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NONDEGRADATIVE PREPARATION OF AMORPHOUS CELLULOSE 

Leland R. S c h r o e d e r l ,  V i c t o r  M. G e n t i l e ,  and Rajai H. A t a l l a  
The I n s t i t u t e  oE Paper  Chemistry 

Appleton,  Wisconsin 54912 

ABSTRACT 

Amorphous ( n o n c r y s t a l l i n e )  c e l l u l o s e  was p r e p a r e d  by d i s s o l v -  
ing c o t t o n  h y d r o c e l l u l o s e  in t h e  dimethylsulfoxide-paraformalde- 
hyde s o l v e n t  sys t em and r e g e n e r a t i n g  t h e  c e l l u l o s e  by s low add i -  
t i o n  of rhe  r e s u l t a n t  me thy lo l  c e l l u I o s e  s o l u t i o n  t o  s t i r r e d  0 .22  
sodium a l k o x i d e  i n  methanol :Z-propanol ( 1  : 1 vol  . I .  The r e q e n e r a t -  
ed c e l l u l o s e s ,  e s s e n t i a l l y  devoid o f  r e s i d u a l  m e t h y l o l  s u b s t i c -  
uerits  (E 0.002 m . s . ) ,  had x-ray d i f f r a c t o g r a m s ,  Raman s p e c t r a ,  
and s o l i d - s t a t e  13C-n.m.r. s p e c t r a  c h a r a c t e r i s t i c  o f  amorphous 
c e l l u l o s e .  In a d d i t i o n ,  98-100% of  t h e  c e l l u l o s e  hydroxyl  g roups  
were a c c e s s i b l e  t o  p ro ton  exchange w i t h  d e u t e r i u m  o x i d e .  For small 
s c a l e  (< 2 g)  p r e p a r a t i o n s ,  the d.p. and end g roup  composi t ion of 
t h e  c e l l u l o s e  were e s s e n t i a l l y  u n a l t e r e d  by t h e  r e g e n e r a t i o n  pro- 
cess.  

INTRODUCTION 

Amorphous ( n o n c r y s t a l l i n e )  c e l l u l o s e  is  u s e f u l  as a r e f e r e n c e  

material i n  s t u d i e s  of t h e  morphology of c e l l u l o s i c  ~ a r n p l e s . ~ - ~  

S i n c e  c e l l u l o s e  r e a c t i v i t y  is d i c t a t e d  t o  a c o n s i d e r a b l e  e x t e n t  by 

t h e  morphology of t h e  c e l l u l o s i c  sample ,4-7 amorphous c e l l u l o s e  is  

a l s o  u s e f u l  i n  s t u d i e s  of c e l l u l o s e  r e a c t i v i t y  and d e r i v a t i z a t i o n .  

I n  a d d i t i o n ,  a c o n v e n i e n t  method of p r e p a r i n g  amorphous c e l l u l o s e ,  

p a r t i c u l a r l y  i f  i t  i s  nondegrading,  would f a c l l i t a t e  t e c h n i q u e s  f o r  

c e l l u l o s e  f u n c t i o n a l  group and d e g r e e  of p o l y m e r i z a t i o n  a n a l y s i s .  

Amorphous c e l l u l o s e  has been p r e p a r e d  by t w o  p r imary  methods,  

p r e c i p i t a t i o n  from s o l u t i o n  and mechan ica l  o r  chemica l  t r e a t m e n t  
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2 SCHROEDER, GENTILE, AND ATALLA 

of the solid substrate.R 

prepare standard "amorphous cellulose",3 but decrystallization of 

cellulose fibers with such drastic mechanical action causes signl- 

ficant degradation of the polymer. Amorphous cellulose has also 

been prepared by precipitation from cadmium ethylenediamine 

(cadoxen), 1l-12 cuprammonium hydroxide (cuam) , l3 and phosphoric 
acid, l 4  but these solvents degrade the cellulose and, with the 

alkaline solvents, alter its functional groups. Nonaqueous sapon- 

if ication of cellulose acetate13 ,I5 916 and regeneration of non- 
aqueous cellulose xanthate solutions l 3  also yield highly 
accessible celluloses. However, the conditions required for for- 

mation of these derivatives typically result in significant cellu- 

lose degradation. 

