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ABSTRACT 

Infrared spectra of B-D-glucopyranose have been measured in the 3006 
50 cm- ’ r&on and normal vibrations of /?-D-glucopyranose have been investigated. 
The normal coordinates are treated by usin, 0 the Urey-Bradley force-field, and 
vibrational assignments of the observed bands are made on the basis of the potential- 
ener,T distributions. The cakulated l.,ib~tionsl-frequeocirs agree Hell with the 

observed frequencies in the region above 250 cm- I. 

INTRODUCTION 

Infrared spectra of sugars have been measured in the mid4.r. region of XIOO- 
400 cm- ’ by Kuhn’ and by Barker et a1.2. However, the resolution of these spectra 
was not high enough to allow discussion of normal vibrations. Vibrational assign- 
ments for /%D-ghicopyraEose have not been established. Absorption bands due to 
bending. torsional, and ring-deformation vibrations are expected to appear in the 
far4.r. region. In our previous studies3, far-i r. spectra of D-glucose, L-sorbose, 
sucrose, and cellobiose were measured at room and at liquid-helium temperatures 
in the region of 500-50 cm- i. $-D-Giucopyranose is one of the most common 
sugars, and the /I-D-glucopyranose residue is a component of many carbohydrates. 

In the prejznt Etudy, i.r. spectra of p-D-glucopyranose habe been recorded at 
room temperature for measurements in the region of 4oooxO cm- ’ and at liquid- 
helium temperature in the 500-50 cm- ’ region. The normal coordinates are treated by 
using the Urey-Bradley force-field aad the bibrational assi,oamzots of the observed 
bands are made on the basis of the potenrial-ener,~ distributions. 

EXPEFUMENTAL 

1-r. absorption spectra of ,8-D-glucopyranose were recorded in the BlOCI- 

100cm’~ region with a Hitachi EPI-G3 grating i.r. spectrophotometer. The 
instrument was calibrated with polystyrene in the region above 900 cm- ’ and by 
water vapor in the 3CIO-400 cm- I region. The sample was suspended in Nujol for 



220 M. HINENO 

measurements in the 1300-750 and 690-400 cm- ’ regions or in hexachlcrobutadiene 
in the -NO-2~00. 1500-1300, and 750-690 cm- ’ regions, and the sample was 
contained between KRS-5 plates at room tempersture. The observed spectra are 

sh0u.n in Fig. L(a)-(e). Calibration marks are indiczted in the spectra. The far-ix. 
spectrum of /I-o-glucopyranose was recorded in the 500-50 cm-’ region at liquid- 
heiium temperature \\ith a far-i.r. grating spectrometer constructed in our laboratorya. 
The instrument was calibrated with water vapor. The spectrum is shown in Fig.2. 

NORhIM_-COORDINATE TREAThENT 

The normal coordinates of a /&D-glucopyranose molecule were treated by 

Wilson’s GF matrix-methods. The molecular geometry used was taken from the 
X-ray dilTraction data of Chu and Jeffrey6 for crystalline p-o-g!ucopyranose. The 
indxzs assigned for the carbon, oxygen. and hydrogen atoms are shown in Fig. 3. 
The bond-stretching (dr). bond-angle bending (d4), and internal-rotation coordinates 
(df) ‘were used a; the internal coordinates. The bond lengths, bond angles, and internal 
rotation angles calculated from the results of the X-ray diffraction analys? are listed 
in Table I. The atomic masses of 12.oooooO for carbon, 15.994914 for oxygen, and 
I.@07825 for hydrogen were used for cakulating the G matrix. IO deriving the F 
matrix, the Urey-I3radlsy force-field’ ’ \%as used, and the initial set of force constants 
were transferred from such related molecules as dimethyl ether, methyl alcoholg, and 
cycloheuane”. The values of K about the angles around each carbon a:om were 
assumed to be zero in the calculation. As the wavenumbers calculated by using the 
initially transferred force-constaats agreed fairly well with the observed wave- 
numbers, I proceeded to least-squares retinement of the fore constants. Of the 
twenty-four force constants used in the calculation, iS(CC), K(CO), K(CH), K(OID, 
H(CCC), H(CCO), H(CCH), H(OCH), H(HCH). and H(COH) were determined 
within their dispersions by the least-squares adjustment. However, H(COC), 
H(OCO), Y, and F could not be determined del?nitely, and were constrained to the 
initial values or to the values estimated by reference to the observed wavenumbers. 
The liral set of force constants thus obtained is listed in Table II, where values 
reported for related molecules are also included for comparison. In Table III, the 
observed and calculated wavenumbers are listed, together with the potential-ener_ejr 
distributions’ I. The L, matrix’ ’ was also calculated from the eigenvectors of the GF 
matrix, and the atomic displacements for each normal vibration were obtained. The 
results for the low-wavenumber modes are illustrated in Fig. 4(a)-(d). 

