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GEL PERMEATION CHROMATOGRAPHY 

OF POLYMERS FROM WOOD 

James L.  Minor 
U.S. F o r e s t  P r o d u c t s  L a b o r a t o r y  

P. 0. Box 5130 
Madison, Wisconsin 53705 

ABSTRACT 

Polymers from wood, i n c l u d i n g  c e l l u l o s e  v i a  t h e  m e t h y l o l  d e r i v a t i v e ,  
are s o l u b l e  i n  d i m e t h y l  s u l f o x i d e  (DMSO). To per form g e l  permeat ion  
chromatography of  t h e s e  h i g h  polymers ,  a packing  m a t e r i a l  w a s  sought  
which combined a d e q u a t e  pore  s i z e  w i t h  s t a b i l i t y  i n  DMSO. C o n t r a r y  t o  
recommended p r a c t i c e ,  i t  was d i s c o v e r e d  t h a t  g e l  permeat ion  chromatog- 
raphy i n  DMSO can  b e  performed on prepacked ,  high-performance columns of  
p-Styrage l  w i t h o u t  a d v e r s e  e f f e c t s  from bead s w e l l i n g .  When u s i n g  t h e  
m e t h y l o l  d e r i v a t i v e  o f  c e l l u l o s e ,  i t  i s  n e c e s s a r y  t o  f r e e z e  d r y  t h e  re- 
a c t i o n  m i x t u r e  t o  o b t a i n  a p r o d u c t  which g i v e s  r e p r o d u c i b l e  r e s u l t s  from 
g e l  permeat ion  chromatography. 

INTRODUCTION 

Dimethyl s u l f o x i d e  (DMSO) i s  a good s o l v e n t  f o r  many polymers 

i n c l u d i n g  h e m i c e l l u l o s e  and l i g n i n  i s o l a t e d  from wood. However, i t s  u s e  

i n  g e l  permeat ion  chromatography (GPC) h a s  been l i m i t e d  b e c a u s e  of  i t s  

h i g h  v i s c o s i t y  and because  o f  u n f a v o r a b l e  i n t e r a c t i o n  w i t h  some of t h e  

commercially a v a i l a b l e  packing  materials such  a s  S t y r a g e l  (l), 

Sepharose  CL (Z), etc. It w a s  r e c e n t l y  d i s c o v e r e d  (3) t h a t  c e l l u l o s e  

could  b e  d i s s o l v e d  r a p i d l y  and c o n v e n i e n t l y  i n  DMSO by a d d i t i o n  of  

formaldehyde o r  paraformaldehyde  (PF) t o  form a m e t h y l o l  c e l l u l o s e  d e r i v -  
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310 MINOR 

a t i v e .  

w i th  which DMSO and formaldehyde would be  compat ib le .  

T h i s  d i scovery  i n s p i r e d  t h e  s e a r c h  f o r  GPC column packing material 

The use  of s i l i ca  f o r  semi-prepara t ive  chromatography of methylo l  

c e l l u l o s e  i n  DMSO has  been r epor t ed  ( 4 ) .  It w a s  o u r  exper ience  (5) 

t h a t  q u a l i t a t i v e  and p r e p a r a t i v e  chromatography could  be performed 

wi th  Cont ro l led  Pore Glass ', bu t  r e s o l u t i o n  i n  t h e  h igh  molecular  

weight range was inadequate  f o r  molecular  weight d i s t r i b u t i o n  d e t e r -  

mina t ions  of c e l l u l o s e .  Better r e s o l u t i o n  w a s  ob ta ined  wi th  

p-Bondage1 which is  a bonded s i l i c a  packing. However, column 

performance d e t e r i o r a t e d  r a p i d l y ,  and h igher  molecular  weight c e l l u l o s e s  

e l u t e d  a t  o r  near  t h e  void  volume. 

a s soc ia t ed  wi th  t h e  products  of t h e  c e l l u l o s e  me thy lo la t ion  r e a c t i o n  

because subsequent work by t h e  au tho r  wi th  d e x t r a n s  and by o t h e r  

r e s e a r c h e r s  w i th  l i g n i n s  ( 6 )  has  shown t h a t  d imethyl  s u l f o x i d e  can  be  

used s u c c e s s f u l l y  wi th  p-Bondagel. The c r o s s l i n k e d  po lys ty renes  (e.g.  