Ball-milling9-10 is frequently used to 

In this paper we report a method for preparing amorphous 

cellulose by dissolving the cellulose in the dimethylsulfoxide- 

paraformaldehyde solvent ~ y s t e m l ~ - ~ ~  and regenerating it from the 

resultant methylol cellulose without recrystallization or appre- 

ciable degradation. 

RESULTS AND DISCUSSION -- 
Preparation - Chemical Characterization 

The mechanism by which cellulose dissolves in the dimethyl- 

sulfoxide (DMS0)-paraformaldehyde (PF) solvent system involves 

formation o t  a hemiacetal, methyl01 eellulose,17-19 as shown in 

Figure 1. Although addition of formaldehyde to OH-6 is probably 

preferred, OH-2 and OH-3 may also be substituted, with the distri- 
bution and the molar degree of substitution (m.s.1 dependent on 
the dissolution conditions. 18-20 

lose and its dissolution can be effected without degradation of 

the cellulose. l9 , 21  

Formation of the methyl01 cellu- 

Cellulose can be regenerated from methylol cellulose by 
heating18-19 

cause breakdown of the methylol (hemiacetal) substituents. Our 

initial criteria f o r  regeneration were no recrystallization, no 

or a variety of reagents, particularly bases, which 
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NONDEGRADATIVE PREPARATION OF AMORPHOUS CELLULOSE 3 

B OH 

F i g u r e  I .  Me thy lo l  c e l l u l o s e .  

l o s s  i n  t h e  deg ree  of p o l y m e r i z a t i o n  (d.p.1,  and no chanRe i n  t h e  

f u n c t i o n a l  g roups  of t h e  c e l l u l o s e .  A v a r i e t y  of r e g e n e r a t i o n  

media were t r i e d .  The r ec l a imed  c e l l u l o s e s  were e v a l u a t e d  f o r  

r e s i d u a l  me thy lo l  s u b s t i t u t i o n ,  d - p . ,  end g r o u p s ,  c r y s t a l L i n i t y ,  

a c c e s s i b i l i t y ,  y i e l d ,  and appea rance .  We avo ided  aqueous regen- 

e r a t i o n  media at e l e v a t e d  t e m p e r a t u r e ,  s i n c e  t h e s e  have t h e  poten- 

t i a l  t o  induce  c r y s t a l l i z a t i o n  and c a u s e  d.p. l 0 ~ s . l ~ ~ ~ ~  

While no t  n e c e s s a r i l y  t h e  optimum r e g e n e r a t i o n  medium, 0.2E 

sodium a l k o x i d e  i n  methanol :2-propanol  ( 1 : l  v o l . )  gave e x c e l l e n t  

r e s u l t s .  Regene ra t ion  i n  t h i s  medium gave  e s s e n t i a l l y  q u a n t i t a -  

t i v e  y i e l d s  of amorphous c e l l u l o s e .  The molar d e g r e e  of me thy lo l  

s u b s t i t u t i o n  (m.s.1 of t h e  r e g e n e r a t e d  c e l l u l o s e  w a s  ca. 0.002, or 

a p p r o x i m a t e l y  one molecule  of r e s i d u a l  formaldehyde p e r  c e l l u l o s e  

molecu le .  Thus,  r e g e n e r a t i o n  of t h e  c e l l u l o s e  w a s  e s s e n t i a l l y  

complete .  I n  a d d i t i o n ,  ash c o n t e n t s  of bo th  t h e  f i b r o u s  and 

r e g e n e r a t e d  c e l l u l o s e s  were ca. 0.02%, i n d i c a t i n g  t h a t  t h e  

r e g e n e r a t i o n  p r o c e s s  d i d  n o t  i n t r o d u c e  a d d i t i o n a l  i n o r g a n i c  con- 

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

An i m p o r t a n t  v a r i a b l e  i n  t h e  r e g e n e r a t i o n  p r o c e s s  was t h e  con- 

c e n t r a t i o n  ( v i s c o s i t y )  of  t h e  m e t h y l o l  c e l l u l o s e  s o l u t i o n  be ing  

added d ropwise  t o  t h e  r e g e n e r a t i o n  medium. I f  t h e  polymer so lu -  

t i o n  was  t oo  c o n c e n t r a t e d  (>0.2%, w t .  c e l l u l o s e / v o l .  DMSG),  t h e  
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4 SCHROEDER, GENTILE, AND ATALLA 

d r o p l e t s  would no t  d i s p e r s e  adequa te ly  i n  t h e  r e g e n e r a t i o n  b a t h ,  

r e s u l t i n g  i n  incomple t e  removal of t h e  methylol  s u b s t i t u e n t s .  