RESULTS AND DISCL~SSION 

VIbrational assi_wents of the observed i.r. bands are made on the basis of 

resllltj of the normal-coordinate treatment. Twenty-four atoms in a /3-D-gluco- 

pyraoose mo!ecule results in 3 x 24-6 = 66 degrees of vibrational freedom. The 66 
bands are listed in Table III. According to the calculations, O-H and C-H stretching 
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Fig. I. Infrared spectra offi-o-glucopyranose m the regions of (a) 4000-1200, (b) I SJO-I 300, (c) I300- 
750,(d) 75O-690.and (c) 69O4OO cm-‘. 

Fig. 2. Far-k. spectrum of &D-g~UcOpyKUIOst2 in the remon of 50040 cm- ’ at hqud-heliom 
lempentwe. 
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TAJ3LE i 

LIOLECUIAR PcxRAhKTERS OF &D-GLLKOPYRAIIOSZ 

i i k I m (A) 4Pl (3 hl (9 

H-13 
C-f 
C-2 
c-3 
c-3 
H-13 
C-l 
C-2 
c-4 
c-3 
H-13 
C-l 
c-2 
c-3 
C-4 
c4 
c-2 
C-I 
C-2 
c-3 
C-5 

C-l 
c-2 
c-3 
C-4 
C-2 
C-l 
c-2 
c-3 
C-5 
C-2 
C-i 

z:: 

C3 
C-5 
C-5 
C-l 
C-2 
c-3 
C-4 
C-6 

C-l 

c’:: 
c-3 
C-4 
c-5 
C-l 
c-2 
C-3 
c4 
C-6 
C-l 
c-2 

;:: 

c-5 
C-6 
C-6 
o-7 
O-8 
o-9 
O-IO 
O-12 

H-13 

;:: 
c-4 
C-5 
C-6 
O-I 1 
O-8 
o-9 
O-IO 
o-12 
o-7 
H-l? 
H-15 
H-16 
H-17 
H-13 
H-19 
H-20 
H-21 
H-22 
H-23 
H-21 

1.075 
I .57-s 
1.519 
1.51’ 
1.529 
I.513 
I.433 
I .-I285 
I .433 
i.419 
I.119 
1.385 
I.039 
I.076 

1.017 
I .055 
1.10s 
I.051 
0.953 
I .0%35 
0.89.l 
0.98 I 
0.978 

I 12.050 
l10.500 
109.817 
I IL933 

105.533 

108.483 

108.700 
II 1.050 
I II.933 
108.200 
108.683 

106.067 

105.617 
109.417 
110.267 
108.683 
101.883 
I l&t33 
103 0.50 
109.617 
128.417 

67.750 
50.767 

- 53.383 
173.017 

- 53.667 

- 53.583 

170.483 
- 173.067 

- 59.083 
- 169.467 
- 171.033 

- 68.033 
68.633 

-61.883 
174.217 

59.667 
- 147.317 

- 99.767 
109.983 

- 96.OOG 
- 114.183 

TAELE II 

FORCE ccm-rm-rs (mdyn/A) OF ~I-D-CLUC~PSRANOSE AND RELATED LIOLE~S 

Force 
COIlS?UIlI 

/?-D- 
Glrrro- 
pyranose 

ReIa!ed Force 

lTlOlUll~ consrant 
P-D- 
Gluco- 

pi ramse 

II’ 2.42-1’ 

K(CO) 3.090° 
RfCH) 3.831. 
A’(OH) S.53-l* 
H(CCC) 0.343. 

