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A S T U D V  O F  T H E  O R D E R E D  A D S O R P T I O N  O F  M E T A L  ~ONS 

ON T H E  S U R F A C E  O F  C E L L U L O S E  M I C R O F I B R I L S  
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Following observations already made on copper L'n, pregnated wood, a d:~tailed study 
is made of the adsorpt ion by a var ie ty  of celluloses of a number  of cations from salt 
solutions, The uptake/concent ra t ion  curve follows a L.x.~'G.~t~'IR adsorption isotherm 
so tha t  a surface phenomenon is certainly involved. The up take  is accompanied by 
a fall in pH of the solutkm, so tha t  ca thms appear to be exchanged fl~r hydrogen 
ions, and is ini t ial ly rapid. ,~ 

The regultant  metal-cellulose complex gives characteristic electron diffraction 
diagrams of which two types only have been found (together wi th  "hybr ids"  between 
them). The.~ diagrams are identically the sam~ whatever  the source of the cellulose 
and for any  metallic c~tt~o~,.'-._ They caii |)e ~rtt~i pi-~ted ~tt Lhe | i a ~  o; i.%vo-U.llilt:ll~lUll~t.l" , '  • 1 

arrays  of copper ions whose parameters  are: I: ~b =~ 6.i  5 A, q =- 7.05 A, O = 90°; 
I I :  lb --  7.32 A, q = 5.68 A, O ~ 87~-9 o° (variable). I t  is concluded "that the copper 
is adsorbed as a monolayer  on the outer  surface of the mierofibriIs and  this is taken 
to imply  order in the disposit ion of the chain-molecules at this surface. The parameter.~ 
bear no relation to the accepted parameters  of the (thr~e-dimensional) unit  cell of 
cellulose and  suggest further,  therefore, tha t  the order at the surface is in some way 
different from tha t  inside the microfibrils, 

The impact  of the above findings on methods of determining the -COOH 
content  of cellulose is briefly discussed, 

1 N T R O I ) U C ' f l O N  

When samples of wood or wood cellulose t reated with aqueous salt solutions are 
examined in the electron microscope by men,is of l imited area electron diffraction, 
characterist ic d iagrams are observed. These have been interpreted as evidence for 
the existence in these samples of a metal-cellulose comple×L The diffraction diagrams 
were found to be associated with,  al~d oriented with respect to, the corresponding 
cellulose mierofibrils and it was evident tha~ a fur ther  s tudy  of this compIex would 
be likely to yield new informat ion on the s t ructure  of the microfibriisa. I t  was decided 
to extend the invest igat ion to other  types of cellulose, and to combine quan t i t a t ive  

" P r e s e n t  ad¢tres~: H i c k s o n + s  T i m b e r  l r n p r e g n ~ t t i o n  Co,  (G .B . )  L t d . ,  C a s t l e f o r d ,  Y o r k s h i r e .  
** P re .qen t  a , ld res .~ :  [ ) a p a r t m e n t  o f  Bo ta t~y ,  T h e  l.rt*iversit3", S o u t h a m p t o n .  
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chemical me thods  with a c rys ta l lographic  analysis  of the  electron diffract ion diagrams.  
The present  paper  describes the results of this extension.  

M E ' / ' H O D S  A N D  R E S U L T S  

P r d i m i n . a r y  s tudy  

¢ celluloses were chemical ly  isolated from the following sources:  

I; alonia ven.lricosa vesicles 
Cot ton  (Gossyp ium h i rsu tum)  hairs 
Beech (Fagus sp.) wood 
Douglas  Fi r  (Pseudotsuga taxi /ol in)  wood 
R h o d y m e n i a  ?Salmata fronds,  

