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NOTE

UNLESS OTHERWISE STATED, ALL SUGARS USED IN TEES STUDY 

BELONG TO THE D -  SERIES.
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G eneral  I n t r o d u c tio n

1. C o n s id e ra tio n s on w hich t h i s  s tu dy i s  b a se d .

The v a lu e  o f  an  e x te n s iv e  in v e s t ig a t io n  in to  th e  e f f e c t s  

e x e r te d  b y  su g a rs  on m e ta l l ic  compounds was p o in ted  o u t b y  

Rees ( 1 ) ,  and a t t e n t io n  was drawn to  th e  p ro b ab le  im portance 

o f  such e f f e c t s  in  b io lo g ic a l  environm ents.

A lthough th e  n in e te e n th  ce n tu ry  l i t e r a t u r e  c o n ta in s  

many r e f e r e n c e s  to  m etal c o n ta in in g  d e r iv a t iv e s  o f  su g a rs , 

some o f  w hich w ere i s o la te d  and to  some e x te n t c h a ra c te r i s e d ,  

modern c a rb o h y d ra te  te x tb o o k s  devote l i t t l e  o r  no space to  

them , and r e l a t i v e l y  few w orkers have m entioned th e  phenomenon 

in  re c e n t y e a rs ,  A rev iew  a r t i c l e  ap p ea rin g  in  1966 (2 ) 

concern ing  com plexes o f  a lk a l in e - e a r c h  and a l k a l i  m e ta ls  

w ith  c a rb o h y d ra te s , may in d ic a te  th a t  i n t e r e s t  i s  now 

re v iv in g .

R esearch  in to  t h i s  somewhat u n ex p lo re d , and to  some 

e x te n t u n expec ted , p ro p e r ty  o f  c a rb o h y d ra te s  was i n i t i a t e d  by  

a  c o n s id e ra tio n  o f th e  a r c h i t e c tu r e ,  o r  s te re o c h e m is try , o f  

ca rb o h y d ra te  m olecu les. The numerous p o s s ib le  c o n f ig u ra tio n s  

o f su g ar hyd roxy l g ro u p s , may endow' some su g a rs  t t i t h  th e  

a b i l i t y  to  complex c e r t a in  m e ta ls , a lth o u g h  su g ars  do no t 

c o n ta in  th e  a c t iv e  g roup ings g e n e ra l ly  a s s o c ia te d  w ith  th e  

com plexing ag e n ts  in  common u se . I t  i s  n o t in ten d ed  to  g iv e  a 

f u l l y  d e ta i l e d  summary o f  ty p ic a l  c h e la t in g  a g e n ts ,  o r  o f  t h e i r



mode o f  a c t io n ,  A b r i e f  account w i l l ,  how ever, b e  g iv e n , in  

o rd e r  to  d em o n stra te  th e  p r in c ip le s  in v o lv ed  in  complex 

fo rm a tio n . More d e ta i le d  in fo rm a tio n  may b e  o b ta in ed  in  

s e v e ra l  te x tb o o k s  on th e  s u b je c t  (4 ,  5 ,  6 ) .

When a m e ta l combines w ith  an e le c tro n  don a tin g  

compound, o r  l ig a n d ,  th e  p ro d u c t i s  s a id  to  b e  a  com plex, 

o r  c o o rd in a tio n  compound. T h is  group o f  su b s tan ces  ma ybe  

f u r th e r  subd iv id ed  in to  sim ple com plexes, and c h e la te  

compounds, A s im ple  complex i s  formed when a  donor m olecule 

becom es a tta c h e d  to  a m etal b y  o n ly  one donor g roup . I f  th e  

e le c tro n  d o n a tin g  su b stan ce  i s  to  fu n c tio n  a s  a  c h e la t in g  

ag en t i t  must p o s se s s  two o r  more a p p ro p r ia te  fu n c t io n a l  

g ro u p s , each cap a b le  o f com bining w ith  a m etal b y  d o n a tin g  

a  p a i r  o f  e le c t r o n s .  By t h i s  mechanism one o r  more r in g  

s t r u c t u r e s ,  known a s  c h e la te  r in g s ,  may b e  form ed. T h is  

g e n e ra l ly  im p arts  a g r e a te r  s t a b i l i t y  to  th e  m etal c h e la te  

th a n  t h a t  p o sse ssed  by  a  s im ple m e ta l complex.

The e le c tro n s  donated by  th e  f u n c t io n a l  g roups o f  a 

c h e la t in g  agen t may b e  c o n tr ib u te d  e i th e r  b y  b a s ic  

c o o rd in a tio n  g ro u p s , o r  b y  a c id ic  g roups w hich have l o s t  a  

p ro to n . Under th e  f i r s t  c a te g o ry  come such g roups as

=0 ; -NH2 ; -NH j -N= ; -0-R j =N0H ;

-CK (a lc o h o lic )  •, ( th io e th e r )

U nder th e  l a t t e r  c a te g o ry  come

-C00H ; -SO-^H ; -OH (e n o lic  and p h e n o lic )  ; -SH :



The mere p o s se s s io n  o f  two o r  more such fu n c tio n a l  

g roups does n o t n e c e s s a r i ly  endow a m olecule w ith  c h e la t in g  

a b i l i t y .  T hese f u n c t io n a l  groups must b e  so s i tu a te d  in  

th e  m olecule th a t  th e y  p e rm it th e  fo rm atio n  o f  a  c h e la te  

r in g  s t r u c t u r e ,  w ith  th e  m e ta l atom a s  th e  c lo s in g  member. 

Thus th e  s te re o c h e m is try  o f  th e  m olecule i s  o f  g re a t  

im p o rtan ce .

I n  a d d i t io n  to  th e  s te re o c h e m is try  o f  th e  donor 

m olecule d e te rm in in g  w hether o r  no t a complex may form , th e  

p r o p e r t i e s  o f  th e  m eta l have an e f f e c t .  I t  i s  g e n e ra l ly  

ag reed  t h a t  th e  t r a n s i t i o n  m e ta ls  have th e  s tro n g e s t  

tendency  to  form complexes w ith  e le c tro n  d o n o rs , b u t  s tro n g  

com plexes have a ls o  b een  found w ith  a lk a l in e - e a r th  and a l k a l i  

m e ta ls . T h is  l a t t e r  h as  o n ly  been  accom plished v /ith  

c h e la t in g  compounds, a s  c h e la t in g  ag en ts  tend  to  show a 

g r e a t e r  a f f i n i t y  f o r  m e ta ls  th an  s im ple  com plexing a g e n ts .

The b in d in g  o f th e  a lk a l in e - e a r th  and a l k a l i  m e ta ls  

ap p ea rs  to  b e  p redom inan tly  io n i c ,  th e  s t a b i l i t y  o f  th e  

complex in c re a s in g  w ith  in c re a s in g  charge  on , and d e c re a s in g  

r a d iu s  o f ,  th e  c e n t r a l  m eta l atom. Thus magnesium and 

calcium  com plexes p o sse ss  a h ig h  s t a b i l i t y ,  magnesium b e in g  

more s ta b le  th a n  calcium  ; w hereas sodium and li th iu m  

com plexes p o sse ss  a low s t a b i l i t y ,  th e  l i th iu m  complexes b e in g  

l e s s  s ta b l e  th a n  th o se  o f sodium.



T r a n s i t io n  m e ta ls , on th e  o th e r  h and , u s u a l ly  form 

c o v a le n t b o n d s , th e  s t a b i l i t y  o f  th e  complex b e in g  determ ined  

b y  th e  b a s i c i t y  o f  th e  m e ta l, M ello r and M aley (7 ,  8 ,)  

found th a t  th e  s t a b i l i t y  o f  b iv a le n t  m e ta l l ic  com plexes was 

in  th e  o rd e r

Pd >  Cu > N i >  Pb y  Co y  Zn }  Cd >  F e >

Mn y  Mg

w here th e  l e a s t  b a s ic  m e ta ls  form th e  s tro n g e s t  com plexes. 

F u r th e r  s t e r i c  f a c t o r s ,  such a s  s t e r i c  h in d ra n c e , 

may in f lu e n c e  th e  fo rm a tio n  o f  c h e la te  r in g s .  Where th e  

v a r io u s  g roup ings on a c h e la t in g  m olecule i n t e r f e r e  w ith ,  o r  

a r e  re p u ls e d  b y , th e  groups o f  a f u r th e r  m olecu le , a ttachm en t 

o f  more th a n  one m olecule o f  th e  l ig a n d  may b e  p re v e n te d , o r  

c h e la te  r in g  fo rm atio n  may b e  com ple te ly  in h ib i te d .  Where 

th e  in te r f e r e n c e  does no t co m ple te ly  p re v e n t c h e la t io n ,  i t  

may r e v e a l  i t s  in f lu e n c e  b y  low ering  th e  s t a b i l i t y  o f  th e  

r e s u l t a n t  c h e la te .  The ra d iu s  o f th e  c e n t r a l  m etal atom 

may d e term in e  w hether o r  n o t such in te r f e r e n c e  w i l l  ta k e  p la c e ,  

a s  t h i s  e f f e c t  i s  o f te n  dem onstrated  o n ly  w ith  atoms below  a 

c e r t a in  r a d iu s .

In  a d d i t io n ,  th e  norm al o rd e r  o f  io n ic  b in d in g  s t r e n g th s  

ma y b e  d is ru p te d  b ecau se  o f th e  s p e c ia l  req u ire m en ts  o f  a 

c h e la t in g  a g e n t. F o r exam ple, th e  c h e la t in g  agen t 

e thy lened iam ine  t e t r a a c e t i c  a c id  does no t c h e la te  magnesium



e f f e c t iv e l y ,  s in c e  th e  magnesium atom i s  a p p a re n tly  too  sm all 

f o r  th e  most e f f e c t iv e  b in d in g  o f th e  donor g roups. The 

la r g e r  ca lc ium  io n ,  how ever, seems to  p o s se s s  th e  n e c e ssa ry  

p r o p e r t i e s  and form s a  more s ta b le  c h e la te  w ith  t h i s  l ig a n d ,

A f u r th e r  co m p lica tin g  f a c t o r  w hich may d is ru p t  th e  

norm al o rd e r  o f  s t a b i l i t i e s ,  i s  th a t  m e ta ls  o f  low atom ic 

w eig h t te n d  to  p o s se ss  a more t i g h t l y  bound sp h ere  o f  s o lv a t io n  

th a n  m e ta ls  o f  h ig h e r  atom ic w e ig h t. T h is  i n h i b i t s  th e  

c lo s e  approach  o f donor g roups and r e s u l t s  in  a  complex o f  

low s t a b i l i t y .  T h is  i s  th e  e x p la n a tio n  f o r  th e  p re v io u s ly  

m entioned low er s t a b i l i t y  o f  l i th iu m  com plexes, a s  compared 

to  th o se  o f  sodium,

S in c e  th e  work o f  Ley (9 ,  10) th e  a l t e r a t i o n  o f  th e  

•norm al' chem ica l r e a c t io n s  o f a  m etal in  s o lu t io n  h a s  been  

used  a s  one o f  th e  p r in c ip a l  methods f o r  de te rm in in g  th e  

p re se n c e  o f  c h e la te s ,  and i s  o f p a r t i c u l a r  im portance when a 

l ig a n d  com bines w ith  a  m eta l to  form a  w a te r  s o lu b le  c h e la te ,  

T h is  phenomenon i s  n o t r e s t r i c t e d  to  c h e la te s ,  b u t  i s  

a p p l ic a b le  to  complex fo rm atio n  in  g e n e ra l,  (11)

The fo reg o in g  g iv e s  a  b r i e f  and s im p lif ie d  summary o f 

th e  p r in c ip le s  on which th e  phenomenon o f  complex fo rm ation  

i s  b a se d . As t h i s  s tu d y  i s  concerned w ith  examining th e  

com plexing a b i l i t y  o f  su g a rs  w ith  m e ta ls , th e  most im p o rtan t 

f u n c t io n a l  group to  b e  co n s id ered  i s  th e  hydroxy l group. I t
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h a s  b een  a s c e r ta in e d  th a t  polyhydroxy compounds such as d io l s  

and p o ly o ls  e x h ib i t  com plexing pow ers. T h a t th e  

s te re o c h e m is try  o f  such m olecu les i s  o f  im portance i n  

d e te rm in in g  th e  r e l a t i v e  s tr e n g th s  o f  th e  bonds form ed, was 

d em onstra ted  b y  M ills  in  1961* (3) He examined th e  

a s s o c ia t io n  o f  po lyhydroxy  compounds w ith  m e ta ls  in  s o lu tio n  

and found th a t  c i s  i n o s i t o l  (F ig . 1a) form s a  v e ry  s tro n g  

com plex, w hereas ep i i n o s i t o l  (F ig . 1b) form s a complex which 

does n o t p o sse ss  th e  s t a b i l i t y  o f  i t s  isom er. A com parison 

o f  th e  s te re o c h e m is try  o f  th e s e  m olecu les shows v e ry  l i t t l e  

d i f f e r e n c e ,  b u t  s u f f i c i e n t  to  a llow  c lo s e r  approach o f  th e  

h y d ro x y l g roups in  th e  fo rm er.

S u g ar m olecu les b e a r  a g r e a t  d e a l o f  resem blance to  

th e s e  p o ly h y d ric  a lc o h o ls ,  and i t  does n o t r e q u ir e  much 

e x t ra p o la t io n  to  see th a t  some su g a rs  may form complexes 

w ith  m e ta ls ,  t h e i r  a b i l i t y  to  do t h i s  b e in g  once ag a in  

dependent on th e  s p a t i a l  arrangem ent o f  t h e i r  hydroxyl 

g ro u p s , M ills  h a s  e s ta b l is h e d  th a t  th e  sugar D -  ta lo s e  

(F ig* 1c) p o s se ss e s  some com plexing pow ers. The p o s i t io n  

o f  th e  hyd roxy l groups in  th e  ^3  - p y ranose  form o f  t h i s  

su g ar b e a r  a c lo se  resem blance to  th o se  o f  c i s  i n o s i t o l .

A lthough t h i s  su g ar h a s  no t a v e ry  wide o ccu rren ce  in  

n a tu re ,  v e ry  many d i f f e r e n t  su g a rs  do e x is t  in  c o n s id e ra b le  

q u a n t i t i e s  in  b io lo g ic a l  environm ents a s  m onosaccharides,



d is a c c h a r id e s  and p o ly s a c c h a r id e s . W ith th e  p o s s ib le  

c o n f ig u ra tio n s  o f  d i f f e r e n t  o l ig o sa c c h a r id e s  and p o ly sa c c h a rid e s  

approach ing  i n f i n i t y ,  i t  i s  ev id e n t th a t  su g a rs  cannot b e  

d isc o u n te d  a s  v a lu a b le  com plexing a g e n ts  under n a tu r a l  

c o n d i t io n s ,  b e in g  such a  r i c h  sou rce  o f  h y d roxy l g ro u p s .

Thus i t  was a  c o n s id e ra t io n  o f  t h i s  f e a tu r e  o f  su g a rs , 

to g e th e r  w ith  th e  knowledge th a t  th e y  a re  found in  a p p re c ia b le  

c o n c e n tra tio n  in  s o i l s ,  p l a n t s ,  and th e  d i e t  o f many an im a ls , 

t h a t  prompted t h i s  exam ination  o f  th e  r o le  such complexes 

co u ld  p o s s ib ly  p la y  under p h y s io lo g ic a l  c o n d itio n s ; i f ,  

in d e e d , th e y  do o ccu r under such c o n d it io n s .

I n d ic a t iv e  o f  th e  r o l e  which hydroxy complexes may 

p la y  i s  th e  a c t io n  o f  oubain  (F ig . 1d).  T h is  p h y s io lo g ic a l ly  

a c t iv e  compound s e le c t iv e ly  in f lu e n c e s  sodium and potassium  

t r a n s p o r t  in  th e  b ody , e x e r t in g  an a p p a re n tly  eq u iv a len t 

e f f e c t  in  b o th  c a se s  (2 1 8 ). I t  p o s se sse s  a c o n f ig u ra tio n  

in  w hich th r e e  h y d ro x y l g ro u p s , a t  p o s i t io n s  1 , 5  and 19 , 

have th e  same s p a t i a l  arrangem ent a s  th e  a x i a l  hydroxy ls  o f 

c i s  i n o s i t o l .

The p rim ary  aim o f  th e  p re s e n t  s tudy  was to  e s ta b l is h  

th e  c o n d itio n s  under w hich some s e le c te d  su g a r-m e ta l in t e r a c t io n s  

cou ld  o c c u r , and fu rth e rm o re , i f  such c o n d itio n s  were 

b io lo g ic a l ly  m ean ing fu l, to  s tu d y  and c o n s id e r  th e  p o s s ib le  r o le  

o f  such compounds. T hus, i t  was in  no way th e  prim e purpose



o f t h i s  7/ork to  become in v o lv ed  in  s tu d ie s  on th e  mechanism 

of th e s e  i n t e r a c t io n s ,  o r  to  d e c id e  p r e c i s e ly  w hether th e y  

le d  to  th e  fo rm atio n  o f  'c h e l a t e s '  in  th e  sen se  t h a t  th e  term  

i s  u s u a l ly  u sed . The term* complex' w i l l  be  used  th roughou t 

t h i s  s tu d y  a s  b e in g  an e n t i t y  w hich f u l f i l s  R o s s o t t i  and 

R o s s o t t i1 s  d e f in i t i o n  o f  a  complex (12) a s  b e in g  a  :

's p e c ie s  form ed by  th e  a s s o c ia t io n  o f  two o r  more s im p ler 

s p e c ie s ,  each capab le  o f  in d iv id u a l  e x i s t e n c e .1 T hus, any 

com plexing w hich r e s u l t s  in  th e  fo rm atio n  o f  a  r e a d i ly  

a v a i l a b l e ,  o r  t r a n s p o r ta b le  form o f  a m e ta l, by i t s  in t e r a c t io n  

w ith  a su g a r , w i l l  b e  o f  i n t e r e s t ,  i f  such complexing o ccu rs  

under p h y s io lo g ic a l  c o n d it io n s .

2 . Ea r l y  i n v e s t i g a t i on o f  th e  phenomenon o f  su g ar-m e ta l 

com plexing.

A f a i r l y  com prehensive rev iew  o f  any p re v io u s  re s e a rc h  

a p p lic a b le  to  t h i s  problem  h a s  been  a tte m p te d . From th e  

p o in t  o f  view  o f  conven ience, how ever, t h i s  s u b -se c tio n  w i l l  

d e a l o n ly  w ith  in fo rm a tio n  d i r e c t l y  r e l a t e d  to  th e  fo rm atio n  

o f  com plexes betw een su g a rs  and m e ta ls .

S in c e  th e  l a s t  c e n tu ry fth e  o ccu rren ce  o f  some form o f 

i n t e r a c t io n  betw een sugar compounds and a  v a r ie ty  o f  m e ta l l ic  

c a t io n s ,  h as  been  no ted  by  numerous c h em is ts . G en era lly  th e se  

o b s e rv a tio n s  w ere made w h ile  in v e s t ig a t in g  a n o th e r  s p e c if ic  

p roblem , so t h a t  t h e i r  im portance h as  n ever been f u l l y  e lu c id a te d .



T h is  i s  a b ly  dem o n stra ted  by  a s tu d y  o f  th e  re s e a rc h  

u n d ertak en  t o  improve th e  r e f in in g  p ro c e s s e s  o f  raw su g ar. 

Calcium  o x id e  h as  been  used a s  a  p u r ify in g  ag en t in  t h i s  

in d u s try  f o r  many y e a r s ,  and many o f  th e  e a r ly  re fe re n c e s  a re  

a s s o c ia te d  w ith  t h i s  phenomenon.

S c h e ib le r ,  in  1883 (13) developed a s tro n tiu m  p ro c e s s  

f o r  th e  s e p a ra t io n  o f  su g ar from m o lasse s , s tro n tiu m  

s a c c h a ra te  b e in g  shed a s  a p r e c i p i t a t e .  Meanwhile Juneman,

( 14) w h ile  w orking on th e  p u r i f i c a t i o n  o f  b e e t ju i c e ,  observed 

th a t  a s o lu tio n  o f  magnesium hydrox ide  added to  h o t sy ru p , 

produced a g ra n u la r  p r e c i p i t a t e  o f  magnesium s a c c h a ra te . In  

a d d i t io n ,  f e r r i c  c h lo r id e  was used to  p u r i f y  th e s e  crude 

sy ru p s ( 15 ) ,  w h ile  K le in  and Berg i n  1886 (16) showed th a t  

in v e r t  su g a r m alt in fu s io n  and cane sugar d is s o lv e d  c o n s id e ra b le  

q u a n t i t i e s  o f  i r o n ,  r e s u l t in g  in  sev e re  c o r ro s io n  o f  th e  

b o i l e r s  used d u rin g  th e  p u r i f i c a t i o n  p ro c e ss .

In  th e  fo llo w in g  y e a rs  some work was c a r r ie d  o u t on th e  

p e r ip h e ry  o f  t h i s  e s s e n t i a l l y  i n d u s t r i a l  a p p l ic a t io n ,

S trom eyer in  1887 (17) added f r e s h ly  ig n i te d  calcium  

o x id e  to  an excess o f  a su g a r s o lu t io n  and p r e c ip i ta te d  th e  

p ro d u c t w ith  a lc o h o l. T h is  p ro d u c t an a ly sed  to  correspond  

w ith  th e  fo rm u la  C>j 2^ 22^1 -iCaO, a s im i la r  r e s u l t  b e in g  o b ta in ed  

w ith  barium . P e t i t  (18) i n  1893, in v e s t ig a te d  th e  d is s o lv in g  

a c t io n  o f  su g a rs  on calcium  compounds. I n  th e  fo llo w in g



y e a r ,  E vers  (19) o b ta in ed  a  c r y s t a l l i n e ,  re d d is h  brown powder 

o f  i r o n  s u c ra te  b y  p o u rin g  a s o lu t io n  o f cane sugar and 

f e r r i c  c h lo r id e  in to  a a l ig h t  excess o f sodium hyd ro x id e . T h is  

pcwder c o n ta in e d  48 ,5  p e r  c e n t o f  i r o n ,  w hereas a s im i la r  

powder o b ta in e d  by  u se  o f  m a lto se  a s  s u g a r , co n ta in ed  y2. p e r  

c e n t o f  i r o n ,  co rresp o n d in g  to  th e  form ula : -

SFegO^, G12^22^11

The above o b se rv a tio n s  re p re se n te d  th e  f i r s t  sp a te  o f 

r e fe re n c e s  on t h i s  phenomenon, a lth o u g h  a s  e a r ly  a s  1831, 

P h i l i p s  (20) had reco rded  th a t  th e  p resen ce  o f  sugar in  

s o lu t io n  h in d e re d  th e  h y d ro ly s is  o f  f e r r i c  c h lo r id e .  T h is  

work does n o t appear to  have been  fo llow ed  up u n t i l  1874, when 

R iffa n d  (21) claim ed th a t  in v e r t  sugar was seven  tim es more 

e f f e c t iv e  th a n  su c ro se  in  p re v e n tin g  th e  p r e c i p i t a t io n  o f 

f e r r i c  h y d rox ide  when f e r r i c  s a l t  s o lu t io n s  w ere t r e a te d  w ith  

a l k a l i .

Thus i t  can b e  seen th a t  t h i s  c u r io u s  p ro p e r ty  o f 

su g a rs  was n o t c lo s e ly  in v e s t ig a te d  in  th o se  e a r ly  y e a rs ,  th e  

l i t e r a t u r e  c o n ta in in g  m erely  a  s e r i e s  o f i s o la te d  and d is jo in te d  

r e f e r e n c e s ,  r a th e r  th a n  a  sy s te m a tic  exam ination . I n  a l l  

c a se s  th e  c o n d itio n s  used w ere so ex trem e, th a t  any a ttem p t to  

r e l a t e  th e se  f in d in g s  to  n a tu r a l  c o n d itio n s  would b e  im p o ss ib le .

Around th e  1920s f u r th e r  r e s u l t s  began to  appear in  th e  

l i t e r a t u r e ,  much o f i t  in  reg a rd  to  th e  e f f e c t  o f  sh o rt ch a in



o rg a n ic  a c id s  and su g ars  on th e  p r e c i p i t a t i o n  o f  v a r io u s

m e ta l l ic  h y d ro x id es  from s o lu t io n s  o f  t h e i r  s a l t s ,  on a d d i t io n

o f  sodium hyd ro x id e  o r  o th e r  a l k a l i s ,

F is c h e r  (22) observed  th a t  th e  p re se n c e  o f  g ly c e ro l

gave a  s t a b l e  s o lu tio n  o f  f e r r i c  hyd rox ide  under a lk a l in e

c o n d i t io n s ,  and equated th e  e f f e c t  w ith  th a t  o f t a r t r a t e  in

F e h lin g s  s o lu t io n ,  a s  b e in g  due to  th e  h y d roxy l groups o f th e

g ly c e ro l .  C h a t t e r j i  and Dhar (23) re p o r te d  th a t  th e

h y d ro x id es  o f  i r o n ,  n ic k e l ,  th o riu m , m ercury , and c o b a l t ,  d id

n o t p r e c i p i t a t e  from s o lu t io n s  o f t h e i r  r e s p e c t iv e  s a l t s  upon

a d d i t io n  o f  a l k a l i ,  in  th e  p re sen ce  o f  g ly c e ro l  o r  su g a rs . No

e f f e c t  w as, how ever, noted when g ly c e ro l  o r  sugar w ere added

subsequent to  p r e c i p i t a t i o n ,

B r i t to n  (24) reco rd ed  an e f f e c t  betw een zirconium  and

d e x tro s e , a s  d id  S en , (25,  26) who in c lu d ed  in  h i s  s tu d y  th e

m e ta ls  lan thanum , y t t r iu m , uranium , chromium and i r o n ,  along

w ith  th e  su g a rs  l a c to s e ,  d e x tro s e ,  and la e v u lo s e .  M ehrotra

and Sen (27) examined th e  e f f e c t  o f  th e s e  same su g a rs , p lu s

su c ro se , on th e  m e ta ls  co p p er, m ercury, i r o n  and cerium . In

every c a s e , i n h ib i t i o n  o f  p r e c i p i t a t io n  o f  th e  hydroxide was

o b se rv ed , th e  d i f f e r e n t  su g a rs  showing some degree o f

s e l e c t i v i t y  f o r  th e  m etal w hich i t  would complex most

e f f e c t iv e ly .  S en , how ever, concludes th a t  th e  phenomenon i s

o n ly  observed  i f
1 an excess o f a l k a l i  i s  p re s e n t in  th e  so lu tio n * .



Dumanski and h i s  co-v /orkers p u b lish e d  e x te n s iv e ly  on 

th e  phenomenon in  1930. (28 , 29 , 30 , 31 , 32) They examined 

a w ide ran g e  o f su g a rs , and found th a t  th e  e f f ic a c y  o f each 

su g ar to  i n h i b i t  th e  p r e c i p i t a t i o n  o f  f e r r i c  hydrox ide  w as, in  

o rd e r  o f  d e c re a s in g  e f f e c t iv e n e s s  : -

l a c to s e ,  la e v u lo s e ,  m a lto se , g a la c to s e ,  g lu c o se , 

su c ro se , and r a f f in o s e .

They concluded th a t  th e  p ro p e r ty  was dependent on th e  

s t r u c tu r e  o f  th e  su g a r. In  a d d i t io n ,  s e v e ra l  po lym eric 

c a rb o h y d ra te s  w ere examined and found to  e x h ib i t  th e s e  same 

p r o p e r t ie s .

The fo reg o in g  w orkers a t t r ib u t e d  th e  e f f e c t s  th e y  

observed  to  'p e p t is a t io n *  o f th e  m e ta l l ic  hyd ro x id es  b y  th e  

su g a rs . T h is  i s  a  term  o r ig i n a l l y  used b y  Graham, and i s  

sometimes employed in  a g e n e ra l way to  im ply th e  o p p o s ite  o f 

c o a g u la tio n , t h a t  i s ,  d is p e r s io n ,  e s p e c ia l ly  when th e  p ro cess  

r e s u l t s  i n  th e  fo rm atio n  o f  a  c o l lo id a l  s o l .  I t  i s ,  how ever, 

g e n e ra l ly  r e s t r i c t e d  to  a chem ical means o f d is p e r s io n ,  in  

which th e  c o l lo id a l  p a r t i c l e s  a re  s t a b i l i s e d  by  th e  a d so rp tio n  

o f  charged  io n s ,

Bachmann e t  a l  (33) in v e s t ig a te d  by  s e v e ra l  methods th e  

e f f e c t  o f  a d d i tio n  o f  g ly c o l ,  g ly c e r o l ,  m an n ito l, d e x tro s e , 

su c ro se , in u l in ,  d e x t r in  and s ta r c h  on th e  b eh av io u r o f  copper 

s u lp h a te  and f e r r i c  c h lo r id e  s o lu t io n s  when sodium hydrox ide



was added. They concluded th a t  th e  c h a ra c te r  o f th e  p roduct 

ranged from c r y s t a l l o i d ,  th ro u g h  c o l lo id ,  to  su sp en sio n , 

depending on th e  p ro p o r tio n s  o f  a l k a l i  and o rg a n ic  a d d i t iv e  

p r e s e n t .

The q u e s tio n  a s  to  w hether t h i s  phenomenon o f 

p r e c i p i t a t e  in h ib i t i o n  i s  due to  fo rm atio n  o f  a c o l lo id a l  s o l 

o r  o f  a t r u e  m o lecu la r com plex, h a s  no t been  pursued  in  t h i s  

i n i t i a l  s tu d y , s in c e  th e  phenomenon i t s e l f ,  and th e  c o n d itio n s  

under which i t  becomes m a n ife s t ,  a re  o f g r e a te r  p re lim in a ry  

im portance . I f  sug ars  a re  cap ab le  o f ho ld in g  m e ta ls  in  a 

form s u i ta b le  f o r  t r a n s lo c a t io n  under p h y s io lo g ic a l  c o n d itio n s , 

be  i t  c h e la te ,  sim ple complex, o r  p ro te c te d  c o l lo id ,  th en  th e y  

can b e  o f  g r e a t  b io lo g ic a l  s ig n if ic a n c e  a s  com plexing a g e n ts . 

A ll  o f th e  form s d e sc rib e d  above f u l f i l  R o s s o t t i  and R o s s o t t i1 s 

d e f in i t i o n  o f  a  complex.

In  a d d i t io n  to  th e  re s e a rc h  r e f e r r e d  to  above, a 

c o n s id e ra b le  amount o f work h as  been c a r r ie d  o u t by v a r io u s  

w orkers to  in v e s t ig a te  complex fo rm atio n  in  a lc o h o lic  m edia.

The work o f  P e r c iv a l  (3 4 , 35 , 36) and Rendelman (37) i s  

n o ta b le  in  t h i s  f i e l d .  The r e s u l t s  o f experim ents c a r r ie d  out 

in  t h i s  so lv e n t dem onstrated  th e  fo rm atio n  o f  com plexes w ith  

d e f in i t e  s to ic h io m e tr ic  r e la t io n s h ip s  betw een m etal and su g ar. 

The g r e a te r  s t a b i l i t y  o f complexes formed in  a lc o h o l has been 

a t t r ib u te d  to  th e  low er p o l a r i t y  o f  th e  so lv e n t ( 3 8 ) ,  ju s t  a s



th e  r e l a t i v e l y  low s t a b i l i t y  in  w a te r  h a s  been  exp la ined  by  

th e  tendency  f o r  m eta l io n s  to  a s s o c ia te  w ith  w a te r  m o lecu les, 

r a th e r  th a n  th e  su g ar (39) .

T h is  work i s  m entioned , s in c e  i t  cannot b e  ignored  in  

any summary o f r e s e a rc h  p re v io u s ly  c a r r ie d  ou t on th e  fo rm atio n  

o f  su g a r-m e ta l complexes* I t  i s ,  how ever, o f  no d i r e c t  

a p p l i c a b i l i t y  to  t h i s  s tu d y  a s  a w hole, s in c e  no c o r r e la t io n  

w ith  n a tu r a l  c o n d itio n s  i s  p o s s ib le .

Thus i t  can b e  seen  from th e  above survey  o f th e  e a r ly  

l i t e r a t u r e  t h a t ,  in  g e n e ra l ,  th e  c o n d itio n s  used to  dem onstra te  

a com plexing e f f e c t  w ere f a r  removed from c o n d itio n s  found in  

n a tu re .  No e a r ly  w o rk e rs , th e r e f o r e ,  a ttem p ted  to  c o r r e la te  

th e  e f f e c t s  w hich w ere found , w ith  any p h y s io lo g ic a l  m etal 

t r a n s lo c a t io n  p ro c e s s .

I t  shou ld  be p o in te d  o u t h e re  t h a t  th e  e f f e c t s  

d e sc r ib e d  above re p re s e n t  complex fo rm atio n  between su g ars  and 

m eta l b a s e s  o r  h y d ro x id es , a s  d i s t i n c t  from th e  co n v en tio n a l 

com plexing e f f e c t s  d e sc r ib e d  e a r l i e r  ( p . 2 -  5) w here com plexing 

betw een th e  l ig a n d  and th e  m etal io n  i s  g e n e ra l .  T h is  p o in t 

w i l l  be f u r th e r  d iscu ssed  in  su b se c tio n  4  o f  t h i s  in tro d u c tio n  

and in  S e c t io n  I .

Around 1950 came th e  f i r s t  example o f t h i s  p ro p e r ty  o f 

m e ta ls  and su g ars  b e in g  a p p lie d  to  a p h y s io lo g ic a l  r o le ,  A 

number o f  w orkers re p o rte d  th e  u se  o f  sa c c h a ra te d  iro n  o x ide  as 

an in je c ta b le  p re p a ra t io n  f o r  th e  tre a tm e n t o f an aem ia .(40 ,41 ,42 )

15.



Many d i f f e r e n t  su g a rs  w ere used to  produce th e se  p re p a ra t io n s .  

T hese in c lu d e d , a p a r t  f rom su c ro se : v a r io u s  p o ly sa c c h a r id e s  (43) 

d e x tra n  (4 4 , 45) p o ly g lu co se  and p o ly g a la c to se  (4 6 ) .  A ll  

w ere used w ith  su c c e s s , a lth o u g h  some p a t i e n t s  developed 

u n d e s ira b le  s id e  e f f e c t s .  L a t t e r l y ,  how ever, p re p a ra t io n s  

w ere found which d id  no t p roduce th e s e  s id e  e f f e c t s ,  and 

s im i la r  compounds a re  s t i l l  in  g e n e ra l u se  f o r  th e  tre a tm e n t 

o f anaem ia.

T h is  was th e  f i r s t  ev idence produced w hich in d ic a te d  

th a t  iro n - s u g a r  complexes had a r o le  to  p la y  in  p h y s io lo g ic a l  

p ro c e s se s . S in c e  th e y  w ere a r t i f i c i a l l y  sy n th e s ise d  compounds, 

how ever, no ev idence f o r  th e  o ccu rren ce  o f  com plexing under 

n a tu r a l  c o n d itio n s  had y e t been  p ro v id ed .

G a is fo rd  and Je n n iso n  (47) re p o r te d  in  1955 th a t  o r a l l y  

ad m in is te re d  f e r ro u s  g lu c o n a te  was absorbed  from th e  g a s tro 

i n t e s t i n a l  t r a c t  to  a f a r  g r e a te r  e x te n t th a n  f e r ro u s  su lp h a te . 

The f ig u r e s  o b ta in ed  w ere 28 p e r  c en t and 14 p e r  cen t 

u t i l i s a t i o n  r e s p e c t iv e ly .

Around th e  same tim e , Kusakawa (4 8 ) r e p o r te d  on 

experim ents where he compared an im als fed  a supplem ent o f  

la c to s e ,  w ith  c o n t ro ls  which w ere fed  o n ly  f e r r i c  s u lp h a te . He 

found th a t  i r o n  a b so rp tio n  was f a r  more com ple te , and more 

r a p id ,  in  th e  fo rm er. An in d ic a t io n  was th e re b y  o b ta in ed  th a t  

su g ars  u nder n a tu ra l  c o n d i t io n s ,  and no t in  th e  form o f  an



a r t i f i c i a l l y  sy n th e s ise d  com plex, cou ld  a f f e c t  th e  t r a n s p o r t  

o f  i ro n  in  th e  body.