H(CC0) 0.3056 

H(COC) 0.390’. 
H(OC0) 0.380.S 

II(CCH) 0.21 I * 
H(0Cl-Q 0.279’ 

H(HCJ-JI 0.405* 

RKOH) 0.413* 

x30-1 
2.699 
4.050 
7.265 
0.320 
0.350 
O&5 
O.-u)0 
0.217 
0.282 
0.435 
0.380 

3.366 
Y(CCIrinp 0.090** imdyn .A) 
Y(CC7)side 0.090* * (mdyn. A) 
Y(CO)iing O.lOO** (mdyv.A) 
Y(CO)srde 0.3.i0°* (mdyn.A) 
FKCC) 0.200 
f(CC0) 0.600 
F(COC9 0.200 
F(OC0) 0.70099 
F(CCH) 0.482 
F(OCH) 0.850** 
I=( HCHj 0.069 
F(COH) 0.750g0 

0.107 
0.107 
0.099 

0.2w) 
0.600 
0.200 
0.7700 
0.482 
0.756 
0.069 
G.719 

‘SW text for identity. *Indicates the force coos~nts dercrmined by the least-squares adjusun.~:. 
“Indicates tbe force constanti constrained to the values estimated by referencz to tie observed 
V.Wf~~lldX3-S. 
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Fig 3. iodrcea asslgrw4 Tar the carhoo, oxygen. and hydrogen awms, and Internal coordmstes. 

vibrations are expected to appear in the 3300-2S50 cm- i rsgion. 1.r. bands observed 
at 3250 and 7-980-2520 cm- ’ are due to O-H and C-H stretching modes, respectively. 
The band observed at 1465 cm-‘, which is calculated to occur at 147-l cm- ‘, is 
assigned to the CH, scissorin g vibrations. The bands appearing in the regicn of 

1474-l 199 cm-’ are due io O-C-H, C-C-H. and C-O-H bending vibrations. The 
bands observed in the 1153-904 cm- ’ region are assigned to C-O and C-C 
stretching modes, because they are calculated to lie in the region of ! 147-907 cm- ‘. 
lo the region below SO0 cm - ‘, bands due to ~keleml deformation and internal- 
rotation modes are expected. The observed bands between 800 and 519 cm - ’ are 

due to the internal-rotation modes about C-OH (side) bonds. The bands appearing 
in the region 463-250 cm - I are due mainly to C-C-O bending vibrations. 

The band observed at 127 cm - ’ is assiped to C-C-O. C-C-C, and C-O-C 
bending modes, coupled with C-O ring infernal-rotation modes, and is calculated to 
lie at 143 cm-‘. The coupling with internal-rotation modes about C-O ring bonds 
causes the wavenumber of this vibration to be much lower than those of general 
bending-vibrations. The bands observed at 104, 88.6, and 60. I cm- ’ are due to C-C 
internal-rotation modes and possibly lattice vibrations. 

j&c-Giucopynnose crystallizes into a orthorhombic lattice of space group 
P3,3’3’. The crystallogaphic unit-cell contins four /?-D-glUCOpyranOSe molecules. 

