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ABSTRACT 

H o l o c e l l u l o s e has been p r e p a r e d , f r o m S i t k a s p r u c e 

h e a r t w o o d . T h i s m a t e r i a l has b e e n s u b j e c t e d t o a c i d 

h y d r o l y s i s f o r i n c r e a s i n g p e r i o d s o f t i m e . The r e s i d u e s 

have been e x a m i n e d f o r r e s i d u a l p e n t o s a n and a l p h a -

c e l l u l o s e . The h y d r o l y z a t e s have been examined f o r f r e e 

s u g a r s by means o f p a p e r p a r t i t i o n c h r o m a t o g r a p h y . 

G l u c o s e , g a l a c t o s e , mannose , a r a b i n o s e and x y l o s e have 

been i d e n t i f i e d and the p r e s e n c e o f a r n e t h o x y u r o n i c a c i d 

I n f e r r e d . A p r o c e d u r e has been d e v i s e d f o r t h e 

q u a n t i t a t i v e d e t e r m i n a t i o n o f t h e s e s u g a r s a f t e r t h e i r 

s e p a r a t i o n on p a p e r c h r o m a t o g r a m s . 
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Wood Components 

The c e l l w a l l s of woody t i s s u e a r e composed of a m a t e r i a l 

c o n t a i n i n g c a r b o h y d r a t e s and l i g n i n . The c a r b o h y d r a t e 

p o r t i o n i s composed l a r g e l y of c e l l u l o s e , a p o l y s a c c h a r i d e 

of known s t r u c t u r e , ..and a l s o c o n t a i n s a group of p o l y s a c 

c h a r i d e s of u n c e r t a i n s t r u c t u r e known as the h e m i c e l l u l o s e s . 

L i g n i n i s a n . o r g a n i c m a t e r i a l , r i c h i n a r o m a t i c r i n g s , 

w h i c h may be a polymer h a v i n g a p h e n y l propane r a d i c a l as 

the b a s i c u n i t . I n a d d i t i o n , v/ood c o n t a i n s a group of 

e x t r a n e o u s s u b s t a n c e s n o t an i n t e g r a l p a r t of the c e l l w a l l , 

w h i c h i n c l u d e v o l a t i l e o i l s , f a t s , waxes, r e s e n e s , 

monosaccharides and a c i d s a l t s . These may be removed by 

e x t r a c t i o n math n e u t r a l s o l v e n t s , hence, are c l a s s e d as 

" e x t r a c t i v e s " . There may a l s o be p r e s e n t d i f f i c u l t l y 

s o l u b l e e x t r a n e o u s s u b s t a n c e s such as s t a r c h and c a l c i u m 

p e c t a t e . L i g n i n and the c a r b o h y d r a t e f r a c t i o n s are f o u n d 

i n a l l woods-, but the e x t r a c t i v e s v a r y from s p e c i e s t o 

s p e c i e s and o f t e n serve f o r taxonomic c l a s s i f i c a t i o n . 

The p r e s e n t work i s concerned w i t h the c a r b o h y d r a t e 

m a t e r i a l , hence, l i g n i n and the e x t r a c t i v e s w i l l n o t be 

c o n s i d e r e d f u r t h e r . A more d e t a i l e d d i s c u s s i o n of 

c e l l u l o s e and the h e m i c e l l u l o s e s i s i n o r d e r , however. 
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Heuser and Boedeker (1) i d e n t i f i e d wood c e l l u l o s e w i t h 

c o t t o n c e l l u l o s e w hich has been shown t o be a p o l y m e r i c 

substance c o n s i s t i n g o f l i n e a r c h a i n s of g l u c o s e r e s i d u e s 

j o i n e d by ,31,4 l i n k a g e s ( 2 ) . The number of g l u c o s e a n h y d r i d e 

u n i t s p er m o l e c u l e may v a r y over a wide range, n a t u r a l 

c e l l u l o s e s h a v i n g a degree of p o l y m e r i z a t i o n o f 1500-2500. 

These c h a i n s are o r i e n t e d t o g i v e a f i b e r which i s 

e s s e n t i a l l y c r y s t a l l i n e but p o s s e s s e s amorphous areas ( 2 ) . 

The term h e m i c e l l u l o s e i s a p p l i e d t o t h o s e c a r b o h y d r a t e s 

o f the wood wh i c h are a l k a l i - s o l u b l e and h y d r o l y z a b l e by 

d i l u t e a c i d s to g i v e f r e e s u g a r s . The d e f i n i t i o n i n c l u d e s 

p o l y s a c c h a r i d e s of two d i f f e r e n t t y p e s which Norman (3) 

p r e f e r s t o term s e p a r a t e l y " c e l l u l o s a n s " and " p o l y u r o n i d e 

h e m i c e l l u l o s e s " . The c e l l u l o s a n s are o r i e n t e d s h o r t - c h a i n 

p o l y s a c c h a r i d e s which p a r t i c i p a t e i n the c e l l u l o s e m i c e l l e 

and c r y s t a l l i t e s i n the same way as do the i n d i v i d u a l 

c e l l u l o s e c h a i n s . The c e l l u l o s a n f r a c t i o n o f hardwoods 

appears t o be p r e d o m i n a n t l y a x y l o s e polymer, or x y l a n . I n 

a d d i t i o n , t h e r e may be p r e s e n t some g l u c o s a n w h i c h p r o b a b l y 

r e p r e s e n t s v e r y s h o r t c e l l u l o s e . c h a i n s . I n softwoods t h i s 

f r a c t i o n has u s u a l l y a much lo w e r x y l a n c o n t e n t , and c o n t a i n s 

mannans i n a d d i t i o n t o g l u c o s a n s . The p o l y u r o n i d e h e m i c e l 

l u l o s e s are n o n - o r i e n t e d p o l y s a c c h a r i d e s s i t u a t e d i n the 

amorphous r e g i o n s of the c e l l u l o s e f i b e r . They c o n t a i n 

g l u c u r o n i c or g a l a c t u r o n i c a c i d or t h e i r mono-methoxy 

d e r i v a t i v e s , accompanied by hexoses or p e n t o s e s or b o t h . 
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V e r y s m a l l amounts of. p e c t i n , a p o l y s a c c h a r i d e c o n s i s t i n g 

a lmost e x c l u s i v e l y o f g a l a c t u r o n i c a c i d u n i t s may a l s o be 

p r e s e n t I n the h e m i c e l l u l o s e f r a c t i o n ( 4 ) . 

I s o l a t i o n o f the C a r b o h y d r a t e s 

The removal of l i g n i n i s p r e r e q u i s i t e t o the study o f 

the c a r b o h y d r a t e s of the c e l l w a l l . The e a r l i e s t and b e s t 

known method f o r the r e m o v a l of l i g n i n i s t h a t of Cross and 

B e v i n (5) i n w h i c h e x t r a c t i v e f r e e wood I s t r e a t e d f i r s t 

w i t h one per c e n t sodium h y d r o x i d e t h e n w i t h m o i s t c h l o r i n e 

gas f o l l o w e d by sodium s u l f i t e and f i n a l l y s u l f u r o u s a c i d 

t o remove the c h l o r i n a t e d l i g n i n . Many minor m o d i f i c a t i o n s 

of the C r o s s and B e v i n method have been I n t r o d u c e d , and i n 

1934 R i t t e r and M i t c h e l l (6) p u b l i s h e d a p r o c e d u r e w h i c h 

combines the most d e s i r a b l e f e a t u r e s of t h e s e . E s s e n t i a l l y 

the p r o c e s s c o n s i s t s i n a l t e r n a t e t r eatment of e x t r a c t i v e -

f r e e wood w i t h c h l o r i n e and w i t h s u l f u r o u s a c i d and sodium 

s u l f i t e . 

The o b j e c t of the C r o s s and B e v i n method was the 

q u a n t i t a t i v e i s o l a t i o n of c e l l u l o s e r a t h e r t h a n the removal 

of l i g n i n . The r e s u l t i s , however, a compromise i n t h a t the 

i s o l a t e d m a t e r i a l c o n t a i n s c e l l u l o s e and the c e l l u l o s a n s , 

the p o l y u r o n i d e h e m i c e l l u l o s e s h a v i n g been removed w i t h the 

l i g n i n . Norman and J e n k i n s (7) d e v i s e d a p r o c e d u r e i n w h i c h 

wood i s t r e a t e d a l t e r n a t e l y v / i t h sodium h y p o c h l o r i t e (15 per 

cent a v a i l a b l e c h l o r i n e ) and sodium s u l f i t e . The p r o d u c t 

i s i d e n t i c a l w i t h Gross and B e v i n c e l l u l o s e but the p r o c e d u r e 

has the advantage t h a t gaseous c h l o r i n e i s not r e q u i r e d . 

I n 1920, Schmidt and Graumann ( 8 ) , by t r e a t i n g wood 
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a l t e r n a t e l y w i t h c h l o r i n e d i o x i d e and sodium s u l f i t e 

s o l u t i o n were s u c c e s s f u l i n removing l i g n i n w i t h o u t a f f e c t i n g 

the c a r b o h y d r a t e f r a c t i o n . The m a t e r i a l thus i s o l a t e d they 

termed " S k e l e t t s u b s t a n z " . Schmidt and co-workers (9) l a t e r 

m o d i f i e d the p r o c e d u r e by r e p l a c i n g the sodium s u l f i t e 

s o l u t i o n w i t h aqueous p y r i d i n e . The c h i e f o b j e c t i o n to 

the p r o c e d u r e i s t h a t a p p r o x i m a t e l y one month i s r e q u i r e d 

f o r complete removal of l i g n i n . R I t t e r and K u r t h (10) 

improved the p r o c e d u r e by employing an a l c o h o l i c s o l u t i o n of 

p y r i d i n e as a s o l v e n t f o r c h l o r i n a t e d l i g n i n . Repeated c h l o -

r i n a t i o n and e x t r a c t i o n v / i t h t h i s s o l v e n t reduced the time 

r e q u i r e d t o two days and y i e l d e d a p r o d u c t s i m i l a r t o 

" S k e l e t t s u b s t a n ? , " w h i c h they d e s i g n a t e d " H o l o c e l l u l o s e " . 

Van Bechum and H i t t e r (11) m o d i f i e d the procedure by 

r e p l a c i n g p y r i d i n e w i t h monoethanolamine as a s o l v e n t f o r 

c h l o r o l i g n i n . T h i s r e a g e n t has the added advantage t h a t i t 

g i v e s a c o l o r r e a c t i o n w i t h c h l o r o l i g n i n w h i c h p e r m i t s the 

o b s e r v a t i o n o f the end p o i n t y i n the d e l i g n i f i c a t i o n p r o c e s s . 