using tim f rac t iona t ion  technique  of JERMYN AND I S H E R ' * V O O D  ~ a s  modif ied b y  
CRONSIt.-\'~V, MYIr-RS AND PRI£STON t. E a c h  of the celluloses was ana lysed  by hydro lys i s  
and  paper  ch roma tog raph ic  ident i f ica t ion of the resu l tan t  sugars,  and  the i r  cons t i tu -  
t ion is p resented  in Table  I. The isoiated ceiiuioscs wore t rc~tcd  wi th  a range of di lute  
aqueous  salt solut ions and a f te r  washing in dist i l led wa te r  were b lended,  dried,  
shadowed with a lu ,ninium and  examined  in the e lect ron microscope.  E l ec t ron  dif- 
f rac t ion  pa t t e rns  implying well o r ien ted  complexes  were ob t a ined  f rom such diverse  
specimens as cellulose from Rl~odymenia pa lmata  conta in ing  50% xylose,  and  f rom 
co t ton  conta in ing  only  !.5 % xyiose,  t r e a t e d  wi th  for  example  gold, s i lver  or  coppe r  
salts. Interplanar spacings corresponding to the arcs of the diffraction diagrams were 
calculated using as calibration the aluminium reflections superimposed on each 
individual  diagram. 

TABLE I 
Till- '; S U G A R  C O N T E N T  (BY "tA'I'2IGHT) O F  T H E  HYITIROLYSA'I 'H O F  V A R t O U S  f l  C E L L U L O S E 5  

(~t l t to .~¢ X v I o s t  .11¢1 tttl4~s¢ 
.~ ,~qrce ¢,] ~l c e l l t t l o s e  ~.o i~.. ° ,,.~ 

llh~d3"JJw, ia 50.0 50.0 - -  
Beech 85.o t 5.o .- 
Cotton 0,~.5 x -5 = 
l" alo.nia I oo.o . . . . . .  
I)ouglas Fir 94.5 ~ 5.5 

In the  case of X- r ay  diffract ion d iagrams in t e rp l ana r  spacings can be ca lcu la ted  
using the well known Br3.gg equa t ion  

n~.  = - ' d  sin 0, 

where 2 is the wave leng th  of the  X- rays  and  O is the glancing angle which can be 
ca lcu la ted  from rt'D - -  t an  aO, v being the  radial  d is tance of the  di f f ract ion arc to  
the  cent re  of the d iagram and  2) the speclmen-film dis tance.  In  the  case of e lec t ron 
diffraction,  however ,  since the wave leng th  of the electron beam (,a,) is small  c o m p a r e d  
wi th  the in t e rp lana r  spacing (d), sin 0 is a p p r o x i m a t e l y  oqual  to  0 ; therefore  we mo.y 
wr i te :  

n 2 D  
d . . . .  (1) 

y 

In  the  e lec t ron microscope this simple geometr ica l  re la t ionship  be tween  r and  D 
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no longer holds, since there is a projection lens betweert the specimen and  film so 
t ha t  the  radial  distance betweert the arcs on the d iagram can be varied by  means  of 
the  controls.  Thus  equat ion  (I) becomes 

n).l: 
( [  - -  _ _  

i t  

where F is the focal le.ngth of the pro}ection lens. "?bus for a given set t ing of the controls 

. d = K / r  

where K is a constant .  Since it is impract icable always to work at  the same sett ing, 
and  since the high-potent ia l  supply  to the electron gnn is subject to small f luctuat ions 
causing small  var ia t ions  in tile wavelength (2) of the electron beam, the  unknown 
in te rp lanar  spacings of the  diffraction arcs were calculated from the  known interplarmr 
spacings of the superimposed a luminium diagram. For  at gi~,en diagram 

-'l.r dAI rAl 

where dat is the in terplanar  spacing of the  inner ring of the aluminiurn ring pa t t e rn  
(2.33 ~),  rAI is the  radius of the inner  r ing of the a luminium pa t te rn ,  dx is the inter-  
p lanar  spacing of an arc of the or iented pat tern ,  and  rz is the radial  distance of the 
diffract ion arc of the or iented pa t t e rn  from the centre of the diagram. 

All of the pa t te rns  obta ined m a y  be identified wi th  one or other  of two types 
which are superficially similar but  differ in their  individual  spacings (Fig. i~ and  ib),  
or wi th  hybr ids  between the  two (Fig. IC). Al though no pa t te rns  have so far been 
recorded for Valonia  cellulose pre t rea ted  with meta l  salts, there is chemical evidence 
for complexing (to be discussed in the  following section) and  the lack of diffraction 
d iagrams  m a y  be due to difficulties encountered in specimen preparat ion.  

The evidence suggests, therefore,  t ha t  the type  of complexing under  invest igat ion 
is of general  occurrence th roughou t  a wide range of  celhflosic material .  