Four molecules results in 3 x 4-6 = 6 degrees of vibrational freedom represented ’ 3 by 

A,+2B,, +B,, +2B,,. Six i.r.-active bands are expected to appenr. They are 
uogerade species. Besides the bands shown in Table III, fourteen absorption bands 
are observed, at 265, 215, 312, 195, 183, 171, 138, 137, IIS, 96.9, 84.3, 79.9, 53.6, and 
50.3 cm- ‘. Six of them are caused by intermolecular vibrkons in the unit ceil, and 
others are caused by intermolecular vibrations outside ihe u. a! cell. 

The force constants determined for B-D-g~UCopyr?.~O~~ may be compared with 
the corresponding force constants of related molecules. The value of K(CC) = 
2.424 mdyn/A agrees well with that” of qclohexane (2.30-1 mdyn/A). The value of 
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K:iCO, = 3.090 mdyn/A is close to the corresponding value9 for metbyl alcohol 
(3.899 mdyn/A) or the value’ for dimethyl ether (3.366 mdyn/A). The value of 
K’I:CH) = 3.831 mdyn/A is close to that lo of cyclohexane (4.050 mdyn/A). The 

values cf H(CCC) = 0.305 mdyn/A, H(CCO) = 0.305 mdyn/A, H(CCH) = 
0.22 I mdyn/A, H(OCH) = 0.279 mdyn/A and H(HCH) = 0.405 mdyn/A agree 
wJl with those of related mcleculesg.‘O*“. A s /3-D-glucopyranose molecules in the 

cc:stal are bound by intermolecular hydrogen-bonds, the wavenumbers of torsional 
vibrations occur as high as 60%7OOcm-‘. Accordingly, the value of Y(CO)side is 
estimated to be 0.350 mdyn .A, which is much larger than the value of Y(CO)ring. 

TABLE 111 

OBSERVED AND CALCLJL~TED FREOLrEIEhCIES AVD 

POTENTl!nL-EIU+RGY Dl5TRIBUlIONUS (P.E.C.) OF &D-GLUC~P~RAY-~OSE 

V6bl “..JL-. P.E.D. (9b) L’.b I ~Ci.lC. P.E.D. (XI) 
(cm- ‘) (eni- ‘) fcm- ‘) (cm-‘) 

3250 

3’50 
3250 
3250 
3250 
2977 
‘918 
2934 
2923 
2900 
2580 
2s22 
1573: 
1465 
I-iSS 
Id-s9 
1435 
1424 
14’1 
t-110 
1400 
1377 
1370 
1;ss 
13-l:! 
1303 
I269 
12.51 
1773 
II99 
I153 
II27 
1118 

32S6 
3260 
3247 
322s 
3223 
2953 
292s 
2919 
2906 
2901 
2884 
2855 
1175 
1473 
I-162 
1451 
I4A5 
14-H 
1429 
1423 
1385 
1374 
1370 
13s 
1349 
i34S 
1x5 
1230 
122-l 
11’1 __ 
Ii47 
I I21 
Ill’ 

klH(~‘m 
Gmt1w 
.-o”tioo) 
%H(f~) 

roil ( 100) 

kH(lO2) 
rc+,(lOl) 
‘cn(lO21 
rcli (102) 
kH(103) 
fc+jrlO2) 
fCH( 100) 
Socli(73~, dccti(26) 
!+IIcH(~~). Oocrr (3 7) 
dOCH(7% tiCCH(25) 

~c.cH(~~L &cII(~~) 

dOCHf5% (3CCHt40) 

dOcll(79), dCCH(l8) 

d0m(67). dccrr(~6) 

doct,~3l~, tiCH(30), dCCH(23) 

dOCH(4m dcotr(37L SCCH(W 

dOCH(3% dCCHf34), dHC”(22) 

&OH (40). SCCH (3s)~ &CM (20) 
$CCHf6% dCOH(=, 

&Ii (741, &OH (15) 

&nt(W. &0”130). bOCH(23) 

dccr(-13). CkO;,(~) 

&C”(48). dco:,(33) 

dcu” (W. dcci, f 15) 

dcOH(~5)r &,“(16) 
rco(53). bz(l8L dccC(ln 

‘cot.59, dcm,f~--5) 

rcc(W. dcco(!6) 

