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ABSTRACT 
D i f f e r e n t i a l  sed imenta t ion  of  f i n e l y  ground wood h a s  been 

used t o  i s o l a t e  f r a c t i o n s  o f  b l a c k  s p r u c e  i n  which t h e  l i g n i n  con- 
tent v a r i e d  from 20 t o  60 p e r c e n t .  The f r a c t i o n s  o f  low l i g n i n  con- 
tent c o n s i s t e d  mainly o f  secondary w a l l  t i s s u e  w h i l e  those  o f  h i g h  
l i g n i n  c o n t e n t  came predominant ly  from t h e  compound middle lamella. 

INTRODUCTION 

It is  becoming i n c r e a s i n g l y  apparent  t h a t  t h e  chemis t ry  o f  wood 

polymers i s  not  uniform but  varies i n  d i f f e r e n t  morphological  r e g i o n s  

of  woad. Most o f  t h e  evidence f o r  t h i s  has been microscopic1-6. Few 

a t t e m p t s  have been  made t o  i s o l a t e  wood components from w e l l  de- 

f i n e d  morphological reg ions .  I n  1936, Bai ley '  i s o l a t e d  0.5 mg of  

middle lamella l i g n i n  by a method s o  l a b o r i o u s  t h a t  no o t h e r  re- 

s e a r c h e r  has  a t tempted t o  r e p e a t  t h e  work. I n  1961, Meier' s t u d i e d  

t h e  d i s t r i b u t i o n  of  po lysacchar ides  i n  hardwood and softwood f i b r e s  

by removing l a y e r s  of  cel ls  n e a r  t h e  cambium a t  d i f f e r e n t  s t a g e s  

o f  maturat ion.  By a chemical  p e e l i n g  technique ,  Lute' determined t h e  

r a d i a l  v a r i a t i o n  i n  conten t  of  h e m i c e l l u l o s e s  i n  softwood f i b r e s .  

By d i f f e r e n t i a l  e x t r a c t i o n  of l i g n i n  and chemical c h a r a c t e r -  

i z a t i o n  of  t h e  f r a c t i o n s ,  Kolar  e t  a1.I' have s t u d i e d  t h e  d i s t r i -  

b u t i o n  o f  s y r i n g y l  and gua iacyl  r e s i d u e s  i n  b i r c h  l i g n i n .  Lindstrllm 
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30 WHITING ET AL. 

and Glad-Normark'' no ted  t h a t  the f i n e s  from unbleached k r a f t  pu lps  

from Scotch p ine  c o n t a i n  up t o  50% l i g n i n  and t h a t  t h e s e  f i n e s  con- 

t a i n  f ragments  of c e l l  c o r n e r  which are r e s p o n s i b l e  f o r  t h e  h igh  

l i g n i n  c o n t e n t .  However, t h i s  c e l l  c o m e r  l i g n i n  i s  probably a l t e r e d  

dur ing  t h e  k r a f t  cook. 

Recent ly  H a r d e l l  e t  a1.I2 have develpped a method of  s e p a r a t i n g  

wood p a r t i c l e s  i n t o  f r a c t i o n s  of f i b r e s ,  r a y  c e l l s  and f i n e s ,  which 

conta ined  secondary w a l l ,  r a y  c e l l  and compound middle lamella 

l i g n i n s  r e s p e c t i v e l y .  They a p p l i e d  t h e  method t o  b o t h  spruce'' and 

b i r c h  wood13 and d e t e c t e d  c e r t a i n  chemical  d i f f e r e n c e s  i n  t h e  l ignins  

from t h e  d i f f e r e n t  morphological  reg ions  which confirm ea r l i e r  re- 

sults o b t a i n e d  by u l t r a v i o l e t  microscopic  

veloped by H a r d e l l  e t  a l  ,12 involved  f r a c t i o n a t i o n  o f  thermomechanical 

pu lp  and d i s i n t e g r a t e d  wood by a combination o f  s i e v i n g  and g r a v i t a -  

t i o n a l  sed imenta t ion .  Ray c e l l  p a r t i c l e s  were s e p a r a t e d  manually by 

r o t a t i o n  i n  a l i q u i d  on a watch g l a s s .  