I t v/as f o u n d l a t e r (12,15) t h a t a p p r o x i m a t e l y two per c e n t 

n i t r o g e n was r e t a i n e d by the h o l o c e l l u l o s e due perhaps to 

r e a c t i o n o f the monoethanolamine w i t h some p o r t i o n of the 

h e m i c e l l u l o s e s . 

Jayme (14.), i n 1942, d e s c r i b e d a method f o r the 

X J r e p a r a t i o n of h o l o c e l l u l o s e by t r e a t m e n t of wood w i t h 

aqueous sodium c h l o r i t e and a c e t i c a c i d . The c h l o r i t e 

t r e a t m e n t was c a r r i e d out at 60° f o r 12 hours t h e n the 



5. 

r e s i d u e was f i l t e r e d and washed. The p r o c e d u r e v/as r e p e a t e d 

u n t i l t h r e e s u c c e s s i v e t r e a t m e n t s of 12, 8 and 8 hou r s 

d u r a t i o n had been c a r r i e d o u t . The f i n a l w h i t e r e s i d u e 

s t i l l c o n t a i n e d 2.8 t o 3.5 per cent l i g n i n w hich c o u l d not 

be removed w i t h o u t l o s s of c a r b o h y d r a t e . The method was 

s t u d i e d by Wise et. a l . (13) who showed t h a t the i n t e r m e d i a t e . 

washing and f i l t e r i n g v/as u n n e c e s s a r y and t h a t the 

d e l i g n i f I c a t i o n was almost complete i n f o u r h o u r s i f the 

t r e a t m e n t was c a r r i e d out a t 70 to 80 deg r e e s . Jaymeii's 

f i n d i n g s t h a t complete removal o f l i g n i n caused a marked 

l o s s o f h e m i c e l l u l o s e were s u b s t a n t i a t e d . 

F r a c t i o n a t i o n of the C a r b o h y d r a t e s 

I n g e n e r a l , the approach t o h e m i c e l l u l o s e i s o l a t i o n has 

been an a l k a l i n e e x t r a c t i o n of the h e m i c e l l u l o s e from wood or 

h o l o c e l l u l o s e . I t v/as mentioned p r e v i o u s l y t h a t the m a t e r i a l 

t h u s i s o l a t e d c o n t a i n s b o t h the c e l l u l o s a n s and the p o l y u r o 

n i d e h e m i c e l l u l o s e s . C e l l u l o s a n s may be o b t a i n e d d i r e c t l y 

by a l k a l i n e e x t r a c t i o n of Cross and B e v i n c e l l u l o s e , but no 

d i r e c t p r o c e d u r e e x i s t s f o r the i s o l a t i o n o f the p o l y u r o n i d e s . 

Van Beckum and R i t t e r ( 1 5 ) , by h y d r o l y s i s of c h l o r i t e 

h o l o c e l l u l o s e f o r two hours w i t h 1.3 p e r cent s u l f u r i c a c i d , 

o b t a i n e d a m a t e r i a l w h i c h p r o v e d almost i d e n t i c a l v / i t h Cross 

and B e v i n c e l l u l o s e . I t s h o u l d , t h e r e f o r e , be p o s s i b l e to 

i s o l a t e the c e l l u l o s a n s f rom h y d r o l y z e d . c h l o r i t e h o l o c e l l u l o s e . 

E x t r a c t i o n o f h o l o c e l l u l o s e or C r o s s and B e v i n c e l l u l o s e 

w i t h 17.5 per cent sodium h y d r o x i d e l e a v e s a r e s i d u e which i s 



termed " a l p h a - c e l l u l o s e " . A c i d i f i c a t i o n o f the e x t r a c t 

p r e c i p i t a t e s a " b e t a - c e l l u l o s e " f r a c t i o n , l e a v i n g "gamma-

c e l l u l o s e " i n s o l u t i o n . The a l p h a - c e l l u l o s e f r a c t i o n approach 

t r u e c e l l u l o s e i n c o m p o s i t i o n but a p a r t o f the a s s o c i a t e d 

c e l l u l o s a n s i s r e t a i n e d ( 1 6 ) . The s e p a r a t i o n i n t o a l p h a - , 

b e t a - , and gamma-cellulose f r a c t i o n s depends more on c h a i n 

l e n g t h than on a c t u a l c h e m i c a l d i f f e r e n c e s i n the m a t e r i a l s 

but the d e t e r m i n a t i o n s are of c o n s i d e r a b l e v a l u e i n commer

c i a l p u l p i n g c o n t r o l work. Wise and R a t l i f f (16) have shown 

t h a t when c h l o r i t e h o l o c e l l u l o s e i s e x t r a c t e d w i t h g r a d u a l l y 

i n c r e a s i n g c o n c e n t r a t i o n s (from 2 to 24 per c e n t ) of aqueous 

p o t a s s i u m h y d r o x i d e under n i t r o g e n a p o i n t "of d i m i n i s h i n g 

r e t u r n s i s reached beyond w h i c h p r a c t i c a l l y n o t h i n g more i s 

e x t r a c t a b l e . The r e s i d u e i s somewhat l e s s than t h a t o b t a i n e d 

w i t h 17.5 p e r cent sodium h y d r o x i d e b u t s t i l l c o n t a i n s some 

mannan and x y l a n . 

The r e l a t i o n s h i p and c o m p o s i t i o n of some of the f r a c t i o n s 

mentioned i s shown i n the f o l l o w i n g diagram w h i c h i s a 

composite of s i m i l a r schemes p r e s e n t e d by Norman (2) and by 

Wise (16) 



F i g u r e 1: Components o f e x t r a c t i v e - f r e e wood 

H o l o c e l l u l o s e • 

L i g n i n 

H e m i c e l l u l o s e 

L i g n i n 

Cross.~;and~B©:vin" Geilulb's'e- 1^ -5° 

L i g n i n 

A l p h a - c e l l u l o s e 1 

L i g n i n " T r u e " C e l l u l o s e C e l l u l o s a n s P o l y u r o n i d e L i g n i n 

Long c h a i n s of 
-1-4, anhydro-
g l u c o s e u n i t s 

O r i e n t e d 

1 H e m i c e l l u l o s e s 

x y l a n S h o r t e r c h a i n s 
1 c o n t a i n i n g 

g l u c o s a n u r o n i c or methoxy 
1 u r o n i c a c i d s 

mannan ( x y l o s e 
a r a b i n o s e 

1 g l u c o s e 
. g a l a c t o s e 

O r i e n t e d 1 Amorphous 

The non-carbo
h y d r a t e m a t e r i a l 
of the c e l l w a l l 

Amorphous 

O'Dweyer (17) f r a c t i o n a t e d a h e m i c e l l u l o s e p r e p a r a t i o n 

p r e p a r e d by e x t r a c t i n g wood w i t h 4 p er c e n t a l k a l i . The 

p r e c i p i t a t e o b t a i n e d by a c i d i f y i n g the a l k a l i n e e x t r a c t she 

termed . " h e m i c e l l u l o s e A" and t h a t o b t a i n e d by the a d d i t i o n 

of a l c o h o l t o the a c i d f i l t r a t e she c a l l e d " h e m i c e l l u l o s e B". 

Anderson, (18) and Sands and Gary (19) c a r r i e d out s i m i l a r 

f r a c t i o n a t i o n s u s i n g i n c r e a s i n g p r o p o r t i o n s of a l c o h o l . No 

f r a c t i o n s ?/ere o b t a i n e d e n t i r e l y f r e e of p o l y u r o n i d e s 

a l t h o u g h c o n c e n t r a t i o n of x y l a n and mannan was e f f e c t e d i n 

some c a s e s . Norman (2) p o i n t s out t h a t the system of 

d i f f e r e n t i a l p r e c i p i t a t i o n w i l l g i v e c h e m i c a l l y d i s t i n c t 

f r a c t i o n s o n l y i f - i t happens t h a t these d i f f e r e n c e s are a l s o 

c o r r e l a t e d w i t h d i f f e r e n c e s i n m o l e c u l a r s i z e . 
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L i g n i n C a r b o h y d r a t e Complex 

A l t h o u g h the h e m i c e l l u l o s e s a r e d e f i n e d as b e i n g 

a l k a l i - s o l u b l e , they are not c o m p l e t e l y removed by a l k a l i 

t r e a t m e n t u n l e s s the wood i s p r e v i o u s l y or c o n c u r r e n t l y 

d e l i g n i f i e d . Once i s o l a t e d , however, t h e y are r e a d i l y 

s o l u b l e I n d i l u t e a l k a l i and o f t e n i n w a t e r . T h i s b e h a v i o r 

i s - d i f f i c u l t t o e x p l a i n w i t h o u t assuming l i n k a g e to some 

o t h e r c e l l - w a l l c o n s t i t u e n t . I n the case of the p o l y u r o n i d e 

h e m i c e l l u l o s e s , e v i d e n c e has accumulated w h i c h p o i n t s to 

l i n k a g e w i t h t h e l i g n i n . Norman and S h r i k h a n d e (20) showed 

t h a t i n the C r o s s and B e v i n p r o c e d u r e f o r c e l l u l o s e , c h l o r i -

n a t i o n i s as i m p o r t a n t f o r the removal of the p o l y u r o n i d e s 

as f o r the r e m o v a l of l i g n i n . L i t t l e l i g n i n or h e m i c e l l u l o s e 

i s removed by s u l f i t e t r e a t m e n t a l o n e , buo c h l o r i n a t i o n , 

f o l l o w e d by s u l f i t e t r e a t m e n t , removes them a t a p p r o x i m a t e l y 

e q u a l r a t e . H a r r i s , e t . a l . (21) r e p o r t t h a t whereas i s o l a t e d 

l i g n i n may be m e t h y l a t e d r e a d i l y , a d d i t i o n a l m e t h o x y l groups 

cannot be i n t r o d u c e d i n t o l i g n i n . i n s i t u u n l e s s preceded by 

an a c i d t r e a t m e n t c a p a b l e of h y d r o l y z i n g a s s o c i a t e d 

p o l y s a c c h a r i d e s . The o b s e r v a t i o n o f Jayme ( 1 4 ) , and o f Wise 

e t . a l . ( 1 3 ) , t h a t removal of the l a s t 5 per cent of l i g n i n 

f r o m c h l o r i t e h o l o c e l l u l o s e i s accompanied by a l o s s of 

h e m i c e l l u l o s e , p o i n t s to a l i g n i n - h e m i c e l l u l o s e l i n k a g e . 

