thus we find for the Jacobian
the following expression:

J= f TToeu] [owq expliD voooB explid_uoai X
k q q k
féRABRB expt~(§)fRA’2(s) ds -
(2) el oo one-
k

212
1 L (I ikRa(5)+ik'Ra(5")
- ¢k¢k’ ds ds’ @5 RaITIE AL 1-
L .
. igRg(s) _
i E Yo @ ds e'1%8

q

1 _ o

EZ%‘/@J}LL fLL ds ds’ eiaRe()tia Ra(s)} )
9.9’

where we have expanded out the exponential to orders
¢2 and ¥2 and higher orders in the auxilliary fields are
neglected. By multiplying the last two brackets in eq 9
we find a cross term

d)kqu;fLeikRA(S) dsj;:‘eing(s) ds (10)
which is of second order also. The integrals over the chain
variables Ra(s) and Rg(s) can now be carried out, and
we find with the definitions of the “bare” structure fac-
tors S,s(k)

SﬂﬂO(k) = ff(eik(na(s)-ﬂg(s/))>o ds ds’ (lla)

where ( )¢ is the unperturbed average over the Wiener
measure

expl- f Ry%s)ds- [Ry%(s)ds]  (11b)

Hence in terms of S,s°(k) the Jacobian is written as

J= f H&qbkf Héy’/k exp{iZd:kp_kA +
K X K
2o e*p{—i@ 115100 - 3 ' -

Zm_ksm%k)} (12)
k
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Note that we have reexponentiated the expansion as fol-
lows:

"‘sAA (k) - v/SBBO(k) oY, (k) =~
expl- 2 268,700 - 2425y, (0) - 9y, (k)| (13)

The ¢ and ¥ integrations are simple Gaussian integrals
and can be done at once so that we finally quote the result
for the Jacobian:

J= exp{—z

& AS(k)
PkBp—kBSAAO(k) - 2pkAp-kBSABO(k)]} (14)

[pkAp—kASBBO(k) +

where
AS°(k) = S, ,"(k)Sgp"(k) - S, (k) (15)

Taking into account the interactions Vas (o, 8 = A, B),
we write the mean-field Edwardsian for the block copol-
ymers as

Hz{

BBO(k) + VAA)pkAp—kA +

AS(k)
( SAAO(k) + VBB)PkBP—kB -
ASY (k)
2 Saa (k) - VAB)pkAp—kB} (16)
AS (k)
If the system is incompressible, i.e.
pr+pl=0 vk>0 (17a)
and
o+l =p, fork=0 (17b)

we finally find

S (k)
H= Z( . - QXF)PkAP_kA (18)

AS(k)
where
Xp = 2V~ (Vi + Vip) (19)
S (k) = 8,,%(k) + Spp’(k) + 28,,°(k)  (20)

This result is valid for any diblock copolymer. Note that
relation 18 resembles the classical random phase approx-
imation (RPA) result for diblock copolymers.2 For Sag?(k)
= 0, i.e., an ordinary AB blend, it reduces to

1 1
H= Z( +
Saa’' (k) Spp’ (k)
which is identical with de Gennes’ celebrated equation.?

- 2xp)p;*p_k" (21)

II1. Calculation of the Effective Screened
Potential Upa®

The effective partition function Z4 for all blocks of
type A, taking into account the presence of all blocks of
type B, is obtained by integrating out the variables con-
taining the B blocks to get

z,=§ I:IdpkA do_* expl-H, | (22)
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where Haya is the Edwards Hamiltonian of the effective
A system, which is given by

SABO(k) :

Spg (k) AS°(k) ~ Vs

H,, = Z + V- PkAP—kA
AS%(k) S, (k)

+ Vag

0
A5 (23)

This is the final effective Hamiltonian of all species A
present in the system. The first term is the configura-
tional part, whereas the second and the third terms rep-
resent the screened potential. Now we have to integrate
out all effective A blocks (“dressed” with the interac-
tions coming from the B part of the copolymer) to obtain
the final screened potential of one representative A block.
This is equivalent to the screening of the effective
potential® calculated in eq 23. The effective Hamilto-
nian for one block of type A is given by

3

Z,= fDR(s) exp{— ﬁ ONA ds R,*(s) -

fMas f ™ as USAA‘C[R(s)—R(s’)]} (24)

where
(S I Vg
=V, + AVSE(k AV - -
Vaac { w5 w0 50w
O(k) } /{1+V S, (k) + VigpSpel(k) +
AB
2V,5S,5 (k) + AVAS (k)] (25)
and

