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Note  

Four ier - t ransform infrared spectroscopy of sugars. Structural  changes in 
aqueous solut ions 
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T i m e  d e p e n d e n t ,  F o u r i e r  t r a n s f o r m  i n f r a r e d  (F. t . i , r . )  s p ec t ru  o f  g lu co se  
a n o m e r s  in a q u e o u s  s o l u t i o n  a r e  h e r e  s h o w n  to p r o v i d e  n e w  i l l f o r m a l i o n  o n  v ib ra -  
t iona l  b a n d s  c h a r a c t e r i s t i c  o f  a a nd  ~ a n o m e r s .  T h e s e  ~exults, a n d  the  s u p e r i o r  
q u a l i t y  of  s p e c t r a  o b t a i n e d ,  d e m o n s t r a t e  the  a d v a n t a g e s  o f  F . -1 . i .L  s p e c t r o s c o p y  
for  i d e n t i f y i n g  the  v i b r a t i o n a l  b a n d s  o f  suga r s .  

T h e  s t r u c t u r a l  c h a n g e s  o f  s u g a r s  u p o n  d i s so lu t i o n  in w a t e r  h a v e  b e e n  inves t i -  
g a t e d  ~ p r i m a r i l y  by  p o l a r i m e t r y  a n d  n u c l e a r  m a g n e t i c  r e s o n a n c e  t e c h n i q u e s ,  T h e s e  
t w o  m e t h o d s  a r e  u n d o u b t e d l y  the  m o s t  s e ns i t i v e  o n e s  for  m o n i t o r i n g  the c o m p l e x  
s t r u c t u r a l  c h a n g e s  in a q u e o u s  so lu t ions  of  s uga r s .  V i b r a t i o n a l  s p e c t r o s c o p y  shou ld  
in p r i nc i p l e  h a v e  e q u i v a l e n t  sens i t iv i ty  to s t r u c t u r a l  c h a n g e s ,  as an )  such c h a n g e s  

s h o u l d  a f f ec t  the  m o l e c u l a r  v i b r a t i o n s  bo th  in t e r m s  of  v ibra t i~mal  b a n d - p o s i t i o n s  
a n d  i n t ens i t i e s .  S o m e  p rac l i ca l  p r o b l e m s  h a v e ,  h o w e v e r ,  p r e c l u d e d  lhe  use  of  ~ib- 
r a t i o n a l  s p e c t r o s c o p y .  As  w a t e r ,  a na tu r a l  m e d i u m  for  suga r s ,  s t rong l}  a b s o r b s  i .r  
r a d i a t i o n  o v e r  a l a r g e  f r e q u e n c 3 , - r a n g e ,  the  a b s o r p t i o n  p eak y  of  suga r s  a r e  b u r i e d  
in the  s o l v e n t  b a c k g r o u n d .  l ' h i s  s ingle  p r o b l e m  is the m a j o l  h u r d l e  in e m  
p l o y i n g  i .r .  s p e c t r o s c o p y  fo r  s t u d y i n g  s t r u c t u r a l  d y n a m i c s  in a q u e o u s  c a r b o h y d r a t e  
so lu t ions .  A s  a r e s u l t ,  on ly  such a p p l i c a t i o n s  as  m e a s u r i n g  s p e c t r a  o f  c a r b o h y d r a t e s  
as pe l l e t s  o r  mu l l s  h a v e  b e e n  r e p o r t e d  ~. N e v e r t h e l e s s  o n e  a t t e m p t  has  b e e n  m a d e  ~ 
to m o n i t o r  tile m u t a r o l a t u m  of  g lucose  a n o m e r s  Jl~ a q u e o u s  soJtlliocl b} us ing  a di- 
s p e r s i v e  i . r .  i n s t r u m e n t .  

T h i s  a r t i c le  p r e s e n t s  the  s t r u c t u r a l  c h a n g e s  ill a q u e o u s  so lu t ions  of  a su g a r  as 
r e v e a l e d  by F . - t . i . r .  s p e c t r o s c o p y  4, a nd  r e p o r t s  n ew  i.r ,  b a n d s  c h a r a c t e r i s t i c  of  the  

a n d / 3  a n o m e r s  o f  g l u c o s e .  

S a m p l e s  ( 1 g) o f  ae- a n d  ¢3-D-glucose ( S i g m a  C h e m i c a l  Co .  ) in w e i g h i n g  bot -  
tles w e r e  s t i r r e d  m a g n e t i c a l l y  d u r i n g  a d d i t i o n  o f  5 m t ,  o f  d is t i l led  w a t e r .  T h e  solu-  
t ions  w e r e  s t i r r e d  fo r  a few a a n d  a l i quo t s  q u i c k l y  d r a w n  in to  s y r i n g e s  a n d  t r a n s f e r -  
r ed  in to  ce I Is h a v i n g  b a r i u m  f l u o r i d e  w i n d o w s  a n d  a p a t h  l eng th  o f  25 ~ m .  T h e  cells 
w e r e  p l a c e d  in t he  s a m p l e  c o m p a r t m e n t  o f  a N ico l e t  6000 C F . - t . i . r .  s p e c t r o m e t e r  
a n d  d a t a  c o l l e c t i o n  w a s  s t a r t e d  a n m c d i a t e l y .  A T G S  d e t e c t o r  was  e m p l o y e d  an d  
t he  s p e c t r a l  r e s o l u t i o n  was  2 en] " J. T h e  i n t e r f e r o g r a m s  w e r e  a v e r a g e d  in b locks  of  
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Fig. 1. Time-dependent i.r. spectra of @-o-glucose in aqueous solution. The first spectrum (labeled 1) 
was recorded 225 s after adding water to glucose. The subsequent spectra. labeled 2.3, etc.. were taken 
at 15min intervals. All spectra are plotted on the same scale, except that each spectrum is shifted by 
one-half division upwards for clarity. The ahsorhance scale shown relates to the first spectrum. 

