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Figure 3. X-ray powder diffraction traces for paramylon and 
curdlan in the dry and hydrated forms. 

The line broadening observed in the spectra of the dry 
polysaccharides is likely due in large part to distributions 
of chemical shifts for the individual resonances.8 This type 
of line broadening results from a distribution of microen- 
vironments within the solid sample. Hydration could alter 
this heterogeneity in a number of ways. X-ray diffraction 
studies of dry9 and hydrated'O (l-+p-D-g1ucans indicate 
that hydration is accompanied by lattice expansion, which 
allows water to enter the intertriplex spaces in these tri- 
ple-helical solids. This lattice expansion may allow strain 
relief and removal of local defects in the solid. This 
treatment would yield a structure with greater confor- 
mational homogeneity, leading to smaller chemical shift 
distributions for the individual 13C resonances. 

Regardless of the detailed mechanism responsible for 
the observed spectral changes, it is seen that caution must 
be exercised in the interpretation of the 13C spectra of these 
materials. Differences found in comparisons of spectra of 
related materials may be due only to differences in the 
degree of hydration of the materials. Hydration effects 
have been noted for another (1+3)-p-D-glucan (laminarin), 
(1+3)-P-~-xylan (C. A. Fyfe and P. J. Stephenson, un- 
published results), cellulose1' and oligomers of cellulose.12 
The 13C spectra of other solid biopolymers may also de- 
pend strongly on hydration. Thus, the sample history with 
respect to exposure to water should be carefully controlled 
in solid-state 13C NMR studies of these materials. 

Registry No. Curdlan, 54724-00-4; paramylon, 51052-65-4. 
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In a recent paper' we introduced a so-called deflection 
length for describing the statistical properties of wormlike 
chains trapped in pores. Scaling-type laws were derived 
for equilibrium as well as dynamical quantities, the latter 
pertaining to polymers confined in networks. Our results 
for the rotational diffusion coefficient agree with a some- 
what different approach due to Doi,2 who obtained some 
of the numerical coefficients as well. At present it is not 
known if the calculations outlined in ref 1 and 2 have any 
bearing on the modification of the dynamics of mutually 
entangled rodlike There still seems to be a 
major missing link between experiment (e.g., ref 7) and 
theory (ref 3-6, 1, and 2). 

Our derivation of the deflection length was very heu- 
ristic. Hence, we would like to point out in this Note that 
it can be obtained much more rigorously from the partition 
function by a similarity analysis.8 

Consider a wormlike chain of contour length L trapped 
in a infinitely long, cylindrical pore of diameter D. In our 
Cartesian coordinate system ( x ,  y, z )  the axis of the pore 
is along the z direction. The canonical variable is Z(s) = 
d?(s)/ds with ii2 = 1. Here, ?(s) is the radius vector of a 
point of the coil at a contour distance s from one end to 
that point. The partition function is given formally by the 
following path integral:9 
Z(U'(0) ,U'(L) Q,L,D) = 

f""' fixedZl[ii(s)] e x p ( y 2 P l L (  di) (1) 
4 0 )  fixed 
li2(s)=l 

with the additional restriction 
2 

[r,(O) + xsu , ( t )  dtI2 + [r,(O) + f u , ( t )  dt ]  I 1/D2 
for all s (2) 

Here, P is the persistence length. Now, if D << P, the chain 
cannot fold along the z axis (see ref 1). Furthermore, u,(s) 
<< 1 and uy(s) << 1. In that case, eq 1 can be rewritten as 
follows: 

Although eq 3 is not exact, we can make it as exact as we 
want to by letting DP' become smaller and smaller. 
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Next, we introduce the dimensionless variables s’, u,’, 
u,,’, r l ,  r I ,  and L’as well as two scales X (dimension length) 
and a (cfimensionless), defined in the following way: s = 
As’, u,(s) = au,’(s?, U J S )  = auy’(s9, r,(O) = aXr,’(O), r&O) 
= aXr,’(O), L = U’. Accordingly, eq 2 and 3 become 
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e x p [ - g l L [  ($) + (z)] ds’) (4) 

where S(a,L’) is a function of a and L’on which we shall 
remark later on. 

I t  is now expedient to choose a and X as follows: a = 
D/X;  X3 = D2P. One then sees immediately that the fol- 
lowing two relevant dimensionless groups remain, viz., L’ 
= LA-’ and a = DX-l; Le., we can write 

exp { -- :AL[ (%) + (z)] ds’) (6) 

(4i(L’) represent the angular restrictions), with the con- 
straint 

[ r,,’(O) + f;L,’(t’,L’) 0 dt’]’ I y4 (7)  

From eq 6 and 7 we can discern the following. 
(a) The variable a appears only in a front factor in eq 

6 and does not occur at all in eq 7. Hence, the probability 
of some path (u,’(s’), uy’(s9) does not depend on a, even 
implicitly. I t  is in this sense that we have similarity. 
Suppose we compare the behavior of two stiff polymers 
(with P1,L1 and P2,L2) each within their respective thin 
tube (with Dl and D J .  Furthermore, let LlX2 = L2X1. The 
statistical properties of ulacl are then identical with those 
of u2a2-1. Note that these results hold only if X and a are 
chosen as above. 

(b) A further implication is that S(a,L’) must be of the 
form 

S(a,L’) = ag(L’) ( 8 )  
where g(L’) represents the number of degrees of freedom. 
The latter are to be determined from physical arguments. 

(c) If L’>> 1, we expect In Z,, to be “extensive”lO (Ztot 
is the partition function without any restrictions on the 
chain ends). It does not matter in a calculation of the free 
energy whether we cut a very long chain in half because 
the end effects are entirely negligible as L’- a. 

F,/k,T = -In Z,, = L’f(a’) (L’ >> 1)  (9) 

Here, kg is Boltzmann’s constant and T the temperature. 
In other words, we have 

g(L’) = ClL’ (L’ >> 1) (10) 

z,, = (yclL’e-4’ (L’>> 1) (11) 

and also 

where c1 and c2 are numerical constants. 
(d) Let us consider the behavior of Z/S  given by eq 6 

and 7. For L’<< 1, (ui,uyl) = O(l/L’)  from eq 7. More- 
over, as L’- 0, we are in the WKBJ limitg so all fluctu- 
ations away from the rod limit become smaller and smaller. 
Now an integration over +i(L’) yields solely a constant 
factor. Hence, we end up with 

ztot/s = O(1/L’) 
or 

Ztot = c ~ D / L  (L’<< 1) (12)  

where c3 is a numerical factor of order unity. 
When L‘>> 1, u,‘ and uy’ as well as their derivatives with 

respect to s‘must be O(1).  Any other choice would not 
make In Z extensive. However, it then follows from eq 7 
that u,‘ and u,’ must be, in the main, oscillating functions 
with a dimensionless period of order unity; i.e., the actual 
period is A. Accordingly, the latter may be called a de- 
flection length. Brownian motion causes appreciable 
wriggling (but no folding) of the stiff chain. Near a wall 
the entropy of the polymer is greatly decreased so the pore 
walls exert an effective repulsive force deflecting the stiff 
coil once every X on the average. 

These results coincide with our rather different, more 
intuitive analysis outlined in ref 1. In particular, eq 11 and 
12, to leading order, are identical with, respectively, eq 18 
and 9 of ref 1. 
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