AV =V, Ve - Vg (26)

We present an alternative “heuristic” derivation of the
screened potential in the Appendix. Usaac is the effec-
tive mean-field potential of one block of species A tak-
ing into account the presence of all the other blocks of
species A and B. One notes that the expression of the
effective screening potential in the case of the blend of
two homopolymers A and B can be deduced from the
above equation by setting Sag%(k) = 0 (see relation 6 in
ref 1)

Upan =
Via + AVSg'(k)
1+ V,,8,, (k) + VpSpal(k) + AVS, (k) Sy (k)

The subscripts “C” and “H" refer to copolymer and
homopolymer system, respectively. Before we go on to
the discussion of the effective potential Usa4 in both cases
(copolymer A-B and the mixture A and B), a few remarks
can be made on some interesting limits.

(1) If one considers the special case where Vaa = Vgp
= Vap = V (i.e.,, noninteracting system xg = 0), Usaa
reduces to

(27

(a) Copolymer System A-B

V[1+[SAB°(k)]2{ L, 2 )]
Sl \S,, k) S,k

1+ VIS, (k) + Sgp’(k) + 2S,5°(k)]

AAC
(28)
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(b) Blend of Homopolymers A and B (SMO = ()

1%
1+ VIS, (k) + S35 (k)]
In the latter case we recover the screened potential derived
by Edwards.10
(i1) Interacting Systems (xr # 0). This can be achieved
by choosing Vaa = Veg = Vand Vag = V + xp. In this
case Usp4 is given by

(29)

USAA,H

(a) Copolymer Systems A-B

Ok k 0
e = [ {1+ Sas ( >( o 4 a8 >)_2X As<k)}+

L\ S,, ) FS, (k)

2XF ]/[1 + VIS (k) - 2xpAS° (k)] +

Saa (k)
ZXFSABO(k)] (30)
When V — «, the limit exists and eq 30 reduces to

SAB°(“){ SABO(k)) AS®(k)
1+ 2+ - 2x
SMO(k)\ S, (k) (k)
1V1m Uhac = o 0
e S.2(k) - 2xpAS (k)
(31)

which corresponds to the case of the melt interacting copol-
ymer system limit.

(b) Blend of Homopolymer A and B (S,5° = 0)
V[]- 2XF BBO(k)]

1+ V[S,, (k) + Sgp’(k) — 2xpS,, (k) S5 (k)]
(32)

When V — =, the limit exists and relation 32 reduces to

1 - 2xpSer (k)
lim U%,, o e
Ve MO(k) + Sgp’(k) — 2xpS,, (k) Spg (k)

(33)
which is the expression of the effective screened poten-
tial in the melt state and is identical with relation 7 in
the previous paper.! In these theoretical results, it has
been assumed that x/V is small compared to unity.

USAA,H

IV. Discussion of the Effective Screened
Potential Ussa

(a) Blend of Homopolymers A and B (S,g° = 0).
For the sake of simplicity let us assume that the homopoly-
mers have the same molecular weight or the same degree
of polymerization (i.e., No = Ng = N) and the same radius
of gyration Rga = Rgg [i.e., Pa(k) = Pe(k) = P(k)]; P(k)
is the intramolecular form factor. In this case the “bare”
structure factors S;°(k) are given by

S,,2(k) = &,NP(k) (34)
Sg(k) = (1 - &,)NP(k) (35)

where &, is the composition of species A in the mixture
A and B, and P(k) is the Debye function (for Gaussian
chains). Substituting the expressions of S;°(k) in rela-

tion 33, one obtains
1 [ 1-2xN(1-8)P(k) )
Uaan = NP(k)\l 2xpN®, (1 - &,)P(k) (36)

Screening of Interactions in Copolymer Systems 3175

Figure 2. Variation of the effective screened potential NUspa 4
as a function of the composition ®, in the case of a mixture of
two homopolymers A and B for different values of xpN. From
top to bottom, x,N =0, 1, 1.5, 1.6, 1.7, and 1.8.

