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the magnitude of a’ approaches or exceeds that of v. The 
analysis leading to eq 5 also shows that calculations of the 
composition dependence of the partial molar volume based 
on simple equations of state such as the FOV and RK 
equations must be interpreted with particular caution 
where such equations predict sharp minima in ~ 2 ,  as they 
do for CZ-C~ mixtures. 
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and P* in terms of those 
of the pure components should he viewed as relatively crude “mixing 
rules”, adequate for the purpose. They are in general conformance with 
the corresponding states theory of Prigogine5 and Patterson6 and differ 
somewhat from the expressions proposed by Flory et aL4 The expres- 
sion for P’ is perhaps most open to question, but the partial molar vol- 
ume is relatively insensitive to the “mixing rule” for P”. 

(12) We are not concerned here with any inconsistencies between the refer- 
ence values recommended by these two sets of investigators because of 
the approximate nature of these calculations. 
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Recently, Mark and Windwer2 a n d  have investi- 
gated properties of self-avoiding chains generated in the 
presence of a barrier. One of us has that the chain 
partition function for surface restricted walks can be repre- 
sented by an equation of the following form 

CN’ - psNas (1) 

N-+W 

where C N ~  is the walk count in the presence of a barrier, a, 
is the long-range index of surface chains, and ws is the ef- 
fective coordination number. A similar expression exists for 
bulk generated  chain^,^ namely, 

C N  - P a U b  (2) 

N--W 

where C N ~  is the walk count in the absence of a barrier, a b  
is now the long-range index in bulk, and fib is the effective 
coordination number. The questions naturally arise: is a, a 
dimensionally independent parameter as has been found 
for ab; is ps identical in magnitude with or do they differ 
by some small number; what is the order of magnitude for 
the surface contribution to cy, defined as a0? Lax,4 in par- 
ticular, estimated the magnitude of cyo, the difference be- 
tween the value for the long-range index a, of surface 
chains and that of the long-range index a b  of bulk generat- 
ed chains. Estimates for cyo are obtained by plotting  NO 
values from eq 3 vs. 1/N and extrapolating to 1/N = 0 

(3) Cy&’’ - [N/(Ws/CLb)][PN+1/PN - Wcs/llbl 

Table I 
A List of the Number of Self-Avoiding Walks of 
Size N (Cnb) in the Absence of a Solid Surface 

(Bulk Values) and  the Number of Such Walks ( CN.) 
(Surface Values) in the Presence of a Solid Barrier 

on the Four-Choice Cubic Lattice 

1v CN CN* 
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9 
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Figure 1. Plot of p~~ and p~~ and average values. p ~ ~ *  = (p,$ + 
P N + I ’ ) / ~ ,  fi.vb* E ( P N ~  + puhr+lb)/2 VS. 1h” 

aN0* = ((YNo + a N + l 0 ) / 2  (4) 

where PN 3 CN”/CNh.  (This equation is an expansion for 
p ~ + l / p ~  neglecting terms higher than N-l.) 

We now report results for the magnitudes of w,, fib, a , 
and a, from an analysis of data obtained from self-avoiding 
walks generated on the four-choice cubic lattice in the pres- 
ence and absence of a solid barrier. Table I lists the data 
for C N ~  and C N ~ .  The values obtained for C N ~  agree with 
those computed from the ratio of b N / ( d N )  reported by 
Bellemans.8 

Figure 1 is a plot of CN+lS /CNS and C N f l b / C N h  vs. 1/N. 
Extrapolating to 1IN = 0 one obtains pb - 3.591 and p, - 
3.570. These limiting estimates obtained from short walks 
differ by 0.02. Similar behavior was reported by Lax3 for 
the diamond lattice. The question as to whether or not this 
difference persists for longer chains still remains to be clar- 
ified. If one assumes such differences are not significant 
(i.e., p b  E p,), one obtains the following values for a~’* 
from eq 3 and 4: aso* = -0.3403; ago* = -0.3457; cr1o0* = 
-0.3575; allo* = -0.3705; a1z0* = -0.3779. Linear extrapo- 
lation of alternate pairs of  NO* values given above yield 
aS,11O* - -0.480 and a10,12~* - -0.480, respectively. This 
value is within the experimental error of that obtained for 
a0 on the diamond lattice4 and suggests that cyo (as well as 
a,) are long-range exponents which are solely dimensional 
dependent. Using the accepted value of Cyb = %i one esti- 
mates as - -0.313. 

