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ABSTRACT: Tbepropertieaofdibloekmpolymersasemuls~ersof immiecibleandhigMyselectivewlvania 
am investigated using a sealing model. Solvent selectivity lends to copolymer aggregation at the liquid-liquid 
interface and the formation of stable microdomaim. We find that symmetrical mpolymera form lamellae 
at all copolymer mncentratiom. Asymmetrical copolymers. however, aggregate in sphericd microdomaim 
at equilibrium with the two bulk solvent phaaea. The interface curvature and the surface density increase. 
and the volume of the emulsion phase volume decreases. with the copolymer degree of mymmetry. The 
critical aggregation concentration is found to be significantly lower than the critical micelle concentration 
(cmc). The emulsion phaae volume increanea linearly with copolymer concentration, until, when one of the 
solvents is exhausted. cylindrical domains appear. A t  high copolymer concentratiom lamellae replace the 
cylindrical droplets. 

I. Introduction 
Emulsions are dispersions of two immincible liquids, 

characterid by small, hut finite, domain size. As a rule, 
they are thermodynamically unstable. The addition of 
surface-active agents leads to thermodynamic stability of 
thesystemandallomcontrolof domain sizeandgeometry. 

Diblock copolymers, due to their amphiphilic nature, 
are the macromolecular analogue of small-molecule sur- 
factants. In mixtures of two immiscible and inversely 
selective solvents, namely, solvents in which one block is 
miscible hut the other is not, the copolymer chains are 
driven to the liquid-liquid interface by the unfavorable 
interactions between incompatible solvent-block pairs.',* 
The effective interfacial tension is thereby reduced, at  the 
coatofalossinentropyandanincreaseinchainstretching 
energy. The balance between the interfacial energy and 
chain elasticity determines the polymer density at  the 
interface.$ When the initial, macroacopic, interface be- 
tween the two immiscible solvents is saturated by copol- 
ymer chains, new interfaces form. As a result, stable, 
equilibrium microdomains separated by polymer inter- 
facial layers appear and a microemulaion is obtained (see 
Figure 1). The total interface area is set by the initial 
volume fraction of copolymer and the surface density, or 
the number of chains per unit area. 

Understanding the relationship between copolymer 
structure and the microemulsion phae properties in 
important. Unlike short-chain surfactants, copolymers 
can be manufactured, in principle, to suit any immiscible 
liquid mixture. The control of domain size and geometry, 
afforded by comparatively small adjustmentsincopolymer 
composition or concentration, would enable tailoring the 
emulsion phase to answer specific needs. Also. micro- 
domains formed by macromolecular surfactants are more 
stable against thermal fluctuations and coagulation than 
those of their small-molecule counterparts. 

The emulsified liquids need not be small-molecule 
solvents. It has been shown' that the addition of appro- 
priately chosen copolymers to homopolymer blends sig- 
nificantly lowers the effective interfacial tensionand leads 
to formation of stable microdomains.' The properties of 
suchemulsionswerecalculated by WangandSafran?and 
Leibler? where phase morphology was determined an a 
function of copolymer asymmetry and system composition. 

' Department of MatsrirrL and Interfacsa. Weinnam I ~ t i t u t e  of 
Seienca. Rehovot 76100. Israel. 

Fig" 1. Dibloek e o p o l y m e r a s e m & i f i o r o f ~ b ~ ~ t a  
The twoliquidsphasenep, formingamaemecopicinterfaas. 
The mpolymer is driven to the interface, thereby reducing the 
interfacial tension. Copolymerasymmetrylendntolocnl interface 
curvature and, eventually. the formation of droplets. The total 
interface area in determined by the copolymer concentration and 
the equilibrium surface density. 

However, the properties of polymers in bulk are quite 
different from those of polymers in solution, sothat these 
results cannot be directly applied to emulsiom of small- 
molecule solvents. 

The structures of dihlock lamellae? and spherical 
microdomainss%n of immiecible small-molecule 
solvents have been studied, using mean-field'P and self- 
consistent-field* (SCF) models. humingasingle, spedfic 
domain geometry. theirvalidityinlimited toanarmw range 
of copolymer asymmetry and concentration. In the case 
ofsphericaldomains. thenecessityof anumericalsolution 
further restricts predictions to the specific parameters 
chosen. 

