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One of the questions outstanding with regard to the structure of cellulose 
centers on the conformation of the molecular chains in the ordered regions and whether 
the chains possess the same conformation in cellulose I and cellulose II’**. The evidence 
that a twofold screw-axis is an element of the symmetry of the unit cell is thought con- 
vincing by many; there is uncertainty, however, concerning its coincidence with the chain 
axis. Conformationalenergy computations have indicated that two-fold screw conforma- 
tions have energies somewhat higher than those of immediately neighboring conforma- 
tions that depart from this symmet$. Extensive analyses of electron-density distrr%u- 

tions from X-ray diffractometric studies have suggested that the chain conformations of 
celluloses I and II are indeed different4, whereas others, equally comprehensive, have been 
interpreted as indicating that the conformations are simila#. The differences between the 
infrared spectra of the two polymorphs above 700 cm-’ can, and have been, rationalized in 
terms of differences between hydrogen-bonding patterns6 . We present preliminary results of 
studies of the Raman spectra of celluloses I and II which we believe can only be interpreted 

in terms of different conformations involving different orientations about the /3-D-(1+4)- 
glycosidic linkage. 

Raman spectra of highly crystalline samples of celhrloses I and II* are compared in Fig. 1. 
The outsta&ing feature in the comparison is the occurrence of significant differences 
between the spectra in the low-frequency region. The changes in the spectra upon con- 
version from form I into II are quite consistent, and have been used as the basis for develop 
ing an index of the degree of conversion in partial mercerization experiments*. In contrast, 
the changes in the region between 800 and 1500 em-’ are relatively minor. 

The low-frequency region of the spectra, where most of the changes occur, is associated 

*The ceBulose I sample was regenerated by the procedure reported in ref. 7. Its Raman spectrum is very 
similar to those of highly crystalline native celluloses; it is used in the present comparison because the 

spectral features are somewhat better resolved. The cellulose II was a 1owd.p. sample selected because of 
its high crystallinity and its very low level of residual cellulose I. 
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%S- 1. Rainan spectra of highly crystalline samples of celluloses I and II. 

with skeletal-angle bending vrbrationsg. Studies of the effects of conformation on the 
spectra of carbohydrate molecules indicate that changes similar to those indicated in Fig. 1 
may be anticipated when conformational changes occurzo. Thus, a difference in conforma- 
tion is suggested by the differences between the spectra of the two celluloses. The basic 
ring-structure is not expected to change. Nor is rotation of the CHzOH side-chain likely to 
contrbute to the spectral changes below 500 cm- r . It appears, therefore, that change in 
the orientation of the glycosidic linkage relative to the ~-glucose residues is the only 
credrble explanation. The plausr%ility of this explanation has been explored by examinatior 
of the G matrix in the formulation of the normal-coordinate problem for analysis of the 
vibrations of cellulose, based on the Wilson GF matrix-method”. The matrix elements af- 
fected by changes in the dihedral angles about the two bonds in the glycosidic linkage are 
indeed those related to coupling of angle-bending viirations. Furthermore, calculations on 
model compounds indicate that changes in the dihedral angles, which are consistent with 
other structural data, can result in spectral changes of the magnitude observed. In contrast, 
effects on the stretching viirations are secondary, and occur through other coupling terms. 
This, in turn, is consistent with the observation that changes in the skeletal stretching 
vibration region of the spectra are relatively minor. 

The suggestion of different conformations for celluloses I and II does not preclude 
the differences in hydrogen-bonding patterns inferred from the infrared spectra. It must be 
emphasized, however, that differences in the hydrogen-bonding patterns cannot explain the 
spectral differences appearing in Fig. 1 in the low-frequency regions. 

The studies under way, to be reported in the near future, cover quite broadly the 

effect of polymorphic changes on the Raman spectra of cc&loses. In no instance have the 
results been inconsistent with the interpretation suggested here. 



PRELIMINARY COMMUNICATION c3 

REFERENCES 

1 D. IV. Jones, in N. BikaJes and L. SegaJ @is-). Cellulose and Cellulose Deriwatives, Part IV, Wiley- 
Interscience, New York< 1971. 

2 B. A. Tonnesen and 0. Ellefsen, in Ref. 1. 
3 D. A. Rees and R. 3. Skerrett, Gzrbohyd Res., 7 (1968) 334. 
4 T. Petitpas, M. Oberlin, and J. Mering, J. PoZynrer Sci., C(2) (1963) 423. . 
5 N. Norman, Textire Res. J., 33 (1963) 711. 
6 J. Blackwell and R. H. Marchessault, in Ref. 1. 
7 R. H. AtaBa and S. C. Nagel,Science, 185 (1974) 522. 
8 B. E. Dimick and R. H. Atalla, in preparation. 
9 L. J. Pitmer, Doctoral Dissertation, The Jnstitute of Paper Chemistry, Appleton, Wis. (1973). 

10 G. M. Watson, Doctoral Dissertation, The institute of Paper Chemistry, Appleton, 1%. (1974). 
11 E. B. Wilson Jr., J. C Decius, and P. C. Cross,MoZec~Zur Vibrations, McGraw Hill, New York, 1955. 