Chemiaal  es t imat ions  

If  this  up take  from salts is of the cat ion only,  then  it could be expected  tha t  
the immersion of cellulose in a di lute salt solution would be accompanied by  a fail in 
the p H  of the  solution.  This was tested exper imenta l ly  by  the  addi t ion  of a small 
sample of cellulose to a di lute copper sulphate  solution, when a considerable fall in 
pH was observed. A similar fall iu pH,  as judged by  both  the use of indicators  and  
pH-meter ,  was observed using other  salt  solutions such as potass ium chloride and 
silver n i t ra te .  

Af te r  t r e a tmen t  wi th  copper salts, cellulose retains sufficient copper to give a 
green colourat lon which remains even af ter  prolonged washing with distil led water,  
and  it was decided to use this metal  to obtain quan t i t a t ive  d a t a  on the course of the  
uptake .  Such a de te rmina t ion  could be made either by  measurement  of the decrease 
in concent ra t ion  of the exper imenta l  solutiort or by  release and  subsequent  es t imat ion 
of the  " 'bound"  copper in the  cellulose, The la t te r  me thod  was chosen as being the 
more accurate ,  par t icu lar ly  for the  measurement  of a relat ively small up take  from a 
concent ra ted  solution.  Al though the complex is stable in distilled water  and  itx dilute 
alkali, it is i n s t an t ly  decon~tposed by dilute acid, and  from this was developed a me thod  
of analysis .  The exper imenta l  procedure was as follows: 

o.2o g of cellulose was added  to 25 ml of the solution of a copper salt of known 
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F i g . , .  E l e c t r o n  d i f f r a c t i o n  d i a g r a m s  o b t a i n ~ d . f r ~ : ~ : i D ~ u g l a s  F , r  a e e  o s e  tre~t~'~"= ~ i ~ i ~  van~:~:i l l  : 
of  m e t a l l i c - s a l t  s o l u t i o n s .  (a) T y p e  I. a c e l l u l o s e  t r e a C e d . @ i f h : : ~ 1 %  c o p p e r  s u l p h a t e 2  (b)  :Ty~..ll.2::i:.:. =. 
tt c e l l u l o s e  t r e a t e d  w i t h  4 % c o p p o r  s u l p h , ~ t e .  (e) b l y b r i d ,  a c e l l u l o s e  t r e a t e d  w i t h  ,! % c o b a l t  :. 

s u l p h a . t e .  " 

concentration, in a stoppered flask, and agitated for r 5 min (a period adopted for 
reasons which will be given below). The cellulose was then recovered by filtration in 
a sintered glass funnel artd washed in several changes of glass-distilled water. Tests 
showed that further prolonged washing over a period of 4 It did not remove any  of 
the '-'bound" copper. After removing all traces of the copper-salt solution, the "bound" 
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!ii(~pper was released by  adding x5 ml of lO% (by volume) acetic acid and  the  ce]lu-],,~,~ 
~::iilWas removed by f i l t rat ion. The last traces of acid were washed into ti le flask w i th  a 
: :further 20 ml  of glass-distilled water.  The filtrate, containing the  copper released from 
:::the cellulose, was t ransferred to an Er lenmeyer  flask and  I5 ml of 6% potassium 
::'::iodide solution was added.  The solution was t i t ra ted  against  s t andard  sodium thio- 
!~isulphate using a 2% s tarch solut ion as indicator.  This experimental  procedure was 
:?found to  give consistent  results. 
::: Copper up take  by  cellulose was first examined as a function of t ime, using 
:; Beech a cellulose wi th  a o.o3 N solution o~ copper  acetate, and  the  results are 
:::illustrated graphical ly in Fig. 2. The uptake  was extremely rapid, reaching an 
i approximate  m a x i m u m  in less than  Io  rain. I t  was in fact found tha t  the  weight of 
:: copper  complexed per  ioo  g of cellulose increased by  only o.o3% after t r ea tment  
: f0r a fur ther  24 h beyond the  period represented in the graph. In  all subsequent  