In thin study we explore the full equilibrium phaw 
diagram of monodispersediblockcopolymers asemwiers  
of immincible and selective solvents. We we a nmhg 
model'"13 to describe the copolymer interfacial layer, 
emphasizing the effect of interface Curvature on the 
configurations of the constituent chains. The analysis of 
the copolymer interface properties, namely, curvature and 
surface density, enables determination of microdomain 
morphology asa function of diblockasymmetry and system 
composition. 

The paper is oganized 88 follows: In d o n  Il we 
investigate the properties of a single intarface, at equi- 
librium with two bulk solventa. The critical copolymer 
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methods,'+l' to be comparatively accurate in the limit of 
high chain molecular weight. 

Asymmetzyin the copolymermoleculsrweightmaylead 
to spontaneoua m a t u r e  of the interface. Accurate 
accounting of the m a t u r e  effect on chain properties is 
essential in discusaig systema where interface curvature 
may be of the same order of magnitude as chain dimen- 
s i o n ~ , ~ ~  such as polymer aggregates. Using simple geo- 
metrical considerations, it can be shown that the corm- 
lation length d e s  

( - aa1/2(r/R)D/2 (1) 
a, the dimensionlean surface density, is proportional to 
thenumberofchainsperunitarea rintheradiddistance 
fkom the droplet center, and R is the interface radius of 
curvature(aeeFigure2). aisthesegmentsize. Dspecifies 
the curvature dimensionality: D = 0 in planar geometry, 
D = 1 in cylinders, and D = 2 in spheres. (The symbol 
--" is used throughout this paper to mean 'equal within 
a numerical factor of order l".) 

The l d  volume fraction, 6, varies with the radius an 

4(r) - 8a(R/r)'D/a (2) 
The thicknean of the tethered brush is determined by the 
requirement that the concentration profile account for all 
the monomers in the brush 

Naa - 6(r)dV (3) 
V- 

N is the number of monomen par chain and dVa volume 
element. The ~energydensityinproportoportional"to Uta, 
so that the free energy of a chain in a brush d e s  as 

ic 
\ 

5. a 
1.e 
chains 

G 
- ~ l ve  2. Diblock oopolymen at liquid-liquid interfaces '1 
copolymer aggregates at the intarface, the A block forming a 
brueh in a solvent and the B block a bmh in 13 solvent. The B 
block is ahorter than A and is therefore located on the concave 
side of the interface. Free chains are distributed throughout 
bothsolvent phaaes, adoptinga collapsed glohulemlvated corona 
configuration. 

concentration for microdomain formation (equivalent to 
the cmc in micellar solutions) and the Properties of the 
emerging microemulsion phase are evaluated in section 
In. InaectionIVwederivetheequilihriumphasediagram, 
as a function of copolymer asymmetry and system com- 
position. concluding with a discwion in section V. 

11. Diblock Copolymers at Liquid-Liquid 
Interfaces 

We consider a monodisperse AB diblock copolymer, in 
amixtureoftwoi"isciblesolvents,aand/3. Thesolventa 
are inversely selective, so that a is a precipitant for the B 
block and a good solvent for the A block, and /3 inversely 
so. The unfavorable interaction energy between incom- 
patible block-aolvent pairs drives copolymer chains to the 
liquid-liquid interface, thereby reducing the effective 
interfacialtension. The stretchingenergyofthe copolymer 
blocks, which increases with copolymer density, counter- 
acta this tendency. The balance between the two driving 
forces determines the equilibrium surface density and the 
interface geometry. 

The A-B junction pointa are, in effect, constrained to 
the liquid-liquid interface,duetothe high incompatibility 
between the solventa and the prohibitive interaction energy 
penaltyforchaincroer.  Since theinterfaceisnarrow. 
comparedtochaindimenaions,3J4wecanassumethateach 
blockis'tethered" bythe junction point toanuncrossable 
surface. AB the copolymer concentration a t  the interface 
increases, the chains overlap and two back-bback. swollen 
brushes3 are formed (see Figure 2). 

We u88 a scaling approach to deseribe the polymer 
brush.loJ1 Correlations in chain configurations are in- 
trodueed,inthisapproach,viaacharaeteristiclengthde 
which is a function of the local monomer concentration. 
The correlation length [ (also referred to as "blob size"I'), 
defines the range of excluded volume interactions. Over 
length d e s  smaller than [, chain configurations follow 
self-avoiding random-walk statistics, while over larger 
distances all interactions are screened. Scaling modela of 
polymer brushes apply both to grafted chain systems, 
where the surface density is fixed, and to self-assem- 
bledstructures.such as themicroemulsioninterface, where 
the surface denaity is controlled by thermodynamic 
equilibrium. They have been shown, by more rigorous 

-_ F $-  dV 
kT .. fl (4) 

V a r  c 

where k is Boltemann's constaut and T the temperature. 

