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I n connect ion w i t h our studies on cellulose and rela ted substances [1] 
we l iave been interested i n some, aspects of the infrared spectra of carbo­
hydrates , pa r t i cu la r ly i n the pos i t ion of the bands due to water of 
c rys ta l l i za t ion and those due to the cyc l i c (pyran) structures. 

A series of nine sugars i nc lud ing mono-, d i - , and tr isaccharides were 
examined . Then ' p u r i t y was tested b y means of the specific ro t a t ion 
and me l t i ng po in t measurements. A fu l l l is t of the substances and their 
phys i ca l characterist ics are g iven i n Table I . Some of the sugars were 
examined both as hydra t ed and as anhydrous forms. 

T A B L E I 

No. Sugar Melting point 
°C 

(a)S (H.O) 
aiter 24 h 

1. L( +)-arabinose 158-9 + 105° 
2. 
3. 

D( + )-xylose 
i.(—(-sorbose 

144—0 
157-160 

+ 18.2° 
- 44.0° 

4. J>(—)-ribose 8 5 - 7 + 19.9° 
5. D( +)-glucose 147-9 + 52.5° 
0. D( -f)-mannose 130-2 + 14.5° 

7. lactose 
hydrate 

250-2 
202-3 

+ 53.0° 

s. sucrose hydrate 
180-185 
165-170 

+ 66.5° 

rafi'inose hydrate (51LO) 78-79 + 106° 

A l l i l g e r H - 8 0 0 double-beam recording spectrometer w i t h a 60° N a C l 
p r i s m was used. The samples were g round w i t h N u j o l (ratio 50:50), a n d 
then placed between N a C l plates to form th in fi lms. The spectra were 
measured w i t h i n the range of 1000—750 c m " 1 . T h e y are g iven i n F i g s . 1—9. 
The broken lines represent the range of s t rong absorpt ion b y N u j o l ; the 
• lo t ted ones show the bands assigned to water of c rys t a l l i za t ion . 

[019] 
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The frequencies can be found i n Table I I . 

T A B L E II 

No. Sugar Baud frequencies c m - 1 

1. i.(-i-)-arabinose 3330 (vs), c. 3250 (sh), 1315 (w), 1255 (m), 1230 (m), 1130 (s). 
1095 (vs), 1055 (vs), 1005 (s), 945 (w), 895 (m), 845 (m), 785 (s) 

2. i>( + )-xylose 3420 (sh), 3340 (vs), 3250 (vs), 1335 (m), 1305) m), 1240 (w), 
1190 (w), 1155 (s), 1130 (s), 1080 (sh), 1040 (vs), 1030 (sh). 
940 (vs), 910 (s), 760 (s) 

3. L(—)-sorbose 3400 (vs), c. 3300 (sh), 1305 (w), 1260 (s), 1195 (s), 1150 (m), 
110 (vs), 1080 (sh), 1050 (vs), 1025 (sh), 1000 (m), 900 (sh), 
880 (s), 830 (s) 

4. n(—)-ribose 3420 (vs), 3370 (vs), 3210 (vs), 1315 (w), 1280 (m), 1240 (w), 
1220 (sh). 1165 (s), 1135 (sh), 1120 (m), 1065 (w), 1040 (vs). 
950 (s), 915 (sh), 905 (ru), 890 (w), 870 (w), 805 (w) 

5. v>( -f)-glucose 3430 (vs), 3320 (vs), 1340 (m), 1300 (w), 1230 (m), 1205 (w), 
1150 (vs), 1115 (vs), 1080 (w), 1050 (s), 1030 (vs), 1005 (s). 
920 (m), 840 (s), 770 (w) 

(i. D( + )-maimose 3450 (vs), 3350 (sh), 3300 (vs), 1305 (w), 1260 (w), 1235 (s), 
1215 (vw). 1175 (s), 1120 (s), 1070 (vs), 1045 (vs), 1015 (m), 
940 (8), 900 (m), 860 (s), 770 (s) 

7. lactose (3560-hydrate), 3370(vs),c. 3300(sh), (1645-hydrate), 1235(w). 
1280 (sh), 1250 (w), 1210 (w), 1185 (m), 1145 (w), 1120 (vs). 
1090 (vs), 1065 (vs), 1030 (vs). 1010 (s), 910 (sh), 890 (m). 
875 (w), 855 (vw), 770 (m) 

8. sucrose (3580-hydrate), 3380 (vs), 3350 (vs), (1645-hydrate), 1350 (m). 
1325 (m), 1305 (sh), 1260 (in), 1210 (w), 1200 (w), 1150 (vs), 
1105 (s), 1080 (s), 1040 (vs), 1035 (sh), 1000 (vs), 970 (s). 
940 (s), 895 (in), 885 (m), 830 (in), 760 (w) 

9. raffinose 3560. c. 3400 (sh), 3330 (vs), 3200 (vs), 1645 (s), 1320 (m). 
pentabydrate 1305 (sh), 1260 (m), 1210 (w), 1200 (w), 1150 (vs), 1105 (s). 