S e v e ra l o th e r  v/orkers have s in c e  re p o r te d  a s im i la r  

enhancement o f a b so rp tio n  w ith  s o r b i to l  fe d  a s  a supplem ent 

(49 , 50 , 51) .  R apid a b so rp tio n  o f  i ro n  when ad m in is te red  

o r a l l y  in  th e  form  o f a f ru c to s e  com plex, h a s  a lso  been 

re p o r te d  b y  Saltm an e t  a l  (52) and M anzini (5 3 ) .

Saltm an  and h i s  co-w orkers a re  alm ost an is o la te d  

c a se  o f  re s e a rc h  w o rkers who have examined th e  p o s s ib le  

d ie ta r y  r o le  o f  s u g a rs , and t h e i r  p a p e rs  o f  19^3 and 19^5 

make in te r e s t in g  re a d in g  (5 4 , 55 ).

They have shown th a t  su g a rs  f a c i l i t a t e  th e  d i f fu s io n  o f

iro n  a c ro s s  th e  membrane o f  th e  i n t e s t i n e  mucosal w a l l ,  and

have advanced th e  th e o ry  th a t  d ie ta r y  su g ars  can p la y  an 

im p o rtan t r o le  in  iro n  m etabolism , A suggested  mechanism 

f o r  th e  o ccu rren ce  o f  'B an tu  s id e r o s i s ' h as  been  p u t fo rw ard . 

T h is  i s  a d is e a s e  c h a ra c te r is e d  by  e x ce ss iv e  iro n  s to ra g e ,  and

Saltm an e t  a l  suggest th a t  t h i s  o ccu rs  due to  th e  f a c t  th a t  th e

d i e t  o f  th e  B antu i s  l a r g e ly  ca rb o h y d ra te  in  n a tu re ,  b e in g  

cooked in  r u s ty  iro n  p o ts .  L arge q u a n t i t i e s  o f iro n  a re  

th e re fo re  p re s e n t in  th e  d i e t .  Under th e  a c id  c o n d itio n s  o f 

th e  stomach th e  iro n  i s  h y d ro ly sed , a s  i s  much o f  th e  

ca rb o h y d ra te . On p assag e  to  th e  a lk a l in e  c o n d itio n s  o f th e  

sm all i n t e s t i n e ,  th e s e  c o n te n ts  a re  n e u t r a l i s e d ,  th e re b y



form ing low m olecu lar w e ig h t, s o lu b le ,  iro n -c a rb o h y d ra te  

com plexes. T h u s, in s te a d  o f  i ro n  p r e c i p i t a t in g  and becoming 

u n a v a i la b le  to  th e  o rgan ism , i t  i s  now in  a  form r e a d i ly  ta k en  

up b y  th e  i n t e s t i n a l  mucosa. T h is  i s  fo llow ed  b y  t r a n s p o r ta t io n  

in to  th e  b lo o d  and u l t im a te  d e p o s it io n  in  th e  body t i s s u e s .

I n  a d d i t io n  to  th e  suggested  mechanism f o r  iro n  t r a n s p o r t ,  

a s im i la r  mechanism h as  been  p roposed  f o r  calcium  t r a n s p o r t ,b y  

th e  same w orkers ( 56 ) ,

T h is  summary shows th a t  th e  e a r ly  work done on th e  

phenomenon o f  su g a r-m e ta l com plexing, h as  p rov ided  l i t t l e  

in fo rm a tio n  a s  to  th e  p r e c i s e  c o n d itio n s  under which such 

com plexing w i l l  o ccu r. I n  a d d i t io n ,  i t  i s  o n ly  f a i r l y  

r e c e n t ly  t h a t  any p o s s ib le  r o le  f o r  su g a r-m e ta l complexes 

under n a tu r a l  c o n d itio n s  h as  been  v i s u a l i s e d ,  so th a t  th e  f u l l  

range o f p o s s ib le  a p p l ic a t io n s  h as  y e t to  b e  in v e s t ig a te d .

3 . The p o s s ib le  r o le  o f su g a r-m e ta l com plexes in

a g r ic u l tu r e .

S in ce  th e  prim e purpose  o f t h i s  s tu d y  i s  to  in v e s t ig a te  

th e  p o s s ib le  r o le  which cou ld  b e  p layed  by  com plexes betw een 

su g ars  and m e ta ls  under b io lo g ic a l  c o n d i t io n s ,  d is c u s s io n  o f 

t h i s  to p ic  must th u s  n e c e s s a r i ly  range  over th e  th re e  main 

su b d iv is io n s  o f  a g r i c u l tu r a l  i n t e r e s t ,  nam ely p l a n t s ,  s o i l s  and 

an im als . A f u l l y  d e ta i le d  d is c u s s io n  of any one o f th e se  

s u b je c ts  i s  o b v io u s ly  o u tw ith  th e  scope o f t h i s  s tu d y , b u t a



summary o f  th e  most p e r t i n e n t  p o in t s  v d .ll h e  made.

P la n t s  can b e  reg a rd ed  a s  e x te n s iv e  s to r e s  o f 

c a rb o h y d ra te  m a te r ia l ,  w ith  over 50 p e r  c e n t o f  t h e i r  d ry  

w eigh t b e in g  composed o f t h i s  c la s s  o f  su b s ta n c e s . F re q u e n tly , 

much o f  t h i s  i s  in  a  r e a d i ly  w a te r - s o lu b le  form , f o r  example, 

th e  f ru c to s a n s  o f  g ra s s e s .  T hese can account f o r  up to  25 p e r  

ce n t o f  th e  d ry  w eight o f herbage a t  c e r t a in  tim es o f  th e  y ea r 

(5 7 ) . As su ch , p la n t s  supp ly  a  h ig h  q u a n t i ty  o f  ca rb o h y d ra te  

m a te r ia l  b o th  to  s o i l s  and an im als .

When g ra s s e s  a re  ploughed in to  th e  s o i l ,  o r  when 

v e g e ta t io n  i s  l e f t  to  decompose on th e  s u r fa c e , an a p p re c ia b le  

c o n c e n tra tio n  o f  s u g a rs , b o th  sim ple and p o ly m eric , must be  

leached  down in to  th e  low er h o riz o n s  o f th e  s o i l  p r o f i l e  (5 8 ) . 

Much o f  t h i s  m a te r ia l  w i l l  b e  su b je c te d  to  a t ta c k  by  b a c t e r i a ,  

b u t th e  b a c t e r i a  them selves p roduce q u a n t i t i e s  o f  p o ly sa c c h a r id e s , 

such a s  le v a n s  (59) and o th e r  more complex p o ly sa c c h a rid e s  ( 60 ) .  

As s ta te d  b y  F o rsy th  (61) th e  sou rce  o f  s o i l  ca rb o h y d ra te s  

i s  n o t r e a d i ly  i d e n t i f i a b l e ,  b e in g  p e rh ap s p la n t  o r  p erh ap s  

b a c t e r i a l  in  o r ig in .  The carbohydra te  co n ten t w i l l ,  how ever, 

be  m a in ta in ed , th e  a c tu a l  l e v e l  v a ry in g  from s o i l  to  s o i l .  In  

g e n e ra l ,  a c o n te n t o f from 5 to  20 p e r  c e n t i s  accep ted  f o r  

th e  ca rb o h y d ra te  co n ten t o f s o i l  o rg a n ic  m a tte r  (6 2 ) , a lthough  

h ig h e r  v a lu e s  have been  re p o r te d  ( 63 ) .  The h ig h e r  th e  s o i l  

o rg an ic  m a tte r  c o n te n t, th e n  th e  h ig h e r  th e  p ro p o r tio n  o f 

ca rb o h y d ra te s  p re s e n t  (6 2 ).



Two rev iew s have been  w r i t t e n  summarising th e  numerous 

in v e s t ig a t io n s  in to  t h i s  f i e l d  o f  re s e a rc h  ( 6 2 , 64 ) ,  and a 

more d e t a i l e d  d is c u s s io n  o f th e  c a rb o h y d ra te  l e v e l  in  s o i l s  

w i l l  b e  p re s e n te d  in  th e  in t ro d u c to ry  su b -se c tio n  to  S e c tio n  I I ,  

T h is  w i l l  b e  accompanied by  a  more com plete summary o f th e  

f e a tu r e s  o f  so il, developm ent w here, i t  i s  f e l t ,  sugars  can p la y  

an im p o rtan t r o le .  In c lu s io n  in  t h i s  re le v a n t  s e c t io n ,  which 

i s  devo ted  to  th e  d is s o lv in g  a c t io n  o f v a r io u s  su g a rs , w i l l  

g iv e  a g r e a te r  c o n t in u i ty  to  th e  te x t .

Up to  th e  p re s e n t  th e  most im portan t r o le  which has 

been a t t r ib u t e d  to  s o i l  c a rb o h y d ra te s  i s  t h e i r  in f lu e n c e  on 

s o i l  s t r u c tu r e .  I t  h as  been  shown ( 65 ) th a t  s o i l  

p o ly s a c c h a r id e s  a re  capab le  o f  b in d in g  im organic s o i l  p a r t i c l e s  

in to  s ta b l e  a g g re g a te s . I t  h as  a ls o  been  suggested  th a t  th e  

p re sen ce  o f  ca rb o h y d ra te s  in  th e  s o i l  may in h i b i t  th e  

p r e c i p i t a t io n  o f  i ro n  and aluminium by  pho sp h ate  (6 6 ),

However, i t  i s  f e l t  th a t  a f a r  more im p o rtan t r o le  may 

b e  p layed  by  s o i l  c a rb o h y d ra te s , nam ely, t h a t  o f m o b ilis in g  

iro n  and alum inium , and t r a n s p o r t in g  them to  low er h o r iz o n s .

The upper h o riz o n s  o f th e  s o i l  would th e re b y  become d ep le ted  o f 

th e se  m in e ra ls .

Many w orkers have shown t h a t  le a c h a te s  from  v a r io u s  

p la n ts  a re  cap ab le  o f m o b ilis in g  in s o lu b le  iro n  and aluminium 

s a l t s  in  th e  s o i l ,  b u t  th e  e n t i t y  re s p o n s ib le  f o r  t h i s  h as  n ever 

been d e term ined . These le a c h a te s ,  m ainly from g ra s s e s  and

20,



le a v e s ,  w i l l  c o n ta in  an a p p re c ia b le  c o n c e n tra tio n  o f 

c a rb o h y d ra te s , b u t su g ars  have n ever been used  on t h e i r  own in  

any experim ent in v e s t ig a t in g  i r o n  m o b il is a t io n . I t  i s  h e re  th a t  

ca rb o h y d ra tes  in  th e  s o i l  may p la y  a h i th e r to  u n ap p rec ia te d  

r o le .

In  a d d i t io n ,  th e  ca rb o h y d ra te  m a te r ia l  in  th e  s o i l  may 

a f f e c t  th e  n u t r i t i o n  o f th e  p la n t  i t s e l f ,  by keep ing  n u tr ie n ts  

such as phosphate , i r o n ,  alum inium , magnesium e tc e te r a  in  a 

so lu b le  form which w i l l  f a c i l i t a t e  t h e i r  u p tak e . P la n ts  a re  

known to  be a b le  to  absorb  and u t i l i s e  monomeric sugars  (6 2 ), 

and t h i s  may in d ic a te  a  mechanism whereby m in era l up take by 

th e  p la n t  cou ld  be enhanced.

S ince herbage p ro v id es  a  la rg e  p ro p o rtio n  o f th e  d ie t  

o f farm  an im als , i t  i s  obvious th a t  they  a re  su b je c te d  to  very  

h ig h  le v e ls  o f ca rbohydra te  in ta k e .  The im p lic a tio n s  o f th i s  

have, however, n ever been f u l l y  in v e s t ig a te d .  S evera l r e p o r ts  

have in d ic a te d  th a t  fe e d in g  h igh  le v e ls  o f sugar to  anim als 

in c re a s e s  th e  a b so rp tio n  o f v a r io u s  io n s  ( 4 8 , 49 > 87 ) ,  b u t th e  

f u l l  s ig n if ic a n c e ,  o r even th e  q u a n t i ta t iv e  im portance o f 

v a ry in g  le v e ls  o f su g a r, and d i f f e r in g  c o n d itio n s , have no t 

been a t  a l l  tho rough ly  in v e s t ig a te d .  Thus th e  le v e l  o f 

sugars in  th e  herbage could  a f f e c t  th e  'a v a i l a b i l i t y ’ o f a 

number o f io n s  to  th e  anim al in  a way n o t y e t f u l l y  a p p re c ia te d . 

This su b je c t w i l l  be f u r th e r  d isc u sse d  in  S ec tio n  I I I .



T h ese , th e n ,  a r e  th e  main a re a s  w here complexes 

betw een su g ars  and m e ta ls  cou ld  have a c o n s id e ra b ly  im portan t 

r o l e  to  p la y . In  e sse n c e , th e  r o l e  w hich th e s e  complexes 

may p la y  can b e  summarised by  th e  term  1t r a n s lo c a t io n 1 , 

w hether i t  b e  th e  movement o f  m e ta ls  in  s o i l s ,  p l a n t s ,  o r 

a n im a ls .

4« Scope o f  th e  pre s e n t  work.

I t  i s  p e r t in e n t  to  d is c u s s  a t  t h i s  p o in t  what chem ical 

form  o f  th e  m etal i s  envisaged a s  form ing com plexes w ith  

su g a rs . The p o s s i b i l i t i e s  o f complex fo rm atio n  w ith  th e  

io n ic  form  o f  th e  m e ta l, o r  w ith  a m e ta l l ic  compound such a s  

h y d ro x id e , c a rb o n a te , o r  p h o sp h a te , b o th  e x i s t .  Indeed 

Rendelman (2) makes th e  d i s t i n c t i o n  betw een complex fo rm ation  

w ith  a lk a l in e - e a r th  and a l k a l i  m eta l s a l t s ,  and th e  

co rresp o n d in g  b a s e s .  A ll  o f th e  e a r ly  w orkers ( s u b se c tio n  I I  

o f  t h i s  in t ro d u c tio n )  r e f e r  to  th e  a lk a l in e  c o n d itio n s  n ece ssa ry  

f o r  complex fo rm a tio n , under which c o n d itio n s  th e  m e ta ls  would 

be  in  th e  form  o f  t h e i r  h y d ro x id es . Thus th e  m a jo r ity  o f  

in fo rm a tio n  im p lie s  th a t  th e  form in  w hich th e  m eta l i s  bound 

to  th e  su g ar i s  th e  h yd rox ide . T h is  may in d ic a te  th a t  th e  

n a tu re  o f  th e  bonding between m e ta ls  and sugars  i s  an in te r a c t io n  

betw een h y d ro x y ls , and may have le d  th e  e a r ly  w orkers to  assume 

th a t  an excess o f a l k a l i  v/as n e c e ssa ry . A lthough th e  p re c is e  

n a tu re  o f  th e  form of bonding i s  no t o f g re a t  concern in  t h i s  

s tu d y , i t  i s  o f  im portance to  determ ine th e  chem ical form o f



th e  m e ta l w hich undergoes b ond ing . The in v e s t ig a t io n s  on 

t h i s  p o in t  a r e  d e sc rib e d  and d isc u sse d  in  S e c tio n  I ,

I t  was o r ig i n a l l y  in ten d ed  to  examine a  vd.de range o f 

su g a rs  and b io l o g ic a l ly  im p o rtan t m eta l compounds. However, 

most o f  th e  work in  t h i s  s tu d y  h a s ,  in  f a c t ,  b een  confined  to  

f e r r o u s  and f e r r i c  i ro n  an d , to  a l e s s e r  e x te n t ,  magnesium. 

T he a n a ly t i c a l  problem s p re se n te d  by  th e  n e c e s s i ty  o f  

e s tim a tin g  i r o n  in  th e  p re se n c e  o f  h ig h  sugar c o n c e n tra tio n s ,  

and o f  e s tim a tin g  su g a rs  in  th e  p resen ce  o f  v a r ia b le  

q u a n t i t i e s  o f  i r o n ,  w ere them se lv es  tim e-consum ing; in  any 

c a s e , th e  r e s u l t s  o b ta in ed  w ith  iro n  suggested  so many o th e r  

avenues f o r  in v e s t ig a t io n ,  t h a t  a  d e c is io n  to  co n fin e  th e  

work in  t h i s  way was c l e a r ly  a d v is a b le .

I n i t i a l l y  i t  was in ten d ed  to  conduct much o f  th e  work 

u s in g  th e  p o ly s a c c h a r id e  f ru c to s a n .  The use o f  t h i s  

p o ly sa c c h a rid e  was p la n n ed , s in c e  i t  i s  r e a d i ly  so lu b le  in  

w a te r ,  i s  found in  h ig h  q u a n t i t i e s  in  herbage a t  c e r t a in  tim es 

o f  th e  y e a r ,  and i s  v i r t u a l l y  id e n t i c a l  in  s t r u c tu r e  to  th e  

le v a n s  sy n th e s ise d  b y  s o i l  b a c t e r i a .  S in ce  i t  i s  th e  most 

common so lu b le  p o ly sa c c h a rid e  found in  B r i t i s h  fe e d  g ra s s e s ,  

i t  i s  in g e s te d  in  la r g e  amounts by  l i v e s to c k ,  and leached  

in  q u a n ti ty  in to  th e  s o i l .  Having such a w idesp read  

o ccu rren ce  in  n a tu re ,  i t  was o b v io u s ly  th e  most u s e fu l  

p o ly sa c c h a r id e  w hich could  be  used in  an  in v e s t ig a t io n  o f  t h i s  

ty p e . However, d i f f i c u l t y  was experienced  in  e x tra c t in g



s u f f i c i e n t  q u a n t i t i e s  o f  t h i s  c a rb o h y d ra te  to  conduct th e  

numerous n e c e ssa ry  ex p erim en ts , so th a t  i t s  monomer f ru c to s e  

was used a s  th e  main su g ar in  t h i s  s tu d y . A f te r  conducting  

much o f th e  p re lim in a ry  work w ith  t h i s  s u g a r , th e  more im portan t 

experim en ts w ere th e n  re p e a te d  u s in g  f ru c to s a n .  O ther 

m onosaccharides and d is a c c h a r id e s  w ere a lso  t e s t e d  fo r  

com parison , b u t in  every  ca se  f r u c to s e  proved to  b e  th e  most 

e f f e c t iv e  sim ple su g ar used ; a s  w i l l  b e  shown, even more 

enhanced e f f e c t s  w ere o b ta in ed  w ith  i t s  polym er.

The p re lim in a ry  s tu d ie s  w ith  a  la rg e  s c a le  f ru c to sa n  

p re p a ra t io n  o b ta in e d  from ry e g ra s s ,  gave r e s u l t s  which le d  to  

some a n a ly t i c a l  work upon i t ,  and n e c e s s i ta te d  th e  i s o la t io n  o f 

f u r th e r  f ru c to s a n  sam ples f o r  co n firm a to ry  s tu d ie s .  S e c tio n  I I I  

o f  t h i s  t h e s i s  i s  devoted to  th e s e  f in d in g s .  F o r th e  sake o f 

c o n t in u i ty ,  a l l  th e  a n a ly t i c a l  r e s u l t s  a r e  p re se n te d  to g e th e r  

in  t h i s  s e c t io n ,  r e fe re n c e  b e in g  made e lsew here in  th e  te^fe to  

c e r t a in  r e s u l t s  w here t h i s  i s  n e c e ssa ry  f o r  c l a r i f i c a t i o n .

The la y o u t o f  t h i s  th e s i s  i s  a s  fo llo w s :-  

S e c t io n  I  d e a ls  w ith  th e  i n i t i a l  in v e s t ig a t io n  to  determ ine 

th e  c o n d itio n s  under w hich su g ars  may e x h ib it  

com plexing pow ers w ith  v a r io u s  m e ta ls . A ll  th e  

methods used  w ere based  on th e  prem ise t h a t ,  when a 

m etal form s a  complex w ith  any com plexing a g e n t ,  th e  

’normal* chem ical p r o p e r t ie s  o f  th e  m etal become 

a l te r e d .  The co m p lica tio n  in tro d u ced  by  th e



p o s s i b i l i t y  t h a t  m etal h y d rox ides w ere th e  e n t i t i e s  

hound by  th e  su g ars  w as, o f  c o u rse , b o rne  in  mind in  

th e s e  experim en ts .

S e c t io n  I I  i s  a  d e s c r ip t io n  o f  th e  work d ire c te d  tow ards an 

exam ination  o f  th e  p r a c t i c a l  a p p l ic a t io n s  o f  th e  

p re c e d in g  r e s u l t s ,  w ith  r e s p e c t  to  th e  c a p a c ity  o f 

su g a rs  to  d is s o lv e  in s o lu b le  m a te r ia ls .  T hese 

su b s ta n c e s  w ere : magnesium o x id e ; f r e s h ly

p r e c ip i ta te d  sam ples o f  f e r r i c  and f e r ro u s  

h y d ro x id es ; and th e  n a tu r a l ly  o c c u rrin g  f e r ro u s  

m in e ra ls  b i o t i t e ,  t r e m o l i te ,  and s i d e r i t e .  In  

co nducting  t h i s  work f u l l  u se  was made o f  th e  

r e s u l t s  o b ta in ed  in  th e  p rece d in g  s e c tio n .

S e c tio n  I I I  g iv e s  an account o f th e  a n a ly t ic a l  work c a r r ie d  

o u t on th e  o r ig in a l  f ru c to s a n  sam ple, and o f  th e  

subsequen t exam ination  o f f u r th e r  sam ples o f  th e  

p o ly sac  c h a r id  e .

Each s e c tio n  i s  p re fa c e d  b y  a sh o r t  in t ro d u c to ry  

s u b -se c tio n  d is c u s s in g  th e  p re v io u s  r e s e a rc h  work re le v a n t  to  

th e  p a r t i c u l a r  to p ic .  A summary and d is c u s s io n  fo llo w s  each 

sec tion*



SECTION I



S e c t io n  X. I n v e s t ig a t io n  o f  th e  c o n d i t ions un d er vfhich 

com plexing w i l l  o ccu r.

1 . I n t r o d u c t io n .

T h is  in t ro d u c t io n  w i l l  p ro v id e  a  b r i e f  summary of th e  

methods f r e q u e n t ly  used in  th e  in v e s t ig a t io n  o f complex 

fo rm a tio n . Many o f th e s e  methods a re  based  on th e  f a c t  th a t  

th e  ’ normal* p r o p e r t ie s  o f  th e  m etal become a l t e r e d  on 

fo rm a tio n  o f a  complex w ith  an o rg a n ic  com pleting ag en t.

One o f  th e  most common p ro p e r ty  changes i s  a  change 

in  th e  norm al chem ical r e a c t io n s  o f th e  m e ta l, and t h i s  may be 

m an ifes t a s  th e  i n h ib i t i o n  o f  th e  p r e c ip i t a t io n  o f an in so lu b le  

compound w hich would o th e rw ise  form . The phenomenon may be 

re g a rd e d , in  e sse n c e , a s  co m p e titio n  f o r  th e  m etal betw een 

th e  com plexing ag en t and th e  p r e c i p i t a t in g  a n io n . F o r example, 

f e r r i c  i ro n  form s a v e ry  s ta b le  complex w ith  EDTA under ac id  

and n e u t ra l  c o n d i t io n s .  A lthough t h i s  p o sse sse s  a h igh  

s t a b i l i t y  c o n s ta n t o f  1 0 ^ ,  f e r r i c  hydrox ide  i s  one o f  th e  most

in s o lu b le  m etal hyd rox ides and h a s  a s o lu b i l i t y  p roduct o f
—5 610“-' . The p r e c i p i t a t i o n  r e a c t io n  th e re fo re  trium phs over th e  

com plexing b y  EDTA, and th e  conplex i s  broken down to  y ie ld  a 

p r e c i p i t a t e  a t  pH v a lu e s  above 7 .0 ,  T hus, th e  e x te n t to  

which any com plexing agen t w i l l  i n h i b i t  th e  fo rm atio n  o f  a 

p r e c i p i t a t e ,  w i l l  b e  a  measure o f th e  s t a b i l i t y  o f  th a t  complex.

T h is  te ch n iq u e  was u t i l i s e d  by  Dumanskii e t  a l  (29) in  

de te rm in in g  th e  r e l a t i v e  s t a b i l i t i e s  o f  th e  i ro n  complexes o f

26.



s e v e ra l  su g a rs . T hese w ere found to  b e ,  i n  o rd e r  o f 

d e c re a s in g  e f f e c t iv e n e s s : -

l a c to s e  ; la e v u lo s e  ; m a lto se  ; g a la c to s e  ;

g lu c o se  ; su c ro se  j and r a f f in o s e .

The a b i l i t y  o f  su g a rs  to  complex w ith  m e ta ls  can be 

e f f e c t iv e ly  t e s t e d  by  t h i s  method. In  a d d i t io n ,  th e  

q u a n t i ty  o f  su g a r re q u ire d  to  p re v e n t p r e c i p i t a t i o n ,  and 

th e  pH v a lu e s  a t  which complex fo rm atio n  o c c u rs , can b e  

de term ined .

A w id e ly  used method f o r  d e te rm in in g  th e  p resen ce  o f 

com plexes, i s  th e  i s o l a t i o n ,  p u r i f i c a t i o n  and a n a ly s is  o f  th e  

complex i t s e l f *  Many o f  th e  e a r ly  w orkers who in v e s tig a te d  

th e  phenomenon o f  su g ar-m e ta l com plexing made u se  o f  t h i s  

te c h n iq u e , ( 13 , 1 7 , 19 . )  w hich was a ls o  used more r e c e n t ly  

b y  Saltm an e t  a l  (5 4 ). The re c e n t rev iew  a r t i c l e  by  

Rendleman (2) g iv e s  a  com plete summary o f th e  a lk a l in e - e a r th  

and a l k a l i  m eta l complexes o f  su g a rs  which have been  is o la te d  

to  d a te ,  to g e th e r  w ith  a  summary o f th e  u s u a l i s o la t io n  

p ro ced u re .

By conducting  t h i s  te ch n iq u e  a t  d i f f e r e n t  pH v a lu es  

th e  e x te n t o f  complex fo rm atio n  can b e  d e te rm in ed , and th e  

e f f e c t  o f  th e  i n i t i a l  sugar to  m etal r a t i o  on th e  u lt im a te  

complex form ed can b e  in v e s t ig a te d .

E le c tro p h o re t ic  d a ta  h as  been  used to  in v e s t ig a te



complex fo rm atio n  b o th  i n  aqueous and a lc o h o lic  m edia, a 

com prehensive rev iew  o f  th e  e le c tro p h o re t ic  beh av io u r o f 

su g a rs  b e in g  g iv en  b y  W eigel (6 8 ) , The r a t e  o f  e le c tro p h o re t ic  

m ig ra tio n  i s  a  fu n o tio n  o f  many v a r i a b le s ,  such a s  th e  n e t 

ch a rg e  on th e  m o lecu le , th e  s to ic h io m e try  o f th e  com plex, th e  

s a l t  c o n c e n tra tio n , th e  c a t io n ic  r a d iu s ,  th e  favoured  

c o o rd in a tio n  geom etry o f th e  c a t io n ,  and th e  s iz e ,  c o n f ig u ra tio n  

and con fo rm ation  o f  th e  polyhydroxy compound. A f u r th e r  

c o n t r ib u t in g  f a c to r  i s  th e  s t a b i l i t y  o f th e  com plex, which 

would be expected  to  be in f lu e n c e d  by  th e  pH o f  th e  system .

An in d ic a t io n  o f  th e  c o n d itio n s  under which complexes form can 

th e re f o r e  be o b ta in ed  by  conducting  e le c tro p h o re t ic  

experim ents in  b u f f e r s  o f  d i f f e r e n t  pH v a lu e s .

On fo rm atio n  o f  a complex a pH s h i f t  can o ccu r. T h is  

i s  due to  th e  r e le a s e  o f t i t r a t a b l e  hydrogen io n s ,  s in c e  a l l  

a g e n ts  which form m etal complexes can b e  co n sid ered  to  do so 

by  th e  d isp lacem en t o f one o r  more u s u a l ly  weak a c id ic  p ro to n s  

by  th e  m e ta l. Thus a pH drop o c c u rs , which can be  follow ed 

b y  means o f  a  t i t r a t i o n  te c h n iq u e , re c o rd in g  th e  pH a t ta in e d  

d u rin g  a l k a l i  a d d i t io n .  The n e t r e s u l t  i s  a dep ressed  

t i t r a t i o n  cu rv e , th e  e x te n t o f  pH d e p re s s io n  b e in g  a measure 

o f th e  s t a b i l i t y  o f  th e  complex. S in ce  p ro to n  r e le a s e ,  and 

th e r e f o r e  d e p re ss io n  o f  th e  pH, w i l l  o n ly  occur when complexing 

ta k e s  p la c e ,  th e  ex ac t p o in t  a t  w hich complexing commences can



b e  d e term ined . The te c h n iq u e  was developed by  Schw artzenbach 

( 69 ) ,  and h as  su b se q u en tly  been  used by  B r i t to n  (70) 

in v e s t ig a t in g  th e  com plexing o f  a c e t i c ,  o x a l ic ,  and t a r t a r i c  

a c id s ;  b y  B r i t to n  and J a r r e t t  (71) in v e s t ig a t in g  m alonic 

a c id  com plexes; b y  Pecsoc and S andera (72) examining th e  

f  e r r ic -g lu c o n a te  system , and more r e c e n t ly  b y  Saltm an e t a l  

(54) in v e s t ig a t in g  f r u c to s e  complexes w ith  iro n . Use o f  t h i s  

te ch n iq u e  should a llo w  c lo s e  exam ination  o f  th e  com plexing 

b eh av io u r o f  su g a rs  and m e ta ls  to  b e  made.

F in a l ly ,  th e  in v e s t ig a t io n  o f  a b s o rp tio n  sp e c tra  i s  a 

method f r e q u e n t ly  used  f o r  th e  d e te c t io n  o f  com plexes, Ley 

(9 ,  10) reco g n ised  th a t  fo rm atio n  o f  a c h a r a c te r i s t i c  co lo u r 

i s  a f e a tu r e  o f  complex compounds, and u t i l i s e d  a b so rp tio n  

s p e c tr a  to  d is t in g u is h  betw een f r e e  m e ta ls  and t h e i r  

com plexes. A gain , t h i s  te ch n iq u e  h as  been  used r e c e n t ly  b y  

Saltm an e t  a l  (5 4 ) .

The fo reg o in g  a re  th e  main methods ap p lied  to  any 

in v e s t ig a t io n  o f  com plexing a b i l i t y .  A lthough th ey  have been 

used p re v io u s ly  f o r  th e  exam ination  o f com plexing phenomena 

betw een su g ars  and m e ta ls ,  no p r e c i s e  d e t a i l s  o f  th e  type  

n e c e ssa ry  in  t h i s  s tu d y  have been prov ided  by  th e  e a r l i e r  

w ork ers . T h is  can be  sa id  o f  th e  p r e c i p i t a t e  in h ib i t io n  

ex p erim en ts , and th e  a n a ly s is  o f i s o la te d  com plexes. B oth  

dem onstra ted  th a t  complexes do e x i s t ,  b u t  d id  no t d e t a i l  th e



c o n d it io n s  under which th e y  o c c u r , I n  a d d i t io n ,  th e  

in fo rm a tio n  p rov ided  by  th e  e le c tro p h o re t ic  exam inations and 

th e  t i t r a t i o n  experim ents h a s  been  r a th e r  l im ite d .

T h is  s e c t io n  i s  an account o f  th e  in v e s t ig a t io n  in to  

th e  c o n d itio n s  o f  complex fo rm a tio n , to g e th e r  w ith  a sh o r t  

d is c u s s io n  o f  th e  p o s s ib le  s ig n if ic a n c e  o f  th e  r e s u l t s  

o b ta in e d ,

2, Chrom atographic and e le c tro p h o re t ic  in v e s t ig a t io n  o f 

complexing betw een su g ars  and m e ta ls .

(a )  Chrom atography.

In d iv id u a l  su b s tan ces  e x h ib i t  c h a r a c t e r i s t i c  v a lu es  

in  a g iv en  so lv e n t by v i r tu e  o f t h e i r  d i s t r i b u t io n  c o e f f ic ie n t  

betw een t h a t  s o lv e n t and th e  s ta t io n a r y  phase . Any change in  

th e  c h a r a c te r i s t i c  v a lu e  f o r  e i t h e r  sugar o r  f e r r i c  c h lo r id e  

a lo n e , e f fe c te d  by  mixing th e  two e n t i t i e s ,  w i l l  r e f l e c t  a  

change in  th e  d i s t r i b u t i o n  c o e f f i c i e n t ,  and w i l l  suggest th e  

fo rm a tio n  o f  a complex under th e  c o n d itio n s  used ,

Exp, N o .1 , P aper chrom atography (G-.M.1)

A liq u o ts  o f  0 .02  M olar f e r r i c  c h lo r id e  w ith  sugar 

a d d i t io n s  to  g iv e  m olar r a t i o s  o f sugar to  i ro n  from 1*1 to  

5 0 :1 , w ere chrom atographed in  aqueous phenol (160 grams phenol: 

40 mis w a te r) and e th y l a c e ta te  : p y r id in e  : w a te r  (120:50:40) 

s o lv e n ts ,  along w ith  sam ples o f  f e r r i c  c h lo r id e  and sugar fo r  

com parison. In  a d d i t io n ,  a range o f sam ples p re v io u s ly



a d ju s te d  to  pH v a lu e s  from 3 ,5  to  10 ,0  w ere a lso  examined. 

S u g ars  w ere th e n  lo c a te d  w ith  a s i l v e r  r e a g e n t ,  w h i ls t  iro n  

was d e te c te d  w ith  5 p e r  c e n t a c id  th io c y a n a te  (G-.M.1).

A lthough many chromatograms w ere ru n , no s u b s ta n t ia l  

change in  movement o f  e i th e r  sugar o r  f e r r i c  iro n  was 

o b serv ed . T y p ic a l ly ,  th e  su g ars  ra n  w e ll  down th e  p a p e r, 

and f e r r i c  i ro n  rem ained on th e  o r ig in .  The g r e a te s t  e f f e c t  

observed  w ith  mixed f e r r i c  c h lo r id e  and sugar was a s l ig h t  

tendency  f o r  iro n  to  s t r e a k ,  p o s s ib ly  in d ic a t in g  some e a s i ly  

d is s o c ia b le  a s s o c ia t io n  betw een i t  and th e  su g ar. S e v e ra l 

su g a rs  were te s te d  in  t h i s  way. A lthough f ru c to s e  appeared 

to  b e  more e f f e c t iv e  th a n  g lu c o se , g a la c to s e ,  mannose and 

2$rlose, s im i la r  a f f e c t s  w ere dem onstra ted  in  a l l  c a se s .

The in c o n c lu s iv e  r e s u l t s  o b ta in ed  by  t h i s  te ch n iq u e  

w ere th o u g h t to  b e  due to  two f a c to r s .  F i r s t l y ,  no a ttem p t 

was made to  c o n tro l  th e  pH o f th e  sam ples du rin g  e lu t io n ,  

s in c e  b u f f e r in g  th e  so lv e n t would have n e c e s s i ta te d  th e  

in t ro d u c t io n  o f  in o rg a n ic  s a l t s  , which them selves may have 

undergone com plexing. I t  was d e s i r a b le  to  avo id  co m p lica tio n s  

o f t h i s  ty p e . S econd ly , th e re  was th e  p o s s ib le  e f f e c t  o f  th e  

c e l lu lo s e  m a trix . I f  com plexing betw een su g ars  and m etals  can 

o c c u r , th e n  c e l lu lo s e  i t s e l f ,  an in s o lu b le  g lu c o se  polym er, 

cou ld  b e  expected to  e x h ib it  a com plexing e f f e c t ,  th u s  h in d e rin g  

any movement o f  iro n .  The a d so rp tio n  o f f e r r i c  iro n  on



c e l lu lo s e  h a s  been  re p o r te d  by  H a e rtin g  (7 3 ) ,  b y  B e lfo rd  e t a l  

(7 4 ) ,  and b y  P ic k e rin g  (7 5 ).

Exp.No.2 .  Chromatography on a  s y n th e t ic  f i b r e  sh e e t.