The fma energy of a diblock copolymer chain, IoealiEsd 
a t  the interface between two immiiible solvents, consists 
of three contributions, asaoeiated with the A block, the B 
block, and the interfacial region. Interfacial energy is 
proportional to the area per chain (11s) times 7. the 
dimenaionleea interfacial tension. Since the intarfacial 
energy decreases with u, it favors aggregation a t  the 
interface. The stretching energy of the copolymer blocks, 
which increases with copolymer surface density, arreata 
this tendency. We use the convention that NE, the 
molecular weight of the B block. is smaller or equal t o N ~ ,  
the molecular weight of the A block. The B chains are, 
therefore, located on the concave side of the interface. 
From eq 3 the thicknean of the A and B brushes can be 
calculated and used to estimate the free energy of either 
block (eq 4). In spherical geometry, the free energy of a 
copolymer chain a t  a liquid-liquid interface d e s  as 

In the limit of large R eq 5 is reducad to the tlat interface 
cam.' The equilibrium layer Properties ant obtained by 
minimization of the free energy with mpect to the two 
parameters interfacial m a t u r e  ( R )  and surface density 
(a). We find that (see Appendix A) 
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x is defined as N ~ N B ,  a measure of the copolymer 
asymmetry. For nearly symmetrical copolymers, where x - 1, R is infinite. In this limit the surface density scales 
as ($(l + x)N~)6/", in agreement with Cantor's results' 
for block copolymer lamellae. The free energy (per chain) 
scales as 

The same procedure can be carried out for cylindrical 
geometry (see Appendix A). We find that the free energy 
of a chain in spherical geohetry is lower than the free 
energy of a chain in a cylindrical one for all x values, as 
shown in Figure 3. 

111. Onset of Microdomain Formation 
We now discuss the system of a diblock copolymer mixed, 

at low concentration, with two immiscible solvents. Each 
of the solvents is capable of dissolving a limited amount 
of the diblock, a state referred to as "free chains". In the 
highly selective solvents considered, the insoluble block 
of the free chain collapees into a molten globule, sur- 
rounded by the solvated block "corona", as shown in Figure 
2. The chemical potential of a free chain scales, approx- 
imately, as (see Appendix B) 

where 4b and 4L are the volume fractions of copolymer 
in a and& respectively. The reference state for each block 
is taken as that of infinite dilution in a good solvent. 
AB the copolymer concentration exceeds a threshold 

value, equivalent to the critical micelle concentration (cmc) 
in micellar solutions, chaina aseemble at the liqdid-liquid 
interface. The free energy (per unit volume) of mixing 
AB, a, and fl contains three contributions: from the free 
chaina in a, the free chains in 8, and the aggregates chains 
a t  the interface 

&, 4p, and ~ A E I  are the volume fractions of a, 8, and the 
copolymer, respectively, and 45.b the volume fraction of 
the copolymer at the liquid-liqrud interface. We aesume 
that  AB is much smaller than either solvent volume 
fraction and neglect the entropy of the emulsion dropleta. 
AB the solvent-polymer mixture is approximately in- 

compressible, two conservation laws can be applied: 

(11) 

(12) 

4a + 4@ + 4- = 1 

4AJj = 4&&j + 4$& + 4% 

t 
5 x  2 3 4 

Figure 3. Free energy of spheres, cylinders, and lamellar 
interfaces, at equilibrium with exceaa solvent phases: (0) spheres, 
(-) cylinders, (0 )  lamellae. 

I 3 5 I 9 

X 

Figure 4. Spherical domain propertiesae a function of copolymer 
asymmetry, x. (- -) Surface density, u, in units of (y/N~)6/11. 
(-1 Interface radius, Rlo, in units of 72/"&9/1'. (- - -1 Domain 
size = LA + R, in units of y2/11&s/1'. 

The system free energy is, therefore, a function of four 
independent variables: I&, r&: u, and R. Minimization 
with respect to these variables, in this order, and substi- 
tution of the values of eq 9 shows 

The last two conditions are those minimizing the single 
interface energy, as shown in section 11, so that the 
emerging emulsion phase is characterized by the surface 
density, radius, and free energy given in eqs 6-8. The 
surface density of the spherical domains, as a function of 
copolymer asymmetry, strongly decreases with x (Figure 
4). The interface radius, however, decays rapidly to a 
nearly constant value. T h e  overall domain size, which is 
equal to the sum of R and the corona thickness, obtains 
a minimum at a specific asymmetry ratio (about 3.76). 
Experiments measuring the domain size of a homologue 
series of block copolymer emulsions should enable testing 
of this prediction. 