O the r  c r i t i ca l  f a c t o r s  were t h e  washing sequence and t h e  

d r y i n g  t echn ique .  So lven t  exchange wi th  methanol ,  anhydrous 

d i e t h y l  e t h e r ,  and pen tane  r e s u l t e d  i n  a d i s c o l o r e d ,  h o r n i f  i e d  

p roduc t  a f t e r  vacuum dry ing .  However, when t h e  r e g e n e r a t e d  c e l l u -  

l o s e  was washed w i t h  methanol ,  d i l u t e  h y d r o c h l o r i c  a c i d ,  and w a t e r ,  

and t h e n  f r e e z e - d r i e d ,  a f l u f f y ,  wh i t e  p roduc t  w a s  o b t a i n e d .  

P o t e n t i a l  d e g r a d a t i o n  du r ing  r e g e n e r a t i o n  w a s  a s s e s s e d  through 

a n a l y s e s  of t h e  c e l l u l o s e  d.p. and end groups.  The  molecu la r  

weight  d i s t r i b u t i o n  was ob ta ined  from g e l  pe rmea t ion  chromatographic  

(g .p .c . )  a n a l y s i s  of t h e  t r i c a r b a n i l a t e  d e r i ~ a t i v e . 2 ~  

groups were determined by methylene b l u e  uptake24 and r educ ing  end 

g roups  by r e d u c t i o n  wi th  sodium b o r ~ h y d r i d e - ~ H .  The r educ ing  end 

group a n a l y s i s  is a m o d i f i c a t i o n  of t h e  b a s i c  method r e p o r t e d  f o r  

d e t e r m i n i n g  r educ ing  end groups i n  s o l u b l e  p o l y s a c c h a r i d e s  .25 

A c i d i c  end 

G.p.c. a n a l y s e s  of t h e  f i b r o u s  and amorphous c e l l u l o s e s  a r e  

shown i n  F igu re  2. The number-average degrees  of p o l y m e r i z a t i o n  

(d.p.,) a r e  r e p o r t e d  i n  Table  1. The d a t a  c l e a r l y  i n d i c a t e  t h a t  

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

i n  t h e  c e l l u l o s e  d.p. The d.p. d e c r e a s e  co r re sponds  t o  c l eavage  

of s. 0.012% of t h e  g l y c o s i d i c  l i n k a g e s ,  o r  one c l eavage  i n  g. 5% 

of t h e  c e l l u l o s e  molecu le s .  However, t h e  d.p. d rop  may be an 

a r t i f a c t  of t h e  g.p.c. d e r i v a t i z a t i o n  p rocess .  C a r b a n i l a t i o n  of 

c e l l u l o s e  can cause  d e g r a d a t i o n  i f  t h e  r e a c t i o n  c o n d i t i o n s  a r e  t o o  

h a r ~ h . ~ 3  

r e p o r t e d l y  nondegrading f o r  f i b r o u s  s u b s t r a t e s  ,23 t h e  h i g h l y  

a c c e s s i b l e  p h y s i c a l  s t r u c t u r e  of t h e  amorphous c e l l u l o s e  would be 

more s u s c e p t i b l e  t o  d e g r a d a t i o n  r e a c t i o n s .  

- 

While t h e  c a r b a n i l a t i o n  procedure used i n  t h i s  s t u d y  is 

As i n d i c a t e d  i n  Table  1, t h e  f i b r o u s  and r e g e n e r a t e d  c e l l u l o s e s  

c o n t a i n e d  e s s e n t i a l l y  t h e  same numbers of a c i d i c  and r e d u c i n g  end 

groups.  The number of r educ ing  end groups i n  t h e  f i b r o u s  c e l l u -  

l o s e  and its r e g e n e r a t e d  c o u n t e r p a r t  would n o t  n e c e s s a r i l y  have t o  

be e q u a l  because of t h e  p o t e n t i a l  f o r  i n a c c e s s i b l e  g roups  i n  t h e  
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NONDEGRADATIVE PREPARATION OF AMORPHOUS CELLULOSE 

- Fibrous 
--- Regenerated 

LOG OF MOLECULAR WEIGHT 

F i g u r e  2.  G.p.c. mo lecu la r  weight  d i s t r i b u t i o n s  of t h e  f i b r o u s  
and r e g e n e r a t e d  h y d r o c e l l u l o s e s .  