To remove t h i s  in f lu e n c e ,  s im i la r  s o lu t io n s  to  th o se  

used  in  E xp.N o,1 were chrom atographed on a  sh e e t o f th e  

s y n th e t ic  f i b r e  known g e n e ra l ly  a s  1 pap er n y lo n * , Only e th y l 

a c e ta te  : p y r id in e  ; w a te r ,  (120 : 50 : 40) o f  th e  s e v e ra l

so lv e n ts  t e s t e d ,  ra n  s u c c e s s fu l ly .  The lo c a t io n  re a g e n ts  

w ere th e  same a s  th o se  used p re v io u s ly . (Exp.No.1)

As b e f o r e ,  f e r r i c  i ro n  in  th e  absence o f  sugar remained 

co m p le te ly  on th e  o r ig i n ,  b u t  where su g ar was p r e s e n t ,  ex ten siv e  

s tre a k in g  o f  iro n  from th e  o r ig in  to  th e  so lv e n t f r o n t  was 

observed . A lthough n o t runn ing  a s  a  d e f in i t e  s p o t,  a 

tendency  f o r  iro n  to  ru n  along  w ith  th e  sugar was dem onstra ted , 

in d ic a t in g  some form o f  complex fo rm a tio n . T hat t h i s  occurred  

on a s y n th e t ic  f i b r e  s h e e t ,  devoid  o f  hydroxyl g ro u p s , in d ic a te d  

a d so rp tio n  o f  iro n  on c e l lu lo s e  a s  one reaso n  f o r  th e  f a i l u r e  

o f  p ap e r chrom atography.

T hese  ex p erim en ts , how ever, do n o t p ro v id e  any d e ta i le d  

in fo rm a tio n  a s  to  th e  c o n d itio n s  under w hich complexing can 

o c c u r , a s  a t t e n p ts  to  c o n tro l  pH w ere no t made. 

b . )_____  P aper e l e c t r o p h o re s is .

By th e  u se  o f  b u f f e r  system s o f  d i f f e r e n t  pH v a lu e s ,  th e  

v a r ia t io n  o f  th e  s t a b i l i t y  o f  th e  su g ar-m e ta l complex w ith  pH 

m aybe o b served . In  any one b u f f e r  system  su g ars  w i l l  p o sse ss
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ty p ic a l  m o b ility  v a lu e s ,  a s  w i l l  f e r r i c  c h lo r id e .  Any change 

in  th e s e  v a lu e s  e f fe c te d  b y  mixing th e  two e n t i t i e s  w i l l  

in d ic a te  some d eg ree  o f  com plexing a t  th e  pH v a lu e  o f  th e  

b u f f e r .

Sample s o lu tio n s  w ere made up a s  in  Exp.N o.1 u s in g  

sugar to  i r o n  r a t i o s  o f  20 s 1 to  50 : 1 , to g e th e r  w ith  

sam ples o f  sugar and f e r r i c  c h lo r id e  a s  s ta n d a rd s . No 

p re v io u s  pH ad ju stm en t was c a r r ie d  ou t^  a s  th e  sam ples would 

r a p id ly  a t t a i n  th e  pH v a lu e  o f th e  b u f f e r  system  used* The 

method used was an immersed s t r i p  te c h n iq u e , u s in g  A nalar 

carbon te t r a c h lo r id e  a s  c o o la n t.  A f te r  s p o tt in g  on th e  sam ples, 

each p a p e r s t r i p ,  15 in c h e s  lo n g , was su b je c te d  to  a  v o lta g e  o f 

500 v o l t s  f o r  1 h o u r , b e fo re  d ry in g , and lo c a t io n  o f  th e  sugar 

and i ro n  w ith  th e  re a g e n ts  a lre a d y  d e sc r ib e d  (E xp .N o.1), A 

f u l l  d e s c r ip t io n  o f  th e  method used i s  g iv en  in  G.M.2,

A ll  r e s u l t s  showed ev idence o f  c e l lu lo s e  in te r f e r e n c e ,  

b u t i t  proved im p o ss ib le  to  u t i l i s e  th e  s y n th e t ic  sh e e t as a 

su p p o rtin g  medium f o r  th e  e le c tro p h o re s is  r u n s ,  due to  th e  

im p o s s ib i l i ty  o f  a d e q u a te ly  w e ttin g  th e  s h e e ts ,

Exp.N o.3 . The e le c tro p h o re t ic  p r o p e r t ie s  o f  su g a r and iro n

i n b u f f e r s  o f  d i f f e r e n t  pH.

a ) B o ra te  b u f f e r  pH 10.0

T h is  b u f f e r  system was used s in c e  b o ra te s  a re  known to  

form complexes w ith  su g ars  (7 6 , 77, 7 8 ). Thus f r u c to s e ,  th e



sugar used in  t h i s  i n i t i a l  in v e s t ig a t io n ,  shou ld  show a f a i r l y  

h ig h  m o b ili ty . The f e a tu r e s  observed  on lo c a t io n  o f  f ru c to s e  

and i ro n  a re  shown in  F ig , 2,

F ru c to s e  a lo n e  ran  a s  a  w e ll  d e fin ed  s p o t ,  w ith  f e r r i c  

iro n  a lo n e  rem ain ing  on th e  o r ig in .  However, w ith  mixed

f r u c to s e  and i r o n ,  a q u a n t i ty  o f  iro n  l e f t  th e  o r ig in  running  as

a  s t r e a k ,  th e  amount o f  iro n  rem ain ing  a t  th e  o r ig in  d ec reasin g  

a s  th e  r a t i o  o f  f ru c to s e  to  iro n  in c re a s e d . M oreover, f ru c to s e  

was h e ld  back  w ith  th e  iro n  and a lso  ra n  a s  a s t r e a k .  T h is  i s  

su g g es tiv e  o f  th e  e x is te n c e  o f  complex fo rm atio n  between 

f r u c to s e  and iro n  a t  t h i s  pH v a lu e . The f a c t  th a t  b o th  

appeared  in  th e  form o f s t r e a k s ,  may in d ic a te  th a t  th e  

a s s o c ia t io n  betw een th e  two e n t i t i e s  was not v e ry  s tro n g , and 

YiTas a f f e c te d  by  th e  c e l lu lo s e  m a tr ix . In  a d d i t io n ,  th e  

co m p lica tio n  e x i s t s  th a t  th e  in te r a c t io n  b e in g  s tu d ie d  h e re  was 

th a t  o f  f r u c to s e /b o r a te  and i r o n ,  n o t th a t  o f f r u c to s e  and iro n ,

b )  E le c tro p h o re s is  a t  pH 9*0, ag a in  in  a b o r a te  b u f f e r ,  gave

a s im i la r  e f f e c t ,  th e  o n ly  d if f e r e n c e  b e in g  th a t  l e s s  iro n  was 

moved from th e  o r ig in .

c) B ic a rb o n a te  b u f f e r  pH 10

The f e a tu r e s  e x h ib ite d  in  t h i s  b u f f e r  system a re  shown 

in  F ig s ,  3& and 3b, A lthough s t i l l  running  a s  a s t r e a k ,  iro n  

rem oval from th e  o r ig in  was more com ple te , and th e  d is ta n c e  

ru n  was f a r  g r e a t e r ,  when f ru c to s e  was p r e s e n t ,  th an  w ith  b o ra te  

b u f f e r .  A gain , when f ru c to s e  was a b s e n t, no iro n  movement was
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d em o n stra ted . F ru c to s e  a lo n e  ra n  a v e ry  sh o r t d is ta n c e ,  b u t 

when iro n  was p r e s e n t ,  a q u a n t i ty  was c a r r ie d  forw ard in  th e  

form o f a  s t r e a k .

I n  t h i s  c a s e ,  where no known complexes a re  formed 

betw een f r u c to s e  and b ic a rb o n a te ,  i ro n  was moved more 

e f f e c t iv e ly  by  f r u c to s e  th a n  u nder th e  same pH c o n d itio n s  

w here f ru c to s e  formed a s tro n g  complex w ith  th e  b o ra te  b u f f e r .  

T h is  su g g e s ts  th a t  c o n p e t i t io n  betw een iro n  and b o r a te  f o r  th e  

f r u c to s e ,  to o k  p la c e .

To compare th e  form o f th e s e  ru n s  w ith  t h a t  o f  a known 

f e r r ic - o r g a n ic  com plex, a sample o f  a c i t r i c  a c i x / f e r r i c  

c h lo r id e  m ix tu re  o f r a t i o n  10 : 1 was te s t e d .  (F ig .3 c ) .

I r o n : c i t r a t e  ra n  a s  a  d e f in i t e  s p o t ,  ahead o f th e  f e r r i c :  

f r u c to s e  s t r e a k ,  a s  would be  expected s in c e  c i t r i c  a c id  forms 

a  r e l a t i v e l y  s tro n g  complex w ith  i ro n .  (7 9 , 80 ). The g e n e ra l 

form  w as, how ever, s im ila r  in  b o th  c a se s ,

d , e, f )  B ic a rb o n a te  b u f f e r  o f pH 9-.-1 gave e x a c tly  th e  same 

r e s u l t ,  w h ile  a t  pH 8 .0  more iro n  was l e f t  a t  th e  o r ig in .  In  

pH 7 .0  b ic a rb o n a te  b u f f e r ,  o n ly  v e ry  s l ig h t  movement was 

o b se rv e d , even when th e  v o lta g e  was doubled , 

g . h) No movement was noted  in  phosphate  b u f f e r s  o f pH 7 .0  

and 8 .0 .

i .  j .  k) At low er pH v a lu e s ,  c i t r a t e  b u f f e r s  o f  pH v a lu e s  

4 .0 ,  5 .0  and 6 .0  were u sed . The f e a tu r e s  observed ( F ig ,4) 

w ere th e  exac t o p p o s ite  o f  th o se  noted when b o ra te  system s were
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u s e d .  I n  t h i s  c a s e ,  c i t r a t e  fo r m e d  a  c o m p le x  w i t h  t h e  i r o n ,  

w h ic h  r a n  f a i r l y  r a p i d l y  t o w a r d s  t h e  a n o d e .  W ith  f r u c t o s e  

p r e s e n t ,  h o w e v e r ,  a  t a i l i n g  e f f e c t  w a s  o b s e r v e d .  F r u c t o s e  

a l o n e  r a n  a s h o r t  d i s t a n c e  a s  a d e f i n i t e  s p o t ,  w h e r e a s  w i t h  

i r o n  p r e s e n t ,  i t  w a s  c a r r i e d  fo r w a r d  fr o m  t h e  o r i g i n  a s  a 

s t r e a k .

T h i s  i n d i c a t e ' a  som e fo r m  o f  a s s o c i a t i o n  b e t w e e n  f r u c t o s e  

and i r o n ,  e v e n  a t  t h e s e  lo w  p-E v a l u e s ,  s i n c e  t h e  p r e s e n c e  o f  

i r o n  a f f e c t s  t h e  c h a r a c t e r i s t i c  m o b i l i t y  o f  f r u c t o s e  an d  v i c e  

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

c o m p e t i t i o n  w i t h  a s t r o n g  c o m p le x in g  a g e n t .

T h e r e s u l t s  o b t a in e d  b y  t h i s  t e c h n i q u e  w e r e  n o t  a s  

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

b e  i d e n t i f i e d  a s  1f e r r i c - f r u c t o s e ’ c o m p le x  w e r e  d e t e c t e d  a t  a n y  

pH v a l u e s  u s e d .  T h i s  s u g g e s t s  t h a t  a n y  c o m p le x in g  e f f e c t  i s  n o t  

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

H o w e v e r , s i n c e  s t r e a k i n g  e f f e c t s  w e r e  d e m o n s t r a t e d  a t  a l l  pH 

v a l u e s ,  som e a s s o c i a t i o n  b e t w e e n  i r o n  an d  f r u c t o s e  i s  i n d i c a t e d .  

I t  i s  f u r t h e r  s u g g e s t e d  t h a t  t h i s  a s s o c i a t i o n  i s  a t  a maximum  

a t  h i g h e r  pH v a l u e s ,  b e c o m in g  r e d u c e d  a s  t h e  pH f a l l s  t o  

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

pH v a l u e s .

T h e s e  e x p e r im e n t s  w e r e  r e p e a t e d ,  u s i n g  s u g a r s  o t h e r  t h a n  

f r u c t o s e ,  A l l  g a v e  e f f e c t s  s i m i l a r  t o  t h e s e  n o t e d  f o r  f r u c t o s e ,  

a s  ju d g e d  b y  t h e i r  a b i l i t y  t o  e f f e c t  t h e  m ovem ent o f  i r o n .  I n
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o r d e r  o f  d e c r e a s i n g  e f f e c t i v e n e s s ,  t h e s e  w e r e : -  

f r u c t o s e  y f r u c t o s a n  y g l u c o s e ;  g a l a c t o s e  y x y l o s e  y 
s u c r o s e ;  l a c t o s e

S i n c e  a w id e  r a n g e  o f  c a r b o h y d r a t e s  e x h i b i t e d  t h i s  

p h en o m en o n  o f  c o m p le x in g  w i t h  i r o n ,  i t  i s  n o t  s u r p r i s i n g  t h a t  

c e l l u l o s e  s h o u ld  a l s o  fo rm  a  c o m p le x ,  an d  t h a t  t h i s  s h o u ld  

c o n t r i b u t e  t o  t h e  s t r e a k i n g  e f f e c t s  n o t e d ,

3 ,  I n h i b i t i o n  o f  h y d r o x id e  p r e c i p i t a t i o n  b y  s u g a r s .

T h e  p r o c e d u r e  f i n a l l y  u s e d  w a s  d e v e lo p e d  u s i n g  f r u c t o s e ,  

a s  p i l o t  e x p e r im e n t s  i n d i c a t e d  t h a t  t h i s  w a s  t h e  m o st e f f e c t i v e  

s im p le  s u g a r  i n  i n h i b i t i n g  p r e c i p i t a t i o n .  Q u a n t i t i e s  o f  s u g a r  

w e r e  w e ig h e d  d r y  i n t o  b e a k e r s ,  t o  g i v e  t h e  d e s i r e d  m o la r  r a t i o s  

o n  p i p e t t i n g  i n  25  m is  o f  0 , 0 2  m o la r  s a l t  s o l u t i o n .  A l l  

s o l u t i o n s  w e r e  s t i r r e d  a t  a  c o n s t a n t  s p e e d  b y  a m a g n e t ic  

s t i r r e r ,  1 . 0  N o r m a l so d iu m  h y d r o x id e  w a s  a d d ed  fr o m  t h e  sam e  

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

a d d i t i o n  o f  e a c h  d r o p  o f  a l k a l i ,  a  s h o r t  t im e  w a s  a l lo w e d  f o r  

e q u i l i b r i u m  t o  b e  r e a c h e d .  F i n e  a d j u s t m e n t  o f  pH w a s  e f f e c t e d  

b y  a d d i t i o n  o f  s m a l l  q u a n t i t i e s  o f  a l k a l i  o n  t h e  en d  o f  a  t h i n  

g l a s s  r o d .

I n  t h e  c a s e  o f  t h e  f e r r i c  i r o n  e x p e r i m e n t s ,  t h e  e x a c t  

p o i n t  w h e r e  p r e c i p i t a t i o n  com m enced w a s  t a k e n  a s  t h e  p o i n t  w h e r e  

a  p a r t i c u l a t e  p r e c i p i t a t e  o f  f e r r i c  h y d r o x id e  w a s  f i r s t  o b s e r v e d  

u n d e r  i l l u m i n a t i o n  w i t h  a  b r i g h t  l i g h t .  W ith  m a g n esiu m  s a l t s ,



h o w e v e r ,  t h e  t r a n s l u c e n t  n a t u r e  o f  m a g n esiu m  h y d r o x id e  m ade 

t h i s  m eth o d  o f  d e t e c t i o n  i m p o s s i b l e .  A s  a n  a l t e r n a t i v e ,  

d e t e r m i n a t i o n  o f  t h e  q u a n t i t y  o f  m a g n esiu m  r e m a in in g  i n  

s o l u t i o n  a t  a  r a n g e  o f  pH v a l u e s  w a s  m ad e, A s i m i l a r  

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

i n v e s t i g a t i o n .

A l l  e x p e r im e n t s  w e r e  r e p e a t e d  s e v e r a l  t i m e s  t o  e n s u r e  

a c c u r a c y .

I t  i s  w o r th  n o t i n g  a t  t h i s  p o i n t  t h a t  on  a d d i t i o n  o f  

t h e  w e ig h e d  q u a n t i t i e s  o f  s u g a r  t o  t h e  f e r r i c  c h l o r i d e  

s o l u t i o n ,  an  i n c r e a s e  i n  c o l o u r  i n t e n s i t y  w a s  o b s e r v e d .  T h e  

i n t e n s i t y  o f  t h i s  c o l o u r  i n c r e a s e d  a s  t h e  q u a n t i t y  o f  s u g a r  

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

t h e  s u g a r  u s e d  ( F i g , 5 )  B y  m e a s u r in g  t h e  a b s o r b e n c e  o f  a  

f e r r i c  c h l o r i d e  s o l u t i o n  an d  a  f e r r i c  c h l o r i d e  p l u s  f r u c t o s e  

s o l u t i o n ,  b o t h  a t  pH 2 * 3 5 ,  o v e r  t h e  v i s i b l e  r e g i o n ,  t h e  s p e c t r a  

sh ow n  i n  F i g .  6 w e r e  o b t a i n e d .  I n c r e a s e d  a b s o r p t i o n  a t  3 8 8  m^. 

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

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

t h e  p r e s e n c e  o f  a  c o m p le x  b e t w e e n  s u g a r  and i r o n  a t  a  pH v a l u e  

o f  2 * 3 5 ,  s i m i l a r  t o  t h e  e f f e c t  n o t e d  b y  S a ltm a n  e t  a l .  (34-)

Epq), No. km I n v e s t ig a t io n  of th e  pH o f p r e c ip i ta t io n  of

f e r r i c  hydrox ide in  th e  p r e s ence and absence o f sugars  ,

From s o lu b i l i t y  p roduct d a ta ,  th e  th e o r e t ic a l  pH o f
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f e r r i c  hydrox ide p r e c ip i t a t io n  from a 0-02  Molar s o lu tio n  was 

c a lc u la te d  to  he pH 2*58.

A s im ila r  v a lu e  was o b ta in ed  in  p r a c t ic e .  The p resen ce  o f 

sugar e f f e c t iv e ly  in h ib i te d  th e  p r e c ip i ta t io n  o f f e r r i c  

hydroxide from s o lu t io n ,  th e re b y  in c re a s in g  th e  pH which had to  

be a t ta in e d  b e fo re  p r e c ip i ta t io n  began . As th e  r a t i o  o f 

sugar to  iro n  was in c re a s e d , so d id  th e  pH a t  which 

p r e c ip i t a t io n  o ccu rred  in c re a s e ,  th e  g r e a te s t  in d iv id u a l  

in c re a se  b e in g  observed w ith  the  f i r s t  sm all increm ent of sugar.

+ + +  i
Now Fe = 0*02

-36
= 1*1 x 10 x  50

= 55 x  10 -36

-12

= 3*8 x  10
■12

pOH = -  (-12  + lo g  3*8)

(-12  + 0 - 58)

11* 1+2

pH 2,58



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

p r e c i p i t a t e  r o d i s s o l v i n g  o n  i n c r e a s i n g  t h e  pH a b o v e  t h e  

p r e c i p i t a t i o n  p o i n t ,  t h e  pH a t  w h ic h  r e ~ s o l u t i o n  o c c u r r e d  b e in g  

lo w e r e d  a s  t h e  s u g a r  t o  i r o n  r a t i o  w a s  i n c r e a s e d .  T h u s t h e  

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

w a s i n c r e a s e d  w a s  fo u n d  t o  t a k e  t h e  fo r m  o f  a  c o n t i n u a l l y  

n a r r o w in g  pH r a n g e  o v e r  w h ic h  a p r e c i p i t a t e  e x i s t e d .  ( F i g . 7 )

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

v a r y i n g  d e g r e e ,  t h e  r e s u l t s  b e i n g  su m m a rised  in  t a b l e  fo rm  i n  

T a b l e s  1 , 2  an d  3. O n ly  i n  t h e  c a s e  o f  f r u c t o s e  w a s  t h e r e  a 

r a t i o  r e a c h e d  w h e r e  c o m p le t e  p r e c i p i t a t e  i n h i b i t i o n  o v e r  t h e  

e n t i r e  pH r a n g e  w a s  a c h i e v e d .  T he o r d e r  o f  d e c r e a s i n g  

e f f e c t i v e n e s s  w a s ; -  f r u c t o s e ;  m a n n it o l ;  m a n n o sc; g l u c o s e ;  

x y l o s e ;  l a c t o s e .  L a c t o s e  d i d ,  h o w e v e r ,  a p p e a r  t o  b e  m ore  

e f f e c t i v e  th a n  x y l o s e  w hen  p r e s e n t  i n  h i g h  c o n c e n t r a t i o n .

C o m p a r iso n  o f  t h e  r e s u l t s  o b t a in e d  h e r e  f o r  f r u c t o s e ,  

m a n n o s e , g l u c o s e  and  x y l o s e ,  w i t h  t h e  c o l o u r  i n t e n s i t y  l e v e l s  

p r o d u c e d  on  a d d i t i o n  o f  f e r r i c  c h l o r i d e  t o  t h o s e  s u g a r s  ( F i g , 5 )  

d e m o n s t r a t e d  t h a t  t h e y  a r e  i n  e x a c t l y  t h e  sam e o r d e r  

f r u c t o s e  y  m a n n o se  y g l u c o s e  x y l o s e  

T h i s  i s  f u r t h e r  e v i d e n c e  t h a t  t h e  c a u s e  o f  t h e  s p e c t r a l  

c h a n g e  w a s  t h e  f o r m a t io n  o f  a  c o m p le x  b e t w e e n  t h e  s u g a r  an d  t h e  

m e t a l  i o n ,  and t h a t  t h e  f e a t u r e  o f  c o l o u r  i n t e n s i f i c a t i o n  maj^ 

a c t  a s  a  r o u g h  g u id e  t o  t h e  e f f e c t i v e n e s s  o f  c o m p le x in g .
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FRUCTOSE MANNOSE

RATIO
SUGAR
Iro n

pH
o f

Precip*

pH
o f

C le a r in g

pH
o f

P re c ip .

pH
o f

C le a rin g

No

Sugar
2 .65

Does 

Not C le a r
2 .60

Does 

Not C lear

4 .4 12.25 4 .1 12.55

2 :1 4 .8 11 .7 4 .25 11.5

4 :1 5.1 11 .1 4 .55 11.5

10:1  i 5 .6 10.1 4 .6 10 .8

20:1 Cl
R igh t 5

ea r
hrough

5.1 9.55

30 :1 it it 5 .3 9 .4

50:1 — — 5.8 9 .08

Table 1



GLUCOSE LACTOSE

R atio
Sugar
I ro n

pH
o f

P re c ip .

pH
o f

C le a r in g

pH
o f

P re c ip .

pH
o f

C le a rin g

No

Sugar
2 .60

Does
n o t
C lea r

2 .65
Does
no t
C lear

1 :1
I

3o95 13 .0 3.75
No

C le a rin g
13.0

2 :1 4 .1 12 .0 4 .0
No

C le a r in g
13 .0

4 :1 4 .4 11 .6 4 .25 13o0

10:1 4 .6 10 .9 4 .4 11.9

20:1 4 .7 10 .5 5 .0 10.65

3 0 :1 4 .9 10.3 5 .8 _ 10 .4

50:1 5 .5 9 .8 Inc on 
S o lu tio n

p le te
o f L actose

Table 2



XYLOSE MANNIT0L

R a tio
Sugar

Iro n

pH
o f

P re c ip .

pH
o f

C le a r in g

pH
o f

P re c ip ,

pH
o f

C le a rin g

No

Sugar
2 .70

Does
n o t
C le a r

2 .65
Does
n o t
C le a r

1 :1
ii

4 .0
No

C le a r in g
13 .0

4 .25 11.8

2 s i 4 .2 12.75 4 .8 11.05

4:1 4-25 12.25 5 .1 10.4

10:1 4 .5 11 .8 5 .35 10.05

20:1 4 .7 10 .9 5 .4 9 .55

30:1 4 .9 10.45 5.75 9 .!

50:1 5 .4 10.05 Incomp 
S o lu tio n  o

l e t e
f  M annitol



The d ia g ra m a tic  r e p re s e n ta t io n  o f th e  20:1 f ru c to s e  to  

i ro n  r a t i o  in  F ig , 7. in d ic a te s  t h a t  pH ad ju stm en t o f mixed 

f ru c to s e  and i ro n  a t  t h i s  r a t i o  r e s u l t s  in  th e  fo rm atio n  o f a 

•se m i-s ta b le  s o lu tio n  over p a r t  o f  th e  pH ra n g e . D uring 

s e v e ra l  r e p e a ts  o f t h i s  experim ent no p r e c ip i t a t io n  was 

observed  over th e  e n t i r e  pH ra n g e , b u t where th e  s o lu tio n  was 

allow ed to  s tan d  a t  pH 6«2 f o r  a lo n g e r p e r io d ,  a l i g h t  

’m ilk y 1 p r e c i p i t a t e  was shed. On subsequent s l ig h t  pH 

in c re a s e ,  b y  a d d it io n  o f sodium h y d ro x id e , t h i s  p r e c ip i ta te  

d isap p ea red  and th e  s o lu tio n  c le a r e d .  P r e c ip i t a t e s  of 

s im i la r  p h y s ic a l appearance were g e n e ra lly  observed w ith  a l l  

su g a rs  a t  th e  commencement o f p r e c ip i t a t io n  where th e  sugar to  

i ro n  r a t i o  was h ig h , A sample o f  th e  p r e c i p i t a t e  was removed 

and examined under a m icroscope, comparing i t s  appearance w ith  

t h a t  o f the  f lo c u la te d  p r e c ip i t a t e  o b ta in ed  when f e r r i c  

c h lo r id e  alone i s  a d ju s te d  to  t h i s  pH. I t  can be seen 

(F ig . 8 and F ig . 9) th a t  where f r u c to s e  i s  p re s e n t  th e  

p r e c i p i t a t e  i s  more f i n e l y  d iv id ed  than  th e  ty p i c a l l y  

f lo c u la te d  p r e c i p i t a t e  o f f e r r i c  hydroxide a lo n e .

A more d e ta i le d  exam ination o f  th e  b eh av io u r o f s o lu tio n s  

hav ing  t h i s  r a t i o  (20 :1 ) o f f r u c to s e  to  iro n  was made by  

a d ju s t in g  a s e r i e s  o f such s o lu t io n s  to  pH v a lu e s  in  th e  re g io n  

o f 6*2, The o b se rv a tio n s  made a re  summarised in  Table 4 .



A p p e a r a n c e  o f  p r e c i p i t a t e  o b t a in e d  a t  pH 6 , 2  w i t h  f r u c t o s e  p r e s e n t

F ig u r e  8

A p p e a r a n c e  o f  p r e c i p i t a t e  o b t a in e d  a t  pH 6 , 2  n o  f r u c t o s e

F ig u r e  ^

51.



pH to  which 20:1 

s o ln . a d ju s te d .
Remarks

5 .8
c l e a r ,  b u t  became s l i g h t l y  c loudy  

a f t e r  15 m ins. s tan d in g

6.05
became s l i g h t l y  c loudy  and p r e c ip i 

ta te d  a f t e r  15 mins.

6 .2
around 1-2 m inutes d e la y  fo llow ed  

b y  p r e c i p i t a t io n

6 .4
v e ry  s l i g h t  p r e c ip i t a t io n  a f t e r  

3 hours

6 .9 c le a r

T a b le  4

The r e s u l t s  in d ic a te  th a t  th e  pH v a lu e  a t  which p r e c i p i t a t io n  

i s  most l i k e l y  to  o c c u r , i s  about 6 .2 , At v a lu e s  s l i g h t l y  

above o r  below  t h i s  ’ c r i t i c a l*  pH, th e  i r o n - f r u c to s e  complex 

i s  s ta b le  f o r  some tim e b e fo re  u lt im a te  p r e c i p i t a t i o n .  At 

no p o in t ,  how ever, was p r e c i p i t a t i o n  com plete , th e  s o lu tio n  

alw ays r e ta in in g  some co lo u r c h a r a c te r i s t i c  o f  f e r r i c  i ro n ,

Exp .N o.5 . Measurement o f  th e  q u a n ti ty  o f  iro n  rem ain ing  in

s o lu t io n  a t  a range  o f  pH v a lu e s ,  w ith  in c re a s in g  

m olar r a t i o s  o f  f ru c to s e  to  iro n  

S in ce  p r e c ip i t a t io n  from th e  20:1 s o lu t io n  was observed 

to  b e  on ly  p a r t i a l ,  th e  e x te n t o f  p r e c ip i t a t io n  a t  a l l  pH



v a l u e s  an d  a l l  r a t i o s  o f  f r u c t o s e  t o  i r o n  w a s  e x a m in e d . T h i s  

w a s  c a r r i e d  o u t  b y  m a k in g  up  s o l u t i o n s  s i m i l a r  t o  t h o s e  u s e d  i n  

t h e  p r e v i o u s  e x p e r im e n t ,  an d  a d j u s t i n g  th a n  t o  a  d e f i n i t e  pH 

v a l u e .  An a l i q u o t  w a s  t h e n  t a k e n ,  w h i c h ,  a f t e r  s t a n d in g  f o r  

h a l f  a n  h o u r  w a s  c e n t r i f u g e d ,  an d  t h e  am ount o f  i r o n  r e m a in in g  

i n  t h e  s u p e r n a t a n t  d e t e r m in e d ,  (G -.M .3 ). T h e  r e s u l t s  a r e  

su m m a rised  i n  T a b l e  5 .  A s  w i l l  b e  s e e n ,  o v e r  o n e  t h i r d  o f  

t h e  i r o n  r e m a in e d  i n  s o l u t i o n  a t  pH 6 , 3 ,  w h e r e  t h e  r a t i o  o f  

f r u c t o s e  t o  i r o n  w a s  '2.0:1 .  T h i s  v a l u e  i n c r e a s e d  r a p i d l y  a b o v e  

a n d  b e lo w  t h i s  pH . A s  e x p e c t e d ,  t h e  am ount o f  i r o n  h e l d  i n  

s o l u t i o n  b y  lo w e r  f r u c t o s e  t o  i r o n  r a t i o s  w a s l e s s  t h a n  t h i s  

a m o u n t ,  a l t h o u g h  s t i l l  c o n s i d e r a b l e  w h en  co m p a red  t o  t h e  

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

i s  t h a t  p r e c i p i t a t i o n  fr o m  s o l u t i o n  o n  pH i n c r e a s e  w a s  a  

g r a d u a l  p r o c e s s .  T h a t  i s ,  a  q u a n t i t y  o f  i n s o l u b l e  h y d r o x id e  

w a s  s h e d ,  s i n c e  o n l y  a  p r o p o r t i o n  o f  t h e  t o t a l  p r e s e n t  c o u ld  b e  

e f f e c t i v e l y  c o m p le x e d  and h e l d  i n  s o l u t i o n ,  t h e  q u a n t i t y  sh e d  

i n c r e a s i n g  a s  t h e  pH w a s  i n c r e a s e d ,  an d  a s  t h e  r a t i o  o f  f r u c t o s e  

t o  i r o n  w a s  r e d u c e d .

T h e  r e s u l t s  u p  t o  t h i s  p o i n t  h a v e  show n t h a t  s u g a r s ,  

e s p e c i a l l y  f r u c t o s e ,  a r e  c a p a b le  o f  i n h i b i t i n g  t h e  p r e c i p i t a t i o n  

o f  f e r r i c  h y d r o x i d e ,  an d  t h e  pH v a l u e s  a t  w h ic h  t h i s  i s  

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

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



p H

o f

S a m p le

gamma p e r  m i l i l e t r e  o f  i r o n  i n  s o l u t i o n  
a t  v a r i o u s  r a t i o s  o f  f r u c t o s e  t o  i r o n

2 0 1 0 4 2 1 0

O r i g i n a l 9 4 5 1 0 4 5 1 0 4 5 1 0 5 5 I O 65 1 1 0 0

2 . 6 S s S S s 1045

2 . 8 S s s s s 1 0 2 0

5 . 0  . S s s s s 7 4 9

oo

I__

S s s s 1066 1 3 6

4 o 5 s s s 1050 9 9 o 7 5 . 2

4 . 8 s s s - - 0

5 . 0 s s 1040 20.5 l 6 , 8 0

5 o 5 s 1 0 5 5 49.5 1 3 . 5 8 . 8 0

6 . 0 9 4 0 27.6 1 2 . 5 4 . 2 4 . 2 p

6.3 3 8 5 1 0 . 9 - - - p

7 . 0 4 5 0 1 3 . 1 1 . 0 5 - - p

8 . 0 7 1 0 9 7 . 5 1 . 0 5 - - p

8 . 5 9 5 8 - - - p

9 . 0 S 1052 2 3 . 7 - - p

1 0 . 0 s 1 0 5 8 1 7 5 9 3 . 6 2 7 . 5 p

11 .0 s S 9 9 0 5 5 2 . 5 1 4 3 . 0 p

12 .0 s S s 1 0 3 9 - p

S = c o m p l e t e l y  s o l u b l e  -  = No d a t a  P » c o m p l e t e l y  p r e c i p i t a t e d

T able 5

54*



c o m p le x in g  r e a d i l y  o c c u r s  a t  pH v a l u e s  w h ic h  p r e v a i l  i n  n a t u r a l  

e n v ir o n m e n t s .  C o n t r a r y  t o  t h e  com m en ts o f  e a r l i e r  w o r k e r s  

r e g a r d i n g  t h e  n e c e s s i t y  f o r  e x c e s s  a l k a l i n i t y ,  c o m p le x  

f o r m a t i o n  h a s  b e e n  sh ow n  t o  o c c u r  a t  lo w  pH v a l u e s .  A lt h o u g h  

t h e  s p e c t r a l  e v i d e n c e  i n d i c a t e s  t h a t  c o m p le x in g  may o c c u r  a t  

pH 2 , 3 5  b e t w e e n  s u g a r  an d  f e r r i c  i o n s ,  e v i d e n c e  o f  c o m p le x  

f o r m a t i o n  a b o v e  pH 2 , 6 ,  t h e  pH v a l u e  a t  w h ic h  f e r r i c  h y d r o x id e  

p r e c i p i t a t i o n  n o r m a l ly  t a k e s  p l a c e ,  h a s  b e e n  d e m o n s t r a t e d  b y  

a  n um ber o f  t e c h n i q u e s .

I n  a d d i t i o n  t o  r a i s i n g  t h e  pH a t  w h ic h  p r e c i p i t a t i o n  

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

fo r m e d  a t  pH 6 , 2  r e t u r n i n g  i n t o  s o l u t i o n  o n  c o n t in u e d  pH 

i n c r e a s e .  I t  w a s  c l e a r l y  o f  i n t e r e s t  t o  d i s c o v e r  w h e th e r  

s u c h  a n  e f f e c t  w a s  a l s o  d e m o n s t r a t e d  o n  r e d u c i n g  t h e  pH fr o m  

t h e  p r e c i p i t a t i o n  p o i n t .

E x p .H o .6 .  B e h a v io u r  o f  p r e c i p i t a t e s  o n  pH d e c r e a s e  fr o m  pH 6 , 2  

S o l u t i o n s  v /e r e  m ade u p  a s  i n  E x p ,N o ,A , I n i t i a l l y  a  

s o l u t i o n  w i t h  a  f r u c t o s e  t o  i r o n  r a t i o  o f  2 0 :1  w a s  t e s t e d .  T h i s  

w a s  a d j u s t e d  t o  pH 6 . 2 ,  an d  t h e n  b y  c o n t i n u a l  m o n it o r in g  o n  a  

pH m e t e r ,  t h e  pH w a s  r e d u c e d  t o  4 . 0  an d  m a in t a in e d  a t  t h i s  v a l u e  

b y  a d d i t i o n  o f  m in u te  q u a n t i t i e s  o f  d i l u t e  h y d r o c h l o r i c  a c i d .  