The concentration of free chains in each solvent phase 
is determined by eq 13a,b. When the copolymer concen- 
tration exceeds this solubility limit, chains migrate to the 
interface and emulsion domains form. The critical co- 
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linearly with copolymer concentration (eq 151, and the 
chemical potential of the chains remains, approximately, 
unchanged. Above 4iB, all the bulk core solvent phase is 
exhausted, and the emulsion phase volume is no longer 
free to vary, fixed by the initial value of 4 ~ .  Further 
increase in the concentration of the copolymer changes 
the emulsion properties, since excess copolymer must 
aggregate at the liquid-liquid interface (the formation of 
micelles at equilibrium with emulsion droplets is unfa- 
vorable, as shown in Appendix B). 
As in any construction of a phase diagram, we have to 

allow for phase coexistence. In this system, phases are 
distinguished by geometry: spherical, cylindrical, or 
lamellar. The constraint on the emulsion volume is 
expressed, for two coexisting phases, as 

4fl = €4g1 + (1 - 04; (17) 
where e is the fraction of chains in phase 1 (a single phase 
is equivalent to the case where c = 0 or 1). 4f11 is the 
volume of fl  encapsulated in phase i, per chain 

polymer volume fraction is equal, therefore, to 

4 l B  = 4iB + &B - exp{FjnJkT-~BJ + 
exp{Fin,/kT - NAJ (14) 

FinJkT (eq 8) is much smaller than either NB or NA, so 
that the concentration of free chains in either solvent is 
exceedingly low, and $iB - exp{ - NB], 
In comparison, the critical concentration for micelle 

eXp{-N~j~/~), quite higher than 4iB. 
The volume of the emulsion phase is defined as the 

volume of fl solvent encapsulated in the droplet core. The 
core volume (neglecting the volume of B segments) scales 
as R3. The number of droplets in the system is proportional 
to the copolymer volume fraction, +AB, divided by the 
volume of chains per droplet: (uR2)N~(1 + x ) .  The 
emulsion phase volume fraction scales as 

formation (cmc) scales asla ~ X ~ { N B ~ / ~ Y ~ ~ ~  - Ng2l3 YJ - 

(15) 
Note that, as expected, the volume of emulsified fl increases 
linearly with the copolymer volume fraction. In the case 
of symmetrical copolymers ( x  = 1) there is, in this model, 
no limit to the emulsion phase volume, since the lamellae 
spacing is unrestricted (a detailed analysis of the lamellar 
phase, where interactions between domains are considered, 
is given by Cantor'). &j decreaseswithx for a given system 
composition and B block molecular weight. 

In this regime spherical microemulsion domains coexist 
with the bulk fl phase (Figure 1). The relative quantities 
of each phase are determined by eq 15 and the initial system 
composition. When all of the fl solvent is encapsulated in 
the emulsion phase, that is, when = 4g, coexistence 
terminates. This limit corresponds to a copolymer volume 
fraction of 

4b is referred to as the emulsification failure? since at 
polymer concentrations lower than this value the solvent 
mixture cannot be completely emulsified. In an experi- 
ment where a second, inversely selective solvent (8) is 
slowly added to a copolymer micellar solution, the emul- 
sification limit corresponds to the point at  which a second 
phase of excess B droplets appearsa2 A systematic study 
of various block copolymer compositions and molecular 
weights should enable determination of the relationship 
between 4b and copolymer structure ( x ,  NB). 

IV. Equilibrium Phase Diagram 
We now investigate the equilibrium phase diagram of 

diblock copolymer-immiscible solvent mixtures, as a 
function of copolymer asymmetry and system composition. 
System composition is defined through the ratio of 
copolymer volume fraction, (bm, to the volume fraction of 
fl solvent. The continuous phase, a, is taken as the majority 
component >> &AB + 4,d. Microdomain concentration 
is therefore low, and interactions between emulsion 
droplets need not be considered. We also neglect the 
entropy of the microdomain droplets and the presence of 
free chains, assuming that all copolymer chains are 
localized at the liquid-liquid interface. 