"&.Cu 

0,~ 

O.6 

0,4 

0.2 

0 

i 
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F i g .  2. T h e  u p t a k e  o f  c o p p e r  f r o m  o . o  3 -'V c o p p e r  a c e t a t e  s o l u t i o n s  b y  B e e c h  ~t c e l l u l o s e .  
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Figs .  3 a axial 3 b. T h e  u p t a k e  of  c o p p e r  f r o m  c o p p e r  s u l p h a t e  s o l u t i o n s  b y  B e e c h  ta ce l l u lo se .  
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" Ill II I1 1 , ll I " 
F i g .  4"  A n  e l e c t r o n  ( I l l [ f a c t i o n  d i a g r a n l  o b t a i n e d  f r o m  r n l c r o f i b r i l s  o f  P.~et¢¢}otsttga. ( D o u g l a _ s  F i r )  a 
c e l l u l o s e  t r e a t e d  w i t l ~  a n  a q ~ , e o u s  t % f e r r i c  s u l p h a t e  s o l u t i o n .  T h e  t w o  s e t s  o f  i n t e r s e c t i n g  l a y e r  

l i n e s  a r e  i n d i c a t e d  d i a g r a m m a t i c a l l y .  
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d e t e r m i n a t i o n s ,  t he r e fo r e ,  the celluiose was t r e a t e d  w i th  t h e  c o p p e r  sal t  so lu t i ;m 
for x5 rn in  on ly .  

C oppe r  u p t a k e  was  t hen  e x a m i n e d  as a f u u c t i o n  of  the c o n c e n t r a t i o n  of t h e  
coppe r - s a l t  so lut ion.  Beech ~ ceIlulose was aga in  used  ,vi th a r ange  of b o t h  c o p p e r  
a c e t a t e  a n d  c oppe r  s u l p h a t e  so lu t ions .  T h e  resu l t s  a re  p r e s e n t e d  g r a p h i c a l l y  fo r  
c o p p e r  s u l p h a t e  so lu t ions  in [rig. 3 a, the u p t a k e  be ing  exp re s sed  as moles  of c o p p e r  
per  g r a m  of cel lulose  a n d  the  c o n c e n t r a t i o n  of the  tes t  .~olution as moles  of c o p p e r  
p e r  1. F r o m  this  g r aph ,  the  r ec ip roca l  of the u p t a k e  was p l o t t e d  aga ins t  the  rec ip roca l  
of  t h e  c o n c e n t r a t i o n  and  a s t r a igh t  lin,:, g r a p h  was o b t a i n e d  as shown  in Fig. 3 b. Th i s  
c l ea r ly  ind ica t e s  t h a t  the  u p t a k e  of c o p p e r  is an  a d s o r p t i o u  p h e n o m e n o n  in a c c o r d a n c e  
w i t h  t he  i s o t h e r m  of  LAN¢;Xt'IR. T h e  m a x i m u m  u p t a k e  of c o p p e r  was  s ign i f i can t ly  
h i g h e r  in the  c o p p e r  a c e t a t e  so lu t ion .  

F i n a l l y  each  of the  whole  r ange  of i so la ted  a cel luloses was  in t u r n  t r e a t e d  for 
x5 m i n  in a o ,ozo75  ,Y c o p p e r  a c e t a t e  soh: t ion ,  an d  tl:e uDtake r e c o r d e d  in each  case. 
T h e  r e su l t s  a re  g iven  in Tat) le  I I. 

-1 . \ I l l . | ' ;  ] l 

T H E  ( 7 ( k l ) l ' l ' ; R  U I '  r A I Z l  #-, F N O M  l)  I ( ) / . ~  .~Y ( ' O [ ' l ' l : . i /  A C E T  x r E  N O L L ' T n ) N ,  e l :  ..~. 

N [" ~I k~ I'2 I~. t)] '" [ SO L ATI ' - "  I)  C E  L L I. 'LO.%],-S 

l~h,,dvmcn~u o.S45 

( . 7 o t t o n  o . t , o 4  
[ "alc~)ti, r). -~ (>t> 
I ).ttgllas I:ir c).(.)7(.) 