W it h in  h a l f  a n  h o u r  t h e  p r e c i p i t a t e  h a d  d i s s o l v e d  c o m p l e t e l y ,  

a l t h o u g h  c l a r i f i c a t i o n  com m enced a lm o s t  im m e d ia t e ly .  No s u c h  

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

T o  t e s t  w h e th e r  a  s i m i l a r  e f f e c t  w o u ld  b e  d i s p l a y e d  b y
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s o lu t io n s  c o n ta in in g  l e s s  f r u c to s e ,  two s o lu t io n s  w ith  a 

f r u c to s e  to  i r o n  r a t i o  o f 1:1 wore made up and a d ju s te d  to  

pH b ,2 , The pH v a lu e s  o f  each w ere th e n  reduced  to  4 .5  

and 3 .5  r e s p e c t iv e ly ,  and m ain ta ined  a t  t h i s  l e v e l  by  means o f  

an au to m atic  t i t r a t i o n  assem bly. T h is  equipment d e liv e re d  

d i l u t e  a c id  from  a sy rin g e  a s  n e c e ssa ry , i f  th e  pH d r i f t e d  

upwards from th e  s e t  pH v a lu e . S im ila r  tre a tm e n t was a lso  

g iv e n  to  a f e r r i c  c h lo r id e  s o lu tio n  c o n ta in in g  no su g ar. The 

r e s u l t s  a re  summarised in  T ab le  6 ,

S o l u t i o n

pH l e v e l  

t o  w h ic h  

a d j u s t e d

. .....................................■ ■ I - I ■ - ..........................................................._ .......

R em ark s

1:1 4 .5
A f t e r  1 h o u r ,  no r e d i s s o l v i n g  n o t e d .  

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

1:1 3 .5
S e e n  t o  b e  c l e a r i n g  a f t e r  1 h o u r .  

C o m p le t e ly  c l e a r  a f t e r  h o u r s

No
f r u c t o s e

3 .5 N o c l e a r i n g  a f t e r  6 h o u r s

T ab le  6

Comparing th e se  r e s u l t s  w ith  th o se  o b ta in ed  p re v io u s ly  

(T ab le 1 and T ab le  5) i t  can b e  seen  th a t  th e  pH a t  which th e  

p r e c i p i t a t e  w i l l  r e d is s o lv e ,  p re s e n ts  agreem ent w ith  th e  pH 

a t  w hich i t  i s  f i r s t  shed from s o lu t io n .  T hat i s ,  f e r r i c  

hydrox ide  w i l l  b e  shed from a s o lu t io n  c o n ta in in g  1:1 f ru c to s e  

a t  a  pH o f  4 .4 ,  th u s  i t  can n o t r e d is s o lv e  a t  pH 4 .5 ,  b u t  w i l l

5̂ ,



r e d is s o lv e  a t  pH 3 .5  w ith  l i t t l e  d i f f i c u l t y .  S im i la r ly ,  f e r r i c  

hydrox ide a lo n e  w i l l  p r e c i p i t a t e  from s o lu t io n  a t  pH 2 ,6 ,  and 

th e r e f o r e  w i l l  n o t r e d is s o lv e  a t  any pH v a lu e  above th i s ,  

Exp.No,7» F ru c to se  a d d i t io n  a f t e r  p r e c ip i t a t io n

I t  h a s  been  dem onstrated  h e re  t h a t  when sugar i s  added 

to  f e r r i c  c h lo r id e  s o lu tio n  and th e  pH th e n  a d ju s te d  to  

p r e c i p i t a t i o n  p o in t ,  th e  p r e c i p i t a t e  formed m aybe  re d is s o lv e d  

by  r a i s in g  o r low ering  th e  pH w ith in  th e  ran g e  where a 

p r e c i p i t a t e  o f  f e r r i c  hydrox ide would no rm ally  e x i s t .  I t  was 

o f i n t e r e s t  to  d isc o v e r i f  a s im i la r  phenomenon was ex h ib ite d  

on a d d it io n  o f  sugar a f t e r  th e  p r e c i p i t a t e  h as  formed a t  pH 6 , 2 ,  

A liq u o ts  o f f e r r i c  c h lo r id e  w ere a d ju s te d  to  pH 6 , 2  and 

f ru c to s e  was added to  g iv e  a  range  o f f r u c to s e  to  iro n  r a t i o s  

from 1*1 to  2 0 : 1 ,  The pH le v e l s  were th e n  a d ju s te d ,  b o th  

upwards and downwards, a s  in  th e  p rev io u s  ex p erim en ts , and th e  

su sp en sio n s  o bserved . No obvious re d is s o lv in g  e f f e c t  was 

no ted  even ov er a  p e r io d  o f  tim e . I t  a p p e a rs , th e r e f o r e ,  th a t  

sugar must b e  p re s e n t  in  th e  f e r r i c  c h lo r id e  s o lu tio n  b e fo re  

a d d i t io n  o f a l k a l i  i s  made, in  o rd e r  to  e x e r t any  in f lu e n c e  on 

th e  b eh av io u r o f th e  f e r r i c  hydrox ide p r e c i p i t a t e .

I t  a p p e a r s  l i k e l y  t h a t  t h e  d i f f e r e n c e  i n  b e h a v io u r  i s  

d u e  t o  t h e  p o s s i b i l i t y  t h a t  t h e  p r e c i p i t a t e  s h e d  a t  pH 6 , 2  i n  

t h e  p r e s e n c e  o f  s u g a r ,  may n o t  c o n s i s t  o f  p u r e  f e r r i c  h y d r o x id e ,  

b u t  may b e  a n  i n t i m a t e  a s s o c i a t i o n  o f  f e r r i c  h y d r o x id e  and  

s u g a r .  T h i s  i s  r e i n f o r c e d  b y  t h e  f a c t  t h a t  t h e  p r e c i p i t a t e  sh e d
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in  th e  p re se n c e  o f sugar p o ssessed  a d i f f e r e n t  p h y s ic a l 

appearance to  th a t  o f pu re  f e r r i c  h y d rox ide , T h is  p o s s i b i l i t y  

w i l l  b e  examined b y  a n a ly s is  o f  th e  p r e c i p i t a t e  a t  a l a t e r  s ta g e , 

(Exp.No. 12) .

Exp.N o.8. P r e c ip i t a t e  i nh ib i t i o n  i n more d i l u te  s o lu tio n .

A number o f sh o r t p r e c i p i t a t e  in h ib i t io n  experim ents 

were c a r r ie d  ou t u s in g  0,002 M olar f e r r i c  c h lo r id e ,  in s te a d  o f 

th e  custom ary 0 ,02  M olar s o lu t io n ,  and u s in g  th e  same procedure  

a s  t h a t  d e sc rib e d  in  E xp.N o,4. The b eh av io u r observed 

d e se rv es  b r i e f  m ention h e re .

As b e f o r e ,  25 ml a l iq u o ts  o f  f e r r i c  c h lo r id e  w ere added 

to  weighed q u a n t i t i e s  o f sugar to  p ro v id e  th e  d e s ire d  M olar 

r a t i o s  of f ru c to s e  to  i r o n .  On subsequent a d d i t io n  o f  sodium 

h y d ro x id e , l i t t l e  d if f e re n c e  was observed in  th e  b eh av io u r o f 

s o lu t io n s  co n ta in in g  su g a r , and th o se  n o t c o n ta in in g  su g ar.

Where f ru c to s e  was a b s e n t,  p r e c ip i t a t io n  o f f e r r i c  hydrox ide  

d id  n o t o ccu r u n t i l  above pH 5 ,0  ; in  a d d i t io n ,  r a t i o s  o f  

f r u c to s e  to  iro n  o f  up to  100:1 w ere in e f f e c t iv e  in  com plete ly  

in h ib i t i n g  p r e c ip i t a t io n  over th e  e n t i r e  pH ran g e .

To t e s t  th e  accu racy  o f th e s e  o b se rv a tio n s  s e v e ra l 0 ,02 

M olar f e r r i c  c h lo r id e  s o lu tio n s  w ith  f ru c to s e  to  i ro n  r a t i o s  o f 

30:1 and 50:1 were made up. These w ere a d ju s te d  to  pH 6 .2  and 

allow ed to  s tan d  f o r  some tim e . No p r e c ip i ta t io n  o ccu rred . 

However, when a 10 tim es d i lu t io n  w ith  w a te r was made, 

im mediate p r e c ip i ta t io n  occurred  in  b o th  t e s t  s o lu t io n s ,
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I t  can b e  concluded th a t  th e  complex formed in  d i l u te  

s o lu t io n  i s  no t v e ry  s tro n g , and i s  unable  to  m a in ta in  f e r r i c  

h y d ro x id e  in  s o lu t io n ,

E xp,N o,9. I n h ib i t io n  o f f e r r i c  hydrox ide  p r e c ip i ta t io n  w ith  

ry e g ra s s  f r ucto sa n  

A s e r ie s  o f s o lu tio n s  e x a c tly  e q u iv a le n t to  th o se  in  

Exp,N o,4  was used . D ry f ru c to sa n  i s o la te d  from ry e g ra s s  a s  

d e sc rib e d  in  S e c tio n  I I I  was weighed o u t u s in g  th e  same 

q u a n t i t i e s  a s  used f o r  f r u c to s e ,  w ith o u t c o r re c t in g  f o r  

anhy d ro ~ resid u es . On a n a ly s is  o f th e  f ru c to s a n  sample 

(S e c tio n  I I I ,  4) a 'f r u c to s .e ' co n ten t o f  68,2 p e r  cen t was 

found , w ith  a t o t a l  sugar co n ten t o f 77*7 p e r  c e n t; th e  

d if f e r e n c e  betw een th e se  two v a lu e s  re p re s e n t in g  th e  g lucose  

c o n te n t o f th e  f ru c to s a n  sample. I n  th e  ta b u la te d  r e s u l t s ,  

th e r e f o r e ,  b o th  th e  r a t i o  o f ’ fru c to se*  to  i r o n ,  and th e  t o t a l  

su g ar to  i r o n ,  a re  g iv e n . T hese molar r a t i o s  w ere c a lc u la te d  

acco rd in g  to  th e  m olecu la r w eigh ts  o f th e  component sim ple 

su g ars  of th e  f ru c to s a n . The r e s u l t s  a r e  p re sen te d  in  T ab le  7.

A lthough r a th e r  in e f f e c t iv e  in  v ery  la ?  c o n c e n tra tio n s , 

f ru c to s a n  e x h ib ite d  an exceed ing ly  pow erfu l com plexing a c t io n  

in  t h a t  com plete p r e c i p i t a t e  in h ib i t io n  was achieved  a t  a  

'f r u c to s e ' to  iro n  r a t i o  o f around 4 :1 . T h is  f ig u r e  in d ic a te s  

th a t  f ru c to s a n  i s  approx im ate ly  s ix  tim es more e f f e c t iv e  a s  a 

com plexing agen t than  i t s  monomer f ru c to s e .



| R a tio R a tio pH PH
j F ru c to se T o ta l  Sugar o f o f
| I r o n I ro n P r  ec ip  i t  a t  ion C lea rin g

| M ilky P p t . No
1 0 .682:1 0 .777:1 2 ,7  ! c le a r in g

M ilky P p t ,  I
j 1 .364:1 1.554:1 2 .7 11.5

M ilky P p t . Almost c l e a r
2 . 728:1 3 . 108:1 2 .7 8 .6

M ilky P p t, Almost c le a r
3 .410 :1 3 .885 :1 2 .7 6.5

I No P a r t i c l e s

C lea r
4 .092 :1 4 . 662;1 r i g h t th rough

T ab le  7

D e ta ile d  a n a ly s is  o f th e  f ru c to s a n  was c a r r ie d  ou t 

(S e c tio n  TTT  ̂ 4  ) and i t  was a s c e r ta in e d  th a t  no o th e r  m oiety 

cap a b le  o f  complexing was p re se n t in  th e  p o ly sa c c h a r id e  sample. 

The e f f e c t  e x h ib ite d  h e re  i s ,  th e r e f o r e ,  a t t r i b u t a b l e  o n ly  to  

th e  a c t io n  o f  th e  f ru c to s a n .

Exp .N o .10. I n h ib i t io n  o f magnesium hydrox ide  p r e c i p i t a t io n .

I t  proved im p o ss ib le  to  determ ine th e  pH o f  p r e c ip i ta t io n  

o f magnesium hydrox ide b y  o b se rv a tio n , due to  i t s  t r a n s lu c e n t  

appearance , ‘D eterm ination  vras th e re fo re  made o f th e  q u a n t i ty  

o f magnesium re ta in e d  in  so lu tio n  a t  a range o f  pH v a lu e s ,  and 

a v a r i e ty  o f sugar to  m etal r a t i o s .  The p rocedu re  adopted was 

e x a c tly  th e  same as th a t  used in  th e  eq u iv a len t iro n  experim ent 

(Exp.N o,5) q u a n t i ta t iv e  d e te rm in a tio n  of magnesium b e in g



c a r r ie d  ou t a s  d e ta i le d  in  G,M,4, From s o l u b i l i t y  p roduct 

d a t a ,  th e  t h e o r e t i c a l  pH o f magnesium hydrox ide p r e c ip i t a t io n  

from  a  0 ,02  Molar s o lu t io n ,  i s  9 .3 9 , so th a t  o n ly  r a th e r  h igh  

pH v a lu e s  can he  used in  t h i s  s e r i e s .  The r e s u l t s  ob ta in ed  

a re  ta b u la te d  in  T ab le  8.

I t  can b e  seen  th a t  th e  e f f e c t  o f f ru c to s e  on th e

in h ib i t i o n  o f magnesium hydrox ide p r e c i p i t a t io n  was l e s s  

pow erfu l than  th e  e f f e c t  e x h ib ite d  w ith  f e r r i c  hydrox ide .

N e ith e r  was th e  e f f e c t  a s  c o n s is te n t  as  th a t  dem onstrated  w ith  

i r o n  (pH 10,9 sample T ab le  8 ) ,  However, s in c e  a degree  o f

p r e c i p i t a t i o n  in h ib i t io n  was e x h ib ite d , i t  can b e  s a id  th a t

com plexing betw een magnesium and f ru c to s e  o c c u rre d , a lth o u g h  

i t  h as  o n ly  been  p o s s ib le  to  dem onstra te  t h i s  e f f e c t  a t  r a th e r  

e le v a te d  pH v a lu e s ,

Exp.N o.11. The e f f e c t  o f a l k a l i  on f ru c to s e .

A lk a l i  i s  known to  ep im erise  o r  degrade f r u c to s e ,  

indeed  ca rb o h y d ra te s  in  g e n e ra l (8 1 , 8 2 ) , th e  e x te n t o f  any 

tra n s fo rm a tio n  b e in g  dependent on th e  degree o f a l k a l in i t y .  

A lthough many o f  th e  fo reg o in g  experim ents w ere conducted over 

a sh o r t p e r io d  o f  tim e , i t  rem ained n ece ssa ry  to  a s c e r ta in  th a t  

no d e g ra d a tiv e  o r  o th e r  change th a t  would g iv e  r i s e  to  p ro d u c ts  

which cou ld  co n ce iv ab ly  have been  re s p o n s ib le  f o r  some o f th e  

e f f e c t s  n o te d , had occurred  du rin g  th e  cou rse  o f  each experim ent. 

F o r t h i s  reaso n  many sam ples were removed from s o lu tio n s  which



mgs, o f  Magnesium p re se n t in  
25ml. A liq u o ts  a t  V arious pH’s

R a tio
F ru c to se

I ro n
pH 10 ,7 pH 10 .9 pH 11.1-

No

Sugar
0 .78 0 .7 0 0.27

1 :1 3 .1 1 .6 0 .55

2:1 4 .2 2 .2 0.81

4:1 6 .95 2 .0 1 .0

10:1 8 .1 1 .5 1 .0

20:1 12 .0 3 .0 1 .24

30:1 12 .0 5»2 2.2

T o ta l Magnesium p re s e n t in  25ml 
o f  S o lu tio n  * 12 ,l6m gs,

T able 8



had been  a d ju s te d  above pH 9 .0 >and examined b y  p aper 

chrom atography (G-.M.1), In  a d d i t io n ,  f r u c to s e  s o lu t io n s  were 

a d ju s te d  t o  pH v a lu e s  o f 9 .0 ; 9 .5 ; 10 .0 ; 1 0 .5j 11 .0 ; 1 1 .5 , 

b o th  in  th e  p re sen ce  and absence o f f e r r i c  c h lo r id e . Samples 

w ere th e n  chrom atographed a t  ^  hour; 12 h o u rs ; 36 ho u rs ;

72 h o u rs  and 120 h o u rs .

A ll  t e s t s  in d ic a te d  th a t  no d e g ra d a tiv e  o r  o th e r  

change, d e te c ta b le  w ith  th e  s i l v e r  n i t r a t e  re a g e n t ,  had tak en  

p la c e  a t  pH v a lu e s  up to  about 1 0 .5 , a s  f r u c to s e  was th e  on ly  

e n t i ty  d e te c te d . At pH v a lu e s  h ig h e r  th an  t h i s ,  however, 

tra n s fo rm a tio n  to o k  p la c e  f a i r l y  r a p id ly ,  th e  main p roduct 

b e in g  g lu c o s e , ,a lth o u g h  s a c c h a r in ic  a c id s  a r e  a ls o  known to  b e  

produced under s tro n g ly  a lk a l in e  c o n d itio n s  ( 83 ) .  The p resen ce  

o f  i ro n  appeared to  i n h i b i t  th e  e p im e risa tio n  to  a c e r ta in  

e x te n t .

T h e s e  f a c t s  d o  n o t  d i s c r e d i t  t h e  r e s u l t s  o b t a i n e d ,  a s  

i t  h a s  b e e n  a d e q u a t e l y  d e m o n s t r a t e d  t h a t  c o m p le x  f o r m a t io n  w i t h  

s u b s e q u e n t  p r e c i p i t a t i o n  i n h i b i t i o n  o c c u r s  o u t w i t h  t h e s e  

a l k a l i n e  pH v a l u e s .  M o r e o v e r ,  i t  i s  t h e  r e s u l t s  o b t a in e d  a t  

t h e s e  lo w e r  pH v a l u e s  w h ic h  a r e  o f  g r e a t e s t  i n t e r e s t  t o  t h i s  

s t u d y .

T h e  f o r e g o i n g  e x p e r im e n t s  h a v e  in d e e d  d e m o n s t r a te d  t h a t  

c o m p le x in g  b e t w e e n  f e r r i c  i r o n  an d  s u g a r s  c a n  o c c u r  a t  pH 

v a l u e s  p r e v a l e n t  u n d e r  n a t u r a l  c o n d i t i o n s .  P r e c i s e  d e t a i l s  o f



th e  c o n d itio n s  o f  pH, e tc e te r a  , under w hich compl axing ta k e s  

P i  a c e , have been  p ro v id ed . Such an e f f e c t  h as  n o t been  

dem onstrated  w ith  magnesium, how ever, a s  th e  p r e c ip i ta t io n  

o f  i t s  h yd rox ide  does n o t ta k e  p la c e  u n t i l  a pH v a lu e  in  excess 

o f  th o se  no rm ally  found in  n a tu re .

I s o la t io n  and a n a ly s is  o f th e  complex was nex t 

a tte m p te d , a t  th e  same tim e c a rry in g  ou t a n a ly s is  o f th e  

p r e c i p i t a t e  obtain© ! a t  pH 6 ,2 , By do ing  so i t  was hoped to  

o b ta in  an e x p la n a tio n  f o r  th e  d i f f e r e n t  e f f e c t s  observed  when 

f ru c to s e  was added a f t e r  p r e c i p i t a t i o n ,  a s  opposed to  a d d i t io n  

b e fo re  pH ad justm en t had ta k en  p la c e ,

4 . I s o l a t i o n ,  p u r i f i c a t i o n  and a n a ly s is  o f t h e complex 

formed betw een f e r r i c  iro n  and f r u c to s e .

The in fo rm a tio n  d e ta i le d  in  Exp.N o,4 dem onstrated  th a t  

th e  b eh av io u r o f f e r r i c  c h lo r id e  w ith  added su g a r , can be  

d iv id ed  in to  th re e  d i s t i n c t  p hases a s  th e  pH i s  in c re a se d , 

i )  Prom th e  commencement o f  a l k a l i  a d d i t io n  up to  th e

p r e c ip i t a t io n  p o in t ,  a  c l e a r  da rk  co lou red  s o lu tio n  i s  

p r e s e n t ,  

i i )  The p r e c i p i t a t e ,  

i i i )  Prom th e  p o in t  o f r e - s o lu t io n  o f  th e  p r e c i p i t a t e ,  w ith  

in c re a s e  in  pH, a c l e a r  d a rk  co loured  s o lu t io n  i s  ag a in  

p re s e n t .

The pH range  over which each in d iv id u a l  phase  e x i s t s ,
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depends on th e  q u a n t i ty  o f  sugar p r e s e n t ,  and on th e  a c tu a l  

sugar u sed . Any s tu d y  o f th e  com position  o f th e  complex w i l l  

r e q u ire  to  in c lu d e  one a l iq u o t  from each p h ase .

E xp .N o.12. I s o l a t i o n ,  p u r i f i c a t i o n  and a n a ly s is  o f th e  complex 

Two s e r i e s ,  each c o n ta in in g  a d i f f e r e n t  r a t i o  o f f ru c to s e  

to  i ro n  w ere used to  determ ine th e  e f f e c t  o f th e  i n i t i a l  sugar 

c o n c e n tra tio n  on th e  u l t i n a t e  a n a ly t ic a l  f ig u r e s  p ro cu red . The 

p ro ced u re  used f o r  i s o l a t i o n ,  p u r i f i c a t i o n  and a n a ly s is  was th e  

same f o r  each p hase  sample.

A liq u o ts  o f  0 .02  M olar f e r r i c  c h lo r id e  w ere added to  

Y/eighed amounts o f f r u c to s e  to  g iv e  th r e e  sam ples w ith  a 1 ;1 , 

and th r e e  v /ith  a  10:1 f ru c to s e  to  iro n  molar r a t i o .  One sample 

of each s e r i e s  was a d ju s te d  to  pH 4 .0 ,  and m ain tained  a t  t h i s  

pH f o r  f iv e  m inutes to  ensu re  th a t  eq u ilib riu m  had been  reached . 

I n  a s im i la r  way, one sample o f each was a d ju s te d  to  pH 6 .2 ,

The rem ain ing  10:1 sample was a d ju s te d  to  pH 1 0 .0 , and th e  1:1 

sample to  pH 1 2 .0 , so th a t  b o th  s o lu t io n s  w ere c l e a r  o f 

p r e c i p i t a t e .  The r e s u l t a n t  s o lu tio n s  were po u red , w ith  

s t i r r i n g ,  in to  e th a n o l, and e th e r  added. The p r e c i p i t a t e s  

formed by  t h i s  tre a tm e n t w ere c o l le c te d  by  c e n t r i f u g a t io n ,  

washed th re e  tim es w ith  a 50 :50 e th a n o l/e th e r  m ix tu re , once 

vd-th anhydrous e th e r  and d r ie d ,  to  p ro v id e  d ry , brown powdered 

sam ples o f th e  s ix  t e s t  s o lu t io n s .  W ater was th en  added to  each 

sam ple, and o b se rv a tio n s  made (T able 9 ) . Measurement o f  th e  

pH o f th e  s o lu t io n s ,  o r su sp en sio n s , in d ic a te d  th a t  th e y  were
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v e ry  c lo se  to  th e  pH v a lu e s  a t  which th e y  had i n i t i a l l y  been  

p r e c ip i ta te d ,

No. Sample
B ehaviour o f i s o la te d  and 
p u r i f ie d  sam ples on a d d it io n  
o f  w a te r

1 1:1 pH 4 No re d is s o lv in g

2 1:1 pH 6 .2 No re d is s o lv in g

3 1:1 pH 12 R ed isso lved  im m ediately

4 : 10:1 pH 4 R ed isso lv ed  im m ediately

3 |10 i 1 pH 6 .2 No re d is s o lv in g
I
I R ed isso lv ed  im m ediately6 110:1 pH 10

T ab le  9.

The co n c lu sio n  nay b e  drawn from th e se  r e s u l t s  th a t  

s o lu t io n s  3 , 4  and 6 have re ta in e d  s u f f ic ie n t  f ru c to s e  to  perm it 

r e d is s o lv in g  a t  t h e i r  r e s p e c t iv e  pH v a lu e s .

A l l  sam ples w ere th e n  d is so lv e d  b y  ad justm en t to  pH 1 .4  

w ith  h y d ro c h lo r ic  a c id ,  so th a t  th e  co n te n t o f iro n  (G.M.3) 

and f ru c to s e  (G.M.6) in  each could  b e  determ ined . A f te r  

c a lc u la t io n  o f  th e  number o f m i l l i  moles o f  each su b stan ce  

p re s e n t  p e r  m l, th e  m olar r a t i o s  w ere worked o u t.

T ab le  10 summarises th e  r e s u l t s  o f two an a ly se s  c a r r ie d  

ou t by  th e  above p ro ced u re , e s s e n t i a l ly  s im i la r  r e s u l t s  b e in g  

prov ided  by  f u r th e r  r e p e t i t i o n .

The u lt im a te  r a t i o  o f f ru c to s e  to  i ro n  i s  c l e a r ly  

in flu e n c e d  by  th e  i n i t i a l  su g ar to  iro n  r a t i o ,  and by  th e  pH a t



1 s t I s o la t io n 2nd I s o la t io n

No, Sample
„ F ru c to se  
R a t l° I ro n

. .  F ru c to se  
R a tio  i rc>n

1 1:1 pH 4 1:11 1 :1 1 .8

2 1:1 pH 6 .2 1 :1 6 .5 1:13

3
, . . . .  . ...I

1:1 12 1 :4 1:3*5

4  j 10s1 pH 4 1 :4 1 :4 .6

5 I10:1 pH 6 .2 1 :4 1 :3 .86

10:1 pH 10 1 :2 .5  | 1 :2 .4

T a b le  10

w hich th e  complex was i s o la te d ,  A c lo s e r  a s s o c ia t io n  o f 

f r u c to s e  and iro n  e x i s t s  a t  h ig h e r  pH v a lu e s ,  in d ic a t in g  th a t  

th e  complex w i l l  b e  more s ta b le  under such c o n d itio n s . T h is  

f in d in g  p r e s e n ts  agreem ent w ith  th e  e le c tro p h o re t ic  d a ta  (Exp, 

N o,3) where i t  was found th a t  g r e a te r  m o b ility  o f  iro n  was 

e x h ib ite d  a t  h ig h e r  pH v a lu e s .

Comparison o f  th e  r e s u l t s  in  T ab le  9 and T ab le  10 

in d ic a te s  t h a t  a  f ru c to s e  to  iro n  r a t i o  o f as  l i t t l e  as 1 :4  i s  

s u f f i c i e n t  to  prom ote re d is s o lv in g  o f f e r r i c  hydroxide a t  

pH 4 ,0  ; pH 1 0 ,0 , and pH 1 2 ,0 . T hat i s ,  th a t  v e ry  l i t t l e  

f r u c to s e  i s  r e q u ir e !  to  r e t a i n  f e r r i c  hydrox ide  in  a so lu b le  

form a t  pH v a lu e s  where i t  would norm ally  b e  p r e c ip i ta te d .

A lthough Saltm an e t a l  (54) is o la te d  a  complex fro® a 

10:1 f ru c to s e  to  iro n  s o lu tio n  a t  pH 9«0, a n a ly s is  o f  which 

suggested  a 2 F ru c to se ; 2 I ro n  r e l a t io n s h ip ,  no such d e f in i t e
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s to ic h io m e tr ic  r e la t io n s h ip  was in d ic a te d  in  t h i s  s tu d y .

However, r e p e t i t i o n  o f th e  p ro ced u re  p rov ided  r e l a t i v e l y  

c o n s ta n t r e s u l t s ,  in d ic a t in g  th a t  th e  r a t i o s  found w ere n o t 

mere chance due to  incom plete  w ashing o f ,  o r  o c c lu s io n  i n ,  th e  

p r e c i p i t a t e .  The o n ly  f a c t  th a t  can b e  s ta te d  \7 ith  c e r t a in ty  

i s  th a t  f r u c to s e  i s  bound to  f e r r i c  hydroxide a t  pH v a lu e s  from 

4  to  12, in d ic a t in g  th a t  complex fo rm atio n  o ccu rs  o v er t h i s  

ra n g e .

The sam ples a d ju s te d  to  pH 6 ,2 ,  b e fo re  i s o l a t i o n ,  d id  

n o t r e d is s o lv e  on a d d i t io n  o f  w a te r . They d id ,  however, 

e x h ib i t  th e  p r o p e r t i e s  o f  f r u c to s e - i r o n  complexes on pH 

ad ju stm en t. F o r exam ple:-

The brown powder o b ta in ed  on i s o la t io n  o f  th e  10:1 

pH 6 ,2  sample was re d is s o lv e d  by  a d d it io n  o f d i l u t e  h y d ro c h lo ric  

a c id .  On subsequent a d d i tio n  o f a l k a l i ,  p r e c i p i t a t io n  d id  no t 

o ccu r u n t i l  pH 3 .2 ,  fo llow ed by  r e - s o lu t io n  o f th e  p r e c i p i t a t e  

a t  pH 12 ,0 ,

C le a r ly  th e n , th e  p re v io u s ly  no ted  b eh av io u r o f 

p r e c i p i t a t e s  shed a t  pH 6 ,2  from s o lu tio n s  a lre a d y  co n ta in in g  

su g a r , a s  compared to  s o lu tio n s  a d ju s te d  to  t h i s  pH p r io r  to  

su g ar a d d i t io n ,  i s  due to  th e  f a c t  th a t  th e  p r e c i p i t a t e  in  th e  

fo rm er does no t c o n s is t  o f p u re  f e r r i c  hyd ro x id e . I t  i s ,  in  

f a c t ,  an in t im a te  a s s o c ia t io n  o f f e r r i c  hydrox ide  and sugar. 

M oreover, th e  p ro p o rtio n  o f f ru c to s e  p re s e n t in  t h i s  p r e c i p i t a t e  

i s  fairly?- c o n s ta n t , each tim e th e  i s o la t io n  i s  re p e a te d . T h is
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te n d s  to  r u l e  o u t th e  p o s s i b i l i t y  th a t  sugar i s  p re s e n t  m erely 

a s  an  o c c lu s io n  in  th e  p r e c i p i t a t e ,

5 . F u r th e r  in v e s t ig a t io n  o f com plexing betw een su g ars  and 

m e ta ls  b y  a  t i t r a t i on te c h n ique.

A b r i e f  summary o f  th e  p r in c ip le s  on w hich t h i s  te ch n iq u e  

i s  b ased  i s  g iv en  h e re ,  a lth o u g h  a more d e ta i le d  account h as  

a lre a d y  appeared in  th e  t e x t ,  Y/hen com plexing ta k e s  p la c e  

betw een a m etal and an o rg a n ic  l ig a n d ,  w eakly bonded a c id ic  

p ro to n s  a re  r e le a s e d ,  r e s u l t in g  in  d ep re ss io n  o f  pH, a depressed  

t i t r a t i o n  cu rve  b e in g  o b ta in e d . The e x te n t o f t h i s  d e p re ss io n  

i s  a measure o f th e  s t a b i l i t y  o f th e  com plex, and b y  o b se rv a tio n  

o f th e  p o in t  a t  w hich d ivergence  from th e  norm al t i t r a t i o n  curve 

commences, th e  pH a t  w hich com plexing becomes e f f e c t iv e  may be 

d e term ined . T h is  f e a tu r e  i s  dem onstra ted  in  co n v en tio n a l 

complex fo rm atio n  w here a  lig a n d  combines w ith  a m etal io n , b u t  

no re fe re n c e  h a s  been found s ta t in g  th a t  a s im ila r  f e a tu re  i s  

dem onstrated  when th e  lig a n d  combines w ith  th e  m e ta ll ic  hydrox ide . 

D e sp ite  th e  f a c t  t h a t  th e  r e s u l t s  o f  th e  fo reg o in g  experim ents 

have in d ic a te d  th a t  complex fo rm atio n  ta k e s  p la c e  betw een th e  

sugar and th e  m e ta l l ic  h y d ro x id e , i t  was decided  to  conduct a 

number o f sh o r t experim ents to  in v e s t ig a te  th e  t i t r a t i o n  

b eh av io u r o f  th e  complex.

S o lu tio n s  s im i la r  to  those  used in  Exp,No,A w ere slow ly  

t i t r a t e d  w ith  sodium hydrox ide  d e liv e re d  a t  a  co n s ta n t r a t e  from
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an a c c u ra te  sy r in g e  mounted in  a  motor d r iv e n  m icrom eter assem bly. 

T h is  enabled slow and a c c u ra te  a d d i t io n  o f a l k a l i  to  b e  made, and 

th e  q u a n t i ty  added cou ld  be m easured. By changing th e  r a t e  o f  

tu r n  o f  th e  m icrom eter, th e  r a t e  o f  a l k a l i  a d d i t io n  cou ld  b e  

a l t e r e d  i f  d e s ire d . The pH was reco rd ed  on a moving c h a r t  

in s tru m e n t, th e  g raph  produced re p re s e n t in g  pH on one a x i s ,  and 

volume o f  a l k a l i  added on th e  o th e r .  S in ce  th e  sy rin g e  h e ld  

o n ly  0 ,5  mis o f  a l k a l i ,  i t  was n e c e ssa ry  to  use 5 Normal sodium 

hydrox ide  to  avo id  i r r e g u l a r i t i e s  in  th e  t i t r a t i o n s .  By 

a d ju s t in g  th e  r a t e  o f  a l k a l i  a d d i t io n  to  22 m ic r o l i t r e s  p e r  m inute 

and s t i r r i n g  r a p id ly ,  smooth, e n t i r e ly  re p ro d u c ib le ,  cu rves w ere 

o b ta in e d ,

Exp,N o,l3» T i t r a t i o n  o f f e r r i c  c h lo r id e  and f r u c to s e ,  a lo n e  and 

mixed.

25 ml a l iq u o ts  o f  0,02 M olar f e r r i c  c h lo r id e  w ith  f ru c to s e  

added to  g iv e  th e  d e s ir e d  r a t i o  o f sugar to  iro n  w ere u sed , s e v e ra l 

t i t r a t i o n s  b e in g  c a r r ie d  ou t to  ensure r e p r o d u c ib i l i ty .

P ig .  10 shows th e  cu rv es  o b ta in ed  f o r  f e r r i c  c h lo r id e  

a lo n e , f r u c to s e  a lo n e , and f e r r i c  c h lo r id e  and f ru c to s e  mixed to  

g iv e  a f ru c to s e  to  iro n  r a t i o  o f  2 0 :1 . The t i t r a t i o n  cu rve o f 

mixed f ru c to s e  and iro n  i s  depressed  below  th a t  o f e i th e r  o f  th e  

two e n t i t i e s  when t i t r a t e d  s e p a ra te ly ,  d em o n stra tin g , th e r e f o r e ,  

th a t  com plexing, o f a s o r t  accompanied b y  p ro to n  r e le a s e ,  has 

tak en  p la c e .



I-pH

12 -

11«

10-

0.1
mis o f  Sodium H ydroxide

Comparison o f t i t r a t i o n  cu rves

Curve A -  F ru c to se  a lone  ( a t  th e  same
c o n c e n tra tio n  as in  C)

Curve B -  F e r r ic  c h lo r id e  alone

Curve C -  F e r r ic  c h lo r id e  p lu s  f ru c to s e  
( f ru c to s e :  i ro n  2 0 : l )

F ig u re  10
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Comments upon th e  f e r r i c  c h lo r id e  t i t r a t i o n  cu rv e .

The long  s t r a i g h t  p o r t io n  o f  th e  cu rve  co rresponds to  

th e  t i t r a t i o n  o f th e  f r e e  a c id  p r e s e n t .  P r e c ip i t a t io n  commenced 

a t  pH 2 ,7 ,  fo llow ed "by a r a p id  in c re a s e  in  pH.

Comm ents upon th e  f e r r i c  ch lo r id e / f r u c to s e  t i t r a t i o n  cu rv e .

