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To evaluate the magnitude of the interfacial energy 
change in the presence of small solvents, we model the 
interface as a region where the A chain profile decays from 
its concentration in the corona, do, to a surface density u 
= p ( R B / a ) / h  at  a point one segment length from the 
interface at  r = a. Continuing with the mean-field model, 
we write the A chain concentration profile as19 

h ( r )  = d r / a )  (A.1) 

d I / a  = q50(36aNB/p)1/3 (A.2) 

The Flory-Huggins mixing energy per chain in this region 
is then 

and the interfacial thickness as 

Evaluating this contribution to the micelle free energy 
shows that its magnitude is small, e.g., for xBSNB = 16.73, 
f , ,JkT = -0.57, while the total micelle energy is f / k T  = 

-38.6. Only a t  very small values of xSsNB does the in- 
terfacial energy contribution grow to 10% of the total. In 
this limit of nearly soluble B blocks, the interface becomes 
more diffuse and a more detailed approach is warranted. 

References and Notes 
Cohen, R. E. Polym. Prepr. (Am. Chem. SOC., Diu. Polym. 
Chem.) 1981, 22, 173. 
Napper, D. H. Polymeric Stabilization of Colloidal Disper- 
sions; Academic: London, 1983. 
Mysels, K. J.; Mujerjee, P. Pure Appl. Chem. 1979, 51, 1083. 
Leibler, L.; Orland, H.; Wheeler, J. C. J .  Chem. Phys. 1983, 79, 
3550. 
Whitmore, M. D.; Noolandi, J. Macromolecules 1985,18, 657. 
Noolandi, J.; Hong, K. M. Macromolecules 1983, 16, 1443. 
Roe, R. J. Macromolecules 1986, 19, 728. 
Rigby, D.; Roe, R. J. Macromolecules 1984, 17, 1778. 
Rigby, D.; Roe, R. J. Macromolecules 1986, 19, 721. 
Helfand, E.; Tagami, Y. J .  Polym. Sci., Part B 1971, 9, 741. 
Flory, P. Principles of Polymer Chemistry; Cornel1 University: 
Ithaca, NY, 1953. 
Meier, D. J. J .  Polym. Sci., Part C 1969, 26, 81. 
Munch, M. R.; Gast, A. P., following paper in this issue. 
Leibler, L. Macromolecules 1980, 13, 1602. 
Helfand, E.; Tagami, Y. J. Chem. Phys. 1972,56, 3592. 
Hong, K. M.; Noolandi, J. Macromolecules 1980, 13, 964. 
Helfand, E.; Sapse, A. M. J.  Polym. Sci. 1976, 54, 289. 
Weber, T. A.; Helfand, E. Macromolecules 1976, 9, 311. 
de Gennes, P.-G. Macromolecules 1980, 13, 1069. 

Block Copolymers a t  Interfaces. 2. Surface Adsorption 

Mark R. Munch and Alice P. Gast* 
Department of Chemical Engineering, Stanford University, 
Stanford, California 94305-5025. Received May 26, 1987; 
Revised Manuscript Received October 16, 1987 

ABSTRACT. We present a theory for adsorption of diblock copolymers onto surfaces. We find that a critical 
adsorption concentration exists, analogous to the critical micelle concentration in micellization. This critical 
adsorption concentration decreases as the surface attraction increases, as the copolymer-solvent compatibility 
decreases, as the more soluble A block length decreases, and as the size of the solvent increases. The thickness 
of the adsorbed layer increases as the length of the A block increases, as the surface attraction for the anchoring 
B block increases, and as the solvent becomes smaller. We present a number of useful scaling relationships 
for layer thicknesses and surface densities as functions of block lengths of both the copolymer and the solvent. 
We are able to  predict regions where only adsorption or only micellization are expected to occur. 