Brauns (22) i s o l a t e d a compound from wood w h i c h shov/ed no 

r e d u c i n g a c t i o n but w h i c h , when h y d r o l y z e d , gave a substance 

r e s e m b l i n g l i g n i n and a s o l u t i o n w h i c h gave a s t r o n g F e h l i n g s 

t e s t f o r r e d u c i n g sugar.' T h i s may have been a . l i g n i n -
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c a r b o h y d r a t e f r a c t i o n . No d i r e c t e v i d e n c e of such a l i n k a g e 

has been f o u n d , but Brauns (23) has d i s c u s s e d the p o s s i b l e 

ways i n w h i c h l i g n i n and c e l l - w a l l c a r b o h y d r a t e s c o u l d be 

c h e m i c a l l y combined. 

D e t e r m i n a t i o n of Sugars 

The c o n s t i t u t i o n a l study of a p o l y s a c c h a r i d e i n v o l v e s 

the a c i d h y d r o l y s i s o f the i s o l a t e d m a t e r i a l f o l l o w e d by 

q u a l i t a t i v e I d e n t i f i c a t i o n of the component sugars and . 

sugar a c i d s . The q u a n t i t a t i v e d e t e r m i n a t i o n of the compo

n e n t s g i v e s an i n d i c a t i o n o f the r a t i o o f the v a r i o u s sugars 

p r e s e n t i n the m a t e r i a l . M e t h y l a t i o n of the p o l y s a c c h a r i d e 

f o l l o w e d , by h y d r o l y s i s and d e t e r m i n a t i o n of the m e t h y l a t e d 

sugars p r o v i d e s an i n s i g h t i n t o the manner of t h e i r l i n k a g e 

i n the o r i g i n a l m o l e c u l e . 

These methods may be a p p l i e d to the c o n s t i t u t i o n a l study 

of the h e m i c e l l u l o s e s , but w i t h g r e a t e r d i f f i c u l t y . The 

b a l a n c e between l i b e r a t i o n and d e s t r u c t i o n of pentoses and 

u r o n i c a c i d s i n the h y d r o l y s i s of h e m i c e l l u l o s e s i s a d e l i c a t e 

one, t h e r e f o r e , r e s u l t s may o f t e n be d i f f i c u l t to i n t e r p r e t . 

L i n k and Niemann (24) o b s e r v e d t h a t c o n c e n t r a t i o n s of 

h y d r o c h l o r i c or s u l f u r i c a c i d above 5 per cent are v e r y 

e f f e c t i v e i n d e c a r b o x y l a t i n g u r o n i c a c i d s , b u t t h a t 

h y d r o l y s i s p r o c e e d s so s l o w l y w i t h a c i d c o n c e n t r a t i o n s of 2 

per cent or l e s s t h a t f r e e u r o n i c a c i d i s d e s t r o y e d almost 

as r a p i d l y as i t i s l i b e r a t e d . A l d o b i o n i c a c i d s e x h i b i t i n g 

marked r e s i s t a n c e t o h y d r o l y s i s have been encou n t e r e d . 

Anderson and Kinsman (25) i s o l a t e d an a c i d formed by one 
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x y l o s e u n i t l i n k e d t o g l u c u r o n i c a c i d which r e s i s t e d 

b o i l i n g 4.5 per c e n t s u l f u r i c a c i d f o r 17 h o u r s . 

I d e n t i f i c a t i o n of s ugars and sugar a c i d s , or t h e i r 

m e t h y l a t e d d e r i v a t i v e s i n . a m i x t u r e i s . f r e q u e n t l y d i f f i c u l t . 

The c l a s s i c a l methods of i d e n t i f i c a t i o n r e q u i r e the p r e p a r a 

t i o n of c r y s t a l l i n e d e r i v a t i v e s whose p h y s i c a l p r o p e r t i e s 

can be determined f o r comparison w i t h the p h y s i c a l p r o p e r t i e s 

of r e f e r e n c e compounds. G l u c o s e , g a l a c t o s e , and t h e i r u r o n i c 

a c i d s are i d e n t i f i e d by o x i d a t i o n t o s a c c h a r i c and mucic a c i d 

r e s p e c t i v e l y . Mannose may be c h a r a c t e r i z e d as the p h e n y l -

hydrazone, a r a b i n o s e as the d i p h e n y l h y d r a z o n e and x y l o s e 

as the p-bromophenylosazone. Mannose and the pentoses may 

be q u a n t i t a t i v e l y d e t e r m i n e d as the d e r i v a t i v e s mentioned, 

but g l u c o s e and g a l a c t o s e a r e n o r m a l l y determined through 

s e l e c t i v e f e r m e n t a t i o n by y e a s t s . M e t h y l a t e d sugars are 

s e p a r a t e d by f r a c t i o n a l d i s t i l l a t i o n , and may be i d e n t i f i e d 

and a p p r o x i m a t e l y d e t e r m i n e d as d e r i v a t i v e s , such as amides . 

or a n i l i d e s , a f t e r o x i d a t i o n . 

Paper p a r t i t i o n chromatography, developed i n 1943 by 

Consden, Gorden and M a r t i n (26) f o r the s e p a r a t i o n and 

i d e n t i f i c a t i o n of amino acids,'was adapted to the r e s o l u t i o n 

of s u g a r s by P a r t r i d g e ( 2 7 ) , i n 1948.. The p r o c e d u r e c o n s i s t s 

i n p l a c i n g a spot of a sugar s o l u t i o n near the top of a s t r i p 

of f i l t e r paper, the top o f which i s immersed I n a t r o u g h . 

The t r o u g h and paper are p l a c e d I n an a i r t i g h t chamber so 

t h a t the atmosphere becomes s a t u r a t e d w i t h water vapour and 

s o l v e n t vapour. Absorbed water p r o v i d e s a s t a t i o n a r y phase 
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on the paper, and the sugars a re s e p a r a t e d by v i r t u e of t h e i r 

d i f f e r e n c e s i n p a r t i t i o n between t h i s . a n d the o r g a n i c phase 

moving down the paper. The s e p a r a t e d sugars a re d e t e c t e d 

by s p r a y i n g the paper w i t h s u i t a b l e r e a g e n t s (28^ 2 9 , 3 0 ) 

and a r e i d e n t i f i e d by the r a t e a t wh i c h they move under 

s t a n d a r d c o n d i t i o n s or by r e f e r e n c e t o s t a n d a r d s r u n on the 

same paper. H i r s t , Jones, e t . a l . ( 3 1 ) , have a p p l i e d the 

method to the s e p a r a t i o n o f m e t h y l a t e d sugars and have 

t a b u l a t e d observed v a l u e s f o r the r a t e of t r a v e l o f 58 

su g a r s . The method has been adapted t o the q u a n t i t a t i v e 

s e p a r a t i o n and e s t i m a t i o n o f the s u g a r s , ( 3 2 , 53, 3 4 ) . 

The method has the tremendous advantage t h a t s e l e c t i v e r e a g e n t s 

are n ot r e q u i r e d . Once s e p a r a t e d , an o x i d i z i n g agent t h a t 

w i l l d e a l w i t h m i c r o q u a n t i t i e s s e r v e s f o r the d e t e r m i n a 

t i o n o f a l l r e d u c i n g s u g a r s . 

Paper p a r t i t i o n chromatography i s u s e f u l i n the 

i d e n t i f i c a t i o n o f sugars b u t d i f f e r e n t i a t i o n between D and 

L s t e r e o - i s o m e r s i s not p o s s i b l e . I t may s t i l l , t h e r e f o r e , 

be n e c e s s a r y t o i s o l a t e the i n d i v i d u a l sugars a t l e a s t on 

a semi-micro s c a l e . T h i s may be a c c o m p l i s h e d , u s i n g the 

p a r t i t i o n p r i n c i p l e , by r e p l a c i n g f i l t e r paper s t r i p s w i t h 

columns of powdered c e l l u l o s e (35) or s i l i c a t e s ( 3 6 ) . 

Chromatographic a d s o r p t i o n of sugars on columns of s o l i d 

a d s o r b e n t s such as c a l c i u m c a r b o n a t e , magnesium o x i d e , or 

al u m i n a , may a l s o be employed.in the i s o l a t i o n o f the 

sugars ( 3 7 ) . I n t h e s e l a s t mentioned t e c h n i q u e s the 

s o l v e n t i s passed t h r o u g h the column c o n t i n u o u s l y so t h a t 



the: r e s o l v e d sugars are swept through the column and are 

c o l l e c t e d i n the e l u a t e by means of an a u t o m a t i c f r a c t i o n 

c o l l e c t o r which changes the r e c e i v e r a t i n t e r v a l s . 



OBJECT OF STUDY 

The c h l o r i t e p r o c e d u r e f o r h o l o c e l l u l o s e now p e r m i t s 

the r a p i d i s o l a t i o n of the t o t a l c a r b o h y d r a t e f r a c t i o n of 

wood and thus p r o v i d e s an e x c e l l e n t source of m a t e r i a l f o r 

c o n s t i t u t i o n a l s t u d i e s . . The program o f study i n t h i s l a b o 

r a t o r y i s d i r e c t e d toward the e l u c i d a t i o n of the s t r u c t u r e 

of and the r e l a t i o n s h i p bet\«/een the v a r i o u s components of 

h o l o c e l l u l o s e . The p r e s e n t work i n v o l v e s a p r e l i m i n a r y 

i n v e s t i g a t i o n i n t o the b e h a v i o r of S i t k a spruce h o l o c e l l u l o s e 

under the h y d r o l y t i c i n f l u e n c e of d i l u t e a c i d s , and the 

I d e n t i f i c a t i o n o f the p r o d u c t s of h y d r o l y s i s . Other 

e x p e r i m e n t s d e a l i n g w i t h the a l k y l a t i o n and h y d r o l y s i s o f 

the m e t h y l a t i o n d e r i v a t i v e s of h o l o c e l l u l o s e are b e i n g 

c a r r i e d out c o n c u r r e n t l y w i t h the p r e s e n t i n v e s t i g a t i o n ( 3 8 ) . 