TABLE 1 

End Group and Degree of P o l y m e r i z a t i o n  Data 

5 

End Groupsa d*P.n 

H y d r o c e l l u l o s e  Reducing A c i d i c  End g roups  g.p.c. 

F i b r o u s  1.40 10-3 0.94 10-3 427 40 7 

Regenera t ed  1.41 10-3 0.95 10-3 4 2 4  390 

aMole f r a c t i o n  oE c e l l u l o s e  monomer u n i t s .  
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6 SCHROEDER, GENTILE,  AND ATALLA 

- 
fibrous material.26 
total end group contents, in addition to being essentially the 

sane for both celluloses, are in good agreement with the g.p.c. 

data. Thus, the analytical methods lend credence to one another 
and are consistent with the regeneration process of this scale ( < 2  

g) being nondegrading. However, preparation of larger quantities 

(= 20 g) of amorphous hydrocellulose for other studies did 
result in some cellulose degradation in the scaled-up regeneration 
process -26 

However, the d.p.n values calculated from the 

Physical Characterization 
Regenerated celluloses prepared hy this technique exhibited 

hydroxyl accessibilities of 98-100% as measured by proton exchange 
with liquid deuterium oxide. The key factor in achieving total 
accessibility appears to be regeneration under anhydrous con- 
ditions in a medium of low polarity. Neither the room temperature 
aqueous washes nor the freeze-drying caused any significant loss 

in accessibility. 
Crystalline characteristics of the regenerated cellulose were 

assessed by x-ray diffraction. X-ray diffractograms of the 
starting fibrous cellulose, regenerated cellulose, and ball-milled 
Whatman CF-1 cellulose (amorphous standardlZ7 are shown in Figure 
3. The diffractogram of the fibrous cellulose contains well- 
defined reflectances of the 002. 107, and 101 planes of the cellu- 
lose I crystalline lattice, indicating a relatively high degree of 
cellulose I crystallinity.2 s 4  In contrast, the regenerated cellu- 

lose exhibits a diffuse scattering pattern similar to that 
obtained for the ball-milled cellulose, and charactertstic of 

amorphous or noncrystalline cellulose.28 

Molecular conformations associated with the different ce l lu-  

lose crystalline lattices produce distinct signals in  ana an^^ and 
solid-state 13C-n.m.r.29-33 spectroscopy. Ln addition, in both 
spectral methods signals characteristic of particular cellulose 
polymrphs become mre intense as the ratio of crystalline to 
amorphous components increases. 
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NONDEGRADATIVE PREPARATION OF AMORPHOUS CELLULOSE 

REGENERATED 1- 
BALL- M ILL€ D 

r I I 1 I I I I I I 
28 26 24 22 20 18 16 14 12 10 

DEGREES 28 

F i g u r e  3. X-ray d i f f rac tograms of t h e  f i b r o u s  and regenera ted  
h y d r o c e l l u l o s e s ,  and ba l l -mi l led  Qhatrnan CF-I cellulose. 

The low frequency reg ions  of Raman s p e c t r a  of t h e  f i b r o u s ,  

r e g e n e r a t e d ,  and ba l l -mi l led  c e l l u l o s e s  a r e  shown in Figure  4 .  

The spectrum of t h e  f i b r o u s  c e l l u l o s e  has r e l a t i v e l y  i n t e n s e  

c e l l u l o s e  I bands, e.g., 378 cm-l. 

o f  t h e  regenera ted  and ba l l -mi l led  samples exhibit broad d i f f u s e  

bands i n d i c a t i v e  of i r r e g u l a r  sequences of conformations along the  

c e l l u l o s e  c h a i n s  .z7 

In c o n t r a s t ,  t h e  Raman s p e c t r a  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



a SCHROEDER, GENTILE,  AND ATALLA 

F i g u r e  4 

300 400 500 600 
WAVENUMBER, CM-' 

Raman spectra of the f i b r o u s  and r e g e n e r a t e d  hydro- 
c e l l u l o s e s ,  and b a l l - m i l l e d  Whatman CF-1 c e l l u l o s e .  