The method de- 

The purpose o f  t h e  work d e s c r i b e d  i n  t h e  p r e s e n t  paper  w a s  t o  

develop a s imple  and r e p r o d u c i b l e  method o f  p r e p a r i n g  cent igram-scale  

f r a c t i o n s  o f  wood t i s s u e  from t h e  compound middle lamella and second- 

ary w a l l  o f  b l a c k  s p r u c e .  The method is  based  on the d i f f e r e n c e  i n  

d e n s i t i e s  between l i g n i n  and carbohydra te  material .  The wood is  ground 

t o  a f i n e  powder, suspended i n  a s e p a r a t i o n  medium and t h e  suspens ion  

is c e n t r i f u g e d .  The l i g n i n  i s  o f  lower d e n s i t y  ( p  = 1.4 g.mL-') than 

t h e  carbohydra tes  (p = 1.5 g.~nL-')'~. I f  t h e  p r o p e r  d e n s i t y  o f  t h e  

s e p a r a t i o n  medium i s  chosen,  o n l y  p a r t i c l e s  from t h e  compound middle 

lamella, which will be  h igh  i n  l ign in  c o n t e n t ,  w i l l  f l o a t  and t h e  

o t h e r  p a r t i c l e s  w i l l  s i n k .  Conversely,  t h e  d e n s i t y  o f  t h e  medium may 

b e  set so  that  o n l y  t h e  p a r t i c l e s  from t h e  secondary w a l l ,  which w i l l  

be lowest  i n  l i g n i n  c o n t e n t ,  w i l l  s i n k  w h i l e  a l l  o t h e r s  w i l l  f l o a t .  

I n  t h e i r  p r e v i o u s  work, H a r d e l l  e t  a l .  l2'I3 noted  some ambiguity 

i n  t h e i r  r e s u l t s  f o r  l i g n i n  c o n c e n t r a t i o n .  In  t h e  p r e s e n t  work, t h e  

c o n c e n t r a t i o n  o f  l i g n i n  w a s  determined by  f o u r  d i f f e r e n t  methods. I n  

a d d i t i o n ,  t h e  f r a c t i o n s  o b t a i n e d  w e r e  examined m i c r o s c o p i c a l l y  and 

c h a r a c t e r i z e d  by u l t r a v i o l e t  and i n f r a r e d  spec t roscopy.  
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EXPERIMENTAL 

P r e p a r a t i o n  o f  Wood F l o u r  

F r e s h l y  c u t  l o g s  o f  b l a c k  spruce  [P icea  mariana (Kil l . )B.S.P.]  

were debarked by hand. The green wood w a s  chipped i n  two s t a g e s .  I n  

t h e  f i r s t ,  a No. 24 Appleton Chipper w a s  used ,  which gave wood c h i p s  

approximately 5 cm s q u a r e  by 0.5 cm t h i c k .  These c h i p s  w e r e  then re- 

chipped i n  a Mead Chipper, S i z e  2 ,  g i v i n g  c h i p s  about  1 cm long ,  0 . 3  

c m  wide,  and 0 . 1  cm t h i c k .  The c h i p s  w e r e  t h e n  a i r - d r i e d  f o r  f i v e  

days and ground t o  a f i n e ,  f l o u r - l i k e  ma te r i a l  i n  a Bauer No. 730 

Hurr icane  P u l v e r i z e r .  The Hurr ican P u l v e r i z e r  h a s  a r e f i n e r - t y p e  

g r i n d i n g  a c t i o n  and i n c o r p o r a t e s  a r e c y c l i n g  sys tem f o r  p a r t i c l e s  

t h a t  are too l a r g e .  

The r e s u l t i n g  wood-flour w a s  a b o u t  t h e  same c o l o u r  as t h e  o r i g i -  

n a l  spruce  wood and conta ined  many s m a l l  f i b r e  f ragments  and f i n e s  

b u t  no l a r g e  p i e c e s  of  wood. 

The wood f l o u r  w a s  then e x t r a c t e d  wi th  ace tone  f o r  1 6  h. The 

l i g n i n  c o n t e n t  o f  t h e  dry  e x t r a c t i v e - f r e e  wood f l o u r  w a s  found by t h e  

Klason technique  t o  b e  26.8% (grams l i g n i n  p e r  gram e x t r a c t i v e - f r e e  

wood). 