P a r t i t i o n chromatography prom i s e s t o be the most s a t i s f a c t o r y 

method of s e p a r a t i n g complex m i x t u r e s of m e t h y l a t e d sugars 

I n SLich h y d r o l y z a t e s . I t seemed a d v i s a b l e , t h e r e f o r e , t o 

a p p l y t h i s t e c h n i q u e t o the i d e n t i f i c a t i o n of the s i m p l e 

sugars r e s u l t i n g f r o m the h y d r o l y s i s of h o l o c e l l u l o s e . The 

development o f A p r o c e d u r e f o r the q u a n t i t a t i v e d e t e r m i n a t i o n 

of f r e e sugars on the paper chromatogram was a l s o e n v i s i o n e d . 
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EXPERIMEMTAL 

1. P r e p a r a t i o n o f H o l o c e l l u l o s e . 

A b o a r d i d e n t i f i e d as S i t k a spruce ( P i c e a s i t c h e n s i s ) 

heartwood was o b t a i n e d from the F o r e s t P r o d u c t s L a b o r a t o r y 

o f the Department of Resources and Development a t 

Vancouver. The wood v/as c u t i n t o s m a l l b l o c k s and 

ground i n a W i l e y m i l l t o pass a 40 mesh s c r e e n . The 

sawd.ust was then screened t o remove a l l m a t e r i a l f i n e r 

t h a n 50 mesh s i z e . The e x t r a c t i v e s v/ere removed by c o n t i n u o u s 

e x t r a c t i o n f o r 8 hours i n a s o x h l e t e x t r a c t o r w i t h m e t h y l 

a l c o h o l - b e n z e n e ( 1 - 2 ) . The sawdust was t r e a t e d i n 15 gram 

b a t c h e s u n t i l 600 grams of e x t r a c t i v e - f r e e sawdust had 

been p r e p a r e d . 

The v/ood was th e n d e l i g n i f i e d by the f o l l o w i n g 

p r o c e d u r e ( 1 5 ) : 

100 g. of the e x t r a c t i v e f r e e sawdust v/as suspended i n 

3200mls. of w a t e r , 20 m l . of g l a c i a l a c e t i c a c i d v/ere added 

f o l l o w e d by 30 g. of sodium c h l o r i t e , NaClOg. The m i x t u r e 

was h e a t e d f o r one hour a t 70° t o 80°C, another 20 ml. o f 

a c e t i c a c i d and 30 g. of N a C l 0 2 v/ere added at. the end of the 

f i r s t h o u r , and the h e a t i n g c o n t i n u e d f o r another hour. The 

p r o c e s s was r e p e a t e d u n t i l f o u r a d d i t i o n s had been made, a n d 

the m i x t u r e had been h e a t e d f o r f o u r h o u r s . The m i x t u r e 

was c o o l e d i n an I c e b a t h , f i l t e r e d t h r o u g h a Buchner 

f u n n e l , the r e s i d u e v/ashed w i t h i c e water and f i n a l l y v/ith 



acetone. The r e s u l t i n g h o l o c e l l u l o s e v/as snow w h i t e i n 

c o l o r and r e t a i n e d the s t r u c t u r e of the o r i g i n a l sawdust,. 

When 300 g. of the h o l o c e l l u l o s e had been p r e p a r e d the a i r 

d r i e d m a t e r i a l was a n a l y s e d f o r l i g n i n , a l p h a - c e l l u l o s e , 

p e n t o s a n , ash and u r o n i c a c i d (as car b o n d i o x i d e ) by the 

s t a n d a r d T.A.P.P.I. methods ( 3 9 ) . 

T a b l e 1.: A n a l y s i s o f H o l o c e l l u l o s e 

I I I I I I average 

ash 0.45 0.47 0.48 0.47 

L i g n i n 2.6 3.0 2.7 • 2.8 

alpha.- c e l l u l o s e 62.5 62.2 62.7 62.5 

p e n t o s a n 5.8 6;.0 ' 6.2 6.0 

carb o n d i o x i d e 1.2 

m e t h o x y l ^ 1.4 1.5 - 1.5 

1 Determined by. A . J . M a r t i n 

I I . H y d r o l y s i s o f H o l o c e l l u l o s e 

E xperiment 1. 

Two gram samples of h o l o c e l l u l o s e were a c c u r a t e l y 

weighed i n t o 250 m l . e r l e n m e y e r s , 50 ml. of 1.005 N s u l 

f u r i c a c i d added to each f l a s k and the m i x t u r e s r e f l u x e d at 

the b o i l i n g p o i n t on a h o t p l a t e . At the end of each hour 

a f l a s k was removed, c o o l e d under r u n n i n g w a t e r , and the 

c o n t e n t s f i l t e r e d t h r o u g h a t a r e d s i n t e r e d g l a s s c r u c i b l e . 

When f i v e samples had been t r e a t e d , the r e s i d u e s were oven 

d r i e d and weighed t o determine the per cent l o s s i n w e i g h t . 
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The oven d r i e d r e s i d u e s were then a n a l y s e d f o r r e s i d u a l 

p e n t o s a n . The h y d r o l y z a t e s were saved f o r f u t u r e stud?/. 

T a b l e 2: R e s i d u e s a f t e r h y d r o l 
y s i s w i t h 1.005 N HgS0 4 at 102*0 

Sample Hours Per cent s o l i d s Per c e n t l o s s . 

1 1 77.0 23.0 

2 2 74.4 25.6 

3 3 69.2 30.8 

5 5 69.6 30.4 

Table 5: Pentosan i n r e s i d u e s a f t e r o 

h y d r o l y s i s w i t h 1.005 N H 2 S 0 4 a t 102C 

Sample Hours R e s i d u a l Pentosan--:- Loss as Pentosan 

1 1 2.3 3.7 

2 2 1.3 4.7 

3 3 1.4 4.6 

5 5 0.7 5.3 

P e r c e n t a g e s based on h o l o c e l l u l o s e 

E x c e s s i v e bumping d u r i n g r e f l u x i n g r e s u l t e d i n the l o s s 

of m a t e r i a l from one of the samples d u r i n g t h i s e x p e r i m e n t . 

Bumping c o u l d not b e ' e l i m i n a t e d by the use of g l a s s beads, 

b o i l i n g c h i p s , or b o i l i n g t u b e s , because of the b l a n k e t i n g 

e f f e c t of the sawdust. 

E x p e r i m e n t 2. 

A second s e r i e s o f samples were h y d r o l y z e d I n f l a s k s 

w h i c h were suspended I n a water b a t h c o n s i s t i n g of a 12" 

e v a p o r a t i n g d i s h h e a t e d by a Meker b u r n e r . A n a l y s i s of the 

r e s u l t i n g r e s i d u e s y i e l d e d i n c o n s i s t e n t r e s u l t s i n d i c a t i n g 
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t h a t uneven h e a t i n g had. o c c u r e d due t o poor c i r c u l a t i o n of 

the b a t h w a t e r . The v/ater b a t h v/as then m o d i f i e d t o i n c l u d e 

a s t i r r e r and a water i n l e t tube so t h a t a c o n s t a n t l e v e l 

c o u l d be m a i n t a i n e d by d r i p p i n g warm tap water i n t o the b a t h . 

Experiment 3. 

Two gram samples of h o l o c e l l u l o s e v/ere weighed I n t o 

250 m l . erlenmeyer f l a s k s and he a t e d on the v/ater b a t h w i t h 

50 m l . o f 1.021 N H2SO4 w h i c h had been brought t o b a t h 

t e m p e r a t u r e (93°C) b e f o r e b e i n g added. F l a s k s were removed 

at i n t e r v a l s , u n t i l seven samples had been t r e a t e d c o o l e d 

and f i l t e r e d . The per cen t l o s s i n weight was det e r m i n e d 

and the r e s i d u e s v/ere a n a l y s e d f o r r e s i d u a l p e ntosan. 

T a b l e 4: R e s i d u e s a f t e r H y d r o l 
y s i s w i t h 1.021 N H 2 S 0 4 a t 93°C 

Sample Hours P e r c e n t s o l i d s P e r c e n t 

1 1/2 91.5 8.5 

2 1 86.1 13.9 

3. 2 73.5 26.5 

4 3 74.2 '25.8 

5 4 75.6 24.4 

6 5 75.0 25.0 
7 6 74.0 26.0 
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T a b l e 5: Pentosan I n r e s i d u e a f t e r 
h y d r o l y s i s w i t h 1.021N H 2 S 0 4 a t 93°C 

Sample Hours R e s i d u a l P e n t o s a n Loss as Pentosan 

1 1/2 3.8 2.2 

2 1 3.0 3.0 

3 2 2.4 3.6 

4 3 2.5 3.5 

5 4 2.0 4.0 

6 5 1.9 4.1 

7 6 1.9 4.1 

Experiment 4. 

A f o u r t h s e r i e s of samples was t r e a t e d i n the same 

manner and under the same c o n d i t i o n s as i n Experiment 

No. 3. The r e s u l t i n g r e s i d u e s were a n a l y s e d f o r a l p h a -

c e l l u l o s e w hich was c a l c u l a t e d as a p e r cent of the 

o r i g i n a l sample. 

Table 6: a l p h a - c e l l u l o s e r e m a i n i n g 
a f t e r h y d r o l y s i s v / i t h 1.021N H g S 0 4 a t 93°C 

Sample Hours R e s i d u a l a l p h a - c e l l u l o s e 

1" 1/2 52.3 

2 1 45.5 

3 2 45.9 

4 3 43.5 

5 4 40.1 

6 5 39.8 

7 6 32.7 
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I n a l l c ases i t was ob s e r v e d t h a t a f i n e s i l t s e t t l e d 

out when the h y d r o i y z a t e s ' were p e r m i t t e d t o stand o v e r n i g h t 

a f t e r f i l t r a t i o n . T h i s m a t e r i a l , w h i c h d i d not exceed 1% 

o f the o r i g i n a l samples, was presumed to be a p a r t o f the 

r e s i d u e s and was not examined. 

I I I . E x a m i n a t i o n of the H y d r o i y z a t e s 

A, P r e l i m i n a r y e x p e r i m e n t s on the chromatography of 

s u g a r s . 

S t a n d a r d samples of g l u c o s e , g a l a c t o s e , mannose, 

x y l o s e , a r a b i n o s e , g l u c u r o n i c a c i d and g a l a c t u r o n i c a c i d 

c o n t a i n i n g 10 mg. o f sugar per mi. were p r e p a r e d . 

Chromatograms were formed by d e p o s i t i n g a drop o f each 

s t a n d a r d s o l u t i o n a l o n g a l i n e drawn 7 cm. from one end 

of an .18 x 57 cm. sheet of Whatman No. 1 f i l t e r p a p e r . 