T h is  e x h ib ite d  th e  same f e a tu r e s  a s  th e  f e r r i c  c h lo r id e  

cu rve  up to  pH 3 .5 ,  due ag a in  to  t i t r a t i o n  o f  th e  f r e e  a c id ,  and 

showed no ev idence o f  complex fo rm a tio n . Above pH 3*5 how ever, 

th e  cu rve  d iv e rg ed  from th e  f e r r i c  c h lo r id e  c u rv e , showing th a t  

a c id  was b e in g  produced . T h is  phenomenon was c o n s is te n t  w ith  a  

com plexing e f f e c t ,  Complexing con tinued  to  ta k e  p la c e  up to  th e  

l i m i t  o f  th e  t i t r a t i o n ,

A s im i la r  t i t r a t i o n  was conducted w ith  a  f ru c to s e  

to  i ro n  r a t i o  o f  10:1 (F ig .1 1 ) .  I n  t h i s  c a se , th e  curve f o r  

mixed iro n  and f r u c to s e ,  a lthough  e x h ib it in g  d iv e rg en ce  above 

pH 3*5, more c lo s e ly  resem bled th e  f e r r i c  c h lo r id e  cu rve th a n  d id  

th e  20:1 f ru c to s e  to  iro n  s o lu t io n .  As had been  p re v io u s ly  

dem onstra ted  (Exp.No.4) a, p r e c i p i t a t e  was shed a t  pH 3*6, and 

re d is s o lv e d  a t  pH 1 0 .0 , w ith  a  s o lu tio n  o f  t h i s  com position . 

I n s u f f i c i e n t  f r u c to s e  was p re s e n t  to  m ain ta in  a l l  th e  f e r r i c  

hydrox ide in  a  s o lu b le  form , so th a t  some of i t  had to  b e  shed 

from s o lu t io n .  C onsequently , th e  l e s s e r  q u a n ti ty  o f  complexed 

iro n  p re s e n t  produced th e  low er d e p re ss io n  o f  pH n o ted .

I t  c a r  b e  s ta te d  th a t  com plexing betw een f ru c to s e  and 

f e r r i c  iro n  occu rs  over th e  e n t i r e  pH range  above pH 3 .5 ,  a lthough
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C lea rs

P r e c ip i ta t e s

0T2 0T3
mis o f  sodium hydroxide

0 .4

Comparison o f  t i t r a t i o n  cu rves

Curve A -  F ru c to se  a lone ( a t  the  same c o n c e n tra tio n
a s  in  C)

Curve B -  F e r r ic  c h lo r id e  alone

Curve C -  F e r r ic  c h lo r id e  p lu s  f ru c to s e  ( f ru c to s e :  
i ro n  1 0 :l )

Figure 11
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w ith  low er r a t i o s  o f  f r u c to s e  to  iro n  th e  r e l a t i v e  s t a b i l i t y  o f 

th e  complex i s  f a i r l y  low.

In  some p re lim in a ry  experim ents j e s s e n t i a l l y  th e  same 

r e s u l t s  w ere o b ta in ed  when t i t r a t i o n s  w ere c a r r ie d  o u t u s in g  

g lu c o se  a s  th e  su g ar,

Exp.N o.14. A d d itio n  of f r u c to s e  a f t e r  p r e c i p i t a t io n  o f  f e r r i c  

h y d rox ide .

A lthough Exp.No. 7 in d ic a te d  th a t  f r u c to s e  does no t 

prom ote th e  re d is s o lv in g  o f  f e r r i c  hydrox ide  i f  added a f t e r  

p r e c i p i t a t i o n ,  t h i s  t i t r a t i o n  tech n iq u e  could  p ro v id e  in fo rm atio n  

a s  to  w hether any com plexing betw een f ru c to s e  and f e r r i c  

hydrox ide  ta k e s  p la c e ,  a s  opposed to  a c tu a l  r e d is s o lv in g .

A liq u o ts  o f  f e r r i c  hydrox ide  w ere ta k en  a s  b e fo re  and 

t i t r a t e d  w ith  sodium hyd ro x id e . F ru c to s e , to  p ro v id e  a  r a t i o  o f 

20:1 was th e n  added a t  v a r io u s  p o in ts  d u rin g  th e  t i t r a t i o n .

(F ig . 12), When f ru c to s e  was added a t  pH 1 1 ,0 , a sudden pH 

drop o c c u rre d , th e  t i t r a t i o n  cu rve th e r e a f t e r  fo llo w in g  th e  

same course  a s  th e  curve o b ta in ed  when f ru c to s e  was p re s e n t 

b e fo re  pH ad ju stm en t ( F ig .10)* When f ru c to s e  was added a t  

pH 8 .0  th e  pH stopped in c re a s in g  and th e r e a f t e r  fo llow ed  th e  

same co u rse  a s  t h a t  no ted  f o r  th e  pH 11.0  a d d i t io n .

I n  b o th  c a s e s ,  th e r e f o r e ,  r e le a s e  o f  a c id ic  p ro to n s  

im m ediately  upon f ru c to s e  a d d itio n  was c l e a r ly  dem onstra ted , and 

th e  e x te n t o f th e  pH d ep re ss io n  was e q u iv a le n t to  th a t  p re v io u s ly  

no ted  (Exp.N o,13 ). T h is  in d ic a te d  th a t  complexing betw een
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f r u c to s e  and p r e c ip i ta te d  f e r r i c  hyd rox ide  d o e s , in  f a c t ,  o c c u r, 

a lth o u g h  no im m ediate d is s o lv in g  a c t io n  ta k e s  p la c e .  T hat i t  

i s  e a s ie r  to  p re v e n t a p r e c i p i t a t e , th a n  to  r e d is s o lv e  i t , “by 

com plexing ag en ts  h as  been  no ted  b y  o th e r s ,  f o r  example Smith ( 84 ) .

The p re v io u s  experim ent dem onstrated  t h a t  d ivergence  from 

th e  norm al t i t r a t i o n  curve d id  no t occur u n t i l  a pH v a lu e  a t  

w hich iro n  would norm ally  b e  p re s e n t  a s  i t s  h y d ro x id e . I t  

th e re f o r e  a p p e a rs , f rgn  th e s e  l a s t  ex perim en ts, th a t  com plexing 

does n o t ta k e  p la c e  betw een su g ar and th e  f e r r i c  io n ,  b u t  betw een 

sugar and f e r r i c  hyd rox ide ,

E xp .N o.15. T i t r a t i o n  o f  magnesium c h lo r id e  and f r u c to s e ,  

a lo n e  and mixed.

U sing magnesium, c h lo r id e  e x a c tly  th e  same p ro ced u re  was 

c a r r i e d  o u t. The r e s u l t s  o b ta in ed  (P lg .1 3 ) dem onstrated  th a t  

d e p re ss io n  o f  pH o c c u rre d , a lth o u g h  no t to  such a  g re a t  e x te n t 

a s  w ith  i r o n .  T h is  e f f e c t  was e x h ib ite d  a t  pH v a lu e s  above 7*0 

in d ic a t in g  th a t  complex fo rm atio n  o ccu rs  above t h i s  p o in t ,

E xp.N o,16, A ttem pted t i t r a t i o n  o f fe r ro u s  su lp h a te .

I t  would have been  o f  i n t e r e s t  to  o b ta in  s im i la r  d a ta  f o r  

f e r ro u s  i r o n ,  b u t due to  th e  r a p id i ty  w ith  w hich o x id a tio n  took  

p la c e ,  t h i s  proved im p o ss ib le .

6. Summary.

The fo reg o in g  experim ents have p rov ided  a c o n s id e ra b le  

q u a n ti ty  o f in fo rm a tio n  re g a rd in g  th e  fo rm atio n  o f complexes

betw een su g ars  and m e ta ls . Exam ination of p r e c ip i ta t io n
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( f r u c to s e :  magnesium 2 0 :l )

F ig u re  15



i n h i b i t i o n  dem onstrated  th a t  th e  most e f f e c t iv e  sim ple sugar 

was f r u c to s e ,  a lth o u g h  f ru c to s a n  was around s ix  tim es  more 

pow erfu l a s  a  com plexing ag en t. I n  a d d i t io n ,  i t  was shown th a t  

p r e c i p i t a t i o n  in h ib i t io n  was e f fe c te d  by v e ry  sm all amounts o f 

s u g a r , s in c e  th e  g r e a te s t  in d iv id u a l  in c re a s e  in  th e  pH a t  which 

p r e c i p i t a t i o n  o ccu rred  was observed  w ith  th e  f i r s t  sm all 

increm en t o f su g a r. T h is  s e r i e s  o f experim ents a lso  in d ic a te d ,  

a s  su g g est e l  b y  th e  e le c tro p h o re t ic  d a ta ,  th a t  com plexing 

o ccu rred  ov er a v e ry  wide pH ran g e . T h is  was confirm ed by  

a n a ly s i s  o f  th e  i s o la te d  complex, w here an i s o la b le  complex was 

found to  e x is t  a t  pH 4 ,0 ;  pH 6 ,2  ; pH 10,0 and pH 12 ,0 , 

A d d itio n a l in fo rm a tio n  was a lso  su p p lie d  by  th e  t i t r a t i o n  

ex p erim en ts , which dem onstra ted  t h a t  com plexing occu rred  from 

pH 3 ,5  upwards.

A lthough th e  p r e c i p i t a t e  shed a t  pH 6 ,2  when sugar was 

p re s e n t  cou ld  b e  re d is s o lv e d  e i th e r  by  pH ad justm en t in to  th e  

a lk a l in e  o r  a c id  ra n g e ,  such an e f f e c t  was no t dem onstrated  when 

sugar a d d i t io n s  were made subsequent to  pH ad ju stm en t. A n a ly s is  

o f th e  p r e c i p i t a t e  shed in  th e  p re sen ce  o f  f r u c to s e ,  in d ic a te d  

th a t  i t  c o n s is te d , no t o f p u re  f e r r i c  h y d ro x id e , b u t  o f  f ru c to s e  

and i r o n ,  presum ably f e r r i c  h y d ro x id e , in  c lo se  a s s o c ia t io n ,  

th e re b y  e x p la in in g  th e  d if f e re n c e  in  b eh av io u r. However, i t  was 

l a t e r  shown (Exp.No, 14) th a t  a lthough  no re d is s o lv in g  e f f e c t  was 

ob serv ed , complexing betw een f ru c to s e  and p r e c ip i ta te d  f e r r i c  

hydrox ide  d id  occu r,
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The r e s u l t s  o f th e  t i t r a t i o n  experim ents in d ic a te d  th a t  

complex fo rm atio n  was o n ly  apparen t a t  pH v a lu e s  where iro n  

would h e  in  th e  form o f  i t s  h y d ro x id e , su g g es tin g  th a t  complex 

fo rm a tio n  o ccu rred  betw een su g ar and th e  h y d ro x id e , r a th e r  than  

betw een su g ar and th e  f e r r i c  io n . T h is  f a c t  h a s  been in d ic a te d  

by  a l l  th e  r e s u l t s ,  dem onstra tin g  a  c e r t a in  agreem ent w ith  th e  

r e s u l t s  o f  th e  e a r ly  w o rk e rs , a lth o u g h  th e  se v e re ly  a lk a l in e  

c o n d itio n s  b e lie v e d  to  b e  n ece ssa ry  f o r  complex fo rm atio n  a re  

no t re q u ir e d .  The o n ly  c o n t ra - in d ic a t io n  to  t h i s  was th e  

s p e c t r a l  change observed  on a d d itio n  o f sugar to  f e r r i c  c h lo r id e , 

which suggested  th a t  complex fo rm ation  cou ld  ta k e  p la c e  betw een 

sugar and f e r r i c  io n s ,  a t  low pH,

Complex fo rm atio n  betw een sug ars  and magnesium h a s  a lso  

been  dem onstra ted . A lthough t h i s  was o n ly  shown to  o ccu r a t  

h ig h  pH v a lu e s  by  th e  p r e c ip i t a t io n  in h ib i t io n  experim en t, th e  

t i t r a t i o n  d a ta  h as  shown th a t  com plexing i s  e f f e c t iv e  above 

pH 7 .0 ,  t h i s  b e in g  th e  pH a t  which d iv e rg en ce  in  th e  t i t r a t i o n  

cu rves to o k  p la c e .

7. D iscu ssio n .

A lthough r e l a t i v e l y  h igh  c o n c e n tra tio n s  o f  su g ar w ere 

re q u ire d  to  in h i b i t  th e  p r e c ip i t a t io n  o f  f e r r i c  hydrox ide over 

th e  e n t i r e  pH ra n g e , i t  h as  been shown th a t  sm all amounts o f 

sugar a re  cap ab le  o f e x h ib itin g  com plexing phenomena. I n  a 

c o n s id e ra tio n  o f s o i l  environm ents where la rg e  r a t i o s  o f  sugar to  

i r o n  w o u ld  not b e  f o u n d ,  t h i s  may b e  s i g n i f i c a n t ,  i n  t h a t  s m a l l
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q u a n t i t i e s  o f  su g ar may a c t  to  keep i r o n  in  a  so lu b le  form , 

w hereas n o rm ally , p r e c i p i t a t io n  would o ccu r, A s im ila r  

phenomenon may b e  e x h ib ite d  b y  f ru c to s a n ,  w hich i s  found in  th e  

s o i l  (6*1, 105) and h as  been shown to  b e  a  more pow erfu l 

com plexing agen t th a n  any sugar t e s t e d .

A lthough th e  a c t io n  o f  sug ars  on p r e c i p i t a t e s  o f  f e r r i c  

h yd rox ide  d id  n o t r e s u l t  in  any im m ediate d is s o lv in g  e f f e c t ,  th e  

f a c t  t h a t  complexing a c tu a l ly  o ccu rs  betw een th e se  e n t i t i e s  may 

in d ic a te  some lo n g -te rm  d is s o lv in g  a c t io n .  T h is , o f  c o u rse , 

would b e  th e  ty p e  o f  c o n d itio n s  found in  th e  s o i l ,  w here a slow 

c o n tin u a l  p assage  o f c a rb o h y d ra te s  down th e  p r o f i l e  cou ld  have 

a pronounced e f f e c t  on th e  t r a n s lo c a t io n  o f  iro n .  Some 

p re lim in a ry  experim ents to  t e s t  t h i s  p o s s i b i l i t y  w i l l  b e  

d e sc rib e d  in  S e c tio n  I I .  As th e  r e s u l t s  have in d ic a te d ,  any 

d is s o lv in g  e f f e c t  a t  pH 6 .2  w i l l  be m inim al, so th a t  experim ents 

w i l l  r e q u ir e  to  b e  conducted above and below  t h i s  v a lu e ,

U n fo rtu n a te ly  no r e s u l t s  have been  o b ta in ed  f o r  f e r ro u s  

i r o n ,  and t h i s  form o f iro n  may w e ll b e  more im portan t th a n  th e  

h ig h e r  v a le n c y  form . Many s o i l s  which e x h ib it  s p e c ta c u la r  i r o n  

t r a n s lo c a t io n  f e a tu r e s  c o n ta in  a h ig h  p ro p o r tio n  o f t h e i r  iro n  

in  th e  f e r ro u s  form , due to  w a te rlo g g in g  and th e  accompanying 

an ae ro b ic  c o n d itio n s . Some s tu d ie s  o f th e  e f f e c t  o f su g a rs  

on th e  r e d is s o lv in g  o f f e r ro u s  iro n  w i l l  th e re fo re  b e  d esc rib ed  

l a t e r  (S e c tio n  I I ) .



From th e  p o in t  o f  view  o f  th e  e f f e c t  o f  su g a rs  on th e  

m in e ra l in ta k e  o f  a n im a ls , i t  seems u n l ik e ly  th a t  some e f f e c t  

w i l l  n o t h e  e x h ib ite d . H erb iv o res  in g e s t  la rg e  q u a n t i t i e s  o f 

c a rb o h y d ra te s , e s p e c ia l ly  f ru c to s a n ,  so th a t  v e ry  h ig h  r a t i o s  o f 

sugar to  m etal w i l l  b e  p re v a le n t  in  th e  i n t e s t i n e .  I t  h a s  

indeed  been  shown th a t  h ig h  su g ar to  m etal r a t i o s  have a 

pronounced e f f e c t  on th e  behav iou r o f b o th  iro n  and magnesium. 

T hat e f f e c t s  s im i la r  to  th o se  d e ta i le d  above w i l l  b e  e x h ib ite d  

d u ring  d ie t a r y  p ro c e sse s  th e re fo re  seems l i k e l y ,  s in c e  

com plexing w ith  magnesium h as  been shown to  occu r a t  pH v a lu e s  

above 7*0, w ith  s im ila r  s l i g h t l y  a lk a l in e  c o n d itio n s  p re s e n t  in  

th e  sm all i n t e s t i n e ,  w here magnesium a b so rp tio n  ta k e s  p la c e .



SECTIC® II



S e c t io n  X I, Exam ination  o f th e  c a p a c ity  o f su g ars  to  promote 

th e  s o lu tio n  o f  v a r io u s  w a te r - in s o lu b le  compounds.

1. In tro d u c t io n

The a b i l i t y  o f su g a rs  to  form complexes w ith  m e ta ls  under 

c o n d itio n s  no rm ally  found in  n a tu ra l  env ironm ents, in d ic a te s  th a t  

su g ars  may p la y  a  h i th e r to  u n ap p rec ia ted  r o le  in  n a tu ra l  p ro c e sse s . 

I t  i s  proposed to  examine h e re  th e  p o s s i b i l i t y  th a t  su g ars  p re se n t 

in  th e  s o i l  may have a  s o lu b i l i s in g  a c t io n  on some o f  th e  w a te r-  

in s o lu b le  components o f s o i l s .  S p e c ia l  em phasis i s  ag a in  p laced  

on i ro n  compounds, a s  th e re  a re  a number of in t e r e s t in g  s o i l  

f e a tu r e s  in  which iro n  f ig u r e s  p ro m in en tly .

T h is  in t ro d u c to ry  su b se c tio n  w i l l  b e  devoted to  a b r i e f  

d e s c r ip t io n  o f th e se  f e a tu r e s  o f i n t e r e s t ,  and an account o f 

p re v io u s  r e s e a rc h  to  de term ine th e  p ro c e s se s  which le a d  to  th e  

fo rm atio n  o f such f e a tu r e s .  F or su g ars  to  e x h ib it  any 

pronounced d is s o lv in g  e f f e c t  in  s o i l s  th e y  must b e  p re s e n t  in  

adequa te  c o n c e n tra tio n . Thus an account o f th e  le v e l  o f

ca rb o h y d ra te  m a te r ia l  in  s o i l s  i s  a lso  in c lu d ed .

The main m orphological f e a tu r e s  o f i n t e r e s t  p e r ta in in g  to  

s o i l  i ro n  a re  c h a r a c t e r i s t i c a l l y  a s s o c ia te d  w ith  p oo r d ra in a g e  

c o n d it io n s ,  o f te n  r e s u l t in g  in  w ate rlo g g in g  o r  in te r m i t te n t  

w ate rlo g g in g  o f s o i l s .  These in  tu r n  r e s u l t  in  re d u c in g , o r

a l te r n a t in g  red u c in g  and o x id is in g  c o n d itio n s  in  th e  upper h o rizo n s

of th e  s o i l ,  Crompton (85) has shown th a t  p o d zo lic  s o i l s ,  th in  

iro n -p a n  s o i l s ,  and g lc y  s o i l s  can a l l  b e  a s so c ia te d  w ith  such
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c o n d i t io n s ,  th e  f a c to r s  d e term in ing  th e  ty p e  o f  s o i l  being  th e  

s e v e r i ty  o f  th e  poor d ra in a g e , and th e  topography  o f th e  

r e g io n . Common to  a l l  th r e e  s o i l  ty p e s  i s  evidence o f ex ten siv e  

m o b il is a t io n  and t r a n s lo c a t io n  o f iro n  under reducing  c o n d itio n s , 

w ith  subsequen t r e d e p o s it io n  w here more o x id is in g  c o n d itio n s  

p r e v a i l .  Thus a l l  s o i l s  e x h ib it  ev idence o f  c o n s id e ra b le  

m in e ra l lo s s  in  th e  upper h o r iz o n s , w ith  ty p ic a l  r e d e p o s it io n  

f e a tu r e s  a t  a low er le v e l .

The view th a t  t r a n s lo c a t io n  o f  sc sq u io x id e s  o ccu rred  in  

th e  form o f complex o rg a n ic  compounds was f i r s t  proposed by  

Jones and W ilcox (8 6 ) . They p o s tu la te d  t h a t  hydroxy a c id s  a re  

re s p o n s ib le  f o r  th e  s o lu b i l i s a t i o n  o f th e  f r e e  ox id es  o f  iro n  

and alum inium , which a re  th en  tra n s p o r te d  a s  complexes and 

f i n a l l y  p r e c ip i ta te d  as  b a s ic  s a l t s ,  G a llag h er and Walsh (87) 

and H alvorson and S ta rk e y  (88) reached  s im ila r  co n c lu s io n s , 

th e  l a t t e r  u s in g  ferm ented  sugar a s  th e  i ro n  d is s o lv in g  a g e n t, 

and su g g es tin g  th a t  r e p r e c ip i t a t io n  occurred  due to  b a c t e r i a l  

a s s im i la t io n  o f th e  lig a n d ,

B loom field  examined th e  a b i l i t y  o f a number o f o rg an ic  

a g e n ts  to  d is s o lv e  in s o lu b le  o x id e s  o f iro n  and aluminium. H is 

work in c lu d ed  a s tu d y  o f  ferm ented and com plete ly  s t e r i l i s e d  

g ra s s  e x t r a c ts  (89) w here, a f t e r  10 d ay s, some 60 mgs o f  iro n  

w ere d is so lv e d  p e r  l i t r e  o f e x tra c t  b y  th e  fo rm e r, and 8 mgs p e r  

l i t r e  b y  th e  l a t t e r .  Much o f th e  iro n  e x tra c te d  became



red u ce d , and c o n s id e ra b le  f ix a t io n  o f  th e  d is s o lv e d  iro n  on 

f e r r i c  o x id e  o c c u rre d , w ith  subsequent o x id a tio n . These 

f in d in g s  w ere d isc u sse d  w ith  re s p e c t  to  th e  g ley in g  p ro c e s s ,  

where in  in t e r m i t t e n t ly  w aterlogged  s o i l s  th e  su rfa c e s  o f 

s t r u c t u r a l  elem ents become b leach ed  due to  th e  d ra in ag e  w a te r 

c a rry in g  p la n t  decom position  p ro d u c ts . The a re a  o f iro n  

enrichm ent alw ays found below such a h o rizo n  was thought to  be  

due to  f ix a t io n  and o x id a tio n  a s  above.

S im ila r  in v e s t ig a t io n s  w ere c a r r ie d  ou t u s ing  w a te r  

e x t r a c ts  from S c o ts  p in e  n e e d le s  (9 0 ); K auri le a v e s  and 

b a rk  (9 1 ) ; Rimu le a v e s  (9 2 ); L arch  le a v e s  (9 3 ) ,  and Aspen and 

Asti le a v e s  (94)* A ll  e x t r a c t s  w ere t r e a te d  w ith  to lu e n e  to  

s to p  b a c t e r i a l  a c t io n ,  and a l l  d is so lv e d  c o n s id e ra b le  q u a n t i t i e s  

o f iro n  and aluminium. The amount e x tra c te d  was g r e a te r  under 

an ae ro b ic  c o n d itio n s  than  when oxygen was p r e s e n t .  S im i la r ly ,  

l e s s  iro n  was d is so lv e d  a t  pH 7 .0  than  a t  low er pH v a lu e s . 

However, th e  q u a n t i ty  d is so lv e d  under a e ro b ic  and n e u t ra l  

c o n d itio n s  was s t i l l  c o n s id e ra b le . I n  a d d i t io n ,  B loom field  

found (95) th a t  th e se  iro n  s o lu tio n s  were s tro n g ly  adsorbed 

onto  f e r r i c  ox id e ; th e  g r e a te r  th e  q u a n t i ty  of t h i s  p r e s e n t ,  

th e  more r a p id  th e  d e c re a se  o f iro n  in  s o lu t io n .  A dsorp tion  

a lso  o ccu rred  on aluminium o x id e , k a o lin  and s l i g h t l y  on s i l i c a ,  

B loom field  has th e re fo r e  dem onstrated  a p o s s ib le  mechanism 

f o r  th e  le a c h in g  o f h o rizo n s  under p o o rly  d ra in ed  c o n d itio n s ,  and



a ls o  f o r  th e  re d e p o s it io n  o f iro n  and aluminium a t  a low er 

l e v e l .  O ther w orkers have conducted s im i la r  experim ents 

u s in g  g ra s s  and l e a f  e x t r a c t s  ( 96 , 97, 98, 9 9 ), a l l  showing 

h ig h  s o lu b i l i s a t i o n  o f i ro n .

The d isad v an tag e  of th e s e  experim ents i s  th a t  no a ttem p t 

h as  been  made to  determ ine th e  e n t i t y  in  th e  e x t r a c ts  which was 

r e s p o n s ib le  f o r  th e  d is s o lv in g  a c t io n . W ater e x t r a c ts  from 

le a v e s  w i l l  c o n ta in  a  w ide range  o f  compounds, and any one o f 

th e s e  co u ld  b e  re s p o n s ib le  f o r  th e  phenomenon. However, one 

o f  th e  most im portan t w a te r  so lu b le  c o n s t i tu e n ts  o f p l a n t s ,  

e s p e c ia l ly  g r a s s e s ,  a re  ca rb o h y d ra te  m a te r ia ls ,  b o th  monomeric 

and polym eric* Such su b stan ces  would th e re fo re  b e  p re s e n t in  

th e  w a te r  e x t r a c ts  u sed , and where c a re  was ta k en  to  i n h i b i t  

t h e i r  breakdown by  b a c t e r i a ,  th e y  would b e  p re s e n t in  t h e i r  

o r ig in a l  form . T hat p a r t  o f th e  e f f e c t  observed in  th e se  

experim en ts might be  due to  th e  a c t io n  o f ca rb o h y d ra te  m a te r ia l  

iB, th e r e f o r e ,  no t u n l ik e ly .

R ep o rts  have shown th a t  s o i l  ca rb o h y d ra te  le v e ls  a re  

h ig h e r  th a n  m y  b e  a t  f i r s t  supposed. A cton (100) re p o rte d  

le v e ls  o f  from 10 to  15 p e r  cen t o f s o i l  o rg an ic  m a tte r ,  and 

Gupta (101) le v e ls  o f 12 ,6  to  16.1 p e r  c e n t .  P a rso n s and 

T in s le y  ( 63 ) re p o rte d  th a t  ca rb o h y d ra tes  make up a t  l e a s t  10 p e r  

cen t o f s o i l  o rg an ic  m a tte r ,  r i s in g  t o  as  h ig h  as  25 p e r  c e n t in  

meadow s o i l s .  I t  i s  g e n e ra l ly  accep ted  th a t  th e  p ro p o r tio n  o f 

c a r b o h y d r a t e s  i n  s o i l  o r g a n i c  m atte r in c re a s e s  a s  th e  o rg an ic

85.



m a tte r  c o n te n t o f  th e  s o i l  r i s e s  (6 2 ) , I n  a d d i t io n  to  th e  

p re sen ce  o f  m onosaccharides in  th e  s o i l  (1 0 2 ), v a r io u s  w orkers 

have found c o n s id e ra b le  q u a n t i t i e s  o f  p o ly sa c c h a rid e s  in  s o i l s  

o f h ig h  o rg a n ic  m a tte r  co n ten t (103 , 104)* Such p o ly sa c c h a r id e s  

have in c lu d ed  le v a n s  (6 1 , 105), s im ila r  in  s t r u c tu r e  to  th e  

f ru c to s a n s  o f  g ra s s e s .

The main p rim ary  source  of s o i l  c a rb o h y d ra te  m a tte r  i s  

p la n t  m a te r ia l ,  o f which ca rb o h y d ra tes  com prise more th an  50 p e r  

cen t o f  th e  d ry  m a tte r . M icro-organism s a re  b e lie v e d  to  a c t  on 

t h i s  p rim ary  ca rb o h y d ra te  m a te r ia l ,  th e re b y  s y n th e s is in g  th e  

m ajor p a r t  o f  th e  s o i l  carb o h y d ra te  found in  an a e ra te d  s o i l  

(106 , 107, 108), However, N ykv ist (109) h as  re p o r te d  th a t  when 

w a te r  so lu b le  o rg an ic  su b stan ces  from le a f  and l i t t e r  a re  leached  

in to  th e  s o i l ,  su g a rs  c o n s t i tu te  a f a i r  p ro p o rtio n  o f  th e  

m a te r ia l ,  and th a t  t h e i r  breakdown i s  decreased  w ith  la c k  o f 

a e r a t io n .  In  a d d i t io n ,  Kornev (110) h as  re p o r te d  th a t  th e  

p ro cess  o f  breakdown o f  p o ly sa c c h a rid e s  and o th e r  ca rb o h y d ra tes  

d e c re a se s  w ith  d ep th , A f u r th e r  re fe re n c e  to  f a c to r s  which 

in f lu e n c e  th e  b a c t e r i a l  breakdown o f ca rb o h y d ra tes  was g iven  by  

M artin  e t  a l  (111) who re p o r te d  th a t  breakdown d ecreased  when 

th e s e  compounds w ere a s s o c ia te d  w ith  in o rg a n ic  io n s .

S o i l  carb o h y d ra te  i s ,  th e r e f o r e ,  a m ixture o f  p rim ary  

ca rb o h y d ra te  and b a c t e r i a l l y  sy n th es ised  ca rb o h y d ra te , th e  

p ro p o r tio n s  o f each v ary in g  w ith  th e  c o n d itio n s  p re v a le n t in  th e  

s o i l .
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As w ith  th e  g ra s s  and l e a f  le a c h a te s ,  s o i l  f u lv ic  and 

humic a c id s ,  w hich com prise o v e r 50 p e r  cen t o f  s o i l  o rg an ic  

m a tte r  (6 2 ) ,  have been  shown to  p o sse ss  c o n s id e ra b le  complexing 

a b i l i t y ,  and to  b e  capab le  o f iro n  m o b ilis a t io n  (112 , 113? 114)* 

A l l  r e p o r ts  ag ree  th a t  f u lv ic  a c id s  a r e  more e f f e c t iv e  th an  

humic a c id s  in  e x e r tin g  t h i s  e f f e c t .  I n  a d d i t io n ,  D uchaufour 

( 113) r e p o r ts  th a t  m obile i r o n - f u lv ic  a c id  complexes a re  

abundant in  th e  B h o rizo n s  o f  p o d zo ls .

F u lv ic  a c id s  a re  a complex m ixture o f compounds and th e  

r e p o r ts  l i s t e d  above made no a ttem pt to  i s o l a t e  th e  e n t i t y  o r  

e n t i t i e s  re s p o n s ib le  f o r  th e  d is s o lv in g  a c t io n .  However, more 

re c e n t r e p o r ts  have dem onstrated  th a t  humic and f u lv ic  a c id s  

c o n ta in  a f a i r  p ro p o r tio n  o f p o ly sa c c h a r id e  m a te r ia l  ( 115) .  

V alues o f ov er 5 ,5  p e r  cen t have been o b ta in ed  fo r  f u lv ic  a c id s ,  

w hich c o n ta in  a  h ig h e r  p ro p o r tio n  of ca rb o h y d ra tes  th a n  humic 

a c id s  (1 1 6 ), T h is  in  i t s e l f  dem onstra tes  a c o r r e la t io n  

betw een e f fe c t iv e n e s s  a s  a  complexing agen t and co n ten t o f 

c a rb o h y d ra te , A number of r e p o r ts  p u b lish ed  by  F lo rja n c z y k  

in  1965 (117 , 118, 119) a re  o f  i n t e r e s t  to  t h i s  s tu d y . He 

sep a ra ted  s o -c a lle d  f u lv ic  a c id s  on a s tro n g ly  b a s ic  an ion  

exchanger, and found f e r r ic -g lu c o s e  compounds com prising an 

in t e g r a l  p a r t  o f t h i s  s o i l  o rg an ic  m a tte r  f r a c t io n .  They 

c o n s is te d  o f  f e r r ic - ^ p o ly g lu c o s e  c h e la te  r in g s ,  and w ere found 

o n ly  in  th e  accum ulation  h o rizo n  o f  f o r e s t  p o d zo ls . A lso found 

was what was thought to  b e  aluminium bound to  g lu c o se , which was
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somewhat l e s s  s ta b le  th a n  th e  co rrespond ing  f e r r i c  complex, 

and was found b o th  in  th e  b leach ed  and accum ula tion  h o riz o n s  

o f f o r e s t  p o d z o ls . T hese re c e n t r e p o r ts  r e p re s e n t  th e  f i r s t  

in s ta n c e s  o f su g a r-m e ta l complexes having  been  found i n ,  and 

i s o la te d  from , th e  s o i l s .  Thus th e  su g g e s tio n  th a t  

c a rb o h y d ra te s  may have a pronounced e f f e c t  on th e  m o b ilis a t io n  

o f  iro n  does n o t appear to  b e  a s  u n l ik e ly  as  may a t  f i r s t  be 

th o u g h t.

The t e x t  o f t h i s  s e c t io n  com prises an account o f th e  

in v e s t ig a t io n  o f  th e  d is s o lv in g  a c t io n  o f su g a rs  on magnesium 

o x id e , f e r r i c  h y d ro x id e , and fe r ro u s  h y d ro x id e , to g e th e r  w ith  

th e  f e r ro u s  c o n ta in in g  m in era ls  b i o t i t e ,  t r e n o l i t e  and s i d e r i t e .

2 . I n v e s t ig a t io n  o f th e  d is s o lv in g  a c t io n  o f  su g a rs  on 

magnesium o x id e .

Only a  b r i e f  n o te  on th e  a c t io n  o f su g a rs  on magnesium 

ox ide  w i l l  b e  given  h e r e ,  s in c e  th e  c o n d itio n s  used w ere r a th e r  

a lk a l in e .  One f e a tu r e  dem onstrated  by  th e  experim ent w as, 

how ever, o f  i n t e r e s t .  A f te r  shak ing  1 gram a l iq u o ts  o f 

powdered /m a la r  magnesium ox ide  w ith  25 mis o f  1 p e r  cen t f ru c to s e  

and 25 mis o f  w a te r r e s p e c t iv e ly  f o r  24  h o u rs , l i t t l e  in c re a s e  in  

th e  q u a n t i ty  o f  magnesium d is so lv e d  was n o ted ; b e in g  8 .2  mgs 

in  th e  form er and 3 .2  mgs in  th e  l a t t e r ,  b o th  a t  pH 10 .0 .

Hoy/ e v e r , th e  p h y s ic a l appearance o f  th e  rem ain ing  s o l id s  d i f f e r e d  

m arkedly in  each c a se . The s o l id  in  th e  v /a ter b la n k  s t i l l  

re ta in e d  i t s  o r ig in a l  appearance , b u t chat in  th e  1 p e r  cen t



f ru c to s e  appeared  to  p o sse ss  a g r e a te r  volum e, was s l i g h t ly  

yellow  in  c o lo u r ,  and was s l ip p e r y ,  alm ost g e la t in o u s ,  to  th e  

touch .

F ru c to se  d e te rm in a tio n s  (G.M.6) c a r r ie d  o u t on th e  

s u p e rn a ta n t,  and o rg a n ic  carbon d e te rm in a tio n s  (G-.M.7) on th e  

s o l i d ,  re v e a le d  th a t  two th i r d s  o f th e  f ru c to s e  p re s e n t was 

t i g h t l y  bound to  th e  magnesium o x id e , d e s p i te  extended washing 

w ith  w a te r . T h is  in d ic a te d  th a t  r a th e r  than  d is s o lv in g  

th e  magnesium o x id e , th e  f ru c to s e  had been  s tro n g ly  adsorbed 

on to  th e  powder, p ro b ab ly  due to  th e  f a c t  th a t  too  g r e a t  an 

excess o f  magnesium ox ide  over f r u c to s e  was p r e s e n t ,  th e  molar 

r a t i o  o f f r u c to s e  to  magnesium b e in g  1 :18 ,

Thus a  s tro n g  in te r a c t io n  betw een magnesium oxide and 

f ru c to s e  has been d em o n stra ted , a lth o u g h  th e  q u a n t i ty  o f  

magnesium d is so lv e d  by  th e  su g ar was s l i g h t .  

j .  I n v e s t ig a t io n  o f  th e  d is s o lv in g  a c t io n  o f  su g a rs  on 

f e r r i c  hydrox ide.