S ty rage l s )  o f f e r  t h e  advantages  of adequate  r e s o l u t i o n  i n  t h e  h igh  

molecular weight range as w e l l  as minimal a d s o r p t i v e  o r  r e v e r s e  phase 

p a r t i t i o n i n g  e f f e c t s .  It was, t h e r e f o r e ,  cons idered  worthwhile t o  a t t empt  

t h e  use  of DMSO wi th  such packing m a t e r i a l  even though swe l l ing  problems 

could be  ' a n t i c i p a t e d .  

Column d e t e r i o r a t i o n  i s  a p p a r e n t l y  

RESULTS AND DISCUSSION 

It w a s  demonstrated on a s i n g l e  S t y r a g e l  column t h a t  t h e  commonly 

measured parameters f o r  column e f f i c i e n c y  us ing  to luene  changed markedly 

as t h e  so lven t  w a s  changed from t e t r ahydro fu ran  (THF) t o  DMSO (Table  1) 

and t h e  e f f e c t i v e  pore  volume inc reased  by 50 p e r c e n t ,  However, t h i s  

e f f e c t  w a s  r e v e r s i b l e  on r e t u r n i n g  t o  THF as s o l v e n t .  No permanent 

damage w a s  done by us ing  DMSO. P a r t  of t h e  peak asymmetry is  probably  

due t o  t h e  v i s c o s i t y  of DMSO and p a r t  t o  so lven t / so lu t e /pack ing  i n t e r -  

a c t i o n s  caused by t h e  change i n  d i p o l e  moments. 
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TABLE 1 

5 Performance of 10 S ty rage l  2 by 2 Column Set  as Measured 
with Toluene 

DMSO 72.96 180 13.44 
73.3 170 19.14 

50 percent DMSO i n  THF 52.8 868 1.78 

THF 50.4 91 7 1.0-1.4 

a'As2 is a measure of peak asymmetry def ined a s  t h e  square of 

t h e  quo t i en t  of t h e  l ead ing  s i d e  divided by t h e  t a i l i n g  s i d e  
measured a t  4.4 percent peak he igh t .  

Three d i f f e r e n t  fou r  column v-Styragel s e t s  were inves t iga t ed :  a 

6 '  survey set of l o 3 ,  l o 4 ,  lo5, and 1 0  A (I) and two o t h e r s  l o 4 ,  l o 5 ,  

l o 6 ,  l o 6  (II), and l o 5 ,  l o 6 ,  l o 6 ,  l o 6  (111). 
with wood pulps ,  s e t  I1 was t h e  most s u i t a b l e .  The d a t a  r epor t ed  i n  

t h i s  paper was obtained with t h i s  s e t .  

For gene ra l  purpose work 

The u t i l i t y  of t he  procedure f o r  s t u d i e s  of polymers from wood is  

i l l u s t r a t e d  with a chromatogram of a low DP oxygen pulp con ta in ing  W 

absorbing r e s i d u a l  l i g n i n  (Fig. 1). Ce l lu lose  and t h e  hemicel luloses  

g ive  p o s i t i v e  peaks i n  t h e  r e f r a c t i v e  index d e t e c t o r ,  while  oxymethylenes, 

water ,  and excess  formaldehyde a l l  g ive  nega t ive  peaks i n  t h e  low 

molecular weight range. 

Because of t h e  e f f e c t s  observed with to luene  on S ty rage l  with 

DMSO, t h e  g e l  permeation chromatographic performance of p-Styragel 

columns was monitored with dex t r an  s t anda rds  i n  DMSO without formaldehyde. 
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A l i n e a r  c a l i b r a t i o n  curve  genera ted  wi th  t h e s e  s t anda rds  w a s  c l o s e l y  

reproduced a f t e r  s e v e r a l  months o f  ope ra t ion .  The d e x t r a n  samples con- 

t a i n  a narrow range  of molecular weights  which broaden t h e  peaks .  

molecular weight impur i ty  i n  the  10,000 MW d e x t r a n  and t h e  t r a c e s  of water 

g e n e r a l l y  p re sen t  i n  i n j e c t i o n s  o f  DMSO s o l u t i o n s  gave narrow, symmetri- 

c a l  peaks wi th  t h e  d i f f e r e n t i a l  r e f r a c t i v e  index  d e t e c t o r .  

of t h e  system was c a l c u l a t e d  t o  b e  5,000 t h e o r e t i c a l  p l a t e s  per 30 cm 

column on t h e  b a s i s  of t hese  peaks.  