I. Introduction 
The behavior of amphiphilic diblock copolymers a t  in- 

terfaces plays an important role in the stabilization of 
colloidal particles in inks, paints, coatings, pharmaceuticals, 
and magnetic storage materials.' Stabilization of colloidal 
particles is realized by adsorption of diblock copolymers 
onto their surfaces. The block interacting unfavorably with 
the solvent adsorbs onto the surface of a particle while the 
solvated block extends into the solution and forms a steric 
layer thus imparting stability. This adsorption process is 
complicated by the tendency of amphiphilic block co- 
polymers to form micelles if the concentration of the so- 
lution exceeds the critical micelle concentration. In the 
previous paper we investigated this micellization process 
in diblock copolymers as a function of the relative lengths 
of the blocks, the size of the solvent, and the solubility of 
the head group.* Here we extend the analysis to block 
copolymer adsorption. 

Several reviews and monographs discuss homopolymer 
adsorption.= In general, homopolymers adsorb at  several 
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points along the chain in conformations having loops, 
trains, and tails.' Due to their amphiphilic nature, block 
copolymers adsorb in a very different fashion. Experi- 
ments have shown that diblock copolymers adsorb with 
one compact, tightly bound block and one extended, 
swollen block stretching away from the surface: prompting 
researchers to model them as terminally anchored homo- 
polymers. Previous investigators have studied the con- 
formations of polymer layers where the polymers are at- 
tached to a surface by one end at a fixed surface d e n ~ i t y . ~ J ~  
In this study, we allow the chains to reach the surface 
density and conformation determined by equilibration with 
the solution of block copolymers. 

This paper concentrates on adsorption of block co- 
polymers with small insoluble anchoring blocks in solutions 
of small solvent molecules. One motivation for focusing 
our attention on these systems arises from the observation 
that colloidal stability is improved by maximizing the 
number of chains on the surface.' We expect the surface 
density of adsorbed block copolymers to increase with 
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decreasing anchoring unit size, hence we focus our atten- 
tion on systems with small insoluble blocks. The molecular 
size of the solvent has an important effect on the free 
energy of mixing of a polymer molecule. Since most sys- 
tems of practical importance contain a small solvent rel- 
ative to the copolymer molecules, we investigate the effect 
of solvent size in this small solvent regime. 

We first present a model employing a mean-field theory 
to describe block copolymer adsorption onto an excess 
adsorbing surface. This situation is often the case in 
colloidal dispersions where the available surface area is 
great. We introduce the idea of the critical adsorption 
concentration, cac, the concentration below which virtually 
no adsorption occurs and above which all additional co- 
polymer to the system adsorbs onto the surface. We then 
describe the results of numerical calculations demon- 
strating that the critical adsorption concentration decreases 
as the surface attraction increases, as the copolymer-sol- 
vent compatibility decreases, as the more soluble A block 
length decreases, and as the size of the solvent increases. 
We also present some scaling relationships for the layer 
thickness and surface density of the adsorbed steric layer 
as functions of copolymer block length and solvent size. 
Finally we show regimes where micellization is preferred 
over adsorption and demonstrate that surface attractions 
of only a few kT are necessary to realize adsorption but 
that this requirement depends strongly on the nature of 
the polymer-solvent interactions. 

11. Adsorption Model 
As in ref 2 we consider a system of diblock copolymer 

chains having NA segments of species A linked to NB 
segments of species B immersed in a solvent S of Ns seg- 
ments. Again we assume that the segment length of all 
species is a, and the total volume of our system is flu3. We 
again study the effects of solvent size and block length by 
varying the parameters P = NINE, with N = NA + NB and 

We adapt the lamellar micelle model of our previous 
paper2 to describe adsorption by adding a surface-B seg- 
ment interaction. The adsorbing diblock copolymers are 
assumed to form a planar layer along the surface consisting 
of a melt of B chains of thickness LB located near the 
surface and an outer layer of A chains and solvent of 
thickness LA and A-chain volume fraction $A as shown in 
Figure 1. The total layer thickness LT is given by LT = 
L A  + LB. We introduce a dimensionless surface density, 
a, such that the surface area per chain is a2/a?J1 As before, 
Flory’s dimensionless interaction parameter xBS describes 
the interactions between B and S segments. Again, for 
simplicity, we consider athermal A-S interactions, i.e., xAs 
= 0. Since xAS = 0, xBSNB represents the total effective 
interaction per chain and is a measure of the degree of 
incompatibility between the copolymer chains and the 
solvent for a fixed A chain length. We represent the 
surface-B monomer interaction by a dimensionless surface 
energy y. 