The paper s t r i p s were suspended from a g l a s s t r o u g h 

e n c l o s e d i n a 12" x 24" c y l i n d r i c a l g l a s s chamber h a v i n g a 

p l a t e g l a s s l i d w h i c h c o u l d be s e a l e d w i t h v a s e l i n e . The 

chromatograms were developed by f i l l i n g the t r o u g h w i t h 

s o l v e n t w h i c h siphoned over and down the paper i r r i g a t i n g 

the d e p o s i t e d s u g a r s . A f t e r t r e a t m e n t the papers were 

removed and a i r d r i e d . The sugars were d e t e c t e d by s p r a y i n g 

the paper w i t h the a n i i l i n e - h y d r o g e n - p h t h a l a t e r e a g e n t o f 

P a r t r i d g e ( 2 9 ) . The sprayed papers were a i r d r i e d t h e n 

heated i n the oven a t 105 f o r 10 t o 15 minutes whereupon t h e 

pentose sugars v/ere r e v e a l e d as 'brown s p o t s and the hexoses 

and u r o n i c a c i d s as p i n k s p o t s . 
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S e v e r a l of the s o l v e n t m i x t u r e s r e p o r t e d i n the 

l i t e r a t u r e were examined t o determine w h i c h would g i v e the 

b e s t r e s o l u t i o n o f a l l o f the sugars i n a s i n g l e m i x t u r e . 

'The s o l v e n t s f o u n d most s a t i s f a c t o r y v/ere b u t a n o l - w a t e r -

a c e t i c a c i d (4-1-5 v / v ) ( 2 7 ) , and p y r i d i n e - w a t e r - e t h y l 

a c e t a t e (1-2-2 v / v ) ( 4 0 ) . The s e p a r a t i o n s were most 

e f f e c t i v e when the sugars had t r a v e l l e d about' 3/4 .the 

l e n g t h of the paper. T h i s r e q u i r e d from 16 to 24 hours w i t h 

the p y r i d i n e m i x t u r e , and from 56 t o 40 hours w i t h the b u t a n o l -

w a t e r - a c e t i c a c i d . The R f v a l u e s ( r a t i o n o f d i s t a n c e t r a v e l 

l e d by sugar t o d i s t a n c e t r a v e l l e d by s o l v e n t f r o n t ) are 

v e r y low w i t h these s o l v e n t s , so t h a t the sugars have 

t r a v e l l e d o n l y a few c e n t i m e t e r s when the s o l v e n t has r e a c h e d 

the bottom of the paper. T h i s d i f f i c u l t y was overcome by 

p l a c i n g a pad o f abso r b e n t c o t t o n at the base o f the hanging 

paper and a l l o w i n g the s o l v e n t to r u n o f f i n t o the c o t t o n . 

The r a t e of d e s c e n t o f the s o l v e n t appeared t o decrease i f 

i t v/as p e r m i t t e d to b u i l d u p and d r i p o f f the lower edge of 

the p a p e r . 

I t was observed t h a t the p r o p e r t i e s of a s o l v e n t m i x t u r e 

were markedly a l t e r e d I f s m a l l amounts o f a p r e v i o u s l y used 

m i x t u r e v/ere l e f t i n the bottom of the chamber. I t was, 

t h e r e f o r e , n e c e s s a r y t o wash and d r y the chamber b e f o r e a 

new s o l v e n t was used - i f r e p r o d u c i b l e r e s u l t s v/ere d e s i r e d . 

The chro m a t o g r a p h i c chamber had t o be s h i e l d e d from d r a u g h t s 

and k e p t away from, r a d i a t o r s s i n c e i t v/as found t h a t 

temperature g r a d i e n t s caused the s o l v e n t f r o n t t o an g l e down 
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the paper. P l a t e Ho. I i n the appendix shows the e f f e c t o f 

a Bunsen b u r n e r s t a n d i n g t h r e e f e e t f rom the chamber. 

B. Q u a l i t a t i v e I d e n t i f i c a t i o n o f H y d r o l y s i s P r o d u c t s 

The h y d r o i y z a t e s f r o m h y d r o l y s i s No. 1 were t r e a t e d 

w i t h s a t u r a t e d b a r i u m h y d r o x i d e s o l u t i o n u n t i l ... . b a s i c 

to p h e n o l p h t h a l i i n and the excess b a r i u m removed by back 

t i t r a t i n g w i t h 1 N s u l f u r i c a c i d . The r e s u l t i n g s o l u t i o n s 

were f o u n d t o be too d i l u t e f o r c h r o m a t o g r a p h i c work and v/ere 

t h e r e f o r e c o n c e n t r a t e d by vacuum d i s t i l l a t i o n . P ' l l t e r paper 

chromatograms were atte m p t e d d u r i n g v a r i o u s s t a g e s o f the 

c o n c e n t r a t i o n . P a i n t sugar s p o t s c o u l d be d e t e c t e d on t h e 

paper a t volumes up t o 100 m l . but no s a t i s f a c t o r y chroma

tograms were o b t a i n e d u n t i l the volume had been reduced t o 

a p p r o x i m a t e l y 1 m l . 

W i t h p y r i d i n e - w a t e r - e t h y l a c e t a t e as s o l v e n t , g a l a c t o s e , 

g l u c o s e , and x y l o s e were r e a d i l y i d e n t i f i e d by r e f e r e n c e t o 

the s t a n d a r d s . Mannose and a r a b i n o s e t r a v e l l e d the same 

d i s t a n c e on the chromatogram so t h a t the a d j a c e n t spot from 

the h y d r o l y z a t e c o u l d n o t be I d e n t i f i e d d e f i n i t e l y . A v e r y 

f a i n t spot and a w e l l marked spot v/ere d e t e c t e d , n e i t h e r o f 

?/hich c o r r e s p o n d e d t o s t a n d a r d s . G a l a c t u r o n i c a c i d d i d n o t 

appear on the chromatogram, and no spot c o r r e s p o n d i n g t o the 

g l u c u r o n i c a c i d s t a n d a r d was e v i d e n t . The w e l l d e f i n e d spot 

of unknown m a t e r i a l t r a v e l l e d o n l y a few c e n t i m e t e r s down 

the paper w h i l e the b u l k o f the sugars t r a v e l l e d a c o n s i d e r a b l e 

d i s t a n c e . I t was, t h e r e f o r e , s u s p e c t e d t h a t the m a t e r i a l 

was the barium s a l t o f a u r o n i c a c i d . H a l f q u a n t i t i e s o f 
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b a r i u m h y d r o x i d e were added t o the u r o n i c a c i d s t a n d a r d s so 

t h a t the b a r i u m s a l t s and the f r e e a c i d s would appear on the 

chromatograms. I t was then found t h a t the g l u c u r o n i c , a c i d 

s t a n d a r d y i e l d e d a spot c o r r e s p o n d i n g t o the slow moving 

unknown m a t e r i a l . The g a l a c t u r o n i c a c i d s t a n d a r d a g a i n 

f a i l e d to show up on the paper. I n the f o l l o w i n g t a b l e the 

d i s t a n c e s t r a v e l l e d by the v a r i o u s components of the hydro

l y z a t e are compared t o the d i s t a n c e s t r a v e l l e d by the 

s t a n d a r d sugars on the same chromatogram. 

Ta b l e 7: Comparative d i s t a n c e t r a v e l l e d ( i n cm) by components 
of h y d r o l y z a t e and by s t a n d a r d sugars i n 22 hours 
i r r i g a t i o n w i t h p y r i d i n e - w a t e r - e t h y l a c e t a t e (1-2-2) 

Components o f 
H y d r o l y z a t e 3.2 '8';7 25.6 28.7 32.9 38.1 — 

S t a n d a r d s u g a r s : 

•glucose - - - 2.9.5 

' g a l a c t o s e - - 25.9 -

mannose - - - - 3 3 . 5 

x y l o s e - - . - - - 38.1 -

a r a b i n o s e - 52.7 

g l u c u r o n i c a c i d - - - - - 50 

Ba g l u c u r o n a t e 5.5 -

When b u t a n o l - w a t e r - a c e t i c a c i d v/as employed as the 

• s o l v e n t , mannose was w e l l s e p a r a t e d from the o t h e r sugars 

and c o u l d be d e t e c t e d I n the h y d r o l y z a t e . A r a b i n o s e t r a v e l l e d 

almost the same d i s t a n c e as x y l o s e so t h a t i t v/as a g a i n d i f 

f i c u l t to d e t e c t a r a b i n o s e among the components. The g a l a c 

t o s e and g l u c o s e s t a n d a r d s were l i k e w i s e p o o r l y s e p a r a t e d . 
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Only one u n i d e n t i f i a b l e spob appeared among the h y d r o l y t i c 

components, and no slow moving m a t e r i a l v/as a p p a r e n t . The 

g l u c u r o n i c a c i d s t a n d a r d a l s o f a i l e d t o produce a slow 

moving spot b u t d i d y i e l d two s p o t s , n e i t h e r o f w h i c h 

c o r r e s p o n d e d t o components of the h y d r o l y z a t e . The d i s t a n c e s 

t r a v e l l e d by the s t a n d a r d sugars are compared t o those 

t r a v e l l e d by the components of the h y d r o l y z a t e , i n the 

f o l l o w i n g t a b l e . 

T a b l e 8: Comparative d i s t a n c e t r a v e l l e d ( i n cm) by components 
o f h y d r o l y z a t e and by s t a n d a r d sugars i n 29.5 h o u r s 
i r r i g a t i o n v / i t h b u t a n o l - w a t e r - a c e t i c a c i d (4-1-5) 

Components of 
H y d r o l y z a t e 12.2 20.8 21.3 23.9 27.2 28.6 T 

S t a n d a r d s u g a r s : 

g l u c o s e - - 20.9 - - -

g a l a c t o s e - 20.1 - - • -

mannose - - - 2 4 . 2 

x y l o s e - - - - - 28.4 

a r a b i n o s e - - - - 2 7 . 5 

g l u c u r o n i c a c i d - - ~ - ~ _ _ _ _ _ 32.8 

Ba g l u c u r o n a t e - - - - - 16.2 

C. E s t i m a t i o n o f Sugars i n H y d r o i y z a t e s 

A m i c r o - p i p e t t e f o r the t r a n s f e r o f s o l u t i o n on to the 

chromatograms was p r e p a r e d f rom 1 mm. c a p i l l a r y t u b i n g , and 

was c a l i b r a t e d v / i t h mercury to d e l i v e r up t o 90 m i c r o - l i t e r s . 
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F i g u r e 2 : M i c r o - p i p e t t e . 