Introducing x.(k) as the critical interaction parameter
x (k) = {28,(1 - ®, )NPK)|™ (37)
We can rewrite Ussa u as
1 (1-2xN( - 8,)P(K)
Uaan (38)
: NP(k)\ 1-xp/x,(K)

This relation shows that the effective screened potential
changes sign when

1

2N(1 - 3,)P(k) (39)

Xp =

and diverges at

xp = x,(k) = {2&,(1 - 8,)NP(k)|" (40)

To illustrate this behavior we have plotted in Figure 2
the variation of the effective screened potential Usaau
at |k| = 0 [P(k = 0) = 1] as a function of composition ¥4
for different values of xgN, namely, 0, 1, 1.5, 1.6, 1.7,
and 1.8. From this representation some remarks can be
made:

(1) Small &5 Range. In this range of composition when
the quantity xpN increases, i.e., if the molecular weight
is high enough and/or if the system is slightly incompat-
ible, the effective screened potential changes sign and
becomes negative (attractive) before the phase separa-
tion is reached for xrpN = 2 at 50/50 composition.

(11) High ®a Range. The effective screened potential
is always positive (repulsive). This is probably due to
the high quantity of species A present within the mix-
ture. In this case and because of the symmetry of the
system, the Gaussian behavior is shifted to the B spe-
cles.

(b) Diblock Copolymer A-B System. In order to
illustrate the main points of our analysis we consider the
special case of diblock copolymers of two components A
and B with Ns and Ng monomers. The “bare” structure
factors S;;°(k) are given by?

S’ (k) = (N, + Np)P,(fk) (41)
Sge’(k) = (N, + Np)Py(1-1,k) (42)
S,5'(k) = S, (k) = (N, + Np)Pp(f,k) (43)

where Pa(f, k), Pr(1-f,k), and Pag(f, k) are the intramo-
lecular form factors for blocks A and B and the intramo-
lecular interference form factor between blocks A and B,
respectively. For an ideal copolymer chain these form
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Figure 3. Variation of the effective screened potential NrUsaa ¢
as a function of kRgr in the case of diblock copolymer at xeNT
=10 and for different values of composition f. From bottom
to top, f = 0.5, 0.55, 0.6, and 0.7.
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Figure 4. Same as Figure 3 for different values of f. From
bottom to top, f = 0.5, 0.4, 0.3, and 0.2.

factors are represented by the modified Debye function,
namely

2(e"“+fu 1)/u (44)
Py(1-fk) = 2 + (1 - pu - 1)/u? (45)

Pp(fk) =1 A(1,k) - P,(fk) - Pg(1-f,k)]/2 (46)

where u = k2Rgr? and R, is the radius of gyration of
diblock copolymer chain. Substituting relations 41-46
into eq 31, one obtains finally for the effective screened
potential the following expression:

P, k) =

1y Pt AB(f,m)
NUae = |1 AN XA
(k)
2xFNT(PB(1—f,k> - ;B—(ffk)— {Py(Lk) -
INE

2xpN1[Py(f ) Py(1-£,k) - Pyg'(fK)]} (47)

where N1 = N + Np. Figures 3 and 4 show the effect
of composition f on the variation of the screened poten-
tial with |k|Rgr at x¢N1 = 10. One observes that the
maximum of [U?s4 c| is obtained for the value of f = 0.5,
which corresponds to the symmetric diblock copolymer,
and |U®aa | diverges at the critical value of (xgNT): =
10.5. On the other hand, the position of the peak (max-
imum of |Usaa c|) is reached at the value of |k{*R,r ~ 2.
These values of |k|* and (xpNT). are identical with those
obtained by Leibler.2 For values of f different from 0.5,
this peak becomes less and less pronounced and disap-
pears completely for other values of f as shown in Fig-
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ures 3 and 4. The effective screened potential acting on
block B, i.e., U®gg,c, can be deduced from relation 31 by
just interchanging Saa®(k) hy Ser°(k):

S0, , S’ AS°(K)
5. Sw\> " 5. %/ " s )
BB BB BB
S, (k) - 2x;AS°(k)

BB,C
(48)
Inserting relations 41-46 into relation 48, one obtains for

the screened potential acting on block B the following
relation:

), Pk Pyglfk) )_
NelUlgge = |1 Py(1- fk)\2 Pg(1-fk)
“(.k)
2XFNT(PA(f,k) - ﬁl—f—k)) tPy(Lk) -
B ’

2xpN7[P(£. k) Pg(1~f,k) = Pyg*(fK)1} (49)

Since Usgp c can be deduced from Usaac by replacing f
by (1 - f), it is clear that the variation of Usgpc with
|k|Rgt as a function of f is identical with the variation of
Usaac as a function of (1 - f) (see Figures 3 and 4).

From the previous discussion it is obvious that the 50/50
diblock copolymer system is more interesting. Indeed,
the maximum of the effective screened potential,
|U®aa,Clmax; is reached for the value of f = 0.5, and the
position peak is well defined. Moreover, in this case the
relations are simple and a comparison between the diblock
copolymer system (50/50) and the blend of two homopoly-
mers A and B having the same molecular weight could
be easily done.