Approximately 30 g of  dry wood f l o u r  w a s  then p l a c e d  i n  a 21-cm 

diameter  sieve c o n t a i n i n g  a 500-mesh screen. The h o l e  s i z e  of  the 

s c r e e n  w a s  25 um. The sieve w a s  covered and p laced  on t h e  Eberbach 

h o r i z o n t a l  s h a k e r  f o r  15 min a t  f u l l  speed.  The powder t h a t  passed  

t h e  screen, approximately 30% of  t h e  o r i g i n a l  wood f l o u r ,  w a s  co l -  

l e c t e d  and saved as t h e  working material. It  had a Klason l i g n i n  con- 

t e n t  about  2% h i g h e r  than  t h e  o r i g i n a l  wood f l o u r .  

F r a c t i o n a t i o n  

The 500-mesh wood f l o u r  w a s  a p a l e  cream c o l o u r  and conta ined  

no l a r g e  f i b r o u s  p i e c e s .  Approximately 2 g o f  t h e  wood f l o u r  w a s  

p laced  i n  a 250 mL. jar  and 100 UL o f  s e p a r a t i o n  l i q u i d  added. The 

s e p a r a t i o n  l i q u i d  w a s  a mixture  o f  carbon t e t r a c h l o r i d e  ( t e t r a -  

chloromethane) and 1,4-dioxane, a d j u s t e d  t o  g ive  t h e  d e s i r e d  d e n s i t y .  

The d e n s i t y  w a s  measured g r a v i m e t r i c a l l y  i n  a c a l i b r a t e d  volumetr ic  

f l a s k  a t  c o n s t a n t  tempera ture .  
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32 WHITING ET AL. 

The r e s u l t i n g  mixture  w a s  t r e a t e d  i n  a MSE U l t r a s o n i c  Power 

Unit  f o r  f i v e  minutes. The mouth of t h e  v e s s e l  w a s  s e a l e d  with Para- 

f i l m  t o  prevent  t h e  escape o f  vapours from t h e  v e s s e l  as t h e  so- 

l u t i o n s  warmed upon u l t r a s o n i c a t i o n .  The v e s s e l  w a s  removed, covered 

and cooled t o  room temperature .  The wood f l o u r  w a s  w e l l  d i spersed .  

The mixture  w a s  then  t r a n s f e r r e d  by p i p e t t e  t o  g l a s s  c e n t r i f u g e  

tubes  (Figure 1) s p e c i a l l y  designed t o  a l low t h e  c o l l e c t i o n  of a 

small amount of f l o a t i n g  material wi thout  s t i r r i n g  up material a t  

t h e  bottom of  t h e  tube. The tubes  were placed i n  a swing-bucket 

r o t o r  (SW-25.1) and spun i n  a Beckman Model L U l t r a c e n t r i f u g e  f o r  

15 min a t  10,000 rpm a t  room temperature  and under vacuum. It w a s  

no ted  t h a t  t h e  p a r t i c l e s  f l o c c u l a t e d  a f t e r  t h e  mixture  s tood  f o r  

p e r i o d s  o f  over  1 h. This w a s  avoided by g e n t l e  s t i r r i n g  of t h e  

mixture  between u l t r a s o n i c a t i o n  and c e n t r i f u g a t i o n .  

A f t e r  c e n t r i f u g a t i o n ,  t h e  tubes  w e r e  c a r e f u l l y  removed and t h e  

f l o a t i n g  material  c o l l e c t e d  by p i p e t t e .  The sample w a s  p laced  i n  a 

sample v i a l  and t h e  s o l v e n t  evaporated i n  a vacuum oven a t  60'C. In  

t h e  i s o l a t i o n  o f  samples o f  secondary w a l l  l i g n i n  t h e  s a m e  procedure 

w a s  followed except  t h a t  t h e  wood f l o u r  w a s  n o t  s i e v e d  and the  

f r a c t i o n  which sank d u r i n g  c e n t r i f u g a t i o n  was  c o l l e c t e d .  

The most impor tan t  f a c t o r  i n  o b t a i n i n g  reproducib le  samples w a s  

found t o  be t h e  maintenance of  c o n s t a n t  d e n s i t y  i n  t h e  s e p a r a t i o n  

medium. The d e n s i t y  o f  t h e  carbon te t rach1or ide :d ioxane  mixtures  

v a r i e d  cons iderably  w i t h  tempera ture ;  i t  w a s  e s s e n t i a l  t h a t  t h e  ex- 

per iments  be c a r r i e d  out  i n  a room wi th  a tempera ture  v a r i a t i o n  o f  

no more than  p l u s  o r  minus Z'C, with  less v a r i a t i o n  p r e f e r a b l e .  