32 and Fourier-transformed. The time interval between successive data collections 
was -15 min. 

The spectra in the 1200-9X-cm-’ region for P-6-glucose in water are shown 

in Fig. 1. It may be noted that all bands change in intensity to some extent. Of par- 

ticular significance are the bands at 1081 and 1055 cm-‘. The relative intensity of 
the band at 1080 cm-’ decrease, whereas that at 1055 cm-’ develops in time (for 

P-D-ghicose). Reverse changes were found in the spectra for a-D-glUCOSe. To give 

a better perspective, the difference between the last spectrum and the first spec- 

trum is plotted in Fig. 2 for the anomers. The difference spectrum for P-D-glucose 

may be seen to be the mirror image of that for o-D-ghicose. 
The formation of a band at 1055 cm-i and the decrease of intensity at 1081 

cm-’ in solutions of P-D-ghicose and the reverse changes for a-D-ghtcose suggest 
that these bands are associated with the a and /3 anomers, respectively. In addition, 

a-D-glUCOSe in Da0 solution also showed a band centered at 1339 cm-’ that de- 



Fig. 2. Difference spectra for @- and a-L-glucose. The trace for P-o-glucose (BJ deptcts the difference 
between the last and first spectra shown in Fig. I The trace for a-D-glucose (labeled A) was obtained 
similarly. 

Fig. 3. Time-dependent, 1.~. spectra for u-o-glucose III D20 solution. The spectrum at the bottom was 
taken immediately after dissolution. and the subsequent spectra wcrc taken after 1, 2. and 19 h, respec- 
tively. 
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creases in time and one at 1320 cm-‘, initially absent, that develops with time. 

These spectra are shown in Fig. 3. For &D-glucose, the opposite behavior is ob- 

served. The bands at 1339 and 1320 cm-’ may clearly be considered characteristic 

of (Y- and @D-glucose, respectively. 
Earlier i-r. and Raman studies’~’ showed the bands at 844 and 891 cm-’ to be 

characteristic of cy and p anomers. Our F.-t.i.r. spectra in D,O solution (not 

shown) indeed confirm this point, despite very weak i.r. absorption of these bands 

in solution. We have also evaluated the first-order rate constants for mutarotation 

of the glucose anomers and find them in agreement with those obtained polarimet- 

&ally’. More-detailed discussion of these results for glucose and also for lyxose 

will be reported 

These observations indicate that studies in aqueous solution are useful for as- 

signing the vibrational bands of sugars. Reliable assignments are crucial for inter- 

preting the circular dichroism’ in vibrational transitions currently under investiga- 
tions. Although Raman spectroscopy has been widely employed and is informa- 

tive, the new anomer-characteristic bands observed in this study could not be infer- 

red from Rnman studies. WC conclude that F.-t.i.r. spectroscopy is a powerful 

technique for identifying the vibrational bands of sugars. 

ACKNOWLEDGMENTS 

This work was supported by grants from NIH (GM-29375) and Vanderbilt 

University. Acknowledgment is made to the Donors of the Petroleum Research 

Fund, administered by American Chemical Society, for partial support 

REFERENCES 

1 W. PIGMANANDII. S. ISBELL,A~V. Carbohydr. Chem., 23 (1968) 11-57. 
2 S. A. BARKER, E. J. BOURNE. ANO D. H. WHIFFEN, Methods Biochem. Anal 3 (1956) 213-245; W. 

8. Nttl.~, Adv. Carbohydr. Chem.. 12 (1957) 13-33; H. SPEDDING, ibtd. 19 (1964) Z-3-%9. 
3 F. S. PARKFR, Bmchim Biophys. Acta, 42(1960) 51%S19. 
4 P. R. GRIFFITHS. Chemical Infrared Fourier Trunsform Sprcfroscopy. Wiley Interscience, New York, 

1975. 
5 J. _I. CARL, J. L. KOENIG. AND J. BLACKWFI.I., Carbohydr. Res. / 32 (1974) 7%91. 
6 C. S. HUDSONANDJ. K. DALE, 1. Am. Chem. SW., 39 (1917) 32C-328. 
7 S. F. MASON (Ed.), Oprirol Acriviry and Chiral Disrrimmarion, D. Reid4 Publishing Cu., Boston, 

1979. 
R P. 1.. P~I*“ARAPU. J. Chew,. Phys., 77 (1982) 2273-2282; P. L. POL~VARAPU AND J. CIIAN- 

DRASEKHAR, Chcm. Phys. Z.rrr 84 (19X1)587:592. 