Under these considerations, the “bare” structure fac-

tors in the case of the diblock copolymer system are given
by2,4,5

Sy (k) = (N/2)P, (k) (50)
SBBO(k) = (N/2)P, (k) (61)
S5 (k) = Sp, (k) = (N/2)P,5(k) (52)
where
P,p(k) = Py(k) - 2P, (k) (563)

In these relations N = Ny = Ng = N1/2, and Py/»(k) is
the form factor of species A or B in the diblock 50/50
copolymer chain. Pr(k) = P(1,k) is the total form fac-
tor for the diblock copolymer chain. These form factors
are normalized to unity for {k| = 0. Substituting rela-
tions 50-53 into eq 31, one obtains finally for the effec-
tive screened potential the following expression:

P) Py(k)
- 1-
U = P 1/22(1‘) XPN‘ Py,(k)
AAC T N (54)
(3]0 = xeN(Py (k) - Poie))

Since from eqs 38 and 54 it turns out that the effective
screened potential is strongly k dependent, the next sec-
tion will be consecrated to the variation of Usa4 as a func-
tion of k for different values of xrN.

V. Wave Vector Dependence of the Effective
Screened Potential U®s4 at 50/50 Composition

In this section we compare the spatial dependence of
the screened potential Usa4 in the case of copolymer and
homopolymer systems at 5§0/50 composition. In order
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to do this, let us recall the k dependence of U4 in both
cases which is valid for any composition.

(a) Blend of Homopolymers A and B (SAB0 = 0)

1-2xpN(1 - &,)P(k)
1 - xp/x (k)

NUyp = (55)

where

x (k) = {2Ng,(1 - &,)P(k)]™ (56)

and for &5 = g = 1/2, the effective screened potential
reduces to

1 - xpgNP(k)
1- TP(k)

(b) 50/50 Diblock Copolymer (A-B)
This case is merely a junction of two homopolymers A
and B at 50/50 composition and

Py(k) ( Py(k) ) ]
2 - 1-
N [P1 T P \'RL .
e 1- xgN[P, 5(k) = Py(K)]

In the case of a mixture of two homopolymers A and
B (50/50 composition), as one can see from eq 52, before
the spinodal is reached (phase separation; |Usaa] — =),
the effective screened potential goes to zero for xgpN =
1, which corresponds to a Gaussian behavior, then it
becomes negative for 1 < xpN < 2, and finally it diverges
at xpN = 2. This is true at the value of |k| = 0.

As far as the case of diblock copolymer is concerned,
the situation is more subtle. Indeed, from eq 53, one
can see that before the spinodal decomposition or the
microphase separation takes place (U*aac — ®), Usaac
goes to zero for

P, k)
= szv};ﬁk—)[Pl 2(8) - P1(K)] (59)

Contrary to the mixture of homopolymers A and B,
this can never be the case for k = 0 since by definition
the quantities Py;2(k=0) and Pr(k=0) are equal to uni-
ty. Therefore the variation with the wave vector k has
to be considered. Since it is obvious from the preceding
discussion that Usa4 is strongly k dependent, it was inter-
esting to plot this quantity as a function of kRga. This
has been done in Figures 5 and 6, where we have plot-
ted, in arbitrary units, NU®sau and NUsaa ¢ for differ-
ent values of xgN in the case of blend A/B (50/50) and
copolymer A-B (50/50), respectively.

In the case of binary blends of two homopolymers at
50/50 composition, it can be seen from Figure 5 that, at
the value of |k| = 0, the effective screened potential Usaan
changes sign at the value of (xrN)o = 1 until its diver-
gence, which occurs at (xgNV). = 2. In other words, the
chain behaves Gaussian (U®aa u = 0), and then it shrinks
until the phase separation or the spinodal decomposi-
tion is reached (JUPsau — «).

As regards the diblock copolymer system, which is illus-
trated in Figure 6, the same situation is observed but
shifted at the value of |k| = |k*] ~ 2V/2/Rga. Indeed
when xrNN increases (for instance if the molecular weight
of the copolymer is too large or if the system is slightly
incompatible), U%aa c vanishes at (xpN)o ~ 3.4 and then
becomes negative (attractive) for the values of xgpN >
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Figure 5. Variation of the effective screened potential NUsas u
as a function of kR4 in the case of a mixture of two homopoly-
mers A and B (at tﬁe same composition 5 = &g = 1/2) at dif-
ferent values of xpN. From top to bottom, x¢N =0, 1, 1.5, and
L8 (INUsaau| — = at (x¢N). = 2).