A low 

The e f f i c i e n c y  

A s  expec ted ,  t h e  dex t r an  c a l i b r a t i o n  cu rve  could n o t  be  used 

d i r e c t l y  f o r  methylo l  c e l l u l o s e  because t h e  d e x t r a n s  are branched and 

compact i n  s o l u t i o n ,  whereas methylo l  c e l l u l o s e  i s  s t r a i g h t  cha in  and has  

been shown t o  be extended i n  DMSO s o l u t i o n  ( 7 ) .  The i n t r i n s i c  v i s c o s i t i e s  

f o r  t h e  dex t r an  s t anda rds  were determined i n  DMSO a t  30" C so  t h a t  t h e  

u n i v e r s a l  c a l i b r a t i o n  procedure (8) could be a p p l i e d .  R e s u l t s  a r e  g iven  

i n  Table 2 and t h e  u n i v e r s a l  c a l i b r a t i o n  curve  i n  F igu re  2 .  The 

molecular weights  o f  t h e  narrow range  d e x t r a n s  are lower than  t h a t  

a p p l i c a b l e  t o  c e l l u l o s e ,  so a l i n e a r  e x t r a p o l a t i o n  i s  necessa ry .  

The DMSO/PF so lven t  system, when used t o  de te rmine  molecular  weight 

d i s t r i b u t i o n s  of wood pulps  o r  o t h e r  c e l l u l o s i c  m a t e r i a l s ,  h a s  s e v e r a l  

advantages :  t h e  s o l v e n t  i s  non-degrading; t h e  methylo l  d e r i v a t i v e  does  

n o t  g r e a t l y  i n c r e a s e  t h e  molecular weight ;  and t h e  d i s s o l u t i o n  r e a c t i o n  

i s  r a p i d  and s imple .  I d e a l l y ,  t h e  c l e a r  d e r i v a t i z a t i o n  r e a c t i o n  mix tu re  

obta ined  a f t e r  4-5 minutes would be i n j e c t e d  d i r e c t l y  i n t o  t h e  chro- 

matograph and t h e  e n t i r e  a n a l y s i s  would be completed i n  about  a n  hour.  

G e l  permeation chromatography of t h e  methylo l  c e l l u l o s e  r e a c t i o n  

mixture--which c o n t a i n s  polyoxymethylenes, formaldehyde, t r a c e s  of 

water, and o t h e r  s i d e  products--demonstrated t h a t  methylo l  c e l l u l o s e  

could be c l e a r l y  sepa ra t ed  from t h e  o t h e r  r e a c t i o n  products  (Fig.  1 ) .  
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314 M I N O R  

TABLE 2 

Molecular Parameters of nex t r an  S tandards  

- - nw&' 
MW Mn [rilH2' Peak M [ n l  3oo 

20" 
Dextran 

T 10 9,400 5,500 0.096 8,000 0.140 

T 40 39,500 29,500 . 2 1  24,000 .316 

T 70 68,500 40,300 .26 35,000 .341 

T 500 462,000 168,000 .51  150,000 .748 

. a93 T 2000 %'833,000 --- %I. 64 --- 

a'Values from t h i s  work. All o t h e r  v a l u e s  from Pharmacia F ine  
Chemicals. 

However, t h e  l o c a t i o n  and shape of t h e  c e l l u l o s e  peak was no t  r ep roduc ib le  

from sample t o  sample and t h e  d a t a  on d i f f e r e n t  samples d i d  n o t  c o r r e l a t e  

r ep roduc ib ly  wi th  independent molecular  weight de t e rmina t ions  of I C C A  

pulps  ( 7 )  by v i s c o s i t y  o r  l i g h t  s c a t t e r i n g .  A l s o ,  i n  some h igh  molecular  

weight samples,  g e l  format ion  is  i n d i c a t e d  as  a "prehump" i n  t h e  GPC 

curve.  

A r e c e n t  r e p o r t  (9) provides  l i g h t  s c a t t e r i n g  and v i s c o m e t r i c  d a t a  

which i n d i c a t e  t h a t  t h e  apparent  molecular  weight of methylo l  c e l l u l o s e  

changes wi th  t i m e  i n  DMSOIPF s o l u t i o n s .  We have a l s o  observed t h a t  t h e  

v i s c o s i t y  of methylol c e l l u l o s e  i n  t h e  r e a c t i o n  s o l u t i o n  was markedly 

dependent on t h e  c o n d i t i o n s  of d e r i v a t i z a t i o n .  These d a t a  imply weak 

c r o s s l i n k i n g  by oxymethylene cha ins  o r  o t h e r  a s s o c i a t i o n  phenomena. 

an experiment wi thout  c e l l u l o s e ,  i t  w a s  demonstrated by NMR t h a t  poly- 

oxymethylenes could be  e l imina ted  by purging t h e  formaldehyde from t h e  

r e a c t i o n  s o l u t i o n  wi th  d r y  n i t rogen .  Th i s  t echn ique  w a s  n o t  e f f e c t i v e  

i n  t h e  presence  of c e l l u l o s e .  