First we write the energy per chain of the adsorbed 
surface layer as 

(1) 

The first term is the elastic deformation energy of the 
copolymer chains in the layer2J2-15 

LY = NB/NA. 

fads  = fdef + fmix + fint  + fsurf 
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Figure 1. Schematic of the adsorption system. The adsorbed 
layer consists of a melt of B chains of thickness LB at a surface 
density and an outer layer of thickness LA consisting of solvent 
and A chains at volume fraction 4k The region outside the layer 
contains isolated A-B diblock copolymers and solvent molecules 
S. 

The next contribution arises from the energy of mixing 
solvent molecules with the A chains in the outer layer given 
by 

where xAS = 0 for this study. The interfacial energy per 
chain, fint, is given by16 

The surface energy term, fsurf, is of a similar form 
kT 

fsurf = -7 a 

(4) 

where y is negative for an attractive surface-B monomer 
interaction and positive for a repulsive surface-B monomer 
interacti0n.l’ 

The lengths LA and LB are related to the independent 
variables a and ‘A by the incompressibility conditions 

(6) 
Naa 

LA = 
(1 + a)’A 

and 

(7) 

Substituting for LA and LB and summing all the contri- 
butions gives the total energy per chain of the adsorbed 
layer as 

where k is the Boltzmann constant and T i s  the temper- 
ature. 
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As with spherical micelles, it is important to remember 
that only a fraction, [, of the chains exists in the steric 
layer. The remainder of the chains reside in the bulk, and 
we consider the simplest case (and present arguments in 
section 1II.E supporting its validity) where only single, free 
chains are in equilibrium with the steric layer. The total 
energy of the system then comprises the energy of the 
adsorbed layer plus the energy of the solution outside the 
layer, Fmi,, as 

1 
where R@[/N is the number of chains adsorbed. Fmix is 
given by 

where is the volume fraction of copolymers in the 
supernatant outside of the layer and $L is the volume 
fraction of the layer. The relations for and 4L are 

4 0  - l) 
@SUP = 

and 

4 L  = 4l' 
where 

1 + &#A ' = (1 + (Y)@A 

The equilibrium values of u, 4*, and &up are found by 
minimization of FT with respect to these variables. 

Minimization of FT with respect to u yields an explicit 
expression for u in terms of $A, given in the Appendix, thus 
simplifying the problem to a minimization in two variables, 

111. Results and Discussion 
In the following sections we describe the results of 

calculations of critical adsorption concentration, surface 
density, and layer thickness, investigating the effects of 
surface attraction, copolymer incompatibility, block length, 
and solvent size. Throughout most of the discussion we 
choose the A and B block lengths such that a = N B / N A  
is 0.1 and the total degree of polymerization N = N A  + NB 
is 200. In section D we study the adsorption dependence 
on N A ,  NB, and N s  individually. In section E we present 
regions where the formation of spherical micelles is favored 
over copolymer adsorption. 

A. Critical Adsorption Concentration. At very low 
concentrations we expect the copolymer chains to exist as 
a random phase of isolated, free chains as found in studies 
of micellization. Similar to micellization, we expect that 
a concentration exists where these copolymers, having an 
affinity for the surface, will aggregate on the surface. In 
this case we define a critical adsorption concentration, cac, 
as the concentration below which virtually no copolymers 
adsorb onto the surface and above which nearly all ad- 
ditional copolymer adsorbs as demonstrated in Figure 2. 
Here the supernatant copolymer concentration is plotted 
as a function of the overall copolymer concentration for 
various degrees of incompatibility, xBsNB. In Figure 2, the 

@'A and @sup. 

r 

Figure 2. Free copolymer concentration as a function of the 
overall copolymer concentration for different degrees of incom- 
patibility: xB@B = 9.1 (-), 10.9 (- - -), 12.7 (-), 13.9 (-- --) with 
a = N B / N A  = 0.1, 1, p = N / N s  = 50, N = 200, and y = -2. 