1080 (s). 1045 (vs), 1035 (sh), 1000 (vs), 970 (s), 940 (s). 
895 (m), 885 (m), 830 (m), 760 (w) 

A b b r e v i a t i o n s : vs — very strong, s — strong, in — medium, w — weak, vw — 
very weak, sh — shoulder. 

Discussion 

G e n e r a l . E a c h of the examined spectra shows two groups of very 
s t rong bands at 3 5 0 0 - 3 2 0 0 cm - 1 and 1 1 5 0 - 1 0 0 0 c m - 1 . There is also 
a group of fa i r ly s t rong bands between 1000 and 750 c m - 1 N o bands 
character is t ic of the ca rbony l group can be observed, so i t seems that 
the sugars exis t exc lus ive ly as cyc l i c forms i n the crys ta l l ine state. 

H y d r o x y l g r o u p s . The s t rong bands at 3500—3200 c m - 1 m a y be 
assigned to the O — H st re tching v ibra t ions of hydrogen-bonded h y d r o x y ] 
groups. T h e poss ib iu ty of var ious types of hydrogen bonds accounts 
for the differences i n the over -a l l shape of absorp t ion i n this range. 
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A t least one of the bands between 1085 and 1050 c m - 1 [2] should 
be assigned to the C — O H st re tching v i b r a t i o n (the range is g iven for 
an a l i cyc l i c secondary alcohol h a v i n g a 5- or 6-membered r ing , as we l l 
as for a p r i m a r y saturated alcohol) . I n the infrared spectra of a l k y l a n d 
a l i cyc l i c alcohols i t is the strongest b a n d between 1350 and 750 c m - 1 [3]. 
Therefore, the b a n d i n v o l v e d is p robab ly tha t near 1050 c m - 1 , wh ich 
is v e r y s t rong i n each case. 

C y c l i c s t r u c t u r e s . Since no bands corresponding to the ca rbony l 
group are observed, the sugars are supposed to exist o n l y as cyc l i c forms 
i n the crys ta l l ine state. These forms con ta in acetal , hemi-aceta l or ke t a l 
structures, w h i c h should be detectable i n the spectra. B e r g m a n n a n d 
P inchas [4] note s t rong bands at 1 1 9 0 - 1 1 5 8 , 1 1 4 3 - 1 1 2 4 , 1098-100-'} 
a n d 1056—1038 c m - 1 for some simple ketals a n d acetals. The spectra 
of the sugars exh ib i t s t rong bands at 1190—1150, 1130—1120, a n d near 
1110, 1080, 1050, 1030 and 1005 c m *. These m a y be a t t r i bu ted to the 
aceta l and ke t a l structures of the sugars except the b a n d at c. 1050 c m - 1 , 
w h i c h is p robab ly due to the C — O H s t re tching v i b r a t i o n (see above) . 

The strong bands at 990 and 970 c m - 1 i n the spectra of lactose a n d 
raffinose, respect ively, have no corresponding bands i n the spectra of 
the other sugars. Since on ly these two of the sugars con ta in 
— O — C — O — C — O — structures, the bands quoted migh t be due to 
some coupled v i b r a t i o n of this system. 

The bands between 950 a n d 750 c m - 1 are character is t ic of the a-
and /3-anomers of the cyc l i c forms [5]. A s the sugars h a d been c rys ta l l i zed 
f rom water , bo th the anomers were p r o b a b l y present i n the samples, so 
no assignments cou ld be made. 

W a t e r of c r y s t a l l i z a t i o n . T w o sharp bands are observed i n 
the spectra of the sugar hydrates . One lies between 3580 a n d 3540 c m - 1 ; 
the other at 1645 c m - 1 . These bands disappear after the hydra t e has 
been kept for several hours i n an oven at a temperature close to i ts 
me l t i ng po in t and then i n a dessicator. Therefore, the two bands shou ld 
be assigned to the O — H st re tching and O — H deformat ion v ib ra t ions 
respect ively of the water b o u n d i n the h y d r a t e d crysta ls . 

L A B O R A T O R Y OF ORGANIC SYNTHESIS, POLISH A C A D E M Y OF SCIENCES 
(ZAKLAD SYNTEZY ORGANICZNEJ, PAN) 
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