For 4AB/(b,g values lower than the emulsification limit 
(#I$#,& the volume of the emulsion phase increases 

(18) 

for apheres or cylinders. In the case of lamellae, it has 
been shown by Cantor7 that the preferred spacing between 
domains is equal to the lamellar thickness, so that 

The free energy of the system is equal to 

where Fi is defined by eq 6 for spherical interfaces, or as 

for cylindrical ones, and for lamellae as 

Minimization of the free energy, under the emulsion 
volume constraint, gives both the properties and the 
relative quantities of the different phases. 

The fist transition, between spherical and cylindrical 
droplets, occurs immediately above the emulsification 
failure concentration. Both phases retain (within a 
numerical constant) the radius and surface density of the 
initial emulsion phase, as defined by eq 5 and 6. The 
fraction of chains in the spherical droplets scales as 

4i3 
4AB 46 

e-2-- -1 (23) 

so that c = 1 at &AB = &b, linearly decreasing with 
increasing copolymer concentration. At  the point where 
#,AB is approximately 2&, the spherical dropleta diaap- 
pear and a single cylindrical phase remains. The cylinder 
radius is found to scale, using eq 18, as 

R, decreases with copolymer concentration to the point 
where the cylinder surface density is equal to the lamellar 
surface density, (yl(l+ X)NB)~/", at which lamellae appear. 
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R, of the coexistence phase scales as 

and the fraction of chains in the cylindrical phase is 

V. Discussion 
We present a model for the phase diagram of the diblock 

copolymer in a mixture of incompatible and highly selective 
solvents, where microdomain geometry and size were 
determined by analysis of the interfacial layer. 

The first emulsion phase to appear is that of spherical 
microdomains. For a given B block molecular weight, both 
the interface radius and surface density decrease with 
copolymer asymmetry. The critical concentration for 
aggregation is found to be lower than the critical micelle 
concentration (cmc),'8 scaling, for high molecular weight 
and degree of asymmetry, as eXp(-NB). 

The aggregation number, defined as the number of 
chains per droplet, is an important, and measurable? 
property of microemulsion droplets. Our model predicts 
an aggregation number scaling, in the limit of high x ,  as 
Ng12/11/x.10/11 From the numerical solution of a self- 
consistent-field model, Cogan et al.8 predict that the 
aggregation number of spherical emulsion droplets should 
scale as N B ~ * ~ / ~ ~ * ~ ,  for asymmetry ratios ranging between 
3 and 14. The continuous phase (a) was taken, in these 
calculations, as a 8 solvent for the A corona chains. The 
agreement between the two models is quite good, con- 
sidering the significant effect of solvent quality on A chain 
properties. Nagarajan and Ganeshg apply mean-field 
theory to study spherical emulsion droplets, in a mixture 
of two good solvents. They find that the aggregation 
number should scale as N B ' . ~ ~ / ~ ~ . ~ ~ ,  a much weaker 
dependence on x than in either scaling or SCF models. 
However, the concentration of both A and B monomers 
in the core and corona regions was assumed to be uniform, 
an assumption which has been lately S ~ O W I I ~ ~  to be 
inaccurate when interface radii are comparable to chain 
dimensions, as is the case in highly asymmetric copolymer 
microdomains. 

The spherical emulsion phase volume increases linearly 
with copolymer concentration, until all excess B phase is 
exhausted. Further addition of copolymer leads to the 
appearance of a coexisting cylindrical phase. The volume 
of the spherical emulsion phase decreases linearly with 
copolymer concentration, until all is exhausted and only 
cylindrical droplets remain. The curvature of the single- 
phase cylindrical aggregates increases with #AB. Lamellae 
appear at the point where the surface density of the 
cylindrical phase is equal to that of the lamellae. 

The order of domain appearance is similar to that 
predicted for block copolymer-homopolymer blends,5.6 
though quantitative comparison is impossible due to the 
qualitative nature of the scaling model and the different 
behavior of chains in bulk and in solution. We emphasize 
that the order of phase appearance was determined after 
normalizing the free energies of the phases to the value 
of lamellae at x = 1. Since, by necessity, the appropriate 
prefactara of the scaling free energies would have obtained 
the same end, their inclusion is unnecessary and would 
not change any of this analysis' conclusions. Geometrical 

prefactors, omitted from eq 18 and 19, may shift the phase 
boundaries but not alter phase properties or sequence. It 
should be noted, however, that the phase diagram pre- 
sented here is restricted to the geometries examined, and 
the appearance of other phases, such as bicontinuous 
structures, cannot be predicted. 