Table I 
Supernatant Copolymer Concentration and Layer 

Thickness Relative to the Random Coil Dimension as a 
Function of the Surface Attraction for Different 

Conolvmer-Solvent Comnatibilities 

-7 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 

- 

12.73 14.55 16.36 

44up 

spherical 
0.1825 
0.1489 
0.1182 
0.0905 
0.0656 
0.0442 
0.0265 
0.0135 
0.0056 
0.0019 

3.10 
3.22 
3.3 
3.43 
3.54 
3.64 
3.74 
3.84 
3.94 
4.03 

@SUP 

spherical 
spherical 
spherical 
spherical 
0.0597 
0.0386 
0.0218 
0.0102 
0.0039 
0.0013 
0.0004 

L A /  
NA'/'Ll 

micelles 
micelles 
micelles 
micelles 

3.44 
3.54 
3.64 
3.73 
3.83 
3.93 
4.02 

&up "41/2a 
spherical micelles 
spherical micelles 
spherical micelles 
spherical micelles 
spherical micelles 
spherical micelles 
spherical micelles 
0.0026 3.72 
0.0008 3.82 
0.0002 3.92 
0.0001 4.01 

supernatant concentration equals the overall copolymer 
concentration below the cac and becomes almost constant 
above the cac. We define the cac as the point where ex- 
trapolations from the two linear regimes intersect. Above 
the cac, the critical adsorption concentration represents 
the background supernatant concentration of free co- 
polymer chains in equilibrium with the adsorbed layer. 
The critical concentration for adsorption decreases as B 
blocks become less compatible with the solvent or x B S N B  
is raised as discussed in section 1II.C. 

B. Surface Attraction. The effect of the surface-B 
segment attraction is presented in Table I. Here the 
critical adsorption concentration and thickness of the A 
block layer are calculated as a function of -7, the dimen- 
sionless surface energy, for various degrees of incompati- 
bility. Values of -y range from 2.0 to 3.6, corresponding 
to an adsorption energy of a few kT per B segment, typical 
of values assigned to surfacesegment a t t ra~t ions.~ These 
values of -y correspond to dimensional surface tension 
values, -ykT/a2,  of 16.8-30.2 dyn/cm at 300 K, similar to 
those reported for solid-liquid  interface^.'^-'^ 

In Table I we note that the surface layer thickness 
relative to the random coil dimension for A chains in- 
creases steadily as the surface attraction increases but can 
be nearly constant or decrease slowly as the B chain solvent 
compatibility drops. We can explain these trends by ex- 
amining the approximation for in the limits of large 
A blocks, NA >> NB, Ns and small values of +sup given by 
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with C.25 ; 

fads 3 NAa2 
I (  -p + & ) - 6 +  

At fixed x d B l  increasing the surface attraction, y, lowers 
the adsorption energy through the last term of eq 12, thus 
lowering the cac. The mixing energy of eq 1 2  then gives 
rise to a secondary effect. The volume fraction of A chains 
in the outer layer, decreases as -y increases to equil- 
ibrate with the lower copolymer concentration in the bulk 
(represented by cac). Also the layer thickness relative to 
the random coil size LA f NAa'J2a increases with -y for a 
given xB&B due to this swelling of the A layer. We also 
note that spherical micelles will form if the surface at- 
traction is not sufficient to permit adsorption as discussed 
in more detail below. 

At  a fixed value of the surface attraction, -y, Table I 
shows that the supernatant concentration decreases as 
x B f l B  increases in accord with eq 11 for all values of -y. 
Two trends for the relative thickness, LA f NA'J2a, as a 
function of x B f l B  are evident in Table I. For lower values 
of y, LA f NA'J2a is constant or increases slightly as xB&B 
increases as shown for "/ = 2.4-2.8. In this case the mixing 
energy term is dominant over the surface attraction term 
in eq 12, resulting in a slight swelling of the layer as it 
equilibrates with a lower supernatant copolymer concen- 
tration represented by cac. 

For larger values of -7, the surface attraction term of 
eq 12 dominates the mixing energy leading to a slight 
compression of the absorbed layer as x d B  increases. As 
the copolymer molecules become less compatible with the 
solvent, they adsorb more compactly causing the surface 
density, u, and the volume fraction, 4A, to increase. The 
volume fraction, 4 A ,  increases more rapidly than u causing 
LA f NA'J2a to decrease through eq 6. 