A number of one m l . v o l u m e t r i c f l a s k s were a l s o p r e p a r e d and 

c a l i b r a t e d . The f l a s k s , w h i c h were blown f r o m 4 mm. p y r e x 

cubing, were p r o v i d e d w i t h a b u l b p a r t way up the neck t o 

f a c i l i t a t e m i x i n g o f the c o n t e n t s . The f l a s k s c o u l d be 

s e a l e d I n a f l a m e a f t e r f i l l i n g , the c o n t e n t s mixed by 

s h a k i n g f rom b u l b to b u l b , and the upper b u l b t h e n c u t o f f 

t o l e a v e a m i c r o - f l o r e n c e f l a s k ?/hich c o u l d be s t o p p e r e d by 

s l i p p i n g a r u b b e r p o l i c e m a n over the neck. 

F i g u r e 3 : M i c r o - s c a l e v o l u m e t r i c f l a s k 

f l a s k orien f l a s k s e a l e d b u l b removed 

St a n d a r d s o l u t i o n s of g l u c o s e and x y l o s e were p r e p a r e d 

and were used t o check the r e a g e n t s and I n s t r u m e n t t o be 

used i n the q u a n t i t a t i v e d e t e r m i n a t i o n s . The method s e l e c t e d 

i s a p h o t o m e t r i c a d a p t a t i o n (41) o f the c o l o r i r n e t r i ' c method 
of F o l i n and Malmros (42) , u s i n g a Klett-Summerson 
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p h o t o e l e c t r i c c o l o r i m e t e r . The d e t a i l s of the procedure 

are as f o l l o w s : 

1.6 m l . o f sample i s measured i n t o a p y r e x c o l o r i m e t e r 

tube and 0.80 m l . of 0.4 per c e n t p o t a s s i u m f e r r i c y a n i d e i s 

added, f o l l o w e d by 0.4 m l . of c y a n i d e - c a r b o n a t e reagent 

(8g. of anhydrous sodium carbonate i n 40-50 ml. of v/ater, 

p l u s 15.ml. of 1 per c e n t sodium c y a n i d e , the whole d i l u t e d 

t o 500 m l . ) . The s o l u t i o n s are mixed, h e a t e d i n a b o i l i n g 

water b a t h f o r 8 m i n u t e s , c o o l e d 1-2 m i n u t e s , a.nd 3.0 m l . 

of f e r r i c i r o n r e a g e n t added (20 g. gum g h a t t i d i s s o l v e d i n 

1 l i t e r o f w a t e r , p l u s 5 g. of f e r r i c s u l f a t e , 75 m l . of 85 

per cent p h o s p h o r i c a c i d , 100 m l . water, and 15 m l . of 1 per 

cent p o t a s s i u m permanganate). The volume i s made t o 10 m l . 

w i t h d i s t i l l e d v/ater and the c o l o r r e a d a g a i n s t a r e a g e n t 

b l a n k a t 520 nju. The range I s 4-40 micrograms of g l u c o s e 

v/ i t h a p r e c i s o n of±0.4 micrograms. 

The e x p e r i m e n t a l v a l u e s agreed v / i t h the known v a l u e s 

f o r the x y l o s e and g l u c o s e s t a n d a r d s , and B e e r ' s Law v/as 

obeyed. 

The f i l t r a t e s f r o m h y d r o l y s i s No. 3 were t r e a t e d w i t h 

s o l i d b arium h y d r o x i d e u n t i l s l i g h t l y b a s i c . The barium 

s u l f a t e p r e c i p i t a t e v/as. f i l t e r e d out and excess b a r i u m 

i o n was removed by p a s s i n g carbon d i o x i d e t h r o u g h the 

s o l u t i o n then f i l t e r i n g out the b a r i u m c a r b o n a t e . The 

h y d r o i y z a t e s v/ere then c o n c e n t r a t e d under reduced p r e s s u r e . 

I n a l l cases a p r e c i p i t a t e , v/hich t e s t e d f o r c a r b o n a t e , s e t t l e d 
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out as the volume v/as re d u c e d . I t was n e c e s s a r y t o decant 

the h y d r o i y z a t e s , wash the p r e c i p i t a t e , and r e c o n c e n t r a t e 

the h y d r o i y z a t e s and wa s h i n g s , when the s o l u t i o n s had been 

c o n c e n t r a t e d almost t o dr y n e s s t h e y were t r a n s f e r r e d t o the 

s m a l l v o l u m e t r i c f l a s k s by means of a m i c r o - p i p e t t e . The 

d i s t i l l i n g f l a s k s were washed r e p e a t e d l y w i t h drops of 

water and the washings added t o the v o l u m e t r i c f l a s k s u n t i l 

the volume had been made up t o 1 m l . A chromatogram c o n t a i n 

i n g a sample of each o f the h y d r o i y z a t e s was p r e p a r e d w i t h 

the p y r l d i n e - w a t e r - e t h y l a c e t a t e s o l v e n t and i t was found 

t h a t a l l samples, w i t h the e x c e p t i o n of the f o u r hour 

h y d r o l y z a t e , were t o o d i l u t e t o y i e l d s a t i s f a c t o r y chroma-

tograms. F u r t h e r r e d u c t i o n . i n volume of the h y d r o i y z a t e s 

would have r e q u i r e d the p r e p a r a t i o n and c a l i b r a t i o n of 

s m a l l e r v o l u m e t r i c f l a s k s . I n s u f f i c i e n t time remained f o r 

t h i s u n d e r t a k i n g , or f o r the r e p e t i t i o n of the h y d r o l y s i s u s i n g 

l a r g e r samples. I t was t h e r e f o r e d e c i d e d t o c a r r y on w i t h 

the e x i s t i n g s o l u t i o n s i n o r d e r t o i n v e s t i g a t e the t e c h n i q u e s 

i n v o l v e d I n the remainder of the p r o c e d u r e . A chromatogram 

was p r e p a r e d f r o m each h y d r o l y z a t e as f o l l o w s : 

A 3 cm. m a r g i n was r u l e d down each s i d e of an 18 x 57 

cm. s t r i p of f i l t e r paper and a t h i r d l i n e was drawn a c r o s s 

the s t r i p 7 cm. from one end. Sample was d e l i v e r e d onto the 

paper i n a s e r i e s of sp o t s a l o n g the l a s t mentioned l i n e 

between the m a r g i n s . The volume was a c c u r a t e l y r e a d f rom 

the m i c r o b u r e t t e w i t h the a i d of a hand l e n s . 
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A spot from the 4 hour h y d r o l y z a t e was c e n t e r e d on the 

s t a r t i n g l i n e i n each m a r g i n . When the s p o t s were dry the 

papers were suspended i n the Chamber and i r r i g a t e d w i t h 

p y r i d e n e - w a t e r - e t h y l a c e t a t e f o r 24 h o u r s . The papers v/ere 

then removed and a i r d r i e d . The margins v/ere cut from the 

p a p e r s , sprayed w i t h a n k l i n e - p h t h a l i c a c i d , and heated i n the 

oven a t 105°C u n t i l c o l o r e d s p o t s appeared. The margins 

were then matched up w i t h the main body of each chromatogram 

and the zones c o n t a i n i n g the i n d i v i d u a l sugars l o c a t e d by 

r u l i n g l i n e s between the spots r e v e a l e d i n the m a r g i n s . 

S e v e r a l chromatograms were u n s a t i s f a c t o r y ' due t o uneven 

temperature c o n d i t i o n s v/hich caused d e v i a t i o n s i n the d i r e c 

t i o n of f l o w of the s o l v e n t . T h i s e f f e c t was e v i d e n c e d by 

the appearance of c o l o r e d zones i n the m a r g i n s . The zones 

c o n t a i n i n g x y l o s e , g a l a c t o s e and g l u c o s e were l a b e l l e d and 

c u t from the s a t i s f a c t o r y chromatograms. Mannose and 

a r a b i n o s e were not s e p a r a t e d by the s o l v e n t used, t h e r e f o r e , 

were d i s r e g a r d e d . A b l a n k s t r i p , e q u a l i n a r e a to the zones 

c o n t a i n i n g sugar, v/as a l s o cut from each paper. A b l a n k s t r i p 

and the s t r i p s c o n t a i n i n g x y l o s e were r o l l e d up and each 

p l a c e d i n the c y l i n d e r of a m i c r o s o x h l e t e x t r a c t o r . The 

papers were e x t r a c t e d f o r 6 hours w i t h s u f f i c i e n t v/ater to 

j u s t f i l l the e x t r a c t o r when 2 m l . o f water remained i n 

the bottom. The r e s u l t i n g s o l u t i o n s were then t r a n s f e r r e d 

t o c o l o r i m e t e r tubes and analysed,- t o g e t h e r w i t h a s t a n d a r d 

x y l o s e s o l u t i o n , by the c o l o r i m e t r i c method p r e v i o u s l y 

d e s c r i b e d . The g a l a c t o s e samples were s i m i l a r l y e x t r a c t e d 



28. 

and d e t e r m i n e d t o g e t h e r w i t h a g l u c o s e s t a n d a r d . The 

c o l o r i m e t e r ceased t o f u n c t i o n d u r i n g the d e t e r m i n a t i o n 

of g l u c o s e , hence t h i s sugar was not det e r m i n e d . The amount 

of each sugar p r e s e n t v/as det e r m i n e d f rom the p r o p o r t i o n 

micrograms of unknown _ micrograms of s t a n d a r d 
t r a n s m i t t a n c e of unknown - t r a n s m i t t a n c e of s t a n d a r d 

The v a l u e s o b t a i n e d v/ere c a l c u l a t e d back as a pe r c e n t a g e of 

the h o l o c e l l u l o s e samples. 

T a b l e 9: Pe r c e n t a g e of sugars i n h y d r o i y z a t e s 
a f t e r h y d r o l y s i s w i t h 1.021 N H 2 S 0 4 a t 93 C 

Sample Hours G a l a c t o s e X y l o s e 

1 1/2 - 0.02 

2 1 

3 2 0.03 

4 3 - 0.08 

5 4 0.05 0.07 

6 5 -

7 6 0.05 

The c o n c e n t r a t e f r o m sample 6 was poured i n t o an 

exces s of a l c o h o l . a n d the heavy w h i t e p r e c i p i t a t e f i l t e r e d 

o u t , d r i e d and weighed. 

Y i e l d : 15 per cent of sample weight 
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DISCUSSION 

Comparison of the p r e s e n t a n a l y t i c a l d a t a w i t h s i m i l a r 

d a t a r e c o r d e d i n the l i t e r a t u r e i s d i f f i c u l t due t o s p e c i e s 

d i f f e r e n c e s . No d a t a on S i t k a spruce h o l o c e l l u l o s e , and v e r y 

l i t t l e on S i t k a spruce wood c o u l d be f o u n d . I n a d d i t i o n , 

a l l f i g u r e s I n the p r e s e n t i n v e s t i g a t i o n are based on h o l o 

c e l l u l o s e . Some of the r e c e n t l i t e r a t u r e c o n t a i n s d a t a on 

t h i s b a s i s , but a l l o f the o l d e r d a t a i s b a s e d on whole wood. 