We have neglected possible coexistence between mi- 
croemulsion droplets and micelles. However, as noted in 
section 111, the critical copolymer concentration for the 
onset of micellization (cmc) is higher than the critical 
concentration for microemulsion formation, This is 
in agreement with experimental data2 where it has been 
observed that the cmc was appreciatively higher than the 
critical aggregation concentration for "swollen micelles", 
i.e., microemulsions, when a second, inversely selective 
solvent was added. Also, there was no evidence of micelle 
swollen micelle coexistence. Emulsion domains would 
appear, therefore, before micelles do. The chemical 
potential of a chain in a micelle scales,'8J9 for highly 
asymmetric copolymers, as N B ~ / ~ ~ ~ / ~  + NBAx, where the 
second contribution is due to matching of reference states 
(between melt conditions and that of the solvated state). 
The free energy of a highly asymmetric chain in a 
microemulsion droplet is therefore lower than that of a 
chain in a micelle (see eq 8), unless < y5/11(x + 
1)18/11/ (x2  + W 1 .  The probability of micelle coexistence 
is therefore negligible in most polymer systems, unless x 
is on the order of NB. 

Systematic experimental investigation of the size de- 
pendence of microemulsion domains on copolymer mo- 
lecular weight and concentration may be guided by this 
analysis, with the aim of ascertaining the validity of the 
basic physics contained in this model. 
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Appendix A 
The free energy of a spherical interface scales as 

Minimization with respect to R yields 

and with respect to u 

Defining a new variable, y, as N ~ a ' / ~ a l R ,  eq A.l and A.2 
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assume that, due to the high incompatibility between a 
and B, no solvent penetrates and the core is composed of 
B segments in the melt state, so that R, - a N ~ l / ~ .  

The difference in interaction energy between an isolated 
chain in good solvent and a chain in the melt is proportional 
to the difference in pairwise interaction energy between 
the two states, Xbulk- xg&, times the number of segments, 
where x is the Flory-Huggins parameter. In a good solvent, 
x is negative, while in bulk x = 0. Therefore, the energy 
of an isolated chain can be written as 

can be rearranged to show 

L % Y - L + A  - 
1 - y  1 + x y  1 - y  In 64.3) 

so that y is a function of x ,  the ratio between block 
molecular weight, only. Equation A.8 cannot be solved 
analytically, especially since some numerical coefficiente, 
or order 1, have been neglected throughout the derivation. 
However, a numerical solution shows that y(x )  has an 
approximate form of ( x  - 1)/(1+ x ) :  At high asymmetry 
ratios, y - 1, while at low ratios y - 0. Obviously, this 
fit is not unique, but it does yield the correct limit behavior. 
From the definition of y 

~ ~ ~ * / 3 ( 1 +  x )  
x - 1  Rla - 

and, combined with eq A.2, we find 

(A.4) 

For x = 1, u = ( ~ / 2 N g ) ~ / ~ ~ ,  in agreement with Cantor's' 
predictions for symmetrical copolymer lamellae. For 
convenience, we omit the prefactor of 261" in eq 6 and the 
following derivations. 

The same procedure is carried out for cylindrical 
interfaces. To enable direct numerical comparison be- 
tween the free energy of the different phases, we normalize 
all three geometries to the same value for x = 1, the lamellar 
phase: F,(x=l) = F,(x=l) = 4. 
Appendix B 

The chemical potential of a polymer chain is equal to3J1J8 

where F+=o is the free energy of a chain at infinite dilution, 
comparedto a reference state. The reference state chosen 
for each block is that of an isolated chain in good solvent. 
The configuration of the copolymer in a solvent is that of 
a solvated A corona, surrounding a collapsed B block core 
(and vice versa for chains in B solvent). Therefore, the 
free energy of the solvated block in an isolated chain is 
approximately equal to that of the reference state and 
does not affect the chemical potential. Two terms 
remain: the interfacial energy between the collapsed block 
globule and the solvent and the energy of the B core, 
compared to the reference state.18 It is reasonable to 

y' is the (dimensionlea) interfacial tension between B in 
bulk and the a solvent (not necessarily equal to y, the 
interfacial tension between the two solvents). 

Values of interfacial tension for polymer-incompatible 
solvents are of order kT (ranging, at room temperature, 
between 1 and 5 for most polymer-solvent paire). For 
high B block molecular weights, y' is much smaller than 
Ng1l3, and eq A.2 is dominated by the interaction term. 
The chain chemical potential scales as 

(B.3) 
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