Measurement of Lignin Content 

The measurement of  t h e  l i g n i n  c o n t e n t  o f  t h e  i s o l a t e d  samples 

w a s  c a r r i e d  o u t  by f o u r  methods: a micro-Klason technique ,  i n f r a r e d  

a b s o r p t i o n ,  s o l i d  state u l t r a v i o l e t  a b s o r p t i o n ,  and u l t r a v i o l e t  

a b s o r p t i o n  o f  samples d i s s o l v e d  i n  a mixture  o f  a c e t y l  bromide 

(e thanoyl  bromide) and acet ic  a c i d  ( e t h a n o i c  a c i d ) .  For each method, 
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FIGURE 1. Glass c e n t r i f u g e  tubes  used t o  c o l l e c t  f r a c t i o n s  
o f  wood material. These s p e c i a l l y  designed tubes 
were made t o  o r d e r  by a g l a s s  blower. 

a t  least ten measurements w e r e  made on t h e  wood f l o u r  and t h e  re- 

p r o d u c i b i l i t y  c a l c u l a t e d  as a s t a n d a r d  d e v i a t i o n .  

The micro-Klason technique w a s  t h e  same as t h e  usua l  Klason 

a n a l y s i s 1 5  except  t h a t  samples as small as 1 my: w e r e  ana lyzed .  From 

one t o  t e n  mi l l ig rams o f  d r y  e x t r a c t i v e - f r e e  wood t i s s u e  were weighed 

a c c u r a t e l y  i n  a 10 mL, round-bottomed f l a s k .  For  each mi l l ig ram of 

wood, 0.015 mL o f  72% s u l f u r i c  a c i d  w a s  added t o  the wood u s i n g  a 

microburet .  The wood was thoroughly  mixed w i t h  t h e  a c i d  u s i n g  a 

g l a s s  s t i r r i n g  rod and t h e  m i x t u r e  a l lowed t o  s t a n d  a t  20°C f o r  2 h .  

Enough w a t e r  w a s  added t o  make a 3% s u l f u r i c  a c i d  s o l u t i o n  and t h e  

mixture  then r e f l u x e d  f o r  4 h.  It w a s  impor tan t  t h a t  t h e  condenser  

used f o r  t h e  r e f l u x i n g  b e  t h e  same scale as t h e  round-bottomed f l a s k ,  

as a s i g n i f i c a n t  amount o f  w a t e r  i n  t h e  form o f  d r o p l e t s  w a s  found t o  

s t i c k  t o  t h e  i n s i d e  o f  a l a r g e  condenser  r a i s i n g  t h e  a c i d  concen- 

t r a t i o n  above 3%. A f t e r  r e f l u x i n g ,  t h e  mixture  w a s  cooled and f i l t e r e d ,  

w i t h  care be ing  t a k e n  t o  e n s u r e  t h a t  a l l  t h e  material w a s  t r a n s f e r r e d  

t o  t h e  f i l t e r .  S e l a s  silver f i l t e r s  (0.8 pm) w e r e  used  f o r  the f i l -  
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34 WHITING ET AL. 

t r a t i o n .  It w a s  important t h a t  t h e  water and s u l f u r i c  ac id  be f i l t e r e d  

a t  l e a s t  3 times t o  ensure t h a t  small inso luble  p a r t i c l e s  d id  not  in- 

t e r f e r e  wi th  the  r e s u l t s .  Af te r  t he  l i g n i n  w a s  f i l t e r e d ,  i t  w a s  washed 

with 1 L of d i s t i l l e d  water and then d r i ed  i n  a vacuum oven a t  6OoC 

f o r  24 h. The l i g n i n  w a s  then weighed. A s  a con t ro l  i n  t h e  micro- 

Klason technique, a sample of black spruce with a known Klason l i g n i n  

content was analyzed. The r e s u l t s  agreed with t h e  normal Klason ana lys i s  

t o  wi th in  +2%. 

-1 For the  i n f r a r e d  ana lys i s  the absorbance a t  1510 cm due t o  the  

aromatic s t r e t c h i n g  of carbon-carbon bonds was used. One t o  two 

milligrams of sample were pressed i n  a p e l l e t  with K C 1  and the  peak 

height a t  1510 cm-l measured i n  the  same manner as the method of 

Kolboe and Ellefsen16. Samples of b lack  spruce wood of varying mass 

were used t o  c a l i b r a t e  the technique. The method w a s  found t o  be re- 

producible t o  wi th in  +1.5%. 