Figure 6. Variation of the effective screened potential NUsaa ¢
as a function of kR4 in the case of diblock copolymer 50/50 at
different values of xgN. From top to bottom, xgN = 0 to 5;
INUsaacl = 0 at xpN ~ 3.4.

(xrN)o until it reaches microphase separation, which occurs
at (xpN). =~ 5.25. The two species become incompati-
ble and form microdomains with lamellar structures.?
These values of [k*| and (xpN)., namely, 21/2/Rga and
5.25, respectively, are identical with those calculated by
Leibler.2

VI. Conclusion

In this paper, we have discussed the screening of inter-
actions in compatible binary homopolymer blends A and
B and in diblock copolymer A-B systems. The theoret-
ical variation of the effective screened potential Utaq as
a function of the composition is studied in the case of
homopolymer blends A and B. The k dependence of Usaa
has also been considered in both cases.

As regards the homopolymer blends A and B, it has
been shown that the effective screened potential Usas i
is sensitive to the composition ®4 in the mixture. In the
small ®4 range, when xrN increases, U®aa,u changes sign
and becomes negative (attractive) before the system reaches
the phase separation (|Usaa,u — «), which occurs for the
value of xpN = 2 at 4 = 0.5. The situation is different
in the high-®a regime. Indeed, the effective screened
potential is always positive (repulsive) and this is prob-
ably due to the high quantity of species A present within
the mixture. Because of the symmetry of the system,
the Gaussian behavior of the A chain is, in this case, trans-
ferred to the B species.
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As far as the k dependence is concerned in both cases,
the result is in perfect agreement with the theoretical
approach dealing with the scattering properties.2® Indeed,
it has been shown that before the spinodal is reached
{(|JUsaa,zl — =), in the case of the blend of homopoly-
mers A and B (50/50), the effective screened potential
goes to zero for (xpN)o = 1 (Gaussian behavior), becomes
negative for 1 < xpN < 2, and finally diverges at (x¢N).
= 2. This situation occurs at the value of |k| = 0. In the
case of diblock copolymer A-B (50/50), the variation of
the screened potential Usaa ¢ discloses similar behavior
at the value of [k| = [k*| >~ 21/2/Rzs. When xrN increases,
Usaac vanishes at (xpN)o ~ 3.4 and becomes negative
(attractive) for xN > (xN)o until the system reaches
microphase separation, which occurs at (xgN). = 5.25.
These values of |k*| and (xpNV)., for both systems stud-
ied in this paper, namely, the blend of two homopoly-
mers A and B and diblock copolymer A-B, are identical
with those calculated by Leibler.?

Let us discuss the size for the 50/50 block copolymer
qualitatively. The size of the A block would be crudely
given by

3
B ~NHL+ [LE (60)
N,k ’
where [ is the effective step length of the copolymer chain.
Unfortunately, the integral cannot be calculated analyt-
ically. As we see from eq 54, the screened potential changes
sign before microphase separation of |k| values around
[k*|. Thus we would expect a similar behavior as shown
for the homopolymer blends; i.e., it shrinks before
microphase separation takes place. An equation similar
to eq 60 holds for the B part of the copolymer. The dom-
inant contribution of the integral comes from |k| = |k*|,
and we expect the B part to shrink before the microphase
separation. Thus we expect the whole block copolymer
to shrink.

In this paper we treated the fluctuations in Gaussian
approximation. For the homopolymer blend this is not
valid near the critical point and higher order should be
taken into account. For a clear discussion of the effect
of fluctuations near the microphase separation in sym-
metric diblock copolymer, see the paper of Fredrickson
and Helfand.!!
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Appendix

In this Appendix, we give a simple and general for-
mula for the effective screened potential deduced from
the binary homopolymer A/solvent case. In the latter,
one knows that the structure factor Saa(k) is

1/S,,(k) =1/8,, (k) + V (A-1)

where Saa%(k) is the “bare” structure factor and V the
excluded volume. The effective screened potential is given
byIO

Uspp = [1/8,,°(0) + V] - V¥/[1/8,,%(k) + V) A2

After straightforward algebraic operations, one obtains
a general expression for the effective screened potential

Uhn = 1/8,,0)[1- S,,(k) /S, (k)] (A-3)

The use of this formula in the general case is well jus-
tified since starting from the complete Hamiltonian for
the binary blend case,! U244 has been found to be iden-
tical with relation A-3.
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