The a b i l i t y  o f su g a rs  to  d is s o lv e  p r e c ip i ta te d  f e r r i c  

hyd rox ide  was o f i n t e r e s t ,  s in c e  th e  t i t r a t i o n  experim ents 

dem onstrated  th a t  complex fo rm ation  between th e se  two e n t i t i e s  

can occu r. On th e  b a s i s  o f e a r l i e r  r e s u l t s ,  no ra p id  

re d is s o lv in g  was ex p ec ted , b u t some deg ree  o f slow  s o lu tio n  on a 

lo n g -te rm  b a s i s  was co n sidered  to  b e  a p o s s i b i l i t y .

The e f f e c t  o f f ru c to s e  on f e r r i c  hydrox ide was examined 

b y  means o f a b a tc h  e x tra c tio n  te c h n iq u e , s in c e  th e  g e la tin o u s
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n a tu re  o f  th e  p r e c i p i t a t e  p rec lu d ed  th e  use of a  column 

e x tra c t io n  method* Sugar was v/eighed o u t in to  g la s s  " b o ttle s , 

fo llow ed  "by a d d it io n  o f  a suspension  o f f r e s h ly  p r e c ip i ta te d  

f e r r i c  h y d ro x id e , th e  pH o f t h i s  hav ing  a lre a d y  been  a d ju s te d  

to  th e  d e s ire d  le v e l  by  bubb lin g  carbon d io x id e . A sm all 

q u a n t i ty  o f  to lu e n e  was added to  each b o t t l e  to  p re v e n t b a c t e r i a l  

breakdown o f th e  su g a r. A f te r  b e in g  se c u re ly  stoppered  th e  

b o t t l e s  w ere shaken on an end-over-end  sh a k e r, sam ples b e in g  

removed from tim e to  tim e . A f te r  c e n t r i f u g a t io n ,  th e  iro n  

c o n te n t o f th e  su p e rn a ta n t was determ ined (G-.M.3) and th e  t o t a l  

q u a n t i ty  o f  iro n  d is s o lv e d ,  c a lc u la te d .

P r e c ip i t a t io n  o f f e r r i c  hydrox ide

F re s h ly  p r e c ip i ta te d  f e r r i c  hydrox ide was u sed , a s  i t  i s  

knov/n t h a t  th e  p r e c i p i t a t e  e x h ib i ts  c e r t a in  ageing  

c h a r a c t e r i s t i c s  (120 ). The q u a n ti ty  o f p r e c i p i t a t e  used was 

low er th an  th a t  used in  th e  magnesium ox ide  experim en t, enab ling  

r a t i o s  o f f ru c to s e  to  iro n  from 1:1 to  30:1 to  b e  employed 

w ith o u t n e c e s s i ta t in g  th e  u se  o f v e ry  co n ce n tra te d  sugar 

so lu tio n s*  F e r r ic  hydrox ide was p r e c ip i ta te d  from a 0 .05  M olar 

s o lu tio n  o f f e r r i c  c h lo r id e  by a s l ig h t  excess o f  sodium 

h y d ro x id e , and t h i s  r e s u l t in g  su spension  d ilu te d  te n  tim es w ith  

w a te r . T h is  p rocedure  was adop ted , a s  M ellor (121) r e p o r ts  th a t  

g e la tin o u s  f e r r i c  hydrox ide i s  thrown down when a l k a l i  i s  added 

to  a f e r r i c  s a l t  s o lu t io n  which i s  no t to o  d i l u t e .  A f te r  

d i lu t io n  13.96 mgs o f  iro n  w ere p re s e n t as  f e r r i c  hydrox ide in
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each 50 ml a l iq u o t  of th e  su sp en sio n . As s ta te d  pH ad justm ent 

was accom plished b y  b u b b lin g  carbon d io x id e  th rough  th e  suspension  

a f t e r  d i l u t io n .  The suspension  was k ep t un ifo rm ly  d i s t r ib u te d  

in  th e  mother l iq u o r  b y  means o f a r a p id ly  sp in n in g  m agnetic 

s t i r r e r ,  p ip e tte d  in to  th e  shaking b o t t l e s  and t r e a te d  a s  

p re v io u s ly  d e ta i le d ,

E xp.N o,17. D isso lv in g  a c t io n  o f sug ars  on f e r r i c  hy d ro x id e .

I n i t i a l l y  on ly  two r a t i o s  o f f ru c to s e  to  iro n  were t e s t e d ,  

de term in ing  th e  q u a n t i ty  o f iro n  d is so lv e d  a t  pH 4 .0 ,  pH 7 .0 ,  

and pH 1 0 ,5 , a f t e r  1 hour and 16 h o u rs  o f  shak ing . The r e s u l t s  

(T ab le  11) show th a t  th e  r e l a t i v e  q u a n t i t i e s  o f iro n  d is so lv e d  

a t  th e s e  pH v a lu e s  a re  in  agreem ent w ith  p rev io u s  f in d in g s ,  in  

t h a t  more iro n  was d is so lv e d  a t  pH 10,5  th a n  a t  pH 4 .0 ,  w ith  no 

iro n  d is so lv e d  a t  n e u t r a l i t y .  A lthough th e  a c tu a l  q u a n t i ty  o f

Gamma o f iro n  in  s o lu tio n  in  
th e  t o t a l  volume o f  50 ml

Sample No 10:1 30:1
Sugar F ru c to se F ru c to se

pH 10.5 1 hour 0 960 950

pH 10.5 16 h ou rs 0 1,800 1,470

pH 7 .0 1 hour 0 0 0

pH 7 .0 16 hours 0 0 T race

pH 4 .0 1 hour 150 ? 140 150

pH 4 .0 16 hours 0 350 550

Table 11.



iro n  d is so lv e d  in  th e  p resen ce  o f  sugar was sm a ll, i t  

re p re s e n te d  a c o n s id e ra b le  in c re a s e  on th a t  d is so lv e d  by th e  

w a te r  b la n k . L i t t l e  d if f e re n c e  in  th e  q u a n tity  o f  iro n  

d is so lv e d  by  th e  two f ru c to s e  r a t i o s  was d e te c te d .

Chromatograms run  on th e  h ig h  pH sam ples in d ic a te d  th a t  

no a lk a l in e  tra n s fo rm a tio n  o f f r u c to s e  had o ccu rred  a f t e r  1 h o u r, 

b u t th e re  was some evidence o f v e ry  s l i g h t  e p im e risa tio n  a f t e r  

24  h o u rs , as evidenced b y  th e  appearance of a t r a c e  o f g lu co se . 

E xp.N o.18, D isso lv in g  a c t io n  o f a range  o f sugar

c o n c e n tra tio n s  on f e r r i c  hydroxide a t  pH 10.0 

The p rocedu re  used in  t h i s  experim ent was s im i la r  to  

th a t  p re v io u s ly  d e ta i le d .  A lthough th e  pH o f th e  suspension  

was o r ig in a l ly  a d ju s te d  to  pH 10, i t  showed a d i s t i n c t  drop 

when measured im m ediately  a f t e r  a d d i t io n  to  th e  su g a r-c o n ta in in g  

b o t t l e s ,  th e  e x te n t o f  t h i s  drop in c re a s in g  w ith  th e  q u a n ti ty  o f 

sugar p re se n t ( F ig .14). T h is  was s im ila r  to  th e  e f f e c t  noted 

du rin g  th e  t i t r a t i o n  experim ents (Exp.No.14) and was though t 

to  b e  due to  th e  im mediate fo rm atio n  o f a complex, w ith  

accompanying r e le a s e  o f  a c id ic  p ro to n s .

A liq u o ts  removed from th e  shaking sam ples a f t e r  4  h o u rs ,

2 days, 3 d ay s, 5 days and 10 days r e s p e c t iv e ly ,  w ere then  

c e n tr ifu g e d  and th e  iro n  c o n te n ts  determ ined  (T ab le  12 ), As 

b e f o r e ,  th e  a c tu a l  q u a n t i ty  o f  iro n  d is so lv e d  by  f ru c to s e  was 

no t l a r g e ,  b u t th e  f ig u re s  o b ta in ed  in d ic a te d  th a t  th e  p resence



10.0

9 . 6'

9.4

9.2

R a tio  o f  f ru c to s e  : i ro n

1.0
0.80 .4 1 .4

w eight o f f ru c to s e  added to  50 ml a l iq u o t  
o f  a su sp en sio n  o f f e r r i c  hydroxide

F igu re  14
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gamma o f i r o n  d is so lv e d  in  t o t a l  
volume o f 50 ml a t  v a r io u s  tim e in te r v a ls

R a tio 4 2 5 5 10
F ru c to se

Iro n Hours Days Days Days Days

No F ru c to se 0 0 0 0 0

1 :1 130 550 600 520 300

2 :1 200 300 520 670 300

4:1
4

160 550 480 670 850

10 :1 170 550 560 900 1 ,1 0 0

20 :1 170 420 550 1,250 850

30:1 190 360 550 1 ,0 0 0  • 1 ,5 0 0

Table 12



o f  su g ar c o n s id e ra b ly  enhanced th e  s o lu t io n  o f f e r r i c  h y d ro x id e , 

s in c e  no iro n  w hatsoever was d is so lv e d  in  th e  w ate r b la n k .

A lthough th e  q u a n ti ty  o f  iro n  d is so lv e d  tended to  in c re a s e  w ith  

th e  d u ra t io n  o f shaking and w ith  in c re a s e  in  sugar to  iro n  r a t i o ,  

t h i s  e f f e c t  was no t c o n s is te n t ly  dem onstra ted .

P re v io u s  to  iro n  d e te rm in a tio n  o f each a l iq u o t removed 

from th e  sam ples, th e  pH was m easured. I t  was found th a t  th e  

pH o f th e  su g a r-c o n ta in in g  sam ples f e l l  s t e a d i ly  and slow ly  

th roughou t th e  cou rse  o f th e  experim en t, to  a v a lu e  o f  around 

pH 8 ,0  a f t e r  10 days. The pH o f th e  w a te r  b la n k  dem onstrated a 

l e s s e r  f a l l  to  pH 9*3, in d ic a t in g  th a t  p a r t  o f th e  f a l l  cou ld  be 

a t t r ib u t e d  to  a n a tu r a l ly  o c c u rrin g  p ro c e s s ,  p o s s ib ly  carbon 

d io x id e  in te r f e r e n c e .  The in c reased  pH f a l l  in  th e  su g a r-  

c o n ta in in g  s o lu tio n s  was l i k e l y  to  b e  due to  con tinued  slow 

r e le a s e  o f  a c id ic  p ro to n s  from complex fo rm atio n . Chromatography 

in d ic a te d  th a t  no f ru c to s e  breakdown had o c c u rre d , r u l in g  out 

th e  p o s s i b i l i t y  o f  a c id ic  d eg ra d a tio n  p ro d u c ts  ind u c in g  th e  pH 

f a l l .

The experim ent has  shown th a t  low c o n c e n tra tio n s  o f 

f r u c to s e  (T able 13) prom ote th e  re d is s o lv in g  o f  in s o lu b le  f e r r i c  

hydrox ide  ov er th e  pH range 8 .0  to  1 0 ,0 , a lthough  th e  t o t a l  

q u a n ti ty  d is so lv e d  i s  not la rg e ,

Exp.N o.19. D isso lv in g  of f e r r i c  hydrox ide a t  low er pH v a lu e s .

In  t h i s  experim ent th e  pH o f th e  f e r r i c  hydrox ide suspension



was a d ju s te d  to  pH 5*8 w ith  carbon d io x id e  b e fo re  shaking. 

A liq u o ts  w ere removed from th e  b o t t l e s  a f t e r  4 h o u rs , and a f t e r  

3 d ay s’ co n tin u o u s shaking th e y  w ere c e n tr ifu g e d ,  and th e  iro n  

co n ten t o f  th e  su p e rn a ta n ts  determ ined (T ab le  14).

I _
R a tio s  o f f r u c to s e : i r o n  used and 
eq u iv a le n t c o n c e n tra tio n  o f 

! f r u c to s e  in  50 ml sam ples.

R a tio
F ru c to s e

I ro n

P ercen tag e  
Gone e n tra t  ion  
o f  f ru c to s e

1:1 0 .09

2:1 0 ,18

4:1 0 ,36

10:1 0 .9

20:1 1 .8

30:1 2 .7

T ab le  13

A gain , on measurement o f  th e  pH, a downward pH movement 

was observed  d u rin g  th e  cou rse  o f th e  experim en t, f a l l i n g  from 

th e  i n i t i a l  v a lu e  o f j i i  5 .8  to  pH 5 .2  a f t e r  3 d ay s . T h is  may b e  

th e  reaso n  f o r  th e  o b se rv a tio n  th a t  no iro n  was d isso lv ed  d u rin g  

th e  f i r s t  4  hour shaking p e r io d ,  in  th a t  th e  pH was too  c lo se  to  

th e  ’ c r i t i c a l ’ v a lu e  o f pH 6 .2 . As th e  pH f e l l  during  th e  

shaking p e r io d ,  how ever, c o n d itio n s  more conducive to  d is so lv in g



would b e  prom oted, and a s n a i l  q u a n t i ty  o f iro n  d id  in  f a c t  come 

in to  s o lu tio n .

Gamma o f  iro n  d is so lv e d
in  t o t a l  volume o f 50 ml

.

4 3
Sample Hours days

B lank 0 0

1:1 0 -

2:1 0 2f00

4:1 0 2f80

10:1 0 600

20:1 T rac e 750

30:1 T race 850

T ab le  14

The l e v e l  o f  iro n  p re s e n t  in  th e  su p e rn a ta n ts  showed a 

c o n s is te n t  in c re a s e  a s  th e  r a t i o  o f  sugar to  i ro n  in c re ased  (P ig . 

1 5 ). W ith th e  f i r s t  sm all sugar increm ent th e  amount o f  

d is so lv e d  i ro n  ro se  r a p id ly ,  t h e r e a f t e r  in c re a s in g  more slow ly  as 

th e  su g ar l e v e l  ro s e . T h is  e f f e c t  was s im ila r  to  th a t  no ted  in  

Exp.No.2f, Y/here th e  f i r s t  sm all sugar a d d i t io n  r e s u l te d  in  a 

la rg e  in c re a se  in  th e  pH o f p r e c ip i t a t io n ,  w ith  co rresp o n d in g ly  

low er in c re a s e s  fo r  f u r th e r  sugar in c re a s e . T h is  w as, however, 

th e  o n ly  o ccasio n  d u ring  th e  f e r r i c  hydrox ide d is s o lv in g  

experim en ts, t h a t  such a f e a tu r e  was e x h ib ite d .
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The co n c lu sio n  may be drawn from th e se  experim ents 

th a t  th e  p re sen ce  o f sugar does indeed  prom ote th e  s o lu tio n  

o f an o th e rw ise  in s o lu b le  p r e c i p i t a t e  o f f e r r i c  hyd rox ide . T h is  

re d is s o lv in g  e f f e c t  was s l ig h t  and slow , a s  p re d ic te d  from th e  

r e s u l t s  o b ta in ed  in  S e c tio n  X, In  a d d i t io n ,  th e  p a t te r n  o f 

r e d is s o lv in g ,  t h a t  i s  th e  pH v a lu e s  a t  which i t  w i l l  o ccu r, 

fo llo w s  th a t  p red ic ted , from th e  same e a r l i e r  experim ents.

4 . I n v e s t ig a t io n  o f th e  d is s o lv in g  a c t io n  o f sugar on 

f e r ro u s  hydrox ide .

Numerous a tte m p ts  w ere made to  o b ta in  c o n d itio n s  which 

lim ite d  th e  o x id a tio n  o f th e  f e r r o u s  hydrox ide p r e c i p i t a t e .

One a ttem p t to  exclude oxygen invo lved  th e  u se  o f a n itro g e n  -  

f i l l e d  p l a s t i c  t e n t ,  b u t  even when th e  n itro g e n  was bubbled 

th ro u g h  a lk a l in e  p y ro g a l lo l ,  s u f f i c i e n t  oxygen to  promote 

o x id a tio n  s t i l l  rem ained in  th e  system . E v e n tu a lly  th e  

p ro ced u re  s e t  ou t below  was fo llo w ed . T h is  te ch n iq u e  l im ite d  

th e  amount o f  o x id a tio n  c o n s id e ra b ly , b u t was by  no means 

p e r f e c t ,  a s  th e  degree  o f o x id a tio n  o f th e  p r e c i p i t a t e  v a r ie d  in  

each s e r i e s  o f  e x tra c tio n s*  so th a t  th e  r e s u l t s  w ere no t t r u l y  

comparable#

P rocedu re

Two l i t r e s  of w a te r were b o ile d  to  remove d is so lv e d  

oxygen and su b seq u en tly  c h i l le d  by immersion in  ic e -w a te r ,  w h ile  

carbon d io x id e  was c o n tin u a lly  bubbled through i t .  A 0 .05 Molar 

s o lu t io n  o f fe r ro u s  su lp h a te  was made by  d is s o lv in g  1.39 grams



e f  A n ala r f e r r o u s  su lp h a te  in  100 mis of b o i l e d ,  co o led , ? /a te r 

in  a c h i l le d  b e a k e r  from which th e  a i r  had been  d isp la c e d  by  a 

s tream  o f  carbon d io x id e . F e rro u s  hydrox ide was p r e c ip i ta te d  

b y  a d d i t io n  o f  an excess of sodium hydroxide (0 .8  grams) w h ile  

m a in ta in in g  r a p id  s t i r r i n g  and a con tinuous stream  o f  carbon 

d io x id e  onto  th e  su rfa c e  o f  th e  s o lu tio n . 50 mis o f  th e  

r e s u l t a n t  heavy , s l i g h t l y  b lu e /g re e n  suspension  was th e n  

p ip e t te d  in to  450 mis of t r e a te d  w a te r ,  ag a in  in  an ice~ w ater 

b a th  w ith  carbon d io x id e  blow ing on to  th e  s u r fa c e . pH 

ad justm en t o f t h i s  r a p id ly  s t i r r e d  su sp en sio n , c o n ta in in g  

13 .9 6  mgs of iro n  p e r  50 m is, was e f fe c te d  b y  a d d it io n  o f a sm all 

q u a n t i ty  o f sodium h y d ro x id e , o r  b y  bubb ling  in  a  l i t t l e  carbon 

d io x id e , 50 ml a l iq u o ts  w ere th en  removed and added to  b o t t l e s  

co n ta in in g  w eighed amounts o f sugar from which th e  a i r  had been  

removed b y  a stream  o f n it ro g e n ,  n itro g e n  b e in g  bubbled th rough  

th e  su spension  d u ring  p ip e t t i n g .  The b o t t l e s  w ere th en  capped 

•'with p l a s t i c  s to p p e rs ,  u s in g  two s h e e ts  o f  p o ly th en e  f ilm  to  

improve th e  s e a l .

The sam ples w ere th e n  shaken on an end-over-end  sh ak e r, 

r e s t r i c t i n g  th e  tim e o f shaking to  one h o u r to  l im i t  th e  e x te n t 

o f  o x id a tio n  o c c u rr in g  in  th e  b o t t l e s .  A f te r  sh a k in g ,th e  

c o n te n ts  o f th e  b o t t l e s  w ere c e n tr ifu g e d , an a l iq u o t  o f th e  c le a r  

su p e rn a ta n t ta k e n , and th e  q u a n t i ty  o f  iro n  in  s o lu tio n  

de term ined .

D u r in g  t h e  d e v e lo p m e n t  o f  t h i s  p rocedure  i t  was observed

100.



t h a t  f e r ro u s  hyd rox ide  was d is s o lv e d  to  a g r e a te r  ex ten t hy  

s u g a r , th a n  f e r r i c  hyd rox ide . As b e f o r e ,  f ru c to s e  was th e  

most e f f e c t iv e  su g a r , fo llow ed  b y  g lu c o se , in  tu r n  fo llow ed by  

su c ro se . In  a d d i t io n  to  d is s o lv in g  i r o n ,  i t  was found th a t  th e  

p re sen ce  o f sugar tended to  m a in ta in  th e  f e r ro u s  hydroxide 

p r e c i p i t a t e  in  a more reduced s t a t e  th an  i f  i t  w ere ab sen t.

T hat t h i s  was no t due m erely to  th e  e f f e c t  o f  red u c in g  sugars 

was a s c e r ta in e d  by  th e  u se  of a non-reducing  s u g a r , sucro se .

Once a g a in , th e  f e r ro u s  hydrox ide showed a  l e s s e r  tendency 

to  o x id is e  th a n  in  th e  absence o f su g a r. A l i k e l y  ex p lan a tio n  

f o r  such an e f f e c t  i s  t h a t  t h i s  i s  a f u r th e r  m a n ife s ta tio n  o f 

th e  com plexing e f f e c t  o f su g a rs .

I f  th e  e x tra c te d  and c e n tr ifu g e d  sam ple, co n ta in in g  

d is so lv e d  f e r ro u s  h y d ro x id e , was allow ed to  s ta n d  exposed to  

th e  a tm osphere, a heavy p r e c i p i t a t e  o f f e r r i c  hydrox ide began to  

sedim ent o u t .  T hus, a lth o u g h  sug ars  a re  capab le  o f a s s i s t in g  

iro n  to  rem ain  in  th e  reduced s t a t e  where th e  c o n d itio n s  a re  

f a i r l y  re d u c in g , th e y  a re  n o t cap ab le  o f doing so in  an o x id is in g  

environm ent. A s im ila r  e f f e c t  was noted b y  B loom field  in  th e  

experim ents conducted on l e a f  e x t r a c ts  ( 9 ^ ) ,  a co n s id e ra b le  

p ro p o r tio n  o f th e  d isso lv ed  iro n  b e in g  shed a s  a p r e c ip i t a t e  

under o x id is in g  c o n d itio n s . The s ig n if ic a n c e  o f th e se  

o b se rv a tio n s  w i l l  b e  d iscu ssed  a t  a l a t e r  p o in t  in  th e  t e x t .



Exp.No. 20. D isso lv in g  of  fe r ro u s  hydroxide b y  su g a rs ,

F ru c to sa n  was used in  a d d i tio n  to  f r u c to s e ,  no o th e r  

sim ple su g a rs  b e in g  u se d , a s  th e y  had been  proved to  b e  l e s s  

e f f e c t iv e  th a n  f ru c to s e  in  th e  p re lim in a ry  experim ents. As 

was exp la ined  e a r l i e r  (Exp.N o.9) f ru c to s a n  c o n c e n tra tio n , f o r  

th e  p u rp o ses  o f c a lc u la t in g  th e  r a t i o  o f p o ly sacc h arid e : iro n  

may b e  expressed  e i th e r  on i t s  f ru c to s e  co n te n t o r ,  a l t e r n a t iv e ly ,  

upon i t s  t o t a l  hexose c o n te n t .  F o r th e  sake o f  s im p l ic i ty  in  

what fo llo w s  h e r e ,  f ru c to s a n  r a t i o s  and c o n c e n tra tio n s  have been 

c a lc u la te d  on a  t o t a l  hexose b a s i s .  T ab le  15 dem onstra tes th e  

r e la t io n s h ip  o f  th e se  r a t i o s  and c o n c e n tra tio n s .

T o ta l  Hexose T rue F ru c to se

R a tio  
F ru c to sa n  

0.005M I r o n

P e rc e n ta g e
C o n cen tra tio n

R a tio  
F ru c to  san 

0.005M Iro n

P ercen tag e  
Cone e n t r a t  ion

1.554:1 0 .1 4 1.364:1 0.123

3 .108:1 0 .28 2.728:1 0.246

7 .77 :1
1

0 .70 6 .82:1 0 .615

15.54:1 1.40 13.64:1 1.230
i

T ab le  15

As a lre a d y  s ta t e d ,  th e  o x id a t io r / re d u c t io n  s t a t e  in  each 

e x tra c t io n  could  no t be  m aintained c o n s ta n t .  The degree o f



o x id a tio n  o f each e x t r a c t io n ,  as  judged b y  eye, i s  th e re fo re  

g iv e n , on a r e l a t i v e  b a s i s ,  along  w ith  th e  ta b u la te d  r e s u l t s  

o f th e  q u a n ti ty  o f  i ro n  d is so lv e d . The amount o f iro n  

d is so lv e d  in  fo u r  such e x tra c tio n s  i s  summarised in  T ab le  16, 

th e  degree  o f  o x id a tio n  rang ing  from v i r t u a l l y  f u l l y  o x id ised  

(S e r ie s  1) to  alm ost t o t a l l y  m ain ta ined  in  th e  reduced s t a t e  

(S e r ie s  4 ) .  The v a lu e s  ob ta in ed  f o r  S e r ie s  2 , 3 and 4 , a l l  

c a r r ie d  ou t a t  th e  same pH v a lu e , in d ic a te  th a t  th e  ex ten t o f 

o x id a tio n  o f th e  sample determ ined th e  q u a n ti ty  o f  iro n  

d is s o lv e d ; th e  l e s s  o x id ise d  th e  sample th e  more iro n  d is so lv e d . 

The v a lu e s  e x h ib ite d  such a wide v a r ia n c e , dependent s o le ly  upon 

th i s  o x id a t io r / r e d u c t io n  s t a t e ,  th a t  i t  was im po ssib le  to  

de term ine  th e  e f f e c t  o f  pH v a r ia t io n  on th e  q u a n t i ty  o f iro n  

d is s o lv e d . Thus th e  r e s u l t s  o b ta in ed  in  S e r ie s  1 re p re s e n t 

th e  e f f e c t  o f in c re a se d  o x id a tio n , r a th e r  than  th e  e f f e c t  o f 

in c re a se d  pH, on th e  amount o f iro n  d is so lv e d  b y  f ru c to s e  and 

f ru c to s a n .

F u r th e r  r e p e t i t i o n  o f f e r ro u s  hydrox ide e x tra c t io n s  

produced r e s u l t s  ran g in g  from th e  low est to  th e  h ig h e s t 

v a lu e  in  T ab le 16 , depending on th e  success ach ieved  in  

p re v e n tin g  o x id a tio n . V arious pH v a lu e s  were t e s t e d ,  b u t th e  

f a c t  em phasised in  every  case  was th a t  th e  s ta te  o f o x id a tio n  

was th e  o v e rid in g  f a c to r  on which th e  q u a n tity  o f iro n  b rough t 

in to  s o lu tio n  depended. S im ila r ly  iro n  ’c o n c e n tra tio n s ' from 

0 ,0 0 5  M o la r  to  0 , 0 2 0  Molar were used w ithou t any s ig n if ic a n t
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D ecreasing  O xidation  
—

Sample S e r ie s  1 S e r ie s  2 S e r ie s  3 S e rie s  4

gamma o f  iro n  d is so lv e d  
in  t o t a l  volume o f 50 ml

Blank 93.0 93.6 93.5 62.5

2:1  F ru c to se 93 .0 157.5 250 781

4 :1  " 157.5 657.5 375 969

10:1  " 231.0 720.0 375 1,437

20:1 " 287.5 720 .0 688 2,219

30:1  ” 350 4 07. 5? 844 2,919

1 .554 :1
F ru c to san

- - - 5094

3 .108 :1  " 93oO 1,968 3,156 6,313

7 .7 7 :1 157.5 1 ,940 4,062 .7,000

1 5 .54 :1 475 1,094 4,062 -

pH 8 .2 pH 6 .8 pH 6 .8 pH 6 .8

Table 16



d if f e r e n c e s  becoming a p p a re n t. The f a c t  th a t  l e s s  iro n  was 

d is so lv e d  in  th e  more o x id ise d  sam ples f u r th e r  re in fo rc e d  th e  

r e s u l t s  ob ta in ed  f o r  th e  d is s o lv in g  of f e r r i c  hydrox ide 

(S e c tio n  I I I .  3 . )

T ab le  17 summarises th e  r e s u l t s  of a f u r th e r  two 

e x t r a c t io n s ,  where th e  f e a tu r e s  o u tl in e d  above a re  again  

d em onstra ted . In  a l l  the  experim ents conducted , th e  f ru c to sa n  

once ag a in  proved to  be  an exceed in g ly  e f f e c t iv e  s o lu b i l is in g  

a g e n t ,  even in  low c o n c e n tra tio n s ,  d is s o lv in g  f a r  g re a te r  

q u a n t i t i e s  of iro n  th a n  i t s  monomer. As an exam ple, a 7 .7 7 :1  

r a t i o  o f f ru c to s a n  to  iro n  d is so lv e d  alm ost 50 p e r cen t of the 

i ro n  a v a i la b le ,  (S e r ie s  4) w hereas f ru c to s e  used in  a s im ila r  

r a t i o ,  d is so lv e d  o n ly  around 10 p e r c e n t ,  (S e r ie s  t+) T h is 

p re se n te d  approxim ate agreement w ith  th e  r e l a t i v e  e f fe c t iv e n e s s  

o f th e  two su g a rs , in  in h ib i t in g  th e  p r e c ip i ta t io n  o f f e r r i c  

h y d ro x id e ,(E x p .N o .9 .)

Once a g a in , when exposed to  th e  atm osphere, th e  iro n  

s o lu t io n s  o b ta in ed  during  th e  above experim en ts, shed i r o n ,  

presum ably a s  a p r e c ip i ta te  of f e r r i c  hydrox ide. F i g ,16 

d em o n stra tes  th e  e f f e c t  ob ta ined  when a 7 .7 7 :1  f ru c to s a n  to  iro n  

e x t r a c t  i s  : a ) ,  exposed to  th e  atm osphere f o r  some tim e;

,b ) exposed to  th e  atm osphere f o r  a sh o rt tim e and then  re sc a le d  

and c) k§P’’c in  a sea led  v e s s e l w ith  no a i r  allow ed to  e n te r .

A l l  s o lu tio n s  were kep t f o r  a p e rio d  o f  th re e  weeks b e fo re  being  

p h o t o g r a p h e d .  I t  c a n  b e  s e e n  t h a t  t h e  a c t i o n  o f  f r u c t o s a n  in
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D ecreasing  O xidation  
— -----— ------- **

Sample S e rie s  5 S e r ie s  6

gamma o f iro n  d is so lv e d  in  
t o t a l  volume o f  50 ml.

Blank 31.2 156 ?

2 :1  F ru c to se 156 156

4 :1 106 156

10:1 125 250

20:1  " 437 563

30:1  ” 969 3,463

1 .5 5 4 J1 F ructosan 907 4,563

3 .108 : " 2,094 7,000

7 .7 7 :1 5,125 7,656

pH 8 .0 pH 7 .4

Table 17
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d is s o lv in g  f e r ro u s  i r o n , and m a in ta in in g  i t  in  a so lu b le  form , i s  

a pow erfu l one under reducing  c o n d it io n s . In  a d d i t io n ,  the  

e f f e c t  of oxygen on th e  b ehav iou r of th e  so lu tio n  can be  

observed . S im ila r  b eh av io u r was observed in  a l l  o th e r  sugar 

e x t r a c t s .

I t  h as  been  shown th a t  sugars  a c t on f e r ro u s  hydroxide 

to  produce la rg e  q u a n t i t i e s  of so lu b le  i r o n ,  exposure to  

o x id is in g  c o n d it io n s  r e s u l t in g  in  th e  subsequent re d e p o s it io n  of 

th e  g r e a te r  p ro p o r tio n  o f t h i s  d is so lv e d  iro n . T h is  r e p re s e n ts  

a p o s s ib le  mechanism whereby iro n  i s  m obilised  under reducing  

c o n d i t io n s ,  and im m obilised  under o x id is in g  c o n d it io n s ,  a 

s im ila r  f e a tu r e  to  th a t  e x h ib ite d  in  podzo ls  and th in  iro n -p an  

s o i l s .  By in v e s t ig a t in g  th e  behav iour o f th e  iro n  s o lu tio n s  

w ith  o th e r  e n t i t i e s  n o rm ally  found in  such s o i l s ,  f u r th e r  

mechanisms f o r  iro n  im m o b ilisa tio n  and re d e p o s it io n  may be found* 

Bxp.No. 21 F u r th e r  exam ination o f  th e  behav iour o f th e  iro n  

s o lu tio n s  ob ta ined  on e x tra c tio n  of fe r ro u s  hydroxide 

w ith  f ru c to s e  and f ru c to sa n

The s o lid  m a te r ia ls  used  in  t h i s  in v e s t ig a t io n  o f th e  

a d so rp tio n  o f d is so lv e d  i r o n ,  w ere 1 gram q u a n t i t i e s  o f : -

a) B e n to n ite  c la y  p a r t i c l e s

b ) S o i l  taken  from th e  B ho rizo n  of a podzol

c) A red. p r e c ip i ta te  c o lle c te d  from th e  d ra in ag e  w ate r 

o f a p o o rly  d ra in ed  f i e l d ,  which appeared to  c o n s is t  

m ainly o f f e r r i c  hydrox ide , and which when suspended
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T he e f f e c t  o f  o x i d a t i o n  on  a n  i r o n  s o l u t i o n  o b t a in e d  a f t e r  
e x t r a c t i o n  o f  f e r r o u s  h y d r o x id e  w i t h  f r u c t o s a n  a t  pH 6 . 8 .

A -  e x p o s e d  t o  t h e  a tm o s p h e r e  f o r  som e t im e

B -  e x p o s e d  t o  t h e  a tm o s p h e r e  f o r  a  s h o r t  t im e  an d  th e n  r e s e a l e d .

C -  No e x p o s u r e  t o  t h e  a tm o s p h e r e .  M a in ta in e d  i n  a  s e a l e d
c o n d i t i o n  t h r o u g h o u t .

Fiisure 16
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i n  w a t e r  g a v e  a  pH v a l u e  o f  6 , 3 .

d )  R e c e n t l y  o x i d i s e d  f e r r o u s  h y d r o x id e .

T h e i r o n  s o l u t i o n s  w e r e  o b t a in e d  b y  C o n d u c t in g  a  b u lk  

e x t r a c t i o n  o f  f e r r o u s  h y d r o x id e  w i t h  3 0 : 1  f r u c t o s e  and 7 . 7 7 : 1  

f r u c t o s a n ,  A w a t e r  b l a n k  w a s a l s o  c a r r i e d  o u t .  30  m l 

a l i q u o t s  o f  t h e s e  s o l u t i o n s  w e r e  ad d ed  r a p i d l y  t o  o n e  gram  

a m o u n ts  o f  t h e  a b o v e  m e n tio n e d  s o l i d  i n  b o t t l e s  fr o m  w h ic h  t h e  

a i r  h a d  b e e n  d i s p l a c e d  w i t h  n i t r o g e n .  A f t e r  s e a l i n g  and  

s h a k in g  f o r  1 h o u r ,  t h e  s a m p le s  w e r e  c e n t r i f u g e d ,  and t h e  i r o n  

r e m a in in g  i n  t h e  s u p e r n a t a n t s  d e t e r m in e d .  ( T a b le  1 8 )  A 5 0  ml 

a l i q u o t  w i t h  no a d d i t i o n  o f  s o l i d  m a t e r i a l  w a s  sh a k e n  f o r  t h e  

sam e t im e  t o  a l l o w  f o r  a n y  c h a n g e  t h a t  m ig h t  h a v e  o c c u r r e d  t o  

t h e  s o l u t i o n  a s  t h e  r e s u l t  o f  t h e  b r i e f  e x p o s u r e  t o  t h e  

a t m o s p h e r e  d u r in g  p i p e t t i n g .

E x t e n s i v e  a d s o r p t i o n  on t h e  v a r i o u s  s o l i d s  p r e s e n t

o c c u r r e d ,  t h e  e x t e n t  o f  t h e  l o s s  o f  i r o n  fr o m  t h e  s o l u t i o n

b e i n g  d e t a i l e d ,  i n  T a b le  1 9 ,  T h e e x t e n t  o f  a d s o r p t i o n  w a s  f a r

g r e a t e r  i n  t h e  c a s e  o f  t h e  f r u c t o s e —ir o n  s o l u t i o n s  t h a n  t h e

f r u c t o s a n - i r o n  s o l u t i o n s ,  b o t h  on a  q u a n t i t a t i v e  an d  a p e r c e n t a g e

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

f r u c t o s e  m ore r e a d i l y  l o s e s  t h e  i r o n  w h ic h  i t  h a s  s o l u b i l i s e d .
*

T he e x t e n t  o f  a d s o r p t i o n  w a s  s e e n  t o  b e  i n  t h e  o r d e r : -  

O x id is e d  f e r r o u s  h y d r o x id e  y 1 B e n t o n i t e  ^  S o i l  ^  P r e c i p i t a t e

fro m  d r a in a g e .