0 
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I. Introduction 
Recently'-3 attention has been focused on the behavior 

of a polymer chain terminally attached to a surface. A ter- 
minally attached chain is defined as one that is anchored to 
the surface at either one end (tail) or a t  both ends (loop). 
In particular Meier3 and Hesselink2 have obtained results 
using random walk statistics for the distribution of seg- 
ments of tails and loops on the cubic lattice. 

Such information is important in understanding the be- 
havior of random walks near barriers, the stability of col- 
loid dispersions, the size of the fold surface in polymer 
crystals, and the thickness of polymer films near weakly at- 
tracting interfaces. The effects caused by self-exclusion be- 
tween chain elements have not been considered in either of 
these studies. Nevertheless it is apparent that such effects 
alter the relative location of polymer segments with respect 
to one another and hence may seriously alter the form of 
the distribution with respect to the surface. 

In this paper we report a study of the distribution of seg- 
ments for self-avoiding walks terminally attached to a sur- 
face generated on the diamond lattice by the method of 
exact enumeration. 

11. Results a n d  Discussion 
The methods used to generate such walks are similar to 

those described previously.' In this particular study a 
count of the number of self-avoiding open walks (tails), i.e., 
those which do not return to the surface of size i ,  Cnr(i,k,z) 
(where i is the number of segments i - 1 being the number 
of bonds), having segment k in level z were obtained. In ad- 
dition, the number of self-avoiding loops Crr(i,k,z), Le., 
loops which return to the surface randomly for the first 
time, and the number of self-avoiding loops Car(i ,k ,z) ,  Le., 
loops which return for the first time adjacent to their start- 
ing point, having segment k in level z were also obtained. 
These counts are reported in Tables I, 11, and 111, respec- 
tively. I t  should be noted that in Tables I1 and I11 only cer- 
tain values of C ( i , k , z )  are listed. The remaining values of 
C(i ,k , z )  may be computed using the symmetry relationship. 

C ( i , k , z )  E C(i,i - k C 1 , ~ )  

In addition all walk counts listed in Tables 1-111 are re- 
duced by a factor of 2 due to symmetry considerations. 

(1) Walk Probabilities. One defines the conditional 
probability for finding a walk of size i with segment 12 in 
level z and its first segment in level zero by 

Pnr( i ,k ,z )  Cm(i,k,z)/Cnrs (1) 
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Figure 1. Plots of probability PnAi ,k , z )  vs. k l i .  
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Figure 2. Plots of fraction of segments vs. normal to the surface 
distance for tails. 

where CnrS is the total number of self-avoiding tails ob- 
tained. These probabilities are normalized so that 

r = i - 1  

2-0 
c P,,(i,k,z) = 1 

and also 
z = i - l  k = i  

z=0 k = l  
C E Pnr(i ,k,Z) = 1 (3) 

where 

Pnr(i ,k,Z) Pnr(i,h,z)/i (4) 

I t  is apparent that  P n r ( i , k , z )  can also be looked upon as 
the average number of k th  segments per chain located in 
level z ,  whereas Pnr( i ,k ,z ) / i  represents the fraction of kth 
segments in level z .  In addition one may compute the aver- 
age number of segments per chain, iO(i,z), where W , z )  is 
the fraction of segments in any level, by summing the 
Pnr(i,k,z) over k, i.e., 

k = i  

k = l  
iO(i,z) = Pnr(i,k,z) 

Figure 1 is a normalized plot of P,,( i ,k ,z)  vs. k / i  for vari- 
ous z levels. By connecting points corresponding to the 
same value of k one obtains curves of constant k, and ex- 
trapolating to k l i  = 0 one obtains an estimate for 
Pnr(=,k , z ) .  It  is seen that for most values of k straight lines 
are obtained; only for large k l i  does curvature appear due 