C. Incompatibility. As mentioned in section 11, we 
consider athermal interactions for the A chain, and thus 
x B f l B  is a gauge of the incompatibility of the system for 
a fixed A block length.2J3J4 In Figure 3 we demonstrate 
how the cac varies with the degree of incompatibility for 
different values of p = N f Ns for a fixed surface energy of 

= 2. As the copolymer chains become less compatible 
with the solvent, the concentration required to form an 
adsorbed layer declines until a degree of incompatibility 
is reached where spherical micellization is favored over 
adsorption. The point where the transition from adsorp- 
tion to micellization occurs is found by comparing the free 
energy of a chain in the adsorbed layer to that of a chain 
in a micelle. We also note from Figure 3 that as the solvent 
size becomes smaller, the cac increases for a given degree 
of incompatibility and the point where micellization is 
favored over adsorption occurs a t  a higher critical con- 
centration and lower compatibility. 

When the surface attraction is small compared to the 
mixing energy as in this case, 4A decreases slightly to 
equilibrate with the decreasing supernatant concentration 
as x & J B  increases as discussed in section 1II.B. To realize 
this slight swelling in the A layer, LA increases slightly and 
u decreases slightly as xBSNB increases. However, despite 
the large effect of x B ~ B  on the cac, dA, u, and LA are only 
weakly dependent on xBSNB due to the geometric con- 
straints of the layer. The typical values, LA/NA'12a and 
u, are about 3.25 and 0.1, respectively. 

D. Block Length and Solvent Size. We show the 
layer thickness LA as a function of the length of the A 

, >  
W 

hl cel es  
0.c . 1 1 1 1 1  

X Y  

9 10 1 1  ' 2  13 'i 15 16 17 

3s 3 

Figure 3. Critical adsorption concentration as a function of the 
solvent-B chain interaction, xBsNB, for the same conditions as 
in Figure 2. 

block, NA, for various B block lengths in Figure 4a. The 
B block lengths are small compared to the A block lengths; 
thus the A layer thickness, LA = LT - LB, is only slightly 
less than the total layer thickness. Figure 4a demonstrates 
that the A layer thickness increases with NA but not lin- 
early as predicted for a fixed surface density by scaling 
theories8v9J1 (and eq 6 of this theory).20 Instead we find 
that as NA increases the copolymer chains occupy a larger 
surface area; hence the surface density decreases as shown 
in Figure 4b. The scaling laws for u and L A  with NA are 
u - N A ~ . ~  and L A  - NA'.' for d l  B block lengths in Figure 
4. 

The results of Figure 4 apply to conditions where the 
B block is much smaller than the A block and the surface 
attraction is high enough to ensure that adsorption occurs 
rather than micellization. In this limit the critical ad- 
sorption concentration is given by 

cac -N exp[ 2 + B ]  

with 

where a limiting expression for the surface density 

has been applied. 
A number of things occurring when NA is increased can 

be explained by these equations. First, since dA increases 
only slowly with NA, we see from eq 6 and 15 that LA 
increases with NA as expected, but the dimensionless 
surface density, u, decreases with NA. We also note that 
the degree of stretching, represented by LA/NA112a, in- 
creases with NA. 

The critical adsorption concentration increases with NA 
since the dominant term of eq 13, /3 = N/Ns, increases 
linearly with Nk To balance the increase in mixing energy 
of the free chains represented by ,8 in eq 13, the concen- 
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Figure 4. (a) Layer thickness LA as a function of NA, assuming 
a monomer size a = 7 A. (b) Surface density u as a function of 
NA. The conditions are Ns = 4, XBS = 0.7, y = -4, and NB = 15 
( - - - ) ,  20 -, 25 (--), 30 (-), and 35 (---). 

tration of the A chains in the adsorbed layer, increases 
slightly, increasing the energy of mixing in the layer rep- 
resented by the second term of eqn. (14). Therefore in- 
creasing the length of the A block increases the thickness 
LA and decreases the surface density u as expected but also 
causes the volume fraction 

Figure 4a,b also demonstrates the effect of the anchoring 
B block length on the layer thickness and surface density. 
Increasing the B block length causes the cac to occur at  
a lower concentration for a fixed A block length due to the 
diminished compatibility, x B S N B ,  as discussed earlier. 
Thus, for larger B blocks, a more dilute supernatant phase 
is in equilibrium with the adsorbed layer than for smaller 
B blocks. The A chains equilibrate with the dilute bulk 
phase by swelling, increasing LA and decreasing 4A. The 
scaling dependence of LA on N B  is LA - NB0,I7. Fur- 
thermore, the surface density decreases as the anchoring 
B block length increases, as expected following the rela- 
tionship u - NB4.5. 

