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AB!xRAcr 

A theoretical study of the vibrational spectra of a-D-glucose has been made by 
normal coordinate analysis. The predicted vibrational frequencies are compared with 
those observed in the infrared and Raman spectra of a-u-glucose, both as a crystalline 
solid and in aqueous solution. The computed potential-energy distribution shows that 
most of the modes are highly coupled vibrations. In most cases, this distribution is 
compatible with the experimental band-assignments, based on deuterium exchange 
methods, and the like. Overall, the agreement between the observed and calculated 
data is considered reasonably satisfactory for a molecule as large as CL-D-glucose. 

INTRODUCTION 

In this series of papers, the infrared and Raman spectra of carbohydrates are 
examined, in order to obtain information on the chain conformation and crystal 
structure of several &cans. In paper I, assignments for some of the C-H and O-H 
modes were made by means of deuterium substitution of model monomers and 
dimersl ; this information has been used in interpreting the spectra of polysaccharides, 
details of which will be published shortly. 

It has become increasingly clear that, in the spectra of carbohydrates, many of 
the lines in the region below 1500 cm- ’ are due to complex vibrational modes, and 
that group-frequency assignments are highly suspect. For example, disappearance of 
a mode when the O-H groups are deuterated, simply means that the mode is due to an 
O-H related vibration_ The vibration could be a pure O-H mode, or a complex mode 
including an O-H contribution, in which case the coupling would be expected to 
break down on deuteration. In addition, deuteration of the O-H groups may affect 
the coupling for other modes, with a result that a few bands, which have no apparent 
O-H contribution, may shift or disappear. 

In view of these difficulties, we have made a theoretical study of the a-D-gluco- 
pyranose molecule using the methods of normal coordinate analysis. To the best of 
our knowledge, this is as yet the largest molecule for which such an approach has been 
used. Only recently has it become possible, with the aid of high-speed computers, to 
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solve a problem of this magnitude. Because of this magnitude, we could not expect to 
obtain an exact fit between the calculated and observed frequencies. Nevertheless, 
the results obtained should be valuable for the interpretation of carbohydrate spectra- 

Fig. 1. Raman spectrum for crystalline a-D-glucopyranose. 

EXPERMENTAL 

Details of the preparation of specimens of cr-D-glucopyranose, in the crystalline 
state and in solution, and of the apparatus used to record the infrared and Raman 
spectra, have already been given’. The Raman spectrum of crystalline a-D-glucose is 
shown in Fig. 1. The observed frequencies for the Raman and infrared spectra of 
crystalline a-D-glucose, and the Raman data for the aqueous solution are collected 
in TabIe I. 

. Computations were made by use of a Univac 1108 computer. 

TABLE I 

VIBRATIONAL ASSIGNMENTS FOR a-D-GLUCOPYRANOSE 

a-D-Glucose(crystalhe) 

Raman Ix. 
Icm-1) (Cm- ‘) 

D GIucose in 
solution 
Raman 
(cm-‘) 

Deuteration 
assignment 

Band assignment 

1462 

1433 
1408 
1375 

1346 

1335 

1298 

1457 
1442 
1427 
1402 
1378 
1369 
1360 

1337 
1328 
1293 

1461 

1405 
1373 

1349 

1335 
1328 
1298 

CHz 

C-2-H I 

C-l-H 
C-O-H 

a-&z 

CHz (bending) 

GH bending with 
some Q-H bending 
contribution 

C-O-I-I bending 

CHZ 
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The calculated frequency at 1469 cm- 1 has a major portion of CH2 motion and 
matches the observed CH, mode at 1462 cm- ‘. The other observed frequencies at 
1335,1224, and 998 cm- r, which were also idenaed as CH,-related modes by deuter- 
ation, come close to the calculated frequencies of 1337 (and 1335), 1226 (and 1210, 
and 996 cm-‘, respectively, all of which contain signScant C-C-H contributions. 
These modes probably involve +&he CH, group, but also have contributions from other 
strncturcs. 

The calculated frequencies in the range of 1450 to 1350 cm- ’ do not match the 
observed frequencies quite so well as in other frequency ranges, but there are enough 
(five) to explain the four observed. All of the calculated modes contain a high propor- 
tion of C-C-H and O-C-H contribution, which justifies the assignment of the 
observed bands to Z-C-H deformations. In addition, the potential distribution 
indicates a small contribution to each mode of C-O-H deformation to each mode. 
This contribution has been detected for cellulose3, but not for D-glucose. The calcul- 
ated frequencies at 1320, 1295, and 1290 cm- ’ probably correspond to the observed 
modes at 1328 and 1298 cm-‘, which were assigned as Z-C-H deformation modes. 
These calculated modes all contain sizeable C-C-H contributions, although the fre- 
quency at 1290 cm - ’ also contains 43% of C-O-H, which was not demonstrated by 
deuteration. 

Of the other infrared bands assigned, by deuteration, to Z-C-H related modes, 
those modes observed at 1250 and 840 cm- ’ match calculated modes at 1256 and 
863 cm- 1 that contain C-C-H contributions. These calculations are in agreement 
with the original assignment of the band at 840 cm-l to a mode related to vibration 
of the anomeric C-H. The band at 914 cm-l comes nearest to the calculated mode 
at 902 cm- ‘, but the latter contains no Z-C-H motions. However, if this observed 
band is assigned to the calculated mode at 946 cm- ‘, which contains 19% of C-C-H 
contribution, the calculated mode at 902 cm-’ could correspond to the observed 
band at 897 cm- ‘. Although we have allowed for contamination by the ganomer of 
the band at 897 cm- ‘, a band at this frequency is observed for amylose. The bands 
observed at 1076 and 1054 cm- ’ are assigned to Z-C-H modes, and match the calcul- 
ated frequencies of 1075 and 1051 cm- ‘. These calculated modes contain no C-H- 
related components, and the results observed are only compatible if the coupling of 
these modes breaks down on deuteration. 

The Raman lines observed at 1346,1272,1076,1022, and 914 cm-r are assigned 
as C-O-H related modes’. Of these, the first three appear to correspond to the cal- 
culated modes at 1347, 1284, and 1075 cm-‘, which have C-O-H contributions in 
their potential-energy distribution. The other two probably match at 1014 and 
902 cm- ’ (as already discussed), although neither of these calculated modes has any 
calculated C-O-H contribution; in these cases we suggest that the coupling breaks 
down on deuteration. The frequency correspondence in this region is not good, as. 
additional bands may be observed because of contamination by the fi-anomer, and 
possible hydrate formation. 

The general assignment of the bands in the regions of the spectrum involving 
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C-O and C-C stretching, skeletal, and torsional modes is essentially justified by the 
calculations. The complex nature of these vibrations is indicated by the potential- 

energy distributions. 
The agreement between the observed and calculated frequencies is quite good, 

and in most cases the potential-energy distribution is compatible with previous band- 
assignments. The fit could certainly be improved by variation of the atomic coordi- 
nates and force constants, and the effect of deuteration could be simulated for more 
direct comparison. Such work would involve a considerable amount of computer 
time and it is not clear that very much more information would be gained by this 
procedure. The work described here gives further insight into the complex problem of 
interpretation of the vibrational spectra of carbohydrates, and provides an additional 
basis from which the data for the glucan polysaccharides can be examined. 
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