S o l i d - s t a t e  13C-n.m.r. s p e c t r a  of t h e  f i b r o u s ,  r e g e n e r a t e d ,  

and b a l l - m i l l e d  c e l l u l o s e s  o b t a i n e d  by t h e  c r o s s  p o l a r l z a t i o n -  

magic a n g l e  s p i n n i n g  t e c h n i q ~ e 2 ~ , ~ ~  are shown i n  F i g u r e  5. 

f i b r o u s  c e l l u l o s e  spec t rum e x h i b i t s  s e v e r a l  s h a r p  r e s o n a n c e s  l n d i -  

c a t i v e  a€ the cellulose I p ~ l y r n o r p h . ~ ~  9 3 1  

of r e s o n a n c e s  t o  carbon atoms i n  t h e  anhydrog lucose  nonomeric 

u n i t s  are as i n d i c a t e d  i n  t h e  spectrum. The b r o a d e r  r e s o n a n c e s  

a p p e a r i n g  s l i g h t l y  u p f i e l d  of t h e  s h a r p  C-4 and C-6 r e s o n a n c e s  are 

t h o u g h t  to  be  C-4 and C-6 r e sonances  of monomeric u n i t s  a s s o c i a t e d  

The 

The a c c e p t e d  a s s i g n m e n t s  
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NONDEGRADATIVE PREPARATION OF AMORPHOUS CELLULOSE 9 

C-2.3.5 

REGENERATED 

BALL-MILLED 

I " " ~ " " ~ " ~ ' 1 " " l " " ~ ' ~  
110 100 90 80 70 60 

PPM 

F i g u r e  5. S o l i d - s t a t e  13C-n.rn.r. s p e c t r a  of t h e  f i b r o u s  and 
r e g e n e r a t e d  h y d r o c e l l u l o s e s ,  and b a l l - m i l l e d  Whatman 
CF-1 c e l l u l o s e .  

w i t h  r e g i o n s  o f  d i s o r d e r  and c r y s t a l l i t e  su r f aces .32  

gous  C-I, C-2, C-3, and C-5 r e s o n a n c e s  are o v e r l a p p e d  by t h e  

c o r r e s p o n d i n g  s h a r p e r  r e s o n a n c e s  and t h e r e f o r e  n o t  e v i d e n t  i n  t h e  

spectrum. The s p e c t r a  of the r e g e n e r a t e d  and b a l l - m i l l e d  c e l l u -  

loses are similar, b u t  i n  c o n t r a s t  to the spec t rum of  the f i b r o u s  

c e l l u l o s e ,  e x h i b i t  o n l y  d i f f u s e  and unreso lved  r e s o n a n c e s  i n d i c a -  

t i v e  of no s i g n i f i c a n t  s t r u c t u r a l  o r d e r .  

The ana lo -  
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10 SCHROEDER, GENTILE, AND ATALLA 

EXPERIMENTAL 

P r e p a r a t i o n  of Amorphous C e l l u l o s e  

A s t i r r e d  mixture  of p u r i f i e d  f i b r o u s  co t ton  h y d r o c e l l u l o s e ~ 4  

(1.0 g) and DMSO (100 mL) was heated to 125OC. 

(5.0 g;  Fluka, A. G.) was  added t o  t h e  mixture  and s t i r r i n g  was 
cont inued u n t i l  a c l e a r  s o l u t i o n  was 0btai11ed.l '"~~ 

c e l l u l o s e  s o l u t i o n  was d i l u t e d  wi th  DMSO (400 mL), allowed to  cool 

t o  room temperature ,  f i l t e r e d  through a g l a s s  microf iber  pad (1.2 

h pore s i z e ) ,  and added dropwise t o  a s t i r r e d  regenera t ion  b a t h  

of  0 . 2 2  sodium a l k o x i d e  i n  methano1:2-propanol ( l : l ,  ~ 1 . ;  2 L).  