[,,ter.bralatiopz o] the di.~raction di~tgram 

T h e  a d s o r p t i o n  c u r v e s  t h u s  o b t a i n e d  sugges t  t h a t  the  c o m p l e x i n g  m u s t  be 
l a r g e l y  l im i t e d  to  a d s o r p t i o n  at  the  o u t e r  su r faces  of the cellulose microf ibr i ls .  ] ' he  
a r r a n g e m e n t  of  t hese  a d s o r b e d  a t o m s  mus t  n a t u r a l l y  be d e p e n d e n t  u p o n  the  con-  
f i g u r a t i on  of  t he  su r f ace  l aye r  of  the  celh, lose mie ,of ibr i l s .  An a d s o r b e d  l ay e r  of m e t a l  
a t o m s  a r r a n g e d  on  t he  su r face  of  a microf ibr i l  in a r egu la r  t w o  d im en s io n a l  a r r a y  
cou ld  a c t  as  a d i f f r ac t i on  g r a t i n g  to  a b e a m  of  e lec t rons ,  a n d  cou ld  t h e r e fo r e  be 
respons ib le  for  the  e l e c t ron  d i f f r ac t ion  d i a g r a m s  o b t a i n e d .  I t  has  p r o v e d  possible  
fu l ly  t o  i n t e r p r e t  all t hese  d i a g r a m s  oll the  basis  of  this concep t ,  

A p a r t i c u l a r l y  g o o d  e x a m p l e  of a T y p e  ! p a t t e r n  is i l l u s t r a t ed  in Fig.  4- T h e  
p a t t e r n  m a y  be r e g a r d e d  as cons i s t ing  of two  se t s  of  layer- l ines ,  re f lexions  o c c u r r i n g  
a t  t he i r  i n t e r sec t ions ,  as  r e q u i r e d  b y  such  e, t w o - d i m e u s i o n a I  la t t i ce .  ] 'he  p a r a m e t e r s  p 
(~Iong t h e  mierofib~°il l ength)  a n d  q are  g iven  b y  the spacings  c o r r e s p o n d i n g  to  t h e  
f i r s t -o rde r  reflexlon,~ .-long t he  m e r i d i a n  and  e q u a t o r  r e spec t ive ly ,  t he  angle  O b e t w e e n  
t h e m  being  90 °. F r o m  the  d imens ions  of  this  un i t  cell t heo re t i ca l  va lues  m a y  be 
c a l c u l a t e d  ft~r t he  pos i t ion  of the  o t h e r  ref lexions.  This  m a y  be ca r r i ed  ou t  w i th  r e g a r d  
b o t h  to  t he  i n t e r p l a n a r  spac ing  (d} a n d  to the  ang le  (0) b e t w e e n  t h e  m e r i d i a n  a n d  t h e  
l ine j o in ing  t he  a rc  to  the  c e n t r e  of t he  d i ag ram .  Th e  resu l t s  of su ch  an ana lys i s  are  
t a b u l a t e d  in ] ' ab l e  1 I I ,  a n d  i t  c an  be seen t h a t  the  ca!cula t , :d  va lues  are  iu g o o d  
a g r e e m e n t  wi th  the  m e a s u r e d  va lues  o b t a i n e d  f r em t!:,- *2ingrain, 
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;..'~:r~.e -_-r~d pre-.'.r~.-at~.--.,ent, g a ; ' e  lh- ' . . .~ .~:e  t vi>'--.~ ~-~ palle_~-i'~ w i ~ h  a,r¢$ ¢orT¢~;~ ,~ldhlg  

% tA,- ; a m , -  spa : - i r -g : .  W i t h  r e g a r d  t o  p : e - z r e a t m e n t .  -~ " ~ -- " • " - ' "  "" : . . . . .  
."l),~,~gD~ Fir~ ,4.,..¢.., . . . .  ~ -xamin ; :d  ;,n. t h i s  w a y  g a v e  t h e  .aurae t ~  o f  p a t i e n t s  Ix,  f o r e  
a : : , i  a f t , - r  :r, e rc , : r i : a t io : '~ .  

