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Reply to  Comment on “Thermodynamics of t h e  
Separation of Biomaterials i n  Two-Phase 
Aqueous Polymer Systems: Effect of t h e  
Phase-Forming Polymers” 
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Figure 1. Fraction of neighbors of a site in layer i of a spherical 
lattice which are in the next layer, hi(+l), in the same layer, Xi(0), 
and in the previous layer, hi(-l) ,  as a function of layer number 
V (hexagonal lattice). 

proportional to the contact area this cell has with that 
layer, or 

A,(+l)/A,(-l) = S,/S,-l for all i > 1 (8) 

where S, stands for the contact area between layers i and 
i + 1. The number of lattice sites for layer i is given by 
the difference in volume of two spheres with a radius i and 
i - 1, respectively: L(i) = V, - V,+ For a spherical lattice 
V, = 4 / 3 ~ i 3  (in units of single cell volume) and the contact 
area between layers i and i + 1 is given by S, = 4ai2. The 
final result is 

S, SL-1 
A,(-l) = A(1)- 

LL L, 
A,(+l) = A(1)- 

A,(O) = 1 - A,(+l) - A1(-1) (9) 

for i > 0. The inversion symmetry requirement (eq 3) is 
met, as one can easily verify by using eq 7: in fact w, 
becomes totally invariant to  the method of counting. It 
appears that  according to our equations A,(+l) and A,(-1) 
are significantly different from their counterparts in a flat 
lattice, even for relatively large values of i (see Figure 1). 

In conclusion, the model of Scheutjens and Fleer can be 
adapted to spherically symmetric systems in a consistent 
way by applying eq 9. 
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In order to investigate the behavior of biomaterials, 
specifically of proteins, in two-phase polymer solutions we 
have recently modified1 Scheutjens and Fleer’s liquid 
lattice mode12v3 for the adsorption of polymer chains to a 
flat surface. Since particles usually have nonplanar sur- 
faces the adaptation consisted of recasting Scheutjens and 
Fleer’s model in a lattice of given (usually variable) cur- 
vature around a curved surface. At the heart of such an 
endeavor is the choice of a functional form for the direc- 
tional weighting factors, Ai6 - i), which are the geometrical 
weighting factors for placement of the next chain segment 
in layer j given that the present one is in layer i. We chose 
the physically intuitive form of the ratio between the 
number of sites in layer j to that in layer i. van der Schoot 
and Leermakers4 now take issue with our treatment of 
curvature in this liquid lattice model; they have chosen5 
a different form for A,, specifically constructed to avoid the 
inconsistencies to which the earlier choice leads. 

van der Schoot and Leermakers are correct when they 
note that the effect of the curvature of the lattice on the 
combinatorial factor (which describes the number of dif- 
ferent ways of arranging the polymer chains and solvent 
molecules in the lattice) is attenuated by our approxi- 
mating the directional weighting factors, A,, by a local 
geometric average (to ensure “inversion symmetry”) and 
that in our treatment the computed number of segment- 
solvent contacts is only approximately equal to the number 
of solvent-segment contacts (i.e., that our1 eq 14 does not 
strictly hold). van der Schoot and Leermakers point4 to 
an alternate definition of A,, given by Leermakers, van der 
Schoot, Scheutjens, and L ~ k l e m a ; ~  this new form (eq 9 in 
their paper) indeed satisfies the condition that the number 
of segment-solvent contacts must be equal to the number 
of solvent-segment contacts. Values for A, computed with 
their formulas are closer to those obtained for a planar 
lattice (i.e., the limiting values as i - a) than those com- 
puted6 with our1 eq 5 by roughly a factor of 2 (for these 
comparisons, we set the radius of the spherical particle, 
R,  to zero), and since the Ai's enter not only into the cal- 
culations of the combinatorial factor but also into those 
of the system energy, a compensation takes place: the new 
m ~ d e l ~ , ~  is more sensitive to changing curvature than ours1 
in the combinatorial factor, but less so in the energy. Also, 
we find the appeal of this new definition for A,, which is 
based on a ratio of the surface area to the volume of the 
layer, somewhat tempered by its dimensional inconsis- 
tency. 

To assess the effect that  changing our definition of A, 
to that of Leermakers e t  al.5 would have on the results 
reported in our paper,’ we have recalculated most values 
reported earlier. It is comforting to be able to state that 
the changes in the calculated Gibbs energies are minimal. 
A plot of the Gibbs energy per particle as a function of the 
polymer-particle interaction parameter xs, computed with 
Leermakers e t  al.’s5 as well as with our definitions for A,, 
is shown in Figure 1 (the case shown is identical with the 
one depicted in Figure 5 of the original paper’). Also, the 
slight influence of the change of formulas used for A, on 
the Gibbs energy is systematic, so that the values of the 
distribution coefficients between different phases are not 
perceptibly different. Since the results published earlier 
are not changed significantly, we are led to believe that 
the particle surface area and the volume of lattice sites in 
a layer, which are calculated identically in the two model 
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of the original paper.) Subst i tut ing eq 9 f rom the original 
paper 

= CQIn,, ex~[Ci(Li$I, ip1) /k TI e x ~ [ C ~ ( L i $ ~ , i f i 2 / r k r ) l  

(9) 

for E in eq iii above gives 

gexcess = -kT In Q - Ci(Li4~~pJ - C&5i42,i~2/r) (iv) 

Substituting eq 19,111-7, and 111-8 from the original paper 
-(ln Q) = 

n2 In 42,. + Cinl,i In q51,i + Cinz,i In pi + A U / k T  (19) 

Inc} 

p2/kT = 1 - 42,. - r41,* + In 42,. + rxq51,4 - 42,J 
(111-7) 

(111-8) 

for Q, pl, and p2 in eq iv above gives eq 20 in the original 
paper. Note that gexces8 here is equal to the total surface 
tension r A / k T  as defined b y  Roe8 and by Scheutjens and 
Fleer.2 
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Formation of a Surface Monolayer and a Built-up 
Multilayer from a Well-Defined Amphiphilic 
Block Copolymer 

In this report we show that a well-defined amphiphilic 
block copolymer (3)) derived from poly(ethy1 acrylate)-  
block-poly(styrene) (2)) can be prepared by using the 
catalytic system of halo-containing macroinitiator 1 and 
manganese  carbonyl (Mnz(CO),,) and that such an am- 
phiphilic block copolymer readily forms a surface mono- 
layer, which is s t rongly affected b y  poly(styrene) (PS t )  
chain l eng th  and by varying pH in subphase, and fo rms  
a built-up multilayer. 

Langmuir-Blodgett  (LB) fi lms have received much at- 
tention in recent years  due to the fac t  that the control of 
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