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The results of the stereochemical analysis of poly-
saccharides depend significantly on the geometrical pa-
rameters used for the repeat unit.!® Inherent in these
calculations is the assumption that the geometry of the
residue in the crystal structures of the mono- and di-
saccharides would remain the same when incorporated in
the polymer. Using the geometries derived from various
crystal structure reports on small molecules containing the
8-D-glucose moiety, French and Murphy?® found differences
in the results of the structure analysis of cellulose.

In addition to the geometry of the monomer unit, the
valence angle ZCOC (denoted here by 7) at the bridge
oxygen atom is also an important parameter. In methyl
glycosides it is of the order of 113°, whereas it increases
to 116-118° in disaccharides.>4® It would thus seem that
the angle 7 increases with the size of the substituent on
the sugar residues, as well as on the type of linkage be-
tween the units, in the crystal structure of the small
molecules. Conventionally, values in the range of 116.5
to 117.5° (similar to those in disaccharides) have been used
in the conformational calculations on cellulose. However,
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using the Arnott-Scott geometry for the residue,® Gardner
and Blackwell” concluded that a lower value of 114.8°
should be used for  to achieve a distance of 2.75 A for the
0-3---0-5 hydrogen bond. Use of 7 = 117° leads to a
shorter hydrogen bond distance. The calculations of
French and Murphy? also led to similar results and they
observed that neither a small glycosidic angle nor a short
hydrogen bond distance should be considered improbable
in cellulose structure.

In view of the preference shown in the above work for
a lower value of 7, it is appropriate to examine the effect
of the variation of 7 in the conformational energies of the
cellulose chain. The results of such an analysis are
presented here.

When the repeat distance and the screw symmetry are
known from diffraction data, the virtual bond method has
proved useful for rapid analysis of the conformations of
a polymer. The description of the virtual bond method
was given before.l8® Essentially, it involves a rotation 8
of the residue about its virtual bond or the end-to-end
vector, thereby varying the disposition of the atoms of the
residue with respect to the helix axis. In this process, the
angle at the bridge atom varies with 8. For each value of
8, contiguous residues may be generated and the energy
of interaction between contiguous residues or between
remote residues can be calculated. From the coordinates
of the residues along the helix thus generated, the angle
7 as well as the torsion angles ¢ and ¢ around the glycosidic
bonds can be evaluated. It is thus a convenient method
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Figure 1. Results of virtual bond analysis of cellulose. The
variations of 7 (left ordinate), ¢, and ¥ (right ordinate) with  are
shown in the lower part. The hydrogen-bond distances (right
ordinate) and the energy curve (left ordinate) are given in the
upper part. The OH-6 group was placed in tg position in this
calculation. When the C-1 atom lies in the YZ plane, ¢ = 0.

for examining the effect of 7 on the conformations of the
polymer.

The Arnott-Scott parameters were used for the 3-D-
glucose unit, and a repeat distance of 10.3 A was taken for
the cellulose chain. The nonbonded interaction energies
were estimated using the 6-12 potential function, with
parameters given before.? The hydrogen bond energy was
calculated using a simple inverse third-power expression
given by Blackwell et al.'® The strain energy due to the
bond-angle deformation was calculated using an effective
force constant of 80 kcal mol™ for the angle 2/COC,!! as-
suming the normal value for this angle to be 110°.

The results of the virtual bond analysis can be con-
veniently presented as shown in Figure 1. The variations
in 7, ¢, and ¥ with 8 are given in the lower half of the figure.
The 0-3’---0-5 and 0-2---0-6’ hydrogen-bond distances,
and the total conformational energy, are given in the upper
half. The values of 7, ¢, and ¢ for any 8 and the corre-
sponding hydrogen-bond distances and energy can be read
from this plot. It is seen that except for the value of 7
corresponding to the minimum in the 7 curve, two 2(5.15)
helices are possible for a given value of r. For example,
with r = 117°, two chains, with § = 115° and 230°, are
possible. These correspond to (¢,¥) values of (33°,-35°)
and (-32°,31°), respectively. Although geometrically two
chains can be constructed for r = 117°, the chain with §
= 230°, ¢ = -32° and ¢ = 31° is ruled out since the
0-3'---0-5 and 0-2---0-6' distances are 4.5 and 0.5 A,
respectively. The energy of this conformation is very high.
With § = 115°, ¢ = 33°, and ¥ = -35°, these hydrogen-
bond distances are 2.5 and 2.85° A, respectively, and this
conformation is close to the minimum in the energy curve.

The actual minimum in the energy curve corresponds
to 6§ = 130°, which leads to 7 = 113°, The 0-3’---0-5 and
0-2---0-6' distances are 2.65 and 2.6 A, respectively, in
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this case. It is interesting that the value of + = 113°, which
is less than the values hitherto used in the conformational
analysis of cellulose, leads to the minimum energy con-
formation. The “normal” value of 7 = 110° was used in
calculating the contribution of the energy due to bond-
angle deformation. The energy minimum occurs at 7 =
113° even if the bond-angle-deformation energy is omitted
in the calculations. The same result was obtained when
the OH-6 group was kept in the gg position. The repeat
distance in the above calculations was taken to be 10.3 A.
With a higher value of 10.39 A, as used by Gardner and
Blackwell,” the energy minimum occurs at 7 = 114.5°. In
this case also, the value of 7 is less than that in the crystal
structure of cellobiose.

Although 7 = 117-117.5° is observed in the crystal
structure of cellobiose, it is shown that a lower value of
113-114° is preferred for the polymer, from energy con-
siderations. It is interesting to note that while r = 116.8°
in acetyl cellobiose,? a lower value of 115.5° occurs at one
of the bridge oxygen atoms in acetyl cellotriose.’® A
significantly low value of 106° has been reported for the
valence angle at one of the bridge oxygen atoms in cel-
lotetraose.

It is thus shown from energy calculations that a value
of 7 in the range of 113-115° is favored for cellulose. The
Arnott-Scott standard geometry was used here for the
glucose residue. The exact value of 7 at which the min-
imum in energy occurs may vary depending on the ge-
ometry of the residue. Calculations may be performed
using every §-D-glucose geometry available in the literature,
in pursuit of the best suited one. It is beyond the scope
and intent of this article, however.
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Calculation of the Fundamental Elongational
Relaxation Time for a Slightly Flexible
Rodlike Molecule
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Many polymer molecules of both natural and synthetic
origin are thought to be rodlike. The solution dynamics
of such molecules are well characterized, for many pur-
poses, by a single relaxation time corresponding to end-
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