In 
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FIGURE 2 

Universa l  c a l i b r a t i o n  curve  of d e x t r a n s  i n  

DMSO on l o 6 ,  l o 6 ,  l o5 ,  10 4 "  A u-Styrage l .  
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Freeze  d ry ing  of t h e  methylo l  c e l l u l o s e  r e a c t i o n  mix tu re  is 

repor t ed  (10) t o  be  an  e f f e c t i v e  way t o  o b t a i n  a uni formly  s u b s t i t u t e d  

product  w i th  a methylo l  s u b s t i t u t i o n  of 1 per  g lucose  monomer. Freeze  

d ry ing  of DMSO is a s low process  (3-5 days) and must be  done c a r e f u l l y  
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316 MINOR 

wi th  e x t e r n a l  cool ing  t o  about 0' C ,  o the rwise  a l l  of t h e  methylo l  groups  

w i l l  be removed and t h e  product  w i l l  no longer  be  s o l u b l e  i n  DMSO. Th i s  

a d d i t i o n a l  process ing  e l i m i n a t e s  much of t h e  advantage  of t h e  r a p i d  

s o l u b i l i z a t i o n  of c e l l u l o s e  i n  DMSO/PF. However the technique  does  show 

promise f o r  molecular weight d i s t r i b u t i o n  of DMSO s o l u b l e  polymers such 

a s  d e x t r a n s ,  hemice l lu loses ,  and lignin--and f o r  c e l l u l o s e  provid ing  

f r e e z e  d ry ing  is used. 

EXPERIMENTAL 

G e l  permeation chromatography w a s  performed on  f o u r  column sets of 

p-Styragel as l i s t e d  i n  t h e  t e x t .  With a f low ra te  of 0.5 m l  d imethyl  

su l fox ide  per minute,  t h e  back p r e s s u r e  developed w a s  abou t  600 p s i .  

The flow could be increased  t o  1 . 0  ml/min wi th  a p r e s s u r e  of less  than  

1000 p s i ,  bu t  a s l i g h t  l o s s  of r e s o l u t i o n  w a s  observed. C e l l u l o s e  

concen t r a t ions  of 0.2-0.5 percent  w e r e  used wi th  i n j e c t i o n s  of 100-200 p l .  

A Waters model 300 chromatograph modified f o r  micro colums and equipped 

wi th  a U6K i n j e c t o r  w a s  used. 

Dimethyl su l fox ide  (99.9 p c t )  w a s  purchased from Burdick and 

Jackson ,  o r  was  recovered  as t h e  c e n t e r  c u t  of vacuum d i s t i l l a t i o n  a f t e r  

d ry ing  over  calcium hydr ide .  

completely a t  less than  135' C was purchased from Tridom Chemical Inc .  

Dextran s t anda rds  were purchased from Pharmacia. 

w a s  prepared from wood pu lps  o r  c o t t o n  by t h e  procedure  of Nicholson and 

Johnson (11). 

Paraformaldehyde which decomposed 

Methylol c e l l u l o s e  

The d r y ,  f l u f f e d  p u l p ,  50 mg, w a s  p laced  i n  a 30 m l  weighing b o t t l e  

w i th  o u t s i d e  ground g l a s s  cover .  DMSO, 10 m l ,  was added and a uniform 

suspens ion  was obta ined  wi th  v igorous  magnetic s t i r r i n g .  The mixture  

was p laced  i n  a 13OoC o i l  ba th  and paraformaldehyde, 300 mg, was added 

wi th  cont inuous  s t i r r i n g .  Within 4 minutes ,  t h e  paraformaldehyde had 
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decomposed and a c l e a r  s o l u t i o n  was o b t a i n e d .  Although t h e  chromatogram 

shown i n  F i g u r e  1 was o b t a i n e d  by d i r e c t  a n a l y s i s  of  a s o l u t i o n  p r e p a r e d  

a s  d e s c r i b e d  h e r e ,  more r e p r o d u c i b l e  r e s u l t s  a r e  o b t a i n e d  by f i r s t  f r e e z e -  

d r y i n g  t h i s  s o l u t i o n  and a n a l y z i n g  a d i l u t e  s o l u t i o n  of t h e  f r e e z e - d r i e d  

p r o d u c t  . 
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