T h u s ,  a s e r i e s  o f  a g e n t s  c a p a b le  o f  a d s o r b in g  an d
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T reatm ent F ructosan F ructo se Water
Blank

gamma 
in  50 nils pH gamma 

in  50 mis pH gamma 
in  50 mis pH

O rig in a l 7,580 7.15 5,187 7.05 , 31.2 6.55

Shaken no 
A d d itio n 7,455 7.15 5,031 7.05 31 .2 6.55

B en to n ite 3,082 6.95 218 6.95 31.2 6 .8

S a i l 4,165 7.05 250 6.95 31.2 6.95

P r e c ip i t a t e  
from d ra in a g e 4,998 7.1 563 7.1 31.2 7.05

o x id ise d  
Fe (0H)2 2,665 7.1 156 7.1 31.2 7.0

Table 18

Treatm ent F ructo san F ru c to se

Loss 
in  gamma

Loss 
p e r cen t

Loss 
in  gamma

Loss 
p e r  cen t

B en to n ite 4,768 62.9 4,968 95.7

S o il 3,685 48.6 4,937 95.1

P r e c ip i ta t e  
from d ra in ag e

2,582 34.0 4,624 89.1

O xid ised
Fe(0H )2 4,915 64 .8 5,031 96 .9

Table 19



im m obilis ing  have now been  shown to  e x i s t .  An ex tension  o f 

th e  above experim ent was conducted in  an a ttem p t to  c o n s tru c t 

a model iro n -p an  in  a column. B en to n ite  was id e a l  f o r  t h i s  

p u rp o se , a s  i t  had been shown to  adsorb iro n  s tro n g ly . Being 

n o n -co lo u re d , any a d so rp tio n  o f iro n  fo llow ed by  o x id a tio n  

would r e s u l t  in  th e  appearance of a red-brow n c o lo u ra tio n ,

Bxp.No. 22. C o n stru c tio n  o f a model iro n  pan.

A column was s e t up , in tro d u c in g  f i r s t l y  a q u a n ti ty  o f 

a c id  washed sand , fo llow ed b y  a m ix tu re  o f c e l i t e  and b e n to n i te ,  

th e n  a f u r th e r  q u a n t i ty  o f ac id  washed sand. The sand was 

used as  a non-adsorb ing  support medium f o r  the  c e l i te /b e n to n i te  

m ix tu re . Mixed c e l i t e  and b e n to n ite  was u sed , t c  in c re a se  th e  

p e rm e a b il i ty  o f th e  column. However, th e  very  n a tu re  of th e  

two s o l id s ,  r e s u l te d  in  th e  ra p id  sed im en ta tion  o f th e  c e l i t e ,  

fo llow ed  b y  th e  b e n to n ite .  Thus th e  b e n to n ite  formed a very  

t h i n  band on to p  o f th e  c e l i t e ,  th e  l a t t e r ,  th e r e f o r e ,  a c t in g  in  

v i r t u a l l y  th e  same way as th e  sand , by  p ro v id in g  a  p h y s ic a l 

su p p o rtin g  medium. A ll  c o n s ti tu e n ts  were in troduced  to  th e  

column as a  s lu r r y ,  made up in  p re v io u s ly  b o ile d  and cooled 

w a te r ,  so th a t  reducing  c o n d itio n s  p re v a i le d .

A 5 ml a l iq u o t o f th e  f ru c to s a n - iro n  s o lu tio n  used 

in  th e  p rev io u s  experim ent, was in troduced  to  th e  to p  o f the  

column and allow ed to  p e rc o la te  slow ly  th rough . A w a te r  wash 

fo llow ed  t h i s  a d d i t io n . The column was then  allow ed to  run  

d ry  and a i r  dravai th rough by means o f ligh ti su c tio n  fo r  a ohort tim e.
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T h is  p rocedure  was re p e a te d  a number o f tim e s , 

r e p r e s e n ta t iv e  o f a r i s in g  and f a l l i n g  w a te r ta b le ;  th a t  i s  

red u c in g  c o n d i t io n s ,  fo llow ed  b y  o x id is in g  c o n d itio n s . A th in  

re d d is h  brown band g ra d u a lly  formed a t  th e  b e n to n ite  la y e r .

The g ra d u a l b u ild -u p  was p robab ly  due to  th e  i n i t i a l  a d so rp tio n  

o f th e  s u g a r - iro n  complex on th e  b e n to n i te ,  fo llow ed  b y  

o x id a tio n . F u r th e r  ad so rp tio n  on th e  f e r r i c  iro n  th e r e a f te r  

p r e s e n t ,  th e n  fo llo w ed .

F ig u re  17 shows th e  ty p e  o f  e f f e c t  e x h ib ite d . Column A 

h as  one la y e r  o f b e n to n ite  p r e s e n t ,  and Column B h as  two la y e r s ,  

t h i s  b e in g  th e  ex p lan a tio n  f o r  th e  p resence  o f two iro n -  

d e p o s it io n  la y e r s  in  th e  l a t t e r ,  (arrow ed)

A lthough t h i s  was an o v e rs im p lif ie d  r e p re s e n ta t io n  

o f th e  c o n d itio n s  p re se n t in  s o i l s ,  i t  n e v e r th e le s s  in d ic a te d  th e  

b e h a v io u ra l p a t te r n  of su g a r- iro n  complex s o lu tio n s .  I f  

f e r r i c  h y d ro x id e , o r podzol s o i l  from h o rizo n  B had been used 

in  p la c e  o f b e n to n i te ,  a s im ila r  p ic tu r e  would have been 

ex p ec ted , b u t any in c re a se  in  th e  iro n  p r e s e n t ,  could no t have 

been  e a s i ly  observed . I n  s o i l s  the  q u a n tity  of adsorben t 

m a te r ia l  would f a r  outweigh th e  q u a n tity  of iro n -su g a r  complex, 

so th a t  ad so rp tio n  would be more com plete ,

5 . I n v e s t ig a t io n  of th e  D isso lv in g  A ction  of Sugars on the  

F e rro u s  M in era ls , B i o t i t e ,  T rem o lite  and S id e r i t e .

A lthough fe r ro u s  iro n  i s  p r e s e n t  in  s o i l s ,  i t  would not

bo e x p e c t e d  t o  e x i s t  i n  s u c h  a fo rm  a s  f e r r o u s  hydroxide. S o
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The e f f e c t  o f  r e p e a t e d  a d d i t i o n  o f  f r u c t o s a n  -  i r o n  a l i q u o t s  w it h  
s u b s e q u e n t  a e r a t i o n  o f  t h e  c o lu m n .

A -  a c i d  w a sh e d  sa n d  w i t h  o n e  l a y e r  o f  c e l i t e / b e n t o n i t e .

B -  a c i d  w a sh e d  sa n d  w i t h  tw o l a y e r s  o f  c e l i t e / b e n t o n i t e .

F ig u r e  17
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t h a t  th e  r e s u l t s  d e sc rib e d  e a r l i e r  w ith  fe r ro u s  hydroxide could 

he  r e la te d  d i r e c t l y  to  n a tu ra l  c o n d itio n s ,  samples o f th e  

n a tu r a l ly  o ccu rrin g  f e r ro u s  m in era ls  b i o t i t e ,  t r e m o li te  and 

s i d e r i t e  w ere used a s  s u b s t r a te s  f o r  sugar e x tra c tio n . The 

fo llo w in g  i s  a  v e ry  b r i e f  d e s c r ip t io n  o f th e  chem ical form o f 

th e s e  m in e ra ls .

B i o t i t e  i s  a member o f th e  mica group, in  which s u b s t i tu t io n  of 

magnesium by  fe r ro u s  iro n  o ccu rs . I t  i s  o f complex s t ru c tu re  

and may b e  re p re se n te d  by  th e  form ula:

(GH)4 .K2 . (Mg.]?e2+) 6 (Al2S i6)020 

T rem o lite  i s  an o th e r s i l i c a t e  m in e ra l o f complex s t r u c tu r e ,  

re p re se n te d  by  th e  form ula;

Ca2 (Mg.Fe2+)5 S ig022 ((H) 2 

A gain , s u b s t i tu t io n  o f magnesium b y  f e r ro u s  iro n  i s  found, 

rep lacem en t to  a  g r e a te r  ex ten t th a n  50 p e r  c e n t be ing  most 

uncommon ( 219) .

B id e r i te  i s  th e  s im p le s t m in era l o f  th e  th r e e .  I t  i s  

composed o f fe r ro u s  c a rb o n a te , a lth o u g h  s u b s t i tu t io n  o f iro n  by  

magnesium i s  common.

A n a ly t ic a l d a ta  fo r  th e  sample o f  s i d e r i t e  was

a v a i la b le ,  g iv in g :-

iro n  -  34 .6  p e r  cen t: a t o t a l  o f  346 mgs in  1 gram

magnesium — 0.85 p e r  cen t; a  t o t a l  o f 8 .5  mgs in  1 gram 

acp .N o ,23 . D isso lv in g  o f  b i o t i t e .  t r e m o li te  and s id e r i t e .

5 grams of each f in e ly  powdered sample were suspended
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i n  p re v io u s ly  b o ile d  and cooled w a te r , th e  pH a d ju s te d  w ith  

e i th e r  d i l u t e  sodium hydroxide o r  h y d ro c h lo ric  a c id ,  and th e  

volumes made up to  250 m is. 50 ml a l iq u o ts  w ere p ip e tte d  

in to  b o t t l e s  co n ta in in g  weighed q u a n t i t i e s  o f sugar to  

p ro v id e  th e  d e s ire d  sugar c o n c e n tra tio n s . N itro g en  bubb ling  

accompanied t h i s  a d d itio n  to  in h ib i t  o x id a tio n . A f te r  shaking 

on an end-over-end  sh ak e r, samples were removed p e r io d ic a l ly  

and c e n tr ifu g e d . I ro n  and magnesium a n a ly se s  were c a r r ie d  out 

on a l iq u o ts  of th e  su p e rn a ta n t as  d e ta i le d  in  G.M.3 and 4.

The q u a n ti ty  o f i ro n  d isso lv ed  on e x tra c tio n  a t  pH 8 .0  

(T ab le 20) was enhanced by th e  p resence  o f su g a r , a lthough  to  

a l e s s e r  e x te n t th an  was observed on e x tra c tio n  of fe r ro u s  

hyd rox ide . O nly in  th e  case  o f s i d e r i t e  was th e re  any 

a p p re c ia b le  in c re a s e . F ru c to s e , a lthough  p re v io u s ly  shown to  

p o sse ss  c o n s id e ra b le  complexing and d is s o lv in g  powers w ith  

i r o n ,  was s in g u la r ly  in e f f e c t iv e  h e r e ,  even a t  a co n c e n tra tio n  

o f  2 ,7  p e r  c e n t . No in c re a s e  in  th e  q u a n t i ty  o f iro n  d is so lv e d  

w ith  tim e was n o ted .

I n  th e  ca se  o f magnesium (Table 21) th e  s o lu b i l is in g  

e f f e c t  o f  sugar was seen to  b e  f a r  more e x te n s iv e . A gain, 

l i t t l e  in c re a se  w ith  tim e was o bserved , and ag a in  f ru c to s e  

was r a th e r  a poor d is s o lv in g  ag en t. F ru c to sa n , however, 

d is so lv e d  a c o n s id e ra b le  q u a n t i ty  o f  magnesium from a l l  th re e  

m in e ra ls .



gamma o f  i r o n  d i s s o l v e d  from  1 gram  o f  
m in e r a l  a t  i n t e r v a l s  o f  t im e

S a m p le 1 H our 4 H ou rs 12 H ou rs 24 H ours

B i o t i t e

B la n k 4 3 8 3 5 0 35 0 365

2 , 7  % F r u c t o s e 5 2 3 4 1 0 4 5 0 52 5

0 . 14% F ru c’t o s a n 54 1 387 4 5 0 58 8

0 ,7 0 %  F r u c t o s a n 7 3 3 612 6 9 5 708

T r e m o l i t e

B la n k 125 1 0 0 14 8 143

2,7%  F r u c t o s e 125 125 1 4 8 183

0 ,1 4 %  F r u c t o s a n 14 3 190 1 4 8 24 3

0 ,70%  F r u c t o s a n 2 8 8 263 290 299
w m B a B c a s a a  .......................  r i i r r ; ,  ,■ ■■■—

S i d e r i t e

B la n k 6 . 0 40 6 0 6 0

2 .7%  F r u c t o s e 5 0 6 0 1 1 0 1 8 0

0 ,14%  F r u c t o s a n 2 8 8 3 7 7 2 0 8 245

0 ,70%  F r u c t o s a n 310 4 2 0 353 4 5 0

Table 20
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gamma o f  m a g n esiu m  d i s s o l v e d  fro m  1 gram  
o f  m in e r a l  a t  i n t e r v a l s  o f  t im e

S a m p le 1 H our 4  H o u rs 12 H ou rs 24 H ou rs

B i o t i t e

B la n k 64 62 75 9 0

2,7%  F r u c t o s e 94 93 109 1 3 3

i

0 ,1 4 %  F r u c t o s a n 5 7 5 5 5 0 537 564

0 .7 0 %  F r u e t o s a n 2 ,3 4 0 2 ,5 7 3 2,100 2,207

T r e m o l i t e

B la n k 296 3 0 4 352 374

2,7%  F r u c t o s e 284 2 9 9 347 378

0 .14%  F r u c t o s a n 700 7 9 1 7 9 5 814

0 ,7 0 %  F r u c t o s a n 2 ,4 1 0 2 ,5 9 0 2 ,4 7 8 2 ,4 7 5

S i d e r i t e

B la n k 92 110 11 3

■>

128

2.7%  F r u c t o s e 78 9 8 105 104

0 .1 4 %  F r u c t o s a n 464 518 5 3 4 501

0 ,70%  F r u c t o s a n 1 ,8 7 0 2 ,1 4 8 2 ,1 5 0 2 ,0 0 4
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T a b le  21
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A s im i la r  e x tra c t io n  was conducted a t  pH 5 .2 ,  on ly  a 

wrat e r  H a  n r  and a 0 ,70  p e r  cen t s o lu tio n  o f f ru c to s a n  being  

u se d , de te rm in in g  th e  q u a n t i t i e s  o f  iro n  and magnesium 

d is so lv e d  a s  b e fo re .  I t  can be seen ('Table 22) th a t  th e  

s o lu b i l i s a t i o n  of fe r ro u s  iro n  by  sugars i s  co n s id e ra b ly  more 

e f f e c t iv e  a t  low er pH v a lu e s , a f a c t  which i t  had proved 

im p o ss ib le  to  de term ine  during  th e  p reced ing  experim ents. That 

t h i s  e x te n s iv e  d is s o lv in g  o f iro n  le d  to  b leach in g  of th e  

s i d e r i t e  i s  dem onstrated  in  F i g , 18 where th e  co lo u rs  a f t e r  

e x t ra c t io n  w ith  w a te r ,  and w ith  0 ,70  p e r  cen t f ru c to s a n , a re  

compared.

E x te n s iv e  s o lu b i l i s a t io n  o f magnesium a t  pH 5*2 (T able 

22) was o b se rv ed , s im ila r  to  th e  q u a n tity  d is so lv e d  a t  pH 8 ,0 , 

The experim ents have shown th a t  s o lu b i l i s a t io n  o f magnesium 

can occur over a  f a r  w ider pH range  than  was f i r s t  th o u g h t, 

in d ic a t in g  t h a t  some form o f sugar-magnesium in te r a c t io n  can 

a ls o  occur a t  th e se  r e l a t i v e ly  low pH v a lu e s .

I t  would have been u s e fu l to  have ob ta ined  th e  a n a ly s is  

f ig u r e s  fo r  th e  iro n  and magnesium co n te n ts  of a l l  th re e  

m in e ra ls , so th a t  a more com prehensive comparison between them 

could  have been  made, -One -f ig u r e- whl«h "feewover,  ■ b-e

sta'fred -writ'h - oc-r t a i n t y  i s  th a t  th e  f r u ctpagtary in  t h e - concent g a t 1q a 

used -h e re y i s- c ap a b le-o f  ■ e x t r a c t i ng some 25 po r cen t of—t h e- 

t o t a l  magnesium ..p re s e n t i n- si d o r i t -e r

These r e s u l t s  have a lso  in d ic a te d  th a t  complex fo rm ation
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1  H o u r 4  H o u r s 12 H o u r s 2 4  H o u r s

g a m m a  o f  i r o n  d i s s o l v e d  f r o m  1 g r a m  o f  

m i n e r a l  a t  i n t e r v a l s  o f  t i m e

B i o t i t e

B l a n k 520 220 210 270

0 . 7 O fo F r u c t o s a n 2,200 2 , 5 3 5 2 , 5 5 0 3 , 2 3 5

T r e m o l i t e

B l a n k 1 2 5 120 1 3 5 1 8 0

0 . 7 0 io  F r u c t o s a n 5 4 0 670 780 981

S i d e r i t e

B l a n k 5 1 9 1 4 5 4 5

0 , 7 0 ^  F r u c t o s a n 2 , 1 7 3 3 , 4 9 0 3 , 9 4 5 5 , 3 0 0

g a m m a  o f  m a g n e s i u m  d i s s o l v e d  f r o m  1 g r a m  

o f  m i n e r a l  a t  i n t e r v a l s  o f  t i m e

B i o t i t e

B l a n k 248 3 9 2 3 9 2 4 5 2

0 . 7 Q ^  F r u c t o s a n 2 , 3 6 5 2 , 7 6 5 2 , 9 5 0 3,002

T r e m o l i t e

B l a n k 410 5 3 2 562 5 9 1

O . 7O5io  F r u c t o s a n
2,638 2,980 2 , 9 4 0 . 3 , 0 5 4

S i d e r i t e

B l a n k 1 4 9 2 7 3 236 260

0 . 7 0 fo  F r u c t o s a n 2 , 2 0 9 ; 2 , 2 4 7 2,200 2 , 4 4 9

Q JU Z. on  0 -^2 - Onrs* ^ 8 * -  1 , 1

T a b l e  2 2
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A -  P o w d ered  S i d e r i t e  e x t r a c t e d  w it h  w a te r  f o r  24 h o u r s  a t  pH 5*2

B -  P o w d ered  S i d e r i t e  e x t r a c t e d  w it h  f r u c t o s a n  f o r  24  h o u r s  a t  
pH 5 . 2

F ig u r e  18
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need no t occur s o le ly  v ia  the  m e ta ll ic  hydrox ide . The 

e x te n s iv e  d is s o lv in g  o f s id e r i t e  in d ic a te d  th a t  complex 

fo rm atio n  betw een sugar and fe r ro u s  carbona te  was in  o p e ra tio n . 

In  a d d i t io n ,  a t  th e  pH v a lu e s  used in  th e se  l a t t e r  experim en ts, 

magnesium could not p o s s ib ly  be p re se n t in  th e  form o f i t s  

h y d ro x id e , a s  t h i s  does not form u n t i l  a f a r  h ig h e r pH. Thus, 

sugar h a s  been  shown to  form complexes w ith  b o th  iro n  and 

magnesium when p re se n t as  compounds o th e r than  t h e i r  hyd ro x id es .

6. Summary and d isc u ss io n  of th e  r e s u l t s  ob ta ined

The fo reg o in g  experim ents have c le a r ly  dem onstrated th a t  

su g a rs  'were f a r  more e f f e c t iv e  in  d is so lv in g  fe r ro u s  hydroxide 

than  th e  co rrespond ing  f e r r i c  compound. F e r r ic  hydroxide was 

s o lu b i l i s e d  o n ly  to  a s l ig h t  e x te n t,  and over a p e rio d  o f tim e , 

by  s u g a rs , t h i s  e f f e c t  b e in g  more n o tic e a b le  above and below 

pH 6 .2  as  p re d ic te d .  When fe r ro u s  hydroxide was e x tra c te d  

w ith  su g a rs , la rg e  q u a n t i t ie s  o f iro n  r a p id ly  came in to  

s o lu t io n .  I t  was not p o s s ib le ,  however, to  examine th e  e f f e c t  

o f pH v a r ia t io n  on th e  q u a n ti ty  o f iro n  d is s o lv e d , s in c e  the 

degree o f o x id a tio n  of each e x tra c tio n  overwhelm ingly 

determ ined th e  amount s o lu b i l is e d .

In  a d d itio n  to  d is so lv in g  fe r ro u s  hydrox ide, sugars 

were e f f e c t iv e  in  m o b ilis in g  fe r ro u s  iro n  and magnesium from 

n a tu r a l ly  o ccu rrin g  m in e ra ls , and in  th i s  case i t  was shown th a t  

low er pH v a lu e s  promoted in c re ased  so lu tio n  o f fe r ro u s  Iro n  by 

t h e  s u g a r ,  Y /ith o u t  i n c r e a s i n g  t h e  q u a n t i t y  o f  i r o n  d i s s o l v e d
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in  th e  w a te r  b la n k .

The iro n  s o lu tio n s  ob ta ined  on e x tra c t io n  o f f e r ro u s  

hydrox ide  w ith  sugar remained com plete ly  s ta b le  f o r  long  

p e r io d s  o f tim e i f  m aintained under reducing  c o n d itio n s ,  b u t 

r e d e p o s ite d  th e  m a jo r ity  o f th e  d isso lv e d  iro n  on exposure to  

th e  atm osphere. M oreover, th e  trea tm en t of such iro n  

s o lu t io n s  w ith  ty p ic a l  s o i l  c o n s t i tu e n ts ,  r e s u l te d  in  

a d so rp tio n  o f a la rg e  p ro p o rtio n  o f th e  d is so lv e d  i r o n ,  

a d so rp tio n  from f ru c to s e / i r o n  so lu tio n s  b e in g  more com plete 

th a n  from f r u c to s a r / i r o n  s o lu tio n s .

T hus, th e  experim ents have in d ic a te d  th a t  sugars  may p la y  

an im p o rtan t r o le  in  th e  s o lu b i l i s a t io n ,  t r a n s lo c a t io n  and 

subsequent re d e p o s it io n  of th e  m ineral c o n s t i tu e n ts  o f th e  s o i l .

A lthough co n stan t e lu tio n  of th e  upper h o rizo n s  o f th e  

s o i l  w ith  d i l u t e  sugar so lu tio n s  could r e F u lt  in  th e  

s o lu b i l i s a t io n  o f co n sid e rab le  q u a n t i t ie s  o f o the rw ise  

in s o lu b le  f e r r i c  i r o n ,  i t  i s  obvious th a t  su g ars  w i l l  have a 

more pronounced e f f e c t  in  th e  s o lu b i l i s a t io n  o f fe r ro u s  iro n .

I t  i s  o f i n t e r e s t  to  n o te , as  s ta te d  in  th e  in tro d u c tio n  to  

t h i s  s e c t io n ,  th a t  most o f th e  f e a tu r e s  a s s o c ia te d  w ith  

e x te n s iv e  i ro n  m o b ilis a tio n  a re  p re v a le n t under predom inan tly  

red u c in g  c o n d itio n s . That tr a n s lo c a t io n  o f th e  d isso lv e d  iro n  

a f t e r  s o lu b i l i s a t io n  can occur has been dem onstrated  by th e  

f a c t  th a t  th e  iro n  s o lu tio n s  o b ta in ed  on e x tra c tio n  o f  fe r ro u s



hydrox ide  w ith  su g a rs , a re  s ta b le  f o r  long p e r io d s  of tim e when 

red u c in g  c o n d itio n s  a re  p re v a le n t.

I ro n  re d e p o s it io n  f e a tu r e s  in  th e  s o i l  a re  a s so c ia te d  

w ith  c o n d itio n s  of in c re a sed  a e ra t io n ,  and th e  experim ents have 

shown th a t  under such c o n d itio n s , th e  iro n  d is so lv e d  by  sug ars  

i s  d e p o s ite d  a s  a p r e c i p i t a t e ,  th e  p ro p o rtio n  shed being  

determ ined  by  th e  le n g th  of exposure to  o x id is in g  c o n d itio n s .

In  a d d i t io n  to  e x h ib itin g  th e  above e f f e c t s  on o x id a tio n , 

th e  f e r ro u s /s u g a r  so lu tio n s  were s tro n g ly  adsorbed onto c la y  

and se sq u io x id e s , I t  i s  o f i n t e r e s t  to  n c te  th a t  th in  iro n -  

pans and th e  B h o rizo n s  of p o d zo ls , th a t  i s ,  th e  d e p o s itio n  

zones o f th e se  s o i l  ty p e s , a re  enriched  w ith  th e se  very  

c o n s t i tu e n ts .

In  co n c lu sio n  i t  can be  s ta te d  th a t  th e  r e s u l t s  in d ic a te  

th a t  su g a rs  may p la y  a h i th e r to  unap p rec ia ted  r o le  in  th e  

fo rm atio n  of c e r ta in  s o i l  f e a tu r e s .  M o b ilisa tio n  o f  o th e r  

c o n s t i tu e n t  s o i l  m in e ra ls , in  a d d itio n  to  i r o n ,  i s  a lso  a 

d i s t i n c t  p o s s i b i l i t y ,  a s  h as  been shown by  th e  in te n se  

s o lu b i l i s in g  e f f e c t  o f sugars on magnesium a t  a  wide range 

of pH v a lu e s .



SECTION I I I



S e c t io n  I I I ,  F ru c to sa n  in v e s t ig a t io n  

"U In tro d u c t io n

An e x c e lle n t rev iew  o f th e  d isco v ery  and sub sequent 

in v e s t ig a t io n  o f  th e  fru c to sa n s  o f monocotyledons i s  g iv en  by  

A rchbold (1 2 2 ), The f ru c to s a n  re s e rv e s  c£ t h i s  c la s s  o f 

p la n ts  d i f f e r  from th o se  o f th e  com positae, where th e  f ru c to s e  

re s id u e s  a re  lin k e d  1 ,2 , in  th a t  th e  f ru c to fu ra n o se  u n i t s  a re  

l in k e d  2 ,6 ,  r e s u l t in g  in  an elongated  m olecule o f  h igh  

s o l u b i l i t y .  Each ch a in  i s  te rm in a ted  by  a  su cro se  r e s id u e ,  

which r e s u l t s  in  a sm all q u a n tity  o f  g lucose  b e ing  p re s e n t p e r  

m olecu le ,

A c o n s id e ra b le  amount o f  work has been c a r r ie d  out on 

th e  d i s t r i b u t io n  o f th e  w a te r-so lu b le  ca rb o h y d ra tes  o f  g ra s s e s  

( 123 , 124 , 125 , 126, 127 , 128, 129 , 130 , 131) much o f  t h i s  work 

b e in g  summarised in  Archbold* s rev iew , F ru c to sa n  i s  th e  main 

c o n s t i tu e n t ,  and i s  s to re d  m ainly in  th e  stems o f g ra s se s  and 

c e r e a ls  (1 2 8 ), R e la tiv e ly  sm a lle r amounts a re  found in  th e  

le a v e s  ( 132) ,

The sea so n a l v a r ia t io n  o f g ra s s  f ru c to s a n  re s e rv e s ,  

which h as  been c lo s e ly  in v e s tig a te d  ( 133 , 57) appears  to  account 

f o r  most o f  th e  seaso n a l changes in  th e  w a te r-s o lu b le  

ca rb o h y d ra te  co n ten t o f g ra s s e s ,  th e  co n ten t o f  o th e r  so lu b le  

sugars v a ry in g  v e ry  l i t t l e  (134)* W aite and Boyd (135) and W aite 

(57) dem onstrated  th a t  d i f f e r e n t  v a r i e t i e s  of g ra s s  e x h ib it 

d i f f e r e n t  seaso n a l p a t te rn s  of f ru c to sa n  accum ulation . Tim othy,
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c o c k s fo o t, and. fe scu e  e x h ib it  two maxima during  one growing 

seaso n , ry e g ra s s  on ly  one. In  bo th  c a se s  a maximum i s  reached  

ju s t  p re v io u s  to  th e  change-over from v e g e ta tiv e  to  f l o r a l  

developm ent, w ith  a f u r th e r  maximum in  th e  form er group 

o c c u rr in g  a t  a l a t e r  s ta g e  o f  grow th. The f ru c to s a n  co n ten t 

d u rin g  th e s e  maxima can b e  a s  h igh  as  25 p e r  cen t o f  th e  d ry  

m a tte r ,  t h i s  b e in g  an in c re a se  from on ly  1 p e r  cen t e a r ly  in  th e  

growing season .

I t  i s  o f  i n t e r e s t  to  n o te  th a t  o th e r  f a c to r s  in f lu e n c e  

th e  le v e l  o f f ru c to s a n  re s e rv e s .  D e fo lia tio n  m arkedly reduces 

th e  f ru c to s a n  co n ten t (130, 133> 136, 137, 138, 139, 140, 141, 

142) a s  do h ig h  a p p lic a t io n s  o f  n itro g en o u s  f e r t i l i z e r s ,

( 130 ,  156, 139 , 140, 143, 144 , 145).

2, . F ru c to sa n  e x tra c tio n

F ru c to sa n  was e x tra c te d  from mixed I t a l i a n  and P e re n n ia l 

ry e g ra s s  o b ta in ed  from Garscube E s ta te ,  C u ttin g  was c a r r ie d  

o u t on 10 th  August 1966, a t  th e  tim e o f  f u l l  emergence o f  th e  

h ead , d u rin g  th e  second grow th o f th e  season . The m a te r ia l  was 

c u t c lo se  to  th e  ground to  o b ta in  th e  maximum amount o f  stem 

t i s s u e .

The subsequent h and ling  and e x tra c tio n  o f  th e  g ra s s  

e s s e n t i a l ly  c o n s is ts  o f  d ry in g ; m acerating  th e  t i s s u e  w ith  w a te r , 

and p r e c ip i ta t in g  th e  p o ly sacch arid e  w ith  a lc o h o l. S e v e ra l 

a l t e r n a t iv e  methods of d ry in g  have been  re p o r te d . A rchbold (130)

found th a t  i f  th e  d ry ing  co n d itio n s  were s u f f i c i e n t ly  ra p id  to
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avo id  enzymic h y d ro ly s is  o f th e  f ru c to s a n , th e re  was l i t t l e  

o r  no in a c t iv a t io n  o f th e  enzymes them selves. L aidlaw  and 

Wylam (146) s ta te d  th a t  h igh  d ry ing  tem p era tu res  r e s u l te d  in  

f ru c to s a n  breakdown, and found th a t  f re e z e  d ry in g  o f th e  p la n t  

t i s s u e  gave a  f ru c to sa n  co n ten t c lo se  to  th e  o r ig in a l  v a lu e . 

C o lin s  and Shorland  (147) examined a l l  th e  v a r io u s  methods o f  

d ry in g  and p r e s e rv a t io n ,  and found th a t  b o i l in g  e th an o l trea tm e n t 

was th e  most e f f e c t iv e  in  in h ib i t in g  enzyme a c t io n .

M o d ific a tio n s  o f  th e  w ater e x tra c t io n  and p u r i f i c a t io n  

p ro ced u re  have been many and v a r ie d . T hese in c lu d e  trea tm e n t 

o f th e  w a te r  e x tra c t  w ith  le a d  a c e ta te  (130 , 148, 149) o r  

c h a rc o a l (1 3 0 ); trea tm e n t w ith  cadmium su lp h a te  and sodium 

hyd rox ide  a t  95°0, fo llow ed by  d e io n is in g  by passage  over 

A m berlite  IE 100 and IR 4B r e s in s  (150); and fo rm atio n  o f th e  

in s o lu b le  barium  complex o f th e  f ru c to s a n , subsequen tly  b reak in g  

down th e  complex w ith  carbon d io x id e  a t  pH 8 (151).

In  th e  p re se n t w ork, s in c e  th e  p rod u c t was to  be used 

to  examine th e  p o s s i b i l i t i e s  o f complex fo rm atio n  between 

f ru c to s a n  and m e ta ls , i t  was im portan t to  s e le c t  a tech n iq u e  

designed  to  avoid  any change in  th e  p ro p e r t ie s  o r  c o n s t i tu t io n  

o f th e  p o ly sa c c h a rid e . F or v a rio u s  rea so n s  none o f th e  

methods quoted above were e n t i r e ly  s u i ta b le .  High tem pera tu res  

a s  in  L aid law  and R eid ’ s method (1 5 0 ), c a r r ie d  some danger o f  

breakdow n, and th e  a d d itio n  o f any compounds which could p o s s ib ly

form complexes w ith  th e  f ru c to s a n  had to  be avoided.
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The method f i n a l l y  adopted (G.M.8  ) invo lved  th e

tre a tm e n t o f app rox im ate ly  10 k ilogram s o f f r e s h ly  ou t herbage 

w ith  b o i l in g  e th a n o l, th e  g ra ss  being  cu t in  sm all b a tc h e s  and 

im m ediately  plunged in to  10 l i t r e s  o f th e  b o i l in g  so lv e n t in  a 

20 l i t r e ,  p a r a l le l - w a l le d ,  h ea ted  g la s s  e x tra c tio n  v e s s e l .

A f te r  5 m inutes im m ersion, 'che g ra s s  was removed, oven d r ie d  

a t  SO C and hammer m ille d . The 2 k ilogram s o f d ry  powder 

o b ta in e d  was e x tra c te d  tw ice w ith  w a te r to  g iv e  18 l i t r e s  o f 

e x t r a c t .  A f te r  f i l t r a t i o n  through Hi S'lo b u p e rc e l,  t h i s  was 

reduced  in  volume to  3 l i t r e s  under vacuum, and th e n  

p r e c ip i ta te d  in  3 volumes o f co ld  a b so lu te  a lc o h o l. The 

m a te r ia l  ob ta ined  was th e n  re d is so lv e d  in  w a te r , d isc a rd in g  any 

su b s ta n c e s  which would not r e d is s o lv e ,  fo llow ed by 

r e p r e c ip i t a t io n  in  3 volumes o f e th an o l. T h is  p ro ced u re  was 

re p e a te d  a  f u r th e r  two tim e s , and th e  p roduct d r ie d  by  u se  o f dry  

e th a n o l,  d ry  ace tone  and 40-60  petro leum  e th e r ,  159 grams o f 

an o f f -w h ite  powder o f f ru c to sa n  was o b ta in ed ,

3 , E xperim ents conducted using  f ru c to sa n

The experim ents conducted to  examine th e  complexing 

powers o f th e  f ru c to s a n  ob ta ined  by  th e  above p ro c e d u re , have 

appeared  e a r l i e r  in  th e  t e x t , b u t a sh o rt summa ry  o f  th e  

r e s u l t s  o b ta in ed  i s  p rovided  a t  t h i s  p o in t ,  F ru c to san  was 

found to  b e  ex trem ely  e f fe c t iv e  in  low co n c e n tra tio n  in : —

1,  I n h ib i t in g  th e  p r e c ip i ta t io n  o f  f e r r i c  hydrox ide from 

a s o lu tio n  o f f e r r i c  c h lo rid e  on a d d itio n  o f sodium
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hydrox ide , (S ec tio n  I  Exp,No, 9)

2 , R ed isso lv in g  f r e s h ly  p r e c ip i ta te d  fe r ro u s  hydroxide 

a t  v a r io u s  pH v a lu e s , (S ec tio n  I I  Exp.No.20)

3 , D is so lv in g  co n s id e ra b le  q u a n t i t ie s  o f magnesium 

and fe r ro u s  iro n  from s i d e r i t e  and b i o t i t e ,  (Exp,

N o,23)

4 , E f f e c t iv e ly  b leach in g  s id e r i t e  a t  pH 5 ,2  (Exp.No, 23) 

O r ig in a l ly  t h i s  was th e  on ly  work f o r  v/hich th e  f ru c to sa n

was p la n n e d , and th e  r e s u l t s  dem onstrated th e  ex cep tio n a l 

com plexing pow ers o f th e  p o ly sacc h a rid e . To a s c e r ta in  th a t  

th e s e  pow ers w ere no t b e in g  wrongly a t t r ib u te d  to  th e  f ru c to s a n , 

a  number o f  t e s t s  were conducted to  determ ine th e  p u r i t y  o f  th e  

sam ple,

4 , I n i t i a l  a n a ly t ic a l  in v e s t ig a t io n

1, M o istu re  co n ten t

A sample o f th e  f ru c to sa n  was d r ie d  f o r  24 hours under 

vacuum, a t  60°C, over phosphorous p en to x id e  (G.M .9), The

m o is tu re  c o n te n t o f  th e  f ru c to sa n  was 8 p e r  c e n t ,

2 , A cid h y d ro ly s is

A w e ll  known f e a tu r e  o f  f ru c to sa n s  i s  th e  ease  w ith  which 

th e y  a r e  broken  down b y  com paratively  weak a c id s  ( 122 , 123 , 152) ,  

C o n s e q u e n t l y , t o  ~  su lp h u ric  a c id ,  (123, 152, 133) and 

1 p e r  c e n t o x a lic  ac id  ( 153) a re  u s u a lly  used to  e f f e c t  h y d ro ly s is . 