T h i s i n v e s t i g a t o r d i d n o t determine the h o l o c e l l u l o s e y i e l d , 

b u t Hawley and Campbell (43) r e p o r t 29.3 per cent l i g n i n 

and 9.9 per cent p e n t o s a n i n S i t k a s p r u c e . H o l o c e l l u l o s e 

c o n t a i n i n g 3 per cent l i g n i n s h o u l d then c o n s t i t u t e 73.5 

per cent of the wood. T h i s amount i s I n approximate agreement 

w i t h the v a l u e s g i v e n by Hajny and H i t t e r (44) f o r White 

spruce (72.9 per c e n t ) and Red spruce (73.3 per c e n t ) 

h o l o c e l l u l o s e . P e n t o s a n based on h o l o c e l l u l o s e would then 

be 13.4 per c e n t w h i c h a g a i n I s c l o s e to the f i g u r e s g i v e n 

f o r Red and White s p r u c e , l o c c i t . . The p e n t o s a n v a l u e s ob

t a i n e d i n the p r e s e n t i n v e s t i g a t i o n f a l l f a r s h o r t of t h i s 

v a l u e . ' The d i f f e r e n c e may be e x p l a i n e d , I n p a r t , by the 

f a c t t h a t c o r r e c t i o n s f o r f u r f u r a l l o s s and f o r the presence 

of h y d r o x y m e t h y l f u r f u r a l f r om c e l l u l o s e were a p p l i e d i n t h e 

p r e s e n t c a l c u l a t i o n s . The o l d e r method employing K r o b e r ' s 

t a b l e s would g i v e r e s u l t s a p p r o x i m a t e l y 1.5 per c e n t h i g h e r . 

Other f a c t o r s are the r e l a t i v e ages of the t r e e s sampled, 

the height, a t which the sample was t a k e n , and the q u e s t i o n 



o f whether the samples were heartwood or sapwood. I n a d d i t i o n 

v a l u e s f o r p e n t o s a n i n wood are s l i g h t l y h i g h due t o the 

l i b e r a t i o n of formaldehyde by l i g n i n ( 4 5 ) . The p i c t u r e 

i s f u r t h e r c o n f u s e d by a n a l y t i c a l d a t a g i v e n by Jayme and 

P i n k (46) f o r c h l o r i t e h o l o c e l l u l o s e from spruce ( s p e c i e s 

not g i v e n ) . The m a t e r i a l c o n s t i t u t e d 74.06 per cent of the 

wood and c o n t a i n e d 6.71 per cent p e n t o s a n and 5.05 per cent 

l i g n i n > i n f a i r agreement w i t h the p r e s e n t v a l u e s . A l p h a -

c e l l u l o s e , m e t h o x y l , and carbon d i o x i d e v a l u e s agree w e l l 

w i t h those r e p o r t e d f o r Pied and White spruce h o l o c e l l u l o s e . 

H y d r o l y s i s of h o l o c e l l u l o s e w i t h 1 N s u l f u r i c a c i d a t 

93° C appears t o remove m a t e r i a l r a p i d l y "during the f i r s t 

t h r e e h o u r s , a f t e r w h i c h t h e r e i s no f u r t h e r l o s s . I n c r e a s e 

of temperature t o 102° C causes a more r a p i d and somewhat 

g r e a t e r l o s s of m a t e r i a l , b u t a g a i n t h e r e i s l i t t l e l o s s 

a f t e r t h r e e h o u r s . M i l l e r and Swanson (47) r e p o r t a 

s i m i l a r phenomenon when White spruce I s h y d r o l y z e d w i t h 

I n c r e a s i n g c o n c e n t r a t i o n s of h y d r o c h l o r i c a c i d f o r s i x 

hours a t 96° C. The l o s s i n weight i n c r e a s e d d e c i d e d l y 

u n t i l an a c i d c o n c e n t r a t i o n of 0.75 per cent v/as r e a c h e d . 

Prom t h a t p o i n t on the l o s s I n weight became almost c o n s t a n t . 

They co n c l u d e d t h a t ^n a c i d c o n c e n t r a t i o n of 0.75 per cent 

v/as the p o i n t of d i f f e r e n t i a t i o n between two p a r t s of the 

c a r b o h y d r a t e m a t e r i a l w i t h r e s p e c t t o h y d r o l y s i s r e s i s t a n c e . 

I n the p r e s e n t work i t i s p o s s i b l e t h a t a l l l i n k a g e s s e n s i t i v e 

t o 1 N s u l f u r i c a c i d a t 93° C have been a t t a c k e d d u r i n g the 

f i r s t t h r e e hours and then an a d d i t i o n a l cype or t y p e s o f 



l i n k a g e s have been severed i n t h i s time a t 102° C. I t 

might be p r o f i t a b l e t o c a r r y out t h r e e s e p a r a t e s e r i e s of 

h y d r o l y s i s on h o l o c e l l u l o s e i n which t i m e , temperature and 

a c i d c o n c e n t r a t i o n , r e s p e c t i v e l y a re v a r i e d . I t i s p o s s i b l e 

t h a t some c o r r e l a t i o n could'be found between the p o i n t s of 

d i f f e r e n t i a t i o n i n each c a s e . 

The m a t e r i a l r e s i s t a n t t o 1 N a c i d at 95° C i s e q u a l 

to 75 per cent of the h o l o c e l l u l o s e . T h i s i s I n excess 

of the a l p h a - c e l l u l o s e d e t e r m i n e d (65.8 per c e n t , not 

c o r r e c t e d f o r ash and l i g n i n ) but lo w e r than .Cross and 

B e v i n c e l l u l o s e (85 per cen t c a l c u l a t e d f r om the d a t a of 

Hawley and Campbell ( 4 3 ) ) . Assuming t h a t C r o s s and B e v i n 

c e l l u l o s e i s p r e d o m i n a n t l y c e l l u l o s e and c e l i u l o s a n , i t i s 

apparent t h a t some f r a c t i o n of the c e l l u l o s a n s has been 

removed. 

The curve f o r a l p h a - c e l l u l o s e i n the r e s i d u e s suggests 

t h a t some of the m a t e r i a l removed may n o r m a l l y be a s s o c i a t e d 

w i t h the a l p h a - c e l l u l o s e f r a c t i o n . S h e r r a r d , (48) and o t h e r s 

(16) have shown t h a t a l p h a - c e l l u l o s e r e t a i n s c o n s i d e r a b l e 

mannan and x y l a n . I t i s , t h e r e f o r e , more p r o b a b l e t h a t some 

of the l o n g e r c h a i n c e l l u l o s a n s have been s u f f i c i e n t l y 

degraded .during h y d r o l y s i s to become a l k a l i s o l u b l e . These 

s h o r t e r c h a i n s r e m a i n l ' s o l u b l e I n 1 E s u l f u r i c a c i d but are 

removed by the 17.5 per cent sodium h y d r o x i d e t r e a t m e n t d u r i n 

the a l p h a - c e l l u l o s e d e t e r m i n a t i o n . Curves of t h i s n a t u r e , 

showing a r a p i d l o s s f o l l o w e d by a p l a t e a u , are w e l l known 



i n c e l l u l o s e c h e m i s t r y . T h e i r s i g n i f i c a n c e was d i s c u s s e d 

by Heuser and o t h e r s a t the 1948 T.A.P.P.I. Symposium ( 4 9 ) . 

I t ' w a s c o n c l u d e d t h a t the p o i n t a t which the curve f l a t t e n s 

out and becomes l i n e a r r e p r e s e n t s the p o i n t at which amorphous 

c e l l u l o s e and h e m i c e l l u l o s e have been removed and a t w h i c h 

o n l y c r y s t a l l i n e c e l l u l o s e r e m a i n s . 

The f i n e m a t e r i a l w h i c h s e t t l e d out a f t e r f i l t r a t i o n of 

the h y d r o i y z a t e s i s p r o b a b l y h o l o c e l l u l o s e f l o u r , w h i c h has 

p a s s e d t h r o u g h the f i l t e r . Hand s c r e e n i n g does not c o m p l e t e l y 

remove a l l m a t e r i a l of s m a l l p a r t i c l e s i z e , t h e r e f o r e , mecha

n i c a l s h a k i n g s h o u l d be employed i n s c r e e n i n g o f the wood 

b e f o r e p r e p a r i n g h o l o c e l l u l o s e . 

The sugars i d e n t i f i e d by the paper c h r o m a t o g r a p h i c 

method a r e x y l o s e , a r a b i n o s e , g l u c o s e , g a l a c t o s e and mannose. 

The I n t e n s i t y of the sugar s p o t s on the chromatograms 

i n d i c a t e t h a t a r a b i n o s e and g a l a c t o s e were p r e s e n t i n very-

low c o n c e n t r a t i o n , w i t h x y l o s e somewhat h i g h e r . G l u c o s e and 

mannose were p r e s e n t i n much h i g h e r c o n c e n t r a t i o n . Such a 

range might be expected i n the l i g h t of Jayme 1s (46) 

a n a l y s i s of spruce h o l o c e l l u l o s e : pentosan 6.71; mannan 9.85; 

g a l a c t a n 0.25. 

The compound which c o r r e s p o n d e d to barium g l u c u r o n a t e 

i n the p y r i d i n e s o l v e n t , b u t not i n the b u t a n o l - w a t e r - a c e t i c > 

a c i d m i x t u r e i s p r o b a b l y a mono-methoxyuronic a c i d . The per 

cent carbon d i o x i d e and m e t h o x y l o b t a i n e d on a n a l y s i s of the 

h o l o c e l l u l o s e are i n agreement w i t h t h i s v i e w . The compound 

p a r a l l e l s the b e h a v i o r o f b a r i u m g l u c u r o n a t e i n the b a s i c 



s o l v e n t but i s p r o b a b l y c o n v e r t e d t o the f r e e a c i d and 

p o s s i b l y the l a c t o n e by a c i d i c s o l v e n t s . The e l l i p t i c a l 

t a i l s w h ich precede the barium s a l t s on the chromatogram may 

be due t o f r e e a c i d l i b e r a t e d by i o n exchange of b a r i u m w i t h 

the p a p e r . R e l a t i v e l y few o f the methoxy u r o n i c a c i d s i n 

n a t u r e have been c h a r a c t e r i z e d due t o the r e s i s t a n c e o f the 

a l d o b i o n i c a c i d s to h y d r o l y s i s and t o the l a b i l i t y o f the 

f r e e a c i d . C h a r a c t e r i z a t i o n o f t h i s compound t h r o u g h 

chromatography, t h e r e f o r e , o f f e r s an i n t e r e s t i n g avenue of 

r e s e a r c h . The o t h e r u n i d e n t i f i e d compound on the chromato

gram may be a d i s a c c h a r i d e fragment. I t has been sho?m (27) 

t h a t d i s a c c h a r i d e s t r a v e l s a t i s f a c t o r i l y on the chromatogram. 