For u l t r a v i o l e t  measurements i n  the  s o l i d  s t a t e  the  method of 

Bolker and Somerville17 w a s  adopted. The f i n e l y  divided sample was 

pressed i n  a KC1 p e l l e t ,  similar t o  the  type used fo r  i n f r a r e d  spec- 

troscopy. P e l l e t s  conta in ing  from 0 .1  t o  2 . 0  mg of t i s s u e  were p re -  

pared. The absorbance a t  280 nm was measured f o r  each sample and 

Beers l a w  w a s  found t o  be obeyed i n  t h i s  range. Black spruce of 

known Klason l i g n i n  content w a s  used a s  a con t ro l .  This technique 

provided a f a s t ,  convenient method f o r  measuring l i g n i n  conten ts  on 

very small samples with a r ep roduc ib i l i t y  of +2%. 

The l i g n i n  conten ts  of the  t i s s u e  f r ac t ions  were a l s o  measured 

by the  method of Johnson e t  a1.I8 i n  which the  wood sample i s  d i s -  

solved i n  a mixture of ace ty l  bromide and a c e t i c  ac id .  One t o  th ree  

milligrams of sample w e r e  placed i n  a r eac t ion  vesse l  with 2 mL of 

25% a c e t y l  bromide i n  a c e t i c  ac id .  The vesse l  w a s  placed i n  an o i l  

bath a t  70°C. The method calls f o r  a r eac t ion  time of 30 min bu t  i t  

was found t h a t  f o r  samples high i n  middle lamella l i g n i n  n o t  a l l  the 

l i g n i n  dissolved a f t e r  t h i s  period. For t h i s  reason a r eac t ion  time 

of 2 h w a s  used. With black spruce wood f l o u r  of known Klason l i g n i n  

content a s  a con t ro l  i t  w a s  poss ib le  t o  measure t h e  l i g n i n  content 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



SPRUCE WOOD 35 

of  t h e  v a r i o u s  t i s s u e  f r a c t i o n s  w i t h  a r e p r o d u c i b i l i t y  of  21%. The 

r e a c t i o n  t i m e  of  2 h produced an a b s o r p t i v i t y  of  27.3 cm-'g-'L f o r  

t h e  l i g n i n .  This w a s  h i g h e r  than t h e  v a l u e  of  23 .5  cm g L found 

a f t e r  0 . 5  h r e a c t i o n  t i m e ,  i n  agreement w i t h  t h e  observa t ions  of 

Johnson e t  a l .  . 

-1 -1 

18 

A s  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n  of the  p a p e r ,  t h e  agreement 

between t h e  f o u r  methods w a s  good. The t h r e e  s p e c t r o s c o p i c  methods 

were much more convenient  t o  use than t h e  micro-Klason technique .  

Therefore ,  on t h e  t i s s u e  samples  o f  t h e  secondary w a l l ,  on ly  t h e  

s p e c t r o s c o p i c  methods w e r e  used.  

RESULTS AND DISCUSSION 

The f r a c t i o n a t i o n  of b l a c k  s p r u c e  wood w a s  c a r r i e d  o u t  a t  v a r i o u s  

d e n s i t i e s  and t h e  l i g n i n  c o n t e n t s  of  t h e  f r a c t i o n s  obta ined  are g iven  

i n  Table 1. A s  shown i n  Table  1, t h e r e  is good agreement between the 

l i g n i n  c o n t e n t s  measured by t h e  d i f f e r e n t  methods, t h e  maximum de- 

v i a t i o n  b e i n g  2 3 % .  

In Figure 2 ,  t h e  average  v a l u e s  of  l i g n i n  conten t  and y i e l d  are  

p l o t t e d  a g a i n s t  t h e  d e n s i t y  o f  t h e  s e p a r a t i o n  medium. There w a s  a 

gradual  increase i n  l i g n i n  c o n t e n t  o f  t h e  f l o a t i n g  f r a c t i o n  as t h e  

d e n s i t y  w a s  decreased from 1.460 t o  1.420 g.mL-'. This  w a s  a s  ex- 

pec ted .  However, i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  l i g n i n  conten t  de- 

creases below a s e p a r a t i o n  d e n s i t y  of 1.420 g.mL . I f  l i g n i n  w a s  the 