The solvent size also affects the cac, layer thickness, and 
surface density. Figure 5a shows how the cac varies with 
Ns for a fixed degree of polymerization, N = N A  + NB. As 

to increase. 

250 I 

s= 
c 

Figure 5. (a) Critical adsorption concentration versus (3 = N / N s  
for XB&'B = 9.1 (- - -) and 10.9 (-1. (b) Total layer thickness LT 
and A layer thickness LA for XBSNB = 9.1 ( e - )  and 10.9 (-) as a 
function of (3 = N/Ns .  (c) Surface density as a function of p = 
N / N s  for xBSNB = 9.1 (- - -) and 10.9 (-). Here a = N B / N A  = 
0.1, N = 200, and y = -2. 
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the number of B monomer-surface contacts, is larger. 
Since 1 / u  is larger, smaller -y values are needed to realize 
adsorption for smaller solvents than for large solvents. 

IV. Conclusions 
In conclusion, we have presented results for the ad- 

sorption of diblock copolymers for various surface at- 
tractions, copolymer-solvent interactions, and a range of 
A-B block lengths and solvent sizes. We find that a critical 
adsorption concentration can be defined for situations of 
excess surface, in analogy with a critical micelle concen- 
tration for micellar systems. This critical adsorption 
concentration decreases as the surface attraction increases 
and as the copolymer-solvent incompatibility, xBSNB, in- 
creases. In fact, for a given surface attraction, the cac 
decreases as the incompatibility increases until a value of 
xBSNB is realized where spherical micellization precludes 
adsorption. Furthermore, the thickness of the adsorbed 
layer increases as the surface attraction increases while 
xB&B has only a small effect. The adsorbed layer thick- 
ness increases as the A block length, NA, increases ac- 
cording to the relationship LA - NA'.', and the surface 
density varies with NA as a - NA-0'3, Also the layer 
thickness increases as NB increases due to swelling effects 
in the A layer. As expected the surface density decreases 
as the B block length increases, following the relation 0 - NB-0'5. In addition to the effects of copolymer block 
lengths, decreasing the solvent size swells the outer A layer 
causing it to increase in thickness and decrease in surface 
density. We also demonstrate that with this model we can 
predict regions where only adsorption or only micellization 
are expected to occur. 
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Appendix 

pression 
Minimization of F T  with respect to u yields the ex- 

" r  
I 
+ -asc c - 0 -  

3 = bo 

3 -  

I up- , -  
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Figure 6. Adsorption and spherical micellization regions for 
x B ~ B  and -7. Here /3 = N / N s  = 40,50, and 60; (Y = NB/NA = 
0.1; and N = 200. 

the size of the solvent decreases, the enhanced mixing with 
free copolymer chains requires higher concentrations to 
achieve adsorption. Also, decreasing the solvent size swells 
the layer causing LA, and therefore LT, to increase and a 
to decrease as shown in parts b and c of Figure 5, re- 
spectively. The layer thickness and surface density have 
a less pronounced dependence on the solvent chain length 
than on the copolymer block lengths; their relationships 
are LA - NS+".' and u - Ns0,l6. 

Again we see that the surface density and layer thick- 
nesses are relatively insensitive to xBS. 

E. Adsorption-Micellization Regimes. In Figure 6 
we show regions where we expect adsorption and spherical 
micellization to occur provided that the overall copolymer 
concentration is above the cac and the cmc, respectively. 
In the adsorption region, the lower free energy of the ad- 
sorbed layer precludes the formation of spherical micelles, 
thus forming an adsorbed layer below the critical micelle 
concentration. Of course, when the overall concentration 
is below the cac in this region, we have neither adsorption 
nor micellization. Similarly, in the region of spherical 
micellization, the free energy of micellization is lower than 
that for adsorption, preventing the formation of an ad- 
sorbed layer. The line separating the two regions desig- 
nates the line where the free energy of micelles equals that 
of adsorbed layers and the cac equals the cmc. 