I K _ ~ C 1 . ' S S I O N  

I t  h ; ~  L , : o n  d , - r n o n ~ ' . r a t c d  t h a t  t h e  o ~ e n t c d  d v c t r o n  d i f f r a c t i o n  d i a g r a m s ,  i i r~ t  o b -  
:-.er;~: ¢~, it: ;~rt e × a m i n a t i o n  o f  t i m b e r  t r e a t e d  w i t h  a w a t e r - s o l u b l e  p r e s e r v a t i v e ,  a r e  
ot  ~en¢:ral  occurrc-nc~:  in a w i d e  r a n g e  o f  c e l l u l o s i c  m a t e r i a l s  t r e a t e d  w i t h  a q t l e o u s  
s a l t  ~olution:~.  T i m  p a t t e r n s  w e r e  a | w a y s  e i t h e r  o f  o n e  of  t w o  t ~ e s  o r  o f  " h y b r i d s ' "  

betwe, . .n  the :m,  a n d  t h i n ,  a p p e a r  t o  b e  i n d e p e n d e n t  o f  t h e  c h e m i c a l  c o m | ~ s i t i o n  o [  
t l : e  cC' . . lu lo~c a n d  of  t h e  p a r t i c u l a r  m e t a l  a t o m s  a d s o r b e d .  

" fhe  d r o p  in p H  r e c o r d e d  in  a q u e o u s  t e s t  s o l u t i o n s  of  v a r i o u s  s a l t s  o n  t h e  a d d i t i o n  
, d  a s a m p l e  o f  c e l [ u | o s e  s u g g e s t s  t h a t  c o m p t e x i n g  i n v o l v e s  t h e  r e p l a c e m e n t  o f  h y d r o g e n  
b y  m e t a l  a t o m s .  T h i s  v i e w  is r e i n f o r c e d  b y  t h e  o b s e r v a t i o n  t h a t ,  u n d e r  a c i d  c o n d i t i o n s ,  
t h e  revm.~e of  t l : e  ab f Jvc  p r o c e s s  o c c u r s  r e s u l t i n g  in  t h e  r e l e a s e  o f  t h e  c o m p l e x e d  m e t a l  

a t;~:n:;. I t  a p p e a r s  p r o b a b l e ,  t h e r e f o r e ,  t h a t  e b m p l e x i n g  is g o v e r n e d  b y  t h e  L a w  o l  

I & l e e , m ~ e . ~  p ,  5 7 .  
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Mass Act ion and is dependent  upon tlm p H  of the  tes t  solution. This would account  
for the  higher copper  u p t a k e  in copper  ace ta te  solut ions than  in copper  su lphate  
solutions, the  former having a significantly higher p H  in aqueous  solution. I t  is not  
possible at  this  s tage to go fur ther  into the  precise mechanism of complexing,  bu t  it is 
hoped tha t  future work, including infra-red spectrographic  analysis and  an examina-  
t ion of the  magnet ic  resonance propert ies  of eomplexed  cellulose, will reveaI the 
precise na tu re  herb  of the si te and of the type  of bonding be tween  the meta l  a toms  
and the subs t ra ta .  

The rapid u p t a k e  of copper  from an aqueous  copper  ace ta te  solution (Fig. 2) 
and  the typica l  LA~+GML'm adsorpt ion  isotherms obta ined in uptake-cot teent ra t ion  
exper iments  (Fig. 3b) indicate  tha t  complexing is an adsorpt ion phenomenon and 
therefore  l imited to surfaces. In this connect ion some confusion m a y  arise, since it is 
well known tha t  cellulose microfibrils, in addi t ion to their external  surface, possess 
internal  surfaces in those  amorphous  or  para-crystal l ine regions where the  cellulose 
molecules are largely ar ranged in a parallel manner  bu t  are not  evenly  spaced ~7. 
With in  these regions wa te r  can penet ra te  and  adsorpt ion  react ions might  conceivably  
take  place. The effective internal  surface is cons iderably  incremsed if the  cellulose 
is t rea ted  wi th  a sweUing agent ,  such as sodium hydrox ide  solution, which reduces 
the  la t t ice  order  of the  crystal l ine cellulose. NoRs iaxx  ~ first observed the addi t ion 
compound ,  sodium cupricellulose,  which forms when cellulose is t rea ted  with sodium 
h y d r o x i d e  altd copper  hydroxide .  This copper-cel lu lose-alkal i  complex has since 
been called the  NOR.~NN-compourLd and it has been found on analysis to contain  
one a t o m  of copper  per  glucose residue. It  has fur ther  been shown tha t  the  X- ray  
diffraction d iagram has changed  af ter  complexing ~, the character is t ic  in terplanar  
spacings for cellulose being cons iderably  modified. 