For convenience i n  handl ing ,  t h e  c e l l u l o s e  p r e c i p i t a t e  was d iv ided  

i n t o  four  equal p o r t i o n s .  Each por t ion  was s u c c e s s i v e l y  washed 

w i t h  0 .22  sodium a lkoxide  i n  methanol:2-propanol ( l : l ,  vol.; 150 

mL), methanol ( 3  x 150 mL), O . l s H C 1  (150 mL), and d i s t i l l e d  water 

( 3  x 150 mL); and then f reeze-dr ied .  

c e l l u l o s e  were 95-100%. 

Paraformaldehyde 

The methylol 

The y i e l d s  of  amorphous 

General A n a l y t i c a l  Methods 

C e l l u l o s e  t r i c a r b a n i l a t e  d e r i v a t i v e s  were prepared under non- 

degrading  c o n d i t i o n s  f o r  g e l  permeation ~ h r o m a t o g r a p h y . ~ ~  

a n a l y s e s  were performed on Styrage l  columns c a l i b r a t e d  by a 

dispersion-compensated uni  versa1  technique.  23 9 3 5  

The 

Carboxyl ic  a c i d  groups were measured by methylene b lue  adsorp- 

t i 0 n . 2 ~  134 

hydrogen-deuterium exchange with deuter ium oxide  over  24 h.34 ,36 

C e l l u l o s e  hydroxyl a c c e s s i b i l i t y  was determined by 

X-ray d i f f r a c t o g r a m s  w e r e  recorded on a Norelco ins t rument  

us ing  n i c k e l - f i l t e r e d ,  CuK, r a d i a t i o n .  Raman s p e c t r a  were acquired 

on a Jobin Yvon spectrophotometer  u t i l i z i n g  a 100-mw argon l a s e r .  

S o l i d - s t a t e  13C-n.m.r. s p e c t r a  were obtained on General E l e c t r i c  

5-100 ins t ruments .  

Bound Formaldehyde Analys is  

Regenerated c e l l u l o s e  (ca. 0.1 g) was mixed with d i s t i l l e d  

water  (12.5 mL) and 85% phosphoric  a c i d  (2.5 mL). The mixture  was 

re f luxed  for 1 h and then d i s t i l l e d .  Two 10-mL volumetr ic  f l a s k s ,  
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NONDEGRADATIVE PREPARATION OF AMORPHOUS CELLULOSE 11 

connected i n  series and cooled i n  i c e ,  were used a s  r e c e l v e r s .  

Each volumetr ic  f l a s k  i n i t i a l l y  contained ca. 1 mL of d i s t i l l e d  

water. Approximately 8 rnL of d i s t i l l a t e  were c o l l e c t e d .  The 

d i s t i l l a t e  i n  each volumetr ic  f l a s k  was d i l u t e d  t o  volume. 

Al iquots  of t h e  d i l u t e d  d i s t i l l a t e s  (0.5 mL) were combined wi th  

0.5% (wlv) chromotropic  acid s o l u t i o n  (0.4 mL) and 81% s u l f u r i c  

a c i d  (3.2 mL).  The r e s u l t i n g  s o l u t i o n s  were heated a t  6 O o C  f o r  20 

m i n ,  and t h e i r  absorbances at 570 nm were determined.  A s o l u t i o n  

of d i s t i l l e d  w a t e r  (1.8 rid.,) and 81% s u l f u r i c  a c i d  (6 .4  mL) w a s  

used as t h e  blank f o r  t h e  spec t rophotometr ic  measurements. A 

l i n e a r  c a l i b r a t i o n  curve f o r  t h e  procedure was obta ined  wi th  s tan-  

dard formaldehyde ( d i s t i l l e d )  s o l u t i o n s  ( 0  t o  10 mg L-l) .  The 

combined formaldehyde conten t  of the  two r e c e i v e r s  w a s  used t o  

c a l c u l a t e  t h e  r e s i d u a l  methylol  s u b s t i t u t i o n  of t h e  c e l l u l o s e  

sample. 