Figure 6 demonstrates that for a given degree of incom- 
patibility, xSflB, increasing the surface attraction favors 
adsorption. More interestingly, we see that for -y of a few 
kT, we can move from a region of adsorption to spherical 
micellization simply by decreasing the compatibility of the 
system. However, it does appear that adsorption will occur 
for all xBSNB if -7 exceeds a certain value. 

In the region of low compatibility, to the right of Figure 
6, the values of the cac and the cmc are small and conse- 
quently @A is low. In this region the mixing energy of both 
the A chains in the layer and the free copolymer chains 
outside the layer dominate the surface attraction energy, 
thus requiring higher surface attractions for adsorption in 
this region. More specifically, in this region of high x B f l B  
where mixing energies are important, smaller solvents, i.e., 
@ = 60, further enhance mixing thus necessitating higher 
attractions for adsorption. 

To the left side of Figure 6, where x&VB is smaller, the 
values for the cac and the cmc are moderate, rendering the 
mixing energies less important than above. Here the 
surface energy driving the adsorption dominates, requiring 
smaller attractions to overcome the mixing energies and 
adsorb. For smaller solvents, 4A is lower due to the same 
swelling effects mentioned above and thus the A layer is 
less compact. In this case the surface density 0 is smaller, 
and therefore 1 /u  of the last term in eq 12, representing 

which has the solution 

a =  
0 

where 
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ABSTRACT We study theoretically the effects of competing surface interactions in a system of two miscible 
polymers (A and B) in a good solvent, using the self-consistent mean-field formulation with ground-state 
dominance, as is appropriate to moderately concentrated systems. We take the A chains to  be attracted to 
the surface and the B chains to be repelled. From susceptibility arguments, one expects a wide A-rich zone 
to appear at the surface, close enough to the A-B demixing transition. This (and several other qualitative 
expectations) is confirmed here by explicit numerical and analytic calculations of (1) concentration profiles 
and (2) interfacial energies, for various values of the excluded volume parameters and bulk concentrations. 
Our results are also applicable to the description of A-B block copolymer solutions with competing surface 
interactions. 

1. Introduction 
The physics of polymer-surface interactions and poly- 

mer adsorption phenomena has been of experimental and 
theoretical interest for a number of years.'-" Recently, 
particular attention has been paid to the surface properties 
of multicomponent polymer systems, especially to the 
structure and energetics of the interface between immis- 
cible simple polymers and/or block copolymers in solutions 
and blends.12-" 

In the present work, we extend the study of interfacial 
properties of multicomponent polymer systems in a 
somewhat different direction. Our concern is with the 
system polymer A + polymer B + good solvent (with A and 
B compatible) interacting with a boundary surface that 
is attractive to one polymer species (A) but repulsive to 
the other (B). This situation can presumably be realized 
experimentally, although we known of no example in- 
volving the mica surfaces that so far have ordinarily been 
used for this type of e~periment.'+~'J"'~ We will presume 
the bulk concentrations of the two species to be high 
enough that mean-field theory is applicable and, moreover, 
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that the surface interactions are of such a strength that 
the assumption of "ground-state d~minance" '~ is appro- 
priate for both polymer species. (For a comprehensive 
review of these ideas, see ref 4.) 

As will become clear, under these conditions, much of 
the physics is controlled by the A-B excluded volume 
interaction, wAB. For example, if this is zero, the A and 
B profiles are just those given in ref 3 for independent 
systems of attracted (A) and repelled (B) polymers. 
Whenever the coupling wAB is nonzero, however, new ef- 
fects arise, in both the interfacial energy and the concen- 
tration profiles of the two species. For example, when this 
coupling is strongly enough repulsive that the bulk A-B 
mixture is close to phase separation, the surface interaction 
can induce a strong local segregation, and the concentra- 
tion profiles of A and B are extremely different from those 
that each polymer would have in the absence of the other. 

While our discussion is phrased in terms of a mixed 
solution of A and B chains, it is notable that given our 
assumption of ground-state dominance, the computed 
profiles also apply (under appropriate conditions of con- 
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