The mechanism of this react ion has recent ly  been the subjec t  of an invest igat iou 7 
and  it has  been shown tha t  there  is a gradual  up take  of copper,  f rom copper  alkali 
solutions, over  a period of 8 h. Ros,':tt:Et," has also demons t r a t ed  tha t  under  these 
condit ions the  up take  of copper  conforms to LANGMUIR'S adsorpt ion  isotherm. The 
results presented  b y  ROSGHtER do not  include any  de te rmina t ions  of copper  up t ake  
during the first 2 h, bu t  it seems certain tha t  a rapid  initial up take  takes  place, as 
demons t r a t ed  in this invest igat ion,  followed by  a gradual  up t ake  as the swelling 
of the  cellulose b y  the sodium hydrox ide  increases the  effective surface area. 

The ex t remely  rapid up take  ob ta ined  using aqueous  salt  solutions, qu ick ty  
reaching a m a x i m u m  of tl~e order  of ~ % with no significant fur ther  increase, together  
wi th  the  observa t ions  tha t  (a) the  X- ray  diffraction diagram of our  complexed 
celhdose remains  unchanged  ~nd (b) the  electron diffraction diagram can be inter- 
p re ted  in te rms  of  a two-dimensional  array,  leads us to  suppose tha t  the complexing 
in this  case: is l imi ted to the  oulcr surface of the  cellulose microfibrils. 

This demons t ra t ion  of the adsorp t ion  of meta l  ions onto  cellulose microfibrils 
has  direct  bearing on the va l id i ty  of current  me thods  of de te rmina t ion  of ca rboxyl  
groups  in cellulose. I t  has been noted  in the past  tha t  this de terminat ion  is com- 
pl icated b y  the n u m b e r  of techniques avai lable and the general  d isagreement  on 
results  s. The principal me thods  in use at the present  t ime include uranyI  cat ion 
adsorptior~ ~, methylene  blue adsorpt ion  1°, the  silver 0-ul trophenolate me thod  tl, the  
calcium ace ta te  m e t h o d  vz, and  the sodium chloride me thod  la. The mos t  recent  review 
of the  l i te ra ture  is tha t  of  ANT- '$VUORINEN l't ,  who h~__~.~ proposed  a technique for 
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carboxyl  group es t imat ion based on the  pH drop induced when a sample of cellulose 
is added to a sodium chloxide solution. These methods  are all based on the cat ion- 
exchange act ion of the earboxyl  groups of cellulose and  m a y  be concerned with the 
phenomenort  described in this  invest igat ion.  They  m a y  be eritieised in t h a t  t h e y  
are pH-dependen t  and  therefore yield different  values of the number  of carboxyl  
groups if the pH of the exper imenta l  solut ion is varied, and  also in tha t  the result 
varies wi th  the concent ra t ion  and  type  of salt solutiolt  used. Al though to date  evidettee 
concerning the precise nutalre of the complexing described here is inconclusive, there  
arc indicat ions t ha t  simple salt format ion  involving carboxyl  groups located at  t im 
surface of the microfibrils is unlikely.  For  example,  it is inconceivable t h a t  tho ou te r  
surface of the cellulose mierofibrils contains  localised high dens i ty  regions of acidic 
groups in such an a r ray  as demanded  by  the two-dimensional  lat t ice which alone 
seems to explain the diffraction d iagram presented here. More probable sites for ad-  
sorption are the  hyd roxy l  groups, and  in this  respect it is relevant  to note the .views 
of ~;AN DER ~VYI{ AND S~IUDER 1B, veho contended  tha t  the acidic propert ies of cellulose 
are due to the h y d r o x y l  groups. 

From the in terplanar  spacings of these uni t  cells derivable from the electron 
diffraction diagrams the m a x i m u m  % copper by  weight in a given cellulose m a y  be 
calculated assuming the tota l  ou ter  surface of all of the microfibrils to  be ful ly com- 
plexed. 