o n l y  low d e n s i t y  component, t h e  l i g n i n  c o n t e n t  o f  t h e  samples should  

i n c r e a s e  u n t i l  a d e n s i t y  w a s  reached  at  which noth ing  f l o a t e d .  The 

maximum i n  F igure  2 s u g g e s t s  t h a t  t h e r e  i s  a n o t h e r  component ( o r  com- 

ponents)  of  wood which i s  o f  d e n s i t y  low enough t o  i n t e r f e r e  with t h e  

i s o l a t i o n  o f  the compound middle  l a m e l l a  l i g n i n .  There seems t o  b e  o n l y  

a very  small amount of t h i s  mater ia l  and so i t  i n t e r f e r e s  s i g n i f i c a n t l y  

only  a t  low d e n s i t i e s  where t h e  q u a n t i t y  o f  t i s s u e  i n  t h e  f r a c t i o n  i s  

small. The n a t u r e  and o r i g i n  o f  t h i s  l i g h t ,  non-l ignin subs tance  i s  

unknown, b u t  i t  could have been d e r i v e d  from some r e l a t i v e l y  minor wood 

component such as cutin''. I t  should b e  noted  t h a t  i n  Table  1 Klason 

l i g n i n  c o n t e n t s  are n o t  shown f o r  samples i s o l a t e d  a t  d e n s i t i e s  l o w e r  

-1 
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1.41 1.42 1.43 1.44 1.45 1.46 
Density ( g.rnL-') 

FIGURE 2.  Plo t  t o  show average l i g n i n  concentration and y i e l d  
of f l o a t i n g  t i s s u e  f r a c t i o n s  co l l ec t ed  a t  var ious  
dens i t i e s  of the  separa t ion  medium. 

than 1.420 g.mL-'. This i s  because the  non-lignin material i n t e r f e r e d  

with the Klason test and gave a r e s u l t  which w a s  too high i n  comparison 

with t h e  o ther  th ree  methods. 

The presence of t he  l i g h t  non-lignin substance made necessary an 

e x t r a  s t e p  i n  the i s o l a t i o n  procedure f o r  t h e  compound middle lamella 

t i s s u e .  A sample with a l i g n i n  content of 52% which had been separa ted  

at  a dens i ty  of 1.420 g.rnL-' was re-separated a t  d e n s i t i e s  from 1.410 

t o  1.418 g.mL-'. Frac t ions  conta in ing  55 t o  65% l i g n i n  (measured by the 

in f r a red  and ace ty l  bromide methods) were obtained i n  the sediment. The 

f l o a t i n g  f r ac t ion  had a l i p i n  content of about 35 t o  45%. This r e s u l t  

ind ica ted  tha t  the l i g h t  non-lignin mater ia l  w a s  no t  bound t o  the 

middle lamella fragments and could be separa ted  by f l o t a t i o n .  

It i s  i n t e r e s t i n g  t o  note  t h a t  Fergus e t  a l . 3  found the l i g n i n  

content of the compound middle lamel la  t o  be 50% and t h a t  of t he  

t r u e  middle lamella t o  be 85'6. The t i s s u e  f r a c t i o n  with a l i g n i n  con- 

t e n t  of 65% must have contained a considerable proportion of the  t rue  

middle lamella. 

Opt ica l  microscopy confirmed t h a t  the p a r t i c l e s  of t he  high 

l i g n i n  content f r ac t ion  indeed came from the compound m i d d l e  lamella.  
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Figure  3 shows t h e  middle lamella t i s s u e  under b r i g h t - f i e l d  and 

through c r o s s e d  p o l a r s .  It can b e  seen  from t h e  b r i g h t - f i e l d  photo- 

micrograph t h a t  t h e  p a r t i c l e s  are t h i n  and f l a t ,  which i s  t h e  shape 

of  t h e  compound middle l a m e l l a  i n  wood. Through c r o s s e d  p o l a r s ,  t h e  

image of t h e  p a r t i c l e s  i s  v i r t u a l l y  i n v i s i b l e ,  i n d i c a t i n g  that  most 

of t h e  material i s  amorphous. I t  should b e  noted  t h a t  some o f  t h e  

middle lamella p a r t i c l e s  have smal l  h o l e s  i n  t h e m ,  due t o  t h e  bordered-  

p i t  s t r u c t u r e  of the f i b r e s .  Bordered p i t s  i n  wood f i b r e s  seen through 

c r o s s e d  p o l a r s  (F igure  3 , i n s e r t )  g ive  t h e  c h a r a c t e r i s t i c  mal tese  c r o s s  

image due t o  t h e  c i r c u m f e r e n t i a l  a l ignment  of t h e  c e l l u l o s e  micro- 

f i b r i l s  around t h e  p i t s .  Such maltese c r o s s e s  were completely absent  

when h o l e s  i n  t h e  compound middle  lamel la  t i s s u e  w e r e  viewed through 

crossed  p o l a r s .  