The l a r g e p r o p o r t i o n of a l c o h o l I n s o l u b l e m a t e r i a l 

p r e c i p i t a t e d f r o m sample 5 I n d i c a t e s t h a t a t r u e p i c t u r e of 

the h y d r o l y s i s can be o b t a i n e d o n l y by r e h y d r o l y s i s of the 

e x t r a c t s . Two s e t s o f d e t e r m i n a t i o n s s h o u l d be made on 

each h y d r o l y z a t e . The f i r s t , a f t e r h y d r o l y s i s , t o - d e t e r m i n e 

the c o m p o s i t i o n of the most s e n s i t i v e m a t e r i a l . The second, 

a f t e r r e h y d r o l y s i s o f the e x t r a c t s , t o determine the 

c o m p o s i t i o n o f the m a t e r i a l soLtubDized by the f i r s t h y d r o l y s i s 

I t i s u n f o r t u n a t e t h a t o n l y those sugars p r e s e n t I n low 

c o n c e n t r a t i o n were d e t e r m i n e d i n the p r e s e n t i n v e s t i g a t i o n . 

The v a l i d i t y o f the v a l u e s o b t a i n e d f o r g a l a c t o s e and x y l o s e 

i s exbremely u n c e r t a i n s i n c e the a n a l y t i c a l method was n o t 

checked w i t h s t a n d a r d s . The low v a l u e s o b t a i n e d can be 

r e c o n c i l e d to some e x t e n t , however. The t o t a l g a l a c t o s e i s 

low a c c o r d i n g t o Jayme's (46) f i g u r e . X y l o s e i s r a p i d l y 
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decomposed i n a c i d s o l u t i o n t h e r e f o r e m i g h t n o t I n c r e a s e i n 

c o n c e n t r a t i o n as t h e h y d r o l y s i s p r o c e e d s . The p r o c e d u r e f o r 

the q u a n t i t a t i v e d e t e r m i n a t i o n of the s u g a r s a p p e a r s t o be 

p r a c t i c a l i f somewhat l a r g e r samples are u s e d . The s o l v e n t 

m i x t u r e s employed i n t h i s i n v e s t i g a t i o n p e r m i t t h e i s o l a t i o n 

o f a l l t h e s u g a r s . G l u c o s e , g a l a c t o s e , x y l o s e and u r o n i c a c i d 

may be d e t e r m i n e d a f t e r s e p a r a t i o n w i t h p y r i d i n e - w a t e r - e t h y l 

a c e t a t e . Mannose and a r a b i n o s e may be d e t e r m i n e d t o g e t h e r 

f r o m t h i s c h r o m a t o g r a m . Mannose 'may t h e n be i s o l a t e d f r o m a 

c h r o m a t o g r a m p r e p a r e d w i t h b u t a n o l - w a t e r - e t h y l a c e t a t e s o l v e n t , 

and a r a b i n o s e c a l c u l a t e d b y d i f f e r e n c e . However , a s o l v e n t 

w h i c h w o u l d a c o o m p l i s h a c o m p l e t e s e p a r a t i o n on a s i n g l e 

chromatogram w o u l d be a d v a n t a g e o u s . The most s e r i o u s 

d i f f i c u l t y i n q u a n t i t a t i v e work i s l o s s o f sample due t o 

d r i f t I n t o the m a r g i n s o f the c h r o m a t o g r a m . I n s u l a t i o n of 

t h e chamber w o u l d e l i m i n a t e t h i s t r o u b l e b u t w o u l d p r e v e n t 

the o b s e r v a t i o n o f the chromatograms w h i l e r u n n i n g . S i n c e 

i n some c a s e s i t may be d e s i r a b l e t o o b s e r v e t h e chromatograms 

w i t h o u t r e m o v i n g them f r o m t h e c h a m b e r , i t w o u l d be more 

advantageous t o have a t h e r m o s t a t i c a l l y c o n t r o l l e d c o n s t a n t -

t e m p e r a t u r e room o f s u f f i c i e n t s i z e t o c o n t a i n a number of 

chambers and t o p e r m i t movement o f the o p e r a t o r . A l t e r n a t i v e l y 

a l a r g e i n c u b a t o r c a b i n e t c o u l d be u s e d . T e m p e r a t u r e w o u l d 

t h e n become a c o n t r o l l a b l e v a r i a b l e w h i c h m i g h t be u s e d t o 

a d v a n t a g e . A l t e r a t i o n o f t e m p e r a t u r e w o u l d change the r a t e 

o f t r a v e l o f compounds on t h e chromatogram b y a l t e r i n g t h e i r 

s o l u b i l i t i e s i n the s o l v e n t s . 
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The most s a t i s f a c t o r y chromatograms are o b t a i n e d from 

n e u t r a l sugar s o l u t i o n s , f r e e of i n o r g a n i c i o n s ( 2 7 ) . I t i s 

t h e r e f o r e n e c e s s a r y t h a t the a n i o n of the h y d r o l y z i n g a c i d 

be removed. T h i s i s n o r m a l l y a c c o m p l i s h e d by the a d d i t i o n 

of the h y d r o x i d e or c a r b o n a t e of a m e t a l w h i c h forms an 

i n s o l u b l e s a l t . The use of barium h y d r o x i d e f o r the removal 

of s u l f a t e , f o l l o w e d by t r e a t m e n t of the s o l u t i o n w i t h carbon 

d i o x i d e t o remove e x c e s s barium, i s not to be recommended. 

Reedy (50) s t a t e s t h a t i f an e x c e s s of c a r b o n d i o x i d e I s 

p a s s e d i n t o an a l k a l i n e e a r t h h y d r o x i d e , a t f i r s t the 

c a r b o n a t e i s p r e c i p i t a t e d , but l a t e r as the c o n c e n t r a t i o n 

of hydrogen and b i c a r b o n a t e i o n s i n c r e a s e , the p r e c i p i t a t e 

w i l l d i s s o l v e . D u r i n g the p r e s e n t i n v e s t i g a t i o n the d i s s o l v e d 

b a r i u m carbonate was r e p r e c i p i t a t e d d u r i n g the c o n c e n t r a t i o n 

of; the h y d r o i y z a t e s . T h i s n e c e s s i t a t e d f i l t r a t i o n at a stage 

where the s o l u t i o n was h i g h l y c o n c e n t r a t e d , I n t r o d u c i n g the 

p o s s i b i l i t y of sugar l o s s . The use of l e a d c a r b o n a t e 

f o l l o w e d by p r e c i p i t a t i o n of excess l e a d w i t h hydrogen 

s u l f i d e i s p r o b a b l y p r e f e r a b l e . An i n v e s t i g a t i o n I n t o the 

use of i o n exchange' r e s i n s f o r the n e u t r a l i z a t i o n o f 

h y d r o i y z a t e s might prove f r u i t f u l . 
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SUMMARY 

1. H o l o c e l l u l o s e i s r a p i d l y a t t a c h e d d u r i n g the 

f i r s t t h r e e h o u r s of h y d r o l y s i s w i t h IN s u l f u r i c a c i d a t 

93° C. A f t e r t h r e e hours l i t t l e ' m a t e r i a l i s removed. Two 

t h i r d s of the p e n t o s a n pass i n t o the h y d r o l y z a t e i n t h i s 

t i m e , and the a l p h a - c e l l u l o s e f r a c t i o n i s some v/hat degraded. 

Only a s m a l l f r a c t i o n o f the s o l u b i l i z e d m a t e r i a l appears 

as f r e e s u g a r s , t h e r e f o r e , r e h y d r o l y s i s of the e x t r a c t s i s 

r e q u i r e d b e f o r e q u a n t i t a t i v e d e t e r m i n a t i o n o f the I n d i v i d u a l 

s u g a r s . 

2. G l u c o s e , g a l a c t o s e , mannose, x y l o s e and a r a b i n o s e 

have been i d e n t i f i e d i n the h y d r o i y z a t e s by the chromatogra

p h i c method. The presence of a methoxy u r o n i c a c i d was i n d i 

c a t e d . 

3. A p r o c e d u r e f o r the q u a n t i t a t i v e d e t e r m i n a t i o n of 

the sugars p r e s e n t has been g i v e n . G l u c o s e , g a l a c t o s e , 

x y l o s e and the u r o n i c a c i d are d etermined a f t e r s e p a r a t i o n 

on a chromatogram u s i n g p y r i d i n e - w a t e r - e t h y l a c e t a t e (1-2-2 V / v ) . 

Mannose and a r a b i n o s e are not s e p a r a t e d on t h i s chromatogram 

b u t may be d e t e r m i n e d t o g e t h e r . Mannose I s determined a f t e r 

s e p a r a t i o n on a second chromatogram p r e p a r e d w i t h b u t a n o l -

w a t e r - a c e t i c a c i d ( 4 - 1 - 5 v / v ) as s o l v e n t . A r a b i n o s e i s . 

d e t e r m i n e d by d i f f e r e n c e . 
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4. The use of a con.sta.nt temperature cabinet or room 
f o r use during the pr e p a r a t i o n of chromatograms f o r quanti
t a t i v e work Is recommended. Constant temperature c o n d i t i o n 
w i l l e l i m i n a t e losses due to i r r e g u l a r movement of solvent. 

http://con.sta.nt


I. 

Figure -f: Weight loss, on hydrolysis of hol o c e l l u l o s e with 

1.021 N H2S0[ i at 93 C 



Z 3 + 5 
Hours 

Residual pentosan a f t e r hydrolysis of h o l o c e l l u l o s e 

with 1.021 N H SO at 93°C 



I I I . 

5 
Hours 

Figure 6: Alpha-cellulose i n residues after hydrolys 

holocellulose with 1.021 N T^SO^ at 93°G 







Plate III. P i s p o s i t i o * of « u g « r s on chrom^tograT. qfte r £9-5 hoMrS i r r i g a t i o n u//rt 

»ut<kNO I - w * t o » « - a c*i » e acid (f ' - l- f ) v / v ) 
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