The volume occupied by TOO g cellulose is I d O / I . 5 9  em z (assuming dens i ty  ~ r.59 
g]cm 8) or 6-3" IO"~A 3. The to ta l  length of microfibrils (1) in IOO g Valonla cellulose 
is therefore given by  

6 .  3 -  I o  ~-'~ ~ 7 r  I o , o o o  I 

assuming the microfibrils to bc circular cyl inders of d iameter  206.3,. 

• ". t = z,~o ~ A  

Tl~e to ta l  surface area  (a) of microfibrils in xoo g Valonia cellulose is therefore 

• = =  2 M ~-t'* I O O *  2 , O "  I O -hI 

~ '"  12 . ¢ ,  • I o 2; |  k~ '~ 

Now, assuming the spacings of Type  I uni t  cell (i.e. a = 6.[5 A, b .... 7.05 A), the 
number  of Cu a toms per !o,o0o A z of surface is: 

] O O  I O O  
_ _  , ~ . . , 3  o 
t>.15 7 . 0 5  

The m a x i m u m  number  of Cu a toms  which can be adsorbed in this way  by  too g 
Valonla celhflose is therefore 

1 2 , ( . . "  I O ' ~ L t ' O , O 2 ~  = ~  Z,9" I O  2 2  

This amoun t s  to a Cu up take  of 3.05% (by weight). 

Similarly wi th  Rkodymenia  cellulose, in which the microfibrils are narrower  
(diameter  zSO A) tile m a x i m u m  up take  is 4.4%. These m a y  be compared  with  the  
results  obta ined  exper imental ly ,  presented in Table II ,  I t  appears  tha t  in the case 
of cellulose t rea ted  with an aqueous copper aceta te  solution, the surface of the  
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cellulose microfibrils is not  ful ly sa tu ra ted  with copper atoms, This is to  be expected 
and  the  precise amoun t  of copper adsotbed is undoub ted ly  dependent  on the pH of 
the solution. I t  can fur ther  be seen tha t  the amoun t  adsorbed under  a given set of 
condit ions b y  different celluloses can perhaps be related to the  to ta l  surface area of 
mierofibrils. This is to be expected from the results of the above calculat ion in the 
case of Valonia cellulose and  RI;odyme~da cellulose, and  has been confirmed experi- 
men ta l ly  as shown in Table II,  the larger V'alo~da cellulose microfibrils having a 
relat ively lower copper up take  than  the smaller micr0fibrits of Rhodymenia cellulose. 
The calculat ion is based on approximat ions  of both  the dens i ty  and  the d iameter  
of the microfibrils in each case but  does at least serve to i l lustrate tha t  the  dlstr ibutiott  
of copper a toms  on the surface of the microfibril~ arr ived at  by, crystal lographic 
analysis  is compat ible  wi th  the quan t i t a t ive  da t a  ob ta ined  in the chemical  s t u d y  of 
copper up take .  

The a r rangement  of meta l  a toms thus  envisaged mus t  imply  a high degree of 
order  of molecules a t  the surface of the cellulose microfibrils, arid; since identical  
pa t t e rns  are obta ined  from celluloses t rea ted  with  a var ie ty  of meta l  salts, i t  must  be 
concluded t h a t  the  spacings of the uni t  cell of the  complex relate to the outer  layer  
of the  cellulose substrate .  This conclusion is complete ly  unexpected,  for all current  
theories of mierofibril s t ructure  postulate  an outer  layer  of pare-crystal l ine cellulose. 

The in te rp lanar  spacings of the uni t  cells of the two-dimensional  a r rangement  
of me ta l  a toms  do not  correspond to  any  of the spacings of the weft known three- 
dimensional  uni t  cell of ceUulose af ter  MEYER ~XXl) MtSCH'~ as de termined by  X- ray  
diffraction analysis,  but  can probably  be accounted for by  the differing intermolecular  
forces opera t ing  at  the surface. This m a y  perhaps indicate tha t ,  a t  the surface, the  
molecular  configurat ion differs from t h a t  of the body of the cellulose microfibril. 
Such a modified surface layer  would not be detectable  using normal  X- ray  or electron 
diffract ion techniques.  A s t u d y  of adsorbed meta l  a toms on the surfaces of cellulose 
microfibrils, therefore, const i tu tes  a new method  of investigation,  a method  which 
we hope m a y  be applicable to other  fibrillar substances.  
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