I n  Figure 4 the l i g n i n  c o n t e n t  and t h e  y i e l d  of  t h e  s i n k i n g  

f r a c t i o n s  are p l o t t e d  a g a i n s t  t h e  d e n s i t y  of  the s e p a r a t i o n  medium. 

It can be  s e e n  t h a t  a t  a d e n s i t y  of  1 .461 g.mL-’ a sample c o n t a i n i n g  

only 21% l i g n i n  w a s  i s o l a t e d .  Fergus e t  a l .  found t h e  l i g n i n  con- 

c e n t r a t i o n  i n  t h e  secondary w a l l  t o  be  22%; t h i s  f r a c t i o n  must there-  

f o r e  b e  composed e n t i r e l y  o f  pieces of  secondary w a l l .  

3 

FIGURE 4. P l o t  of  average l i g n i n  c o n t e n t  and y i e l d  o f  
s i n k i n g  t i s s u e  f r a c t i o n s  a t  v a r i o u s  d e n s i t i e s  
of t h e  s e p a r a t i o n  medium. 
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A s  viewed wi th  t h e  microscope,  t h e  t i s s u e  f r a c t i o n s  t h a t  sank 

w e r e  found to c o n t a i n  few o r  no fragments  of  compound middle l a m e l l a .  

F igure  5 shows a sample c o n t a i n i n g  21% l i g n i n .  I n  c o n t r a s t  t o  t h e  

material shown i n  Figure  3, i t  resembles t h e  fragments of  a f i b r e  

w a l l .  Under c rossed  p o l a r s ,  most o f  t h e  p a r t i c l e s  give a b r i g h t  

image, i n d i c a t i n g  the  presence  o f  c e l l u l o s e .  

The f l o a t i n g  t i s s u e  f r a c t i o n s ,  which contained a h i g h  per -  

cen tage  o f  l i g n i n ,  w e r e  f u r t h e r  c h a r a c t e r i z e d  by i n f r a r e d  and u l t r a -  
-1 

v i o l e t  spectroscopy.  The i n f r a r e d  s p e c t r a  showed a band a t  1510 c m  

( t h e  a romat ic  carbon-carbon s t r e t c h i n g  frequency)  which i s  charac-  

t e r i s t i c  of  a l l  l i g n i n s .  The b a s i c  o v e r a l l  spectrum w a s  very similar 

to t h a t  o f  o t h e r  l i g n i n  p r e p a r a t i o n s ,  e s p e c i a l l y  t h e  d i f f e r e n c e  

spectrum of l i g n i n  i n  wood16. The u l t r a v i o l e t  spectrum of  the com- 

pound middle l a m e l l a  sample showed a b s o r p t i o n  bands a t  250 and 280 

nm, c h a r a c t e r i s t i c  of  l i g n i n .  

CONCLUDING REMARKS 

It h a s  been shown t h a t  t h e  s e p a r a t i o n  o f  spruce  wood i n t o  f r a c -  

t i o n s  of high and low l i g n i n  c o n t e n t  i s  p o s s i b l e  by t a k i n g  advantage 

o f  t h e  d i f f e r e n c e  i n  d e n s i t y  between l i g n i n  and carbohydrate  material. 

I t  h a s  a l s o  been shown t h a t  t h e  f r a c t i o n s  h i g h  i n  l i g n i n  c o n t e n t  a r e  

r i c h  i n  compound middle lamella t i s s u e ,  and those low i n  l i g n i n  con- 

t e n t  are r i c h  i n  t i s s u e  from t h e  secondary w a l l .  These p r e p a r a t i o n s  

should prove t o  be  u s e f u l  t o  wood chemis ts  s tudying  t h e  d i f f e r e n c e s  

between middle lamel la  and secondary w a l l  l i g n i n .  
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