1111 

1080 
1060 
1049 
1036 
1028 
1014 
- 
913 
904 
738 
713 
638 

- 
59.5 
579 

- 
556 
519 
463 
421 
399 

- 
317 
313 
177 
‘7’ 
‘50 

- 
I27 
IO-% 
8Y.6 
60. I 

i 104 ko(57L kc(23), Orcu(l2) 
1096 rco(63). CCW) 
1085 rcc(W, rco(42) 
1070 rmf79) 
1065 rco(79). kc( 19) 
1030 rco(69). ec(=) 
lOl4 fco (5% kc(W. dcco( 15) 
987 QC(4i’)l Qcco(27) 
9-15 ko135), dCckC2) 
907 kc(3l), dccH(Ll), fco(l’i) 
703 kO11de(3l)1 dCCO(30). dCCH(l6) 
662 &0~30). kvJ,,(ll). &0:10 
631 ko(6l), ku,ra(l5) 
610 ktirsctS@ 
594 kmrr(~7). #cco(Z’) 
576 kosrsc(~5) 
574 k-(27). sccoe2 
559 kO,fde(70)9 OcCo(li? 
53-I kosIIC(wr dcco(‘4) 
4s3 4&0(36)r eo(l6) 
419 ‘%CO(3%. dCCH(l3) 
384 dccc(3% ICC&~) 
363 Ocal(3d). Occcl’l) 
326 dcco(66). Qcc~H(l2) 
313 Occo(43), dOco(2 1) 
283 drro(S6) 
273 bcco(fi8h &“(I I) 
24s d_Glh dccc(19) 
241 dccu(33), dcoc(lW 
I43 dccu(~), &cc(l9). dcOc(l5). kOf,mg(13) 
96. I kA”(33!. &c&J31), dcrO(l4~ 
72.9 kcr1d32). ~-,(22), dcco(20h dmw) 
71.8 kcar(4% dccc(l-9). fccA”J14) 

r. stretching mode: 4. bending mode; and r. internal-rowion mode. 
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(b) ‘2Bkm-’ 

‘71 km-’ 

Fig. 4. Atomic displscemenls for normal \ibratlons In the regions oi (a) 369-368, (b) 326-273, 
(c) 24%96. I, and (d) 72.9-71 .S cm- I. 



2215 M. ifIlm 

The values of the repulsive force-constants are constrained to rhe values for related 
nolecukn io the least-squares calculation. 

The calculated Havenumbers agree well with the observed ones in the region 
higher than 250 cm- ’ ; thus the difference between observed and calculated wave- 

numbers is within 1.5% on aberage. However the ditference is about 4.1% in the 
whole region. 

. 
CONCLUS!ONS 

The mid- and far4.r. spectra of P-D-glucopyranose have been recorded in the 
MOD-50 cm- ’ region. The normal-coordinate treatment has been made by use of the 
Urzy-Bradley force field, and the vibrational assignments of the observed i-r. bands 
are made on the basis of the potential-energy distributions. 

Many earlier investigators have conducted experimental interpretations. 

However, it is important to perform the primary calculation of normal vibrations of 
sugars. 11 is clear that the assumptions and approximations used here held good in tie 
primary calculation, so that the results as a whole are satisfactory. 

In the region above 2S0cm-L, the observed spectra may generally be inter- 
preted by the one-molecular model. In fact, in this study the agreement between 
obcervrd and calculated wavenumbers is good. However, in the retion below 
250 cm- ‘, results of the calculation based on the one-molecular model do not always 
explain the observed spectra because of the e&cts of intermolecular interactions. In 
order to explain the spectra below 250 cm- ‘, the crystal vibrations, including ioter- 
molecular interactions, should be treated. 

The author thanks Professor H. Yoshinaga and Dr. H. Rlatsuura for their 
val-lable advice. 
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