Reducing E n d  Group Analys is  

Blanks for c e l l u l o s e  a n a l y s e s  were prepared  by r e a c t i n g  c e l l u -  

lose (0.050 g )  wi th  0.255 NaBH4 (50 mL) f o r  24 h. Excess boro- 

hydr ide  was  decomposed by adding 3H_ acetic a c i d  (10 mL). 

reduced c e l l u l o s e  w a s  washed wi th  0 . 1 l  HC1 (50 mL) and d i s t i l l e d  

water  (100 mL) ,  and f reeze-dr ied .  

The 

D-Glucose ( c a l i b r a t i o n  s t a n d a r d ) ,  D-gluc i to l  (b lank  f o r  

D-glucose), c e l l u l o s e  samples ,  and c e l l u l o s e  b lanks  (50 mg each)  

were r e a c t e d  i n d i v i d u a l l y  f o r  24 h wi th  0.25g NaRH4 (50 mL) con- 

t a i n i n g  sodium b o r ~ h y d r i d e - ~ K  (New England Nuclear Corp., 350 m C i  

-1-1, 0.007 m g  mL-l). 

The r e a c t i o n s  of D-glucose and D-gluci tol  were te rmina ted  by 

adding Amber l i te  IR-120 (H+) r e s i n  (20 mL). The s o l u t i o n s  were 

f i l t e r e d  and c o n c e n t r a t e d  t o  dryness  in vacuo. The r e s i d u e s  were 

c o n c e n t r a t e d  t o  dryness  from methanol (20 mL) t h r e e  times. The 

r e s u l t a n t  D-glucltol  from each sample w a s  c r y s t a l l i z e d  from abso- 

l u t e  e t h a n o l ,  r i n s e d  wi th  anhydrous d i e t h y l  e t h e r ,  d r i e d  €n vacuo, 

weighed i n t o  a g l a s s  s c i n t i l l a t i o n  v i a l ,  and d i s s o l v e d  in d i s t i l l e d  

water  (1.0 mL). S c i n t i s o l  l i q u i d  s c i n t i l l a t i o n  c o c k t a i l  w a s  added, 
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1 2  SCHROEDER, GENTILE,  AND ATALLA 

and t h e  D-gluc i to l  w a s  analyzed f o r  i t s  t r i t i u m  content  with a 

Beckman LS-100 ins t rument .  

Reduct ions of t h e  c e l l u l o s e  samples and blanks were terminated 

by adding 3M_ a c e t i c  a c i d  (10 mL) .  

were washed w i t h  O . l M H C 1  (50 aL) and d i s t i l l e d  water (100 a), 
f r e e z e - d r i e d ,  and hydrolyzed w i t h  t r i f  l u o r o a c e t i c  acid.35 ,37 

r e s u l t i n g  hydro lyza tes  were concent ra ted  t o  dryness  In vacuo. The 

r e s i d u e s  were reduced wi th  0.252 NaBH4 (50 mL) €or  24 h, and the  

D-gfuci tol  w a s  i s o l a t e d  f o r  a n a l y s i s  of i t s  t r i r i u m  c o n t e n t  as 

d e s c r i b e d  f o r  t h e  reduct ion  of D-glucose. 

The reduced c e l l u l o s e  samples 

The 

The reducing end g ~ o u p  c o n t e n t s  of t h e  c e l l u l o s e  samples were 

c a l c u l a t e d  from t h e  s p e c i f i c  a c t i v i t i e s  of t h e  var ious  D - g l u c i t o l  

samples accord ing  t o  Equation 1. 

Xre (A, - A,b)/(Ag - h b )  ( 1 )  
where Xre = reducing end group c o n t e n t ,  mole f r a c t i o n  of 

t o t a l  monomer u n l t s ,  

A, = s p e c i f i c  a c t i v i t y  of the  D-gluci tol  from the  

c e l l u l o s e  sample (counts  min-1 mg-11, 

Acb = s p e c i f l c  a c t i v i t y  of t h e  D - g l u c i t o l  from t h e  

c e l l u l o s e  blank (counts  min-l mg-l), 

Ag = s p e c i f i c  a c t i v i t y  of t h e  D-gluci tol  from 

D-glucose (counts  min-l  mg-l), and 

Agh = s p e c i f i c  a c t i v i t y  of t h e  D-glucitol 

(counts  min-1 mg-') s u b j e c t e d  t o  t h e  

r e d u c t i o n  procedure. 
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