The a c id  s o lu tio n s  a re  th en  n e u tra l is e d  by  a d d i tio n  o f  s a tu ra te d



barium  h y d ro x id e , b e fo re  chromatography.

S in ce  carboh y d ra tes  form complexes w ith  a lk a l in e - e a r th  

m e ta l hydrox ides ( 2 , 134 , 155 , 136) n e u t r a l i s a t io n  o f  th e  

h y d ro ly s in g  a c id  w ith  barium  h y d ro x id e , in troduced  th e  r i s k  o f 

rem oving some o f  th e  h y d ro ly s is  p ro d u c ts  as in s o lu b le  barium  

com plexes o r  ad d u c ts .

The method f i n a l l y  adopted invo lved  h y d ro ly s is  o f  th e  

p o ly sa c c h a r id e  w ith  d i lu te  form ic ac id  (G.M ,10), A sample o f

f ru c to s a n  was hydro lysed  w ith  5 mis o f 0.2-N form ic ac id  a t
o

100 C f o r  1 hour. A f te r  a d d itio n  o f w a te r , th e  excess ac id  

was removed b y  d i s t i l l a t i o n  o f th e  azeo trope ( 157) under vacuum.

By r e p e t i t i o n  o f t h i s  p rocedure th re e  tim e s , th e  pH o f th e  

s o lu t io n  was b rough t to  n e u t r a l i t y  w ith  l i t t l e  r i s k  o f  lo s s  

o f  h y d ro ly s is  p ro d u c ts . The techn ique  Y/orked so w e ll in  t h i s  

c a se  th a t  i t  may be a p p lic a b le  to  th e  in v e s t ig a t io n  o f  o th e r  

p o ly sa c c h a r id e s .

Samples o f  th e  h y d ro ly sa te  were chromatographed (G-.M.1) 

in  aqueous phenol and e th y la c e ta te —p y rid in e —-w ater s o lv e n ts ,  and 

th e  s p o ts  lo c a te d  using  T rev e ly an ’ s s i lv e r  n i t r a t e  method ( 158) .  

The s o le  h y d ro ly s is  p ro d u c ts  v/ere f ru c to s e  and a  t r a c e  o f 

g lu c o se , v/hich i s  i n  a g r e e m e n t  w i t h  a l l  p rev io u s  r e s u l t s  ( 159 , 130) .  

3 . Q u a n ti ta tiv e  f ru c to s e  a n a ly s is

The f ru c to s e  co n ten t o f th e  sample was a c c u ra te ly  

determ ined (G-.M.6) b y  means o f Bacon and B e l l ’ s (1 b 0 )  m o d ifica tio n



o f  Roe’ s s p e c if ic  k e to se  d e te rm in a tio n  (161), S ince  one 

component s o lu tio n  i s  a s trong  a c id , h y d ro ly s is  of th e  

p o ly sa c c h a r id e  b e fo re  a n a ly s is  was unnecessary . The f ru c to sa n  

c o n ta in ed  68,2 p e r  cen t o f f ru c to s e ,

4 , T o ta l  hexose co n ten t

I n  o rd e r  to  determ ine q u a n t i ta t iv e ly  th e  t r a c e  o f 

g lu c o se  p r e s e n t ,  a n a ly s is  o f th e  t o t a l  hexose co n ten t was 

c a r r ie d  ou t using  th e  phenol su lp h u ric  method (G.M .19). The 

acc u racy  o f th e  f ig u r e  ob ta ined  was checked by c o n s tru c tin g  

s ta n d a rd  cu rv es  u sin g  b o th  f ru c to s e  and g lucose  as  s ta n d a rd s , 

v e ry  l i t t l e  d if fe re n c e  between them being  found. The t o t a l  

hexose co n ten t was 77.7 p e r c e n t. S u b tra c tio n  o f th e  f ig u re  

o b ta in ed  above fo r  th e  fru c to s e  co n ten t gave a  g lu co se  co n ten t 

o f 9 ,5  p e r c e n t . T h is  was s l i g h t ly  h ig h e r than  th e  f ig u re  

re p o r te d  b y  A rchbold (130) who found a 6 p e r  c e n t co n ten t o f 

g lu c o se  in  b a r le y  f ru c to sa n ,

5, T o ta l  n itro g e n  co n ten t

T o ta l  n itro g e n  was estim ated  by  th e  K je ld ah l method 

(G.ivI, 11) and a v a lu e  o f  0 ,3 6 4  p e r  c en t o b ta in ed f eq u iv a len t to  

a crude p ro te in  co n ten t o f 2 ,2 7  p e r  c e n t,

6 , Reducing power

On conducting a P e h lin g ’ s t e s t  (G.M.12) on a sample o f  th e  

f ru c to s a n ,  no reducing  c a p a c ity  was d e te c te d .

As a  r e s u l t  o f th e se  t e s t s ,  th e  f ru c to sa n  was considered  

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

130.



E xperim ents, and no f u r th e r  a n a ly t ic a l  t e s t s  were neo essary  

a t  t h i s  s ta g e .

5 . F u r th e r  in v e s t ig a t io n  o f  th e  p ro p e r t ie s  o f th e  f ru c to s a n .

F ru c to san  has been shown to  b e  an e f f e c t iv e  agen t in  

d is s o lv in g  fe r ro u s  iro n  from a v a r ie ty  o f  so u rces . T h is  

p ro p e r ty  would be  more s ig n if ic a n t  i f  r e s is ta n c e  to  m ic ro b ia l 

a t t a c k  cou ld  be dem onstrated . To in v e s t ig a te  th e  speed w ith  

w hich f ru c to s a n  i s  broken down by  a irb o rn e  m icro-organism s, and 

w hether t h i s  i s  in h ib i te d  b y  th e  p resen ce  o f i r o n ,  th e  

fo llo w in g  experim ent was conducted.

Exp.N o.24. The breakdown o f f ru c to sa n  by a irb o rn e  micro

organism s.

F ru c to san  c o n c e n tra tio n s  o f  1 , 2 , 4  and 6 p e r  cen t were 

exam ined, one s e r ie s  be ing  d isso lv ed  in  w a te r , th e  o th e r  in

0 .0 2  M olar f e r r i c  c h lo r id e . A f te r  exposure to  th e  atm osphere 

f o r  s e v e ra l days th e  non -iro n  s o lu tio n s  had developed a s tro n g  

m ic ro b ia l grow th , w hereas th e  iro n -c o n ta in in g  a l iq u o ts  remained 

co m p le te ly  c l e a r  f o r  a number o f weeks. T h is  was a p a r t  from a 

s l i g h t ,  b u t c o n s ta n t ,  c lou d in ess  in  the  2 p e r  c e n t so lu tio n  

in  f e r r i c  c h lo r id e .  The pH v a lu e s  o f th e  e ig h t s o lu tio n s  used 

a re  l i s t e d  in  T ab le  23 , where i t  can b e  seen th a t  th e  p ro te c tiv e  

a c t io n  o f  i ro n  could  have been due to  low ering o f  th e  pH, 

r a th e r  than  a  conplexing  e f f e c t .

U sing 1 , 2 and 4 p e r  cen t f ru c to sa n  c o n c e n tra tio n s , th e

f o l l o w i n g  s o l u t i o n s  w e r e  made up:
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S tre n g th  
o f s o lu t io n

I
pH v a lu e  j 
in  w a te r  !j

pH v a lu e  in  
f e r r i c  c h lo r id e

1 5»
................... ............  _j 6.8 ! 2,25

2 yo 6.75 iI 2.25
l£o 6.65 ; 3 .0

&/o_______ _ ___ 6.6  1_____________ l__ 4 .0

Table  23

1, F ru c to sa n  p lu s  w ate r -  pH 6,75

2, F ru c to sa n  p lu s  f e r r i c  c h lo rid e  -  pH 2,25

3 , F ru c to sa n  p lu s  f e r r i c  c h lo rid e  -  pH 6,75

A d u p l ic a te  s e r ie s  o f s o lu t io n s ,  over la y e re d  w ith  to lu e n e , an 

a n t im ic ro b ia l  a g e n t, were a lso  s e t  up to  v e r i f y  th a t  th e  

c lo u d in e ss  and m ic ro b ia l growth were indeed due to  th e  a c t io n  

o f  a irb o rn e  m icro-organism s.

A f te r  stand ing  f o r  a number o f days, th e  o b se rv a tio n s  

in  T ab le  24 w ere made. I t  was concluded th a t  th e  m ic ro b ia l 

growth in  th e  aqueous so lu tio n s  was due to  a irb o rn e  m icro-organism s 

and th a t  th e  p ro te c t iv e  a c tio n  o f f e r r i c  c h lo r id e  was p ro b ab ly  

due to  complex fo rm atio n , s im ila r  to  th e  e f f e c t  noted by  M artin  

e t  a l  ( 111) w ith  a number o f  complexed p o ly sacc h a rid es  in  1966.

No ex p lan a tio n  fo r  th e  s l i g h t ,  co n s tan t c lo u d in ess  o f th e  2 p e r  

cen t f  ru e  to  s a r /  i ro n  s o lu tio n  was found , a lthough  i t  was 

e v id e n tly  not due to  m ic ro b ia l a t ta c k ,  as  i t  a lso  occu rred  under 

to lu e n e .
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1$> and h$>

Sample Open (Coluen© 
to  

a i r
 j„

W ater pH 6,75

FeCl^ pH 2,25

Pe013 pH 6.75

B a c te r ia l

covered
Open

to
a i r

Toluene
covered

i B a c te r ia l  j 
growth j c le a r  |  growth ° ^ ea r

c le a r

c le a r

c le a r  s l i g h t ly  j s l i g h t ly  
cloudy j cloudy

c le a r  ! c le a r c le a r

T ab le  24

I r o n ,  th e r e f o r e ,  appears to  b e  capab le o f p ro te c t in g  

f ru c to s a n  from m ic ro b ia l a t ta c k  over th e  most im portan t 

p h y s io lo g ic a l  pH ra n g e , from around pH 2 to  around pH 7.

S in ce  no s t e r i l i s a t i o n  o f v e s s e ls  o r  s o lu tio n s  was 

c a r r ie d  o u t ,  t h i s  experim ent would no t s a t i s f y  a  m ic r o b io l ig is t ; 

nor was i t  in tended  to  conduct such an experim en t, a s  on ly  a 

g ro s s  e f f e c t  was being  sought.

Exp.N o.25, The behav iour o f f ru c to sa n  s o lu tio n  when ad ju s ted

to  pH 10.0

Two sam ples o f 4  p e r  cen t ry e g ra ss  f ru c to s a n ,  one in  

s o lu t io n  in  w a te r , th e  o th e r  in  0 ,02  Molar f e r r i c  c h lo r id e ,  

were a d ju s te d  to  pH 10, to  examine th e  c a p a c ity  of iro n  to  

p ro te c t  f ru c to s a n  from m ic ro b ia l a t ta c k  under a lk a l in e ,  

c o n d itio n s .  T h is  o r ig in a l  aim was no t p u rsu ed , in  view o f th e

o b se rv a tio n s  made.

As e x p e c t e d  from th e  in h ib i t io n  o f p r e c ip i ta t io n
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experim ents (Exp.No 9 ) ,  th e  s o lu tio n  o f f ru c to sa n  in  f e r r i c  

c h lo r id e  rem ained com plete ly  c le a r  d u ring  th e  whole 

ad ju stm en t p ro ced u re . The aqueous s o lu t io n ,  however, 

im m ediately  upon a d d itio n  o f sodium hyd rox ide , d eposited  

a p r e c i p i t a t e  which in c reased  in  b u lk  u n t i l  pH 10 was reached , 

F ru c to sa n  s o lu tio n s  o f  vary ing  s tre n g th s  a l l  ex h ib ite d  

t h i s  same phenomenon when sodium hydroxide was added, th e  

q u a n t i ty  o f  p r e c ip i t a t e  in c re a s in g  w ith  th e  s tre n g th  o f th e  

s o lu t io n .

Conducted w ith  more c lo s e ly  c o n tro lle d  a d d itio n  o f 

a l k a l i ,  p r e c ip i t a t io n  was found to  commence a s  soon a s  th e  

pH was r a is e d  to  pH 7 ,2 5 , a t  t h i s  p o in t be ing  apparen t a s  a 

s l ig h t  h aze . On in c re a s in g  th e  pH slow ly , th e  amount o f 

p r e c i p i t a t e  in c re a s e d , reach ing  a maximum a t  pH 10, T h is  was 

a s c e r ta in e d  b y  r a is in g  th e  pH to  10, c e n tr ifu g in g  o f f  th e  

p r e c i p i t a t e ,  and adding a l k a l i  to  pH 11 ,5 , No f u r th e r  

p r e c ip i t a t io n  was observed.

The g re y , f lo c c u le n t p r e c ip i ta te  re d is s o lv e d  upon 

a c i d i f i c a t i o n ,  and was o bv iously  an im p u rity  which had no t 

been  d e te c te d  by  th e  p rev io u s  a n a ly t ic a l  t e s t s .

To v e r i f y  th a t  th e  complexing powers a t t r ib u te d  to  

f ru c to s a n  on th e  r e s u l t s  o f e a r l i e r  experim ents were s t i l l  

v a l i d ,  f iv e  grams o f frucxosan  w ere d isso lv ed  in  50 mis o f 

w a te r ,  a d ju s te d  to  pH 10, and th e  p r e c ip i t a t e  removed by 

c e n t r i f u g a t io n .  The r e s u l t a n t  tru c to sa n  so lu tio n  was
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p r e c ip i ta te d  i n  a lc o h o l,  c o l le c te d  and d r ie d ,  and a  re p e a t 

o f th e  in h ib i t i o n  o f p r e c ip i ta t io n  experim ent (Exp,No,9) 
conducted , F ru c to sa n  minus th e  p r e c ip i ta t in g  f r a c t io n  gave 

r e s u l t s  e x a c tly  com parable to  th e  o r ig in a l  com plete f ru c to s a n . 

The p o ly s a c c h a r id e , a f t e r  removal o f t h i s  f r a c t io n  a t  pH 10, 

s t i l l  r e ta in e d  i t s  complexing powers,

6 , E xam ination o f th e  p r e c ip i ta te  ob ta in ed  on a d ju s t in g  a 

f ru c to s a n  s o lu tio n  to  pH 10 

Exp.N o,26, O bservations on th e  q u a n tity  p r e c ip i ta te d .

1 Gram o f th e  fru c to sa n  was d isso lv ed  i n  15 mis of 

w a te r ,  a d ju s te d  to  pH 10 ,and th e  p r e c ip i ta te  c e n tr ifu g e d , 

washed s e v e ra l  tim es w ith  w a te r ad ju sted  to  pH 10 w ith  sodium 

hydrox ide  and d r ie d ,  29,1  mgs o f p r e c ip i ta te  w ere o b ta in ed .

When 1 gram o f f ru c to sa n  was d isso lv ed  in  10 mis o f 

w a te r ,  and th e  same procedure c a r r ie d  o u t ,  th e  w eight o f  

p r e c i p i t a t e  o b ta in ed  was 33,62 mgs. Because o f  t h i s  v a r ia t io n  

10 p e r  c e n t s o lu tio n s  were used in  a l l  subsequent experim ents 

in  o rd e r  to  s ta n d a rd ise  th e  p rocedure,

Exp.N o.27. Attem pted c h a ra c te r i s a t io n  o f th e  p r e c ip i ta te

A pproxim ately 150 mgs o f p r e c ip i ta te  were o b ta in ed  by 

d is s o lv in g  5 grams of f ru c to sa n  in  50 mis o f w a te r  and a d ju s tin g  

th e  s o lu tio n  to  pH 10. A f te r  c o l le c t io n  by  c e n t r i f u g a t io n ,  

and washing s e v e ra l tim es w ith  w ate r ad ju s ted  to  pH 10 w ith  

sodium h y d ro x id e , th e  m a te r ia l was used in  th e  v a r io u s  

q u a l i t a t iv e  a n a ly t ic a l  t e s t s .
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H y d ro ly s is  o f  an a l iq u o t o f th e  p r e c i p i t a t e  by  th e  

fo rm ic  a c id  method (G-.M.10) was follow ed by  chrom atography 

in  aqueous phenol so lv e n t. No sp o ts  were d e tec te d  

T rev e ly an ’ s  s i l v e r  re a g e n t.

The p resen ce  o f carbohydrate  in  th e  p r e c ip i t a t e  was 

te s t e d  f o r  by  th e  M olisch t e s t  (G.M.15) w ith  n eg a tiv e  r e s u l t s .  

S im i la r ly ,  th e  m a te r ia l gave a n eg a tiv e  r e a c t io n  to  th e  

b iu r e t  (G .M .14), F e h l in g 's  (G .M .12), M illon*s (G.M.15) and 

sodium cob a l t i n i t r i t e /  a c e t ic  a c id  (G.M.15) re a g e n ts .

H ence, a q u a l i ta t iv e  t e s t  f o r  phosphate was c a r r ie d  

out u sin g  King’ s method (G.M.16), T h is  t e s t  showed 

a p p re c ia b le  q u a n t i t i e s  o f phosphate p re se n t in  th e  p r e c ip i ta te  

so t h a t  q u a n t i ta t iv e  e s tim a tio n s  were th en  c a r r ie d  o u t ,  b o th  

t o t a l  and in o rg a n ic  phosphate being  determ ined. S im ila r  

e s tim a tio n s  were a lso  perform ed on th e  o r ig in a l  f ru c to sa n  

m a te r ia l ,  and on a sample o f f ru c to sa n  from which th e  

p r e c ip i ta t in g  f r a c t io n  had been  removed by ad justm ent to  pH 10 

The v a lu e s  ob ta in ed  a re  p resen ted  in  T ab le  25, and re p re se n t 

th e  q u a n t i ty  o f phosphate in  one d ry  gram o f f ru c to s a n .

I t  can b e  seen th a t  66 p e r cen t o f th e  t o t a l  phosphate 

p re s e n t  was p r e c ip i ta te d  a t  pH 10, and m oreover, was not 

a s s o c ia te d  w ith  o rg an ic  m a tte r . No ch arrin g  occu rred  on 

o x id a tio n  o f  th e  sample w ith  p e rc h lo r ic  ac id  during  th e  t o t a l  

phosphate  e s tim a tio n .



F ra c tio n

i----- ---- —-----------

T e s t
mg 

a s  P
mg

a s  P0, 
4

O rig in a l T o ta l P 6.95 21.3

F ru c to sa n In o rg an ic  P 5.30 16,24
i

P r e c ip i ta t e d T o ta l P 4 ,6 14.0

F ra c t io n In o rg an ic  P
...

4 .6 14.0

U n p re c ip ita te d  j
I

T o ta l p 2.35 7 .3

F ra c t io n In o rg an ic  P 0 .7 2 .2 4

T ab le  25

The m a jo r ity  o f th e  phosphate p re s e n t in  th e  o r ig in a l  

f ru c to s a n  was in o rg an ic  in  n a tu re ,  a lthough  some 24 p e r  cen t 

o f  i t  r e g is te r e d  a s  be ing  o rg a n ic , and th e re fo re  must be bound 

e i th e r  d i r e c t l y  o r in d i r e c t l y  to  th e  f ru c to s a n  m olecule. The 

q u e s tio n  a r i s e s  a s  to  w hether t h i s  in o rg a n ic  phosphate was 

indeed  t r u e  o rth o p h o sp h a te , o r  w hether i t  had been  s p l i t  o f f  

under th e  a c id  co n d itio n s  o f King’ s d e te rm in a tio n .

To avo id  th e  s tro n g ly  hydro lysing  c o n d itio n s  p re sen te d  

b y  th e  re a g e n ts  used in  th e  King method f o r  phosphate  e s tim a tio n , 

th e  method o f  Lowry and Lopez was u t i l i s e d  (G-.M.16). I n  th i s  

method th e  pH o f th e  t e s t  so lu tio n  i s  pH 4 .0 ,  a s  compared to  

pH 0 ,65  f o r  th e  King method; th e  molybdate c o n c e n tra tio n  i s  

low ered from 0 .2 5  p e r  cen t to  0,1 p e r  c e n t ,  and a sc o rb ic  ac id  

i s  s u b s t i tu te d  fo r  am idol a s  th e  reducing  ag en t,
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A low er r e s u l t  f o r  in o rg a n ic  phosphate w ith  t h i s  

t e s t  would in d ic a te  l a b i l e  bonds a t ta c h in g  th e  phosphate 

r e s id u e  to  th e  f ru c to s a n ; an eq u iv a len t r e s u l t  would tend  

to  in d ic a te  th e  absence o f any p h o sp h a te -fru c to san  lin k a g e .

The d e te rm in a tio n  was c a r r ie d  out on th e  o r ig in a l  

f ru c to s a n  a lo n e , s in c e  i t  had a lre a d y  been ad eq u a te ly  

dem onstra ted  th a t  a l l  th e  phosphate p re se n t in  th e  p r e c ip i t a t e  

was in o rg a n ic .  The con ten t o f t ru e  o rthophosphate in  one gram 

was found to  b e  4*64  mgs expressed as  phosphorous, which i s  

e q u iv a le n t to  14.2 mgs o f phosphate (PO^) • Comparison o f  t h i s  

v a lu e  w ith  th e  f ig u re s  l i s t e d  in  T ab le  25 shows th a t  2 ,04  mgs 

o f  a c id  l a b i l e  phosphate  were d e te c te d . However, th e  m a jo r ity  

of th e  phosphate d es ig n a ted  as in o rg an ic  by  King’ s method was 

t r u l y  in o rg a n ic ,  th e  value  be ing  alm ost e x a c tly  eq u iv a len t to  

th e  q u a n t i ty  o f phosphate  p re c ip i ta te d  a t  pH 10.

T here a re  th e re fo re  th re e  ty p es  o f  phosphate p re se n t in  

1 gram o f th e  o r ig in a l  fru c to san :

a) a c id  l a b i l e  phosphate -  2 ,04  mgs

b ) in o rg a n ic  phosphate -  14 .0  mgs

c) bound phosphate -  5 .0 6  mgs

2 j. I n v e s t ig a t io n  o f th e  form o f phosphate in  th e  f ru c to sa n

S e v e ra l p o s s i b i l i t i e s  o f th e  source o f phosphate  e x is te d ,

a) The sm all q u a n tity  o f ac id  l a b i l e  phosphate may have 

belonged  to  a n u c le o tid e  type o f compound. Compounds o f  t h i s  

ty p e  have a lre a d y  been found a sso c ia te d  wiuh carbohydra te  

polym ers (162),
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b ) Almost exact c o r r e la t io n  betw een th e  t r u e  in o rg a n ic  

pho sp h ate  p re s e n t and th e  amount shed by p r e c ip i ta t io n  a t  

pH 10 was observed . Thus th e  e x is te n c e  o f in o rg an ic  

compounds such as  calcium  and magnesium phosphates o r  b a s ic  

s a l t s  w eakly  bonded to  th e  f ru c to sa n  b u t not com plete ly  

p ro te c te d  a t  a lk a l in e  pH v a lu e s ,  i s  a p o s s i b i l i t y ,

c) The rem ain ing  23,74 p e r cen t o f th e  phosphate  no t 

hyd ro ly sed  by  K in g 's  in o rg an ic  d e te rm in a tio n , in d ic a te d  th e  

p re sen ce  o f  s tro n g  bonding between th e  f ru c to sa n  and th e  

phosphate  g roup ing . I t  was l i k e ly  to  b e  in  th e  form o f 

in o rg a n ic  compounds s tro n g ly  bonded to  th e  f ru c to s a n , u n lik e  

th e  more w eakly bonded compounds which p r e c ip i ta te d  a t  pH 10 

and w hich gave a p o s i t iv e  in o rg a n ic  phosphate t e s t ,

A conven ien t ex p lan a tio n  fo r  th e  l a s t  two c a te g o r ie s  

would b e  th e  p resen ce  of b a s ic  s a l t s ,  where h a l f  o f th e  

m olecule i s  bonded to  th e  f ru c to s a n , th e  o th e r  p o r t io n  

p o sse ss in g  no o rg an ic—in o rg an ic  l in k a g e , as  shown in  F i g ,19*

!
f ru c to s e

f ru c to s e  -  C a ^ H ^ .C a ^ P O ^ ^  

f ru c to s e  -  Ca^(PO^)£ .Ca(OH)£

F igu re 19



Exp.N o.28. The souroe o f th e  a c id  l a b i l e  phosphate

The p o s s i b i l i t y  o f th e  p resen ce  o f a  s n a i l  q u a n tity  

o f  n u c le o tid e  m a te r ia l  in  th e  f ru c to sa n  was examined by  

m easuring th e  u l t r a - v io l e t  a b so rp tio n  o f 1 gram o f  f ru c to sa n  

in  250 mis o f v /a te r , over th e  range 220 to  450 mp . The 

a b so rp tio n  spectrum  o b ta in e d , (F ig ,20) showed an in f le x io n  

p o in t  a t  260 mjj. , in d ic a t iv e  o f th e  p resence  o f n u c le o tid e  

m a te r ia l ,  a s  t h i s  f e a tu r e  i s  g iven by  a l l  compounds o f t h i s  

ty p e .

The q u a n t i ty  o f n u c leo tid e  m a te r ia l  p re se n t was 

c a lc u la te d  on a ty p ic a l  n u c le o tid e . Assuming th e  spectrum 

was due to  U,M,P.

c o n c e n tra tio n  -  grams p e r  l i t r e
i- x e

w here 0.D , » o p t i c a l  d e n s ity ; M,W. = m olecular w eigh t;

1 - = molar e x tin c tio n  c o e f f ic ie n t ;

= p a th  le n g th  o f c e l l

1.0  x 524 x 250 ^
c o n c e n tra tio n  » -k/*’ x 1 1000 grams

= 8,1  mgs in  250 mis

T h ere  a re  8,1 mgs o f  n u c le o tid e  (c a lc u la te d  a s  UMP) 

p re s e n t  in  1 gram o f th e  f ru c to s a n . T h is  i s  eq u iv a len t to  

2 ,5  mgs o f  phosphate  (PO^) > in d ic a tin g  th a t  th e  sou rce  o f th e  

a c i d - l a b i l e  phosphate (2 ,0 4  mgs a s  P0^) was p robab ly  a n u c le o tid e  

ty p e  o f compound.
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O p tic a l
D ensity

1 . 0-

Wavelength m lu

A bsorption spectrum  o f  F ructo san

F igure  20
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F u r th e r  in v e s t ig a t io n  o f t h i s  e n t i ty  was no t p u rsued , 

b u t i t s  p re sen ce  i s  no ted ,

Exp,No, 29, M ineral a n a ly s is  o f th e  p r e c ip i ta t in g  m a te r ia l

A c a t io n  a n a ly s is  o f an a c id i f ie d  s o lu tio n  o f  th e  

p r e c i p i t a t e  was c a r r ie d  o u t ,  (O',*1,18) p o s i t iv e  t e s t s  f o r  calcium  

magnesium and iro n  be ing  o b ta in ed . Q u a n ti ta tiv e  measurement 

o f  th e s e  m e ta ls  by  means o f th e  atomic ab so rp tio n  

spec tro p h o to m eter (G.M.3, 4 ,  3) gave th e  v a lu es  shown in  

T ab le  26.

mgs in  p p t .  ;
M etal from 1 gm fru c to sa n

Calcium 5 .44

Magnesium 2.1

I ro n 0.027

T ab le 26.

Exp.N o,30* Ash d e te rm in a tio n  and m ineral a n a ly s is  o f  th e

o r ig in a l  f ru c to sa n  

The ash  co n ten t o f  th e  fru c to sa n  was determ ined using  

Humphrie* s method (G,M, 17) a r e s u l t  o f 20 ,0  p e r  cen t being  

o b ta in e d . No s i l i c a  was p re s e n t. No r e p o r t  o f such an 

a p p re c ia b le  m inera l co n ten t has been found in  th e  l i t e r a t u r e .  

T h is  may b e  due to  th e  more extreme p rocedures used in  th e  

e a r ly  e x tra c t io n  methods, a summary o f which has a lre a d y  been
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g iv e n . Such tre a tm e n ts  a s  passage  over io n  exchange r e s in s ;  

a d d i t io n  o f  le a d  a c e ta te ,  and fo rn a tio n  of "barium complexes 

w ith  subsequent barium  removal by carbon d iox ide  tre a tm e n t, 

may have r e s u l te d  in  th e  removal o f any in o rg an ic  io n s  a lre a d y  

bound to  th e  f ru c to s a n . Schlubach and B laschke (163) 

in c lu d ed  a f ig u re  o f 2 ,5  p e r cen t a sh , in  an a n a ly s is  o f t o t a l  

w a te r  so lu b le  carbohydra tes  from ry e g ra s s , b u t th e re  was no 

su g g e s tio n  a s  to  where t h i s  may have been a s s o c ia te d , and th e  

v a lu e  o b ta in ed  i s  very  much low er.

D uring a sh in g , removal o f a l l  t r a c e s  o f carbon from 

th e  ash  took  a c o n s id e ra b le  tim e, as shown in  T ab le  27.

Hours
a t

490°J
Weight

Ash Appearance

6 226.9 co n sid e ra b le  carbon
...........  . . . .

26 207.5 tr a c e s  o f  carbon

37 203.7 tr a c e s  o f carbon

45 200 .8 s l ig h t  t r a c e s  carbon
.........................  ....................... .... ...................................

60 200 ,0 pure  w h ite  ash

T ab le  27

In  com parison, one gram o f D f ru c to s e  was com plete ly  ashed in  

1-g- h o u rs  a t  t h i s  tem p era tu re .

A c a t io n  a n a ly s is  o f th e  ash  was c a r r ie d  ou t (G.M.18) 

g iv in g  p o s i t iv e  q u a l i ta t iv e  t e s t s  fo r  ca lc ium , magnesium, and
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I ro n  a s  expec ted , w ith  in  a d d itio n  manganese and po tassium , 

Q u a n ti ta t iv e  t e s t s  were c a r r ie d  out on th e  calcium , 

magnesium and iro n  as  "before. The r e s u l t s  a re  ta b u la te d  in  

T ab le  28 , along  w ith  th e  r e s u l t s  ob ta ined  from th e  p r e c ip i t a t e  

a n a ly s is  f o r  com parison. As was p re v io u s ly  observed w ith  

p h o sp h a te , th e  t o t a l  co n ten t o f magnesium calcium  and iro n  

in  th e  f ru c to s a n  was f a r  g re a te r  th an  th e  amount p r e c ip i ta te d  

ou t a t  pH 10.

Io n Weight in| P re c ip i ta te d  
Ash j a t  pH 10.0
mgs. j  mgs.

Calcium

i  Magnesium

P hosphate

8 .4

5.2

21.3

5*44

2.1

14.0

% o f  t o t a l  ppt^«

64

AO

65

I ro n 0.434 0.027 6.2

T ab le  28

The v a lu es  ob ta ined  fo r  th e  p r e c ip i ta te d  f r a c t io n  

would b e  in  accordance w ith  th e  p r e c ip i ta t io n  o f calcium  and 

magnesium phosphates from s o lu tio n ,  a s  dem onstrated in  T ab le  29 . 

A s im i la r  c a lc u la t io n  perform ed fo r  th e  calcium  and magnesium 

rem ain ing  bound to  th e  f ru c to sa n  a t  pli 10, in d ic a te d  th a t  on ly  

50 p e r  c e n t of th e  t o t a l  requirem ent o f phosphate was 

p r e s e n t .

T h is  in fo rm atio n  i s  suggestive  o f th e  p resence  o f  b a s ic  

s a l t s .  The o n ly  f a c t ,  however, which sup p o rts  t h i s  convenient
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S a l t ; - Mg3 o ?< v 2

R a tio  b y  w eight 
o f  M : PO^ 1:1.583 1 :2 .6

C on ten t o f  M 
in  p r e c i p i t a t e

5 .4 4 2.1

PO^ re q u ire d  
to  form  s a l t 8,61 5 .46

T o ta l  PO, 4
re q u ire d 14*07

T o ta l  PO^ 
p re s e n t 14.0

T ab le  29 M = Ca o r  Mg

e x p la n a tio n , i s  th e  absence o f o th e r  ions in  th e  ash  to  

accoun t f o r  th e  weight*

The f e a tu r e s  dem onstrated suggest th a t  th e  ap p re c ia b le  

m in e ra l co n ten t i s  due to  some form o f coraplexing between th e  

in o rg a n ic  m a tte r  and th e  fructosan*  The noted behav iour o f 

th e  m in e ra l m a tte r i s  s im ila r  to  th a t  observed during  th e  

i n i t i a l  in v e s t ig a t io n  o f th e  e f f e c t  of sugars  on f e r r i c  

hyd rox ide  p r e c ip i ta t io n  (Exps*Nos*4 and 5) where th e  p resence  

of sugar was shown to  in h ib i t  th e  p r e c ip i ta t io n  o f f e r r i c  

h y d ro x id e , and th a t  p r e c ip i ta t io n  in  th e  p resence  o f sugar was 

a g ra d u a l p ro c e ss . In  t h i s  c a se , p r e c ip i ta t io n  o f th e  in o rg an ic  

m a te r ia l  was in h ib ite d  by  th e  p resence  o f f ru c to s a n , a s  calcium
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and magnesium phosphates could  norm ally  he  expected to  

p r e c i p i t a t e  a t  pH 6 ,5 ,  and w as, in  a d d i tio n , a g radual p ro c e ss . 

Even a t  pH 1 0 ,0 , th e  maximum p r e c ip i ta t io n  l e v e l ,  over 80 p e r  

c en t o f th e  in o rg a n ic  m a te ria l was s t i l l  so lu b le .

However, in  th e  e a r l i e r  experim ents b o th  f ru c to s e  and 

f ru c to s a n  (Exp.N o.4 and 9) exh ib ited  a maximum p r e c ip i ta t io n  

le v e l  w ith  f e r r i c  hydroxide a t  pH 6, 2,  th e  in so lu b le  

p r e c i p i t a t e  rc d is s o lv in g  a t  h ig h e r pH v a lu es . H ere, th e  

q u a n t i ty  o f  m a te r ia l p r e c ip i ta te d  in c re a s e s  a s  th e  pH i s  

r a is e d  from 7.25 to  10 ,0 . The apparen t anomaly maybe  due 

to  th e  f a c t  t h a t ,  in  t h i s  ca se , th e  p r e c ip i ta t in g  m a te r ia ls  a re  

m ain ly  calcium  and magnesium phosphates, r a th e r  th an  f e r r i c  

hydrox ide  a s  in  th e  p rev io u s  experim ents,

A v e ry  e f f ic ie n t  complexing a c tio n  has been 

dem onstrated  by  a n a tu r a l ly  occurring  p o ly sacc h a rid e , 

a s s o c ia te d  w ith  in o rg a n ic  c o n s ti tu e n ts  a lre a d y  p re se n t w ith in  

th e  p la n t  t i s s u e s  b e fo re  e x tra c tio n . I t  i s  no t known w hether 

th e  f ru c to s a n  was a sso c ia te d  w ith  th e  m ineral m a tte r w ith in  

th e  c e l l ,  o r  w hether th e  in te r a c t io n  occurred  a f t e r  th e  c e l l s  

had been  broken down during  th e  e x tra c tio n  p ro c e ss .

8 . F u r th e r  in v e s t ig a t io n  o f th e  behav iour o f th e  in o rg an ic  

c o n s t i tu e n ts

F u r th e r  in fo rm atio n  on th e  behav iou r o f t h i s  

p r e c ip i t a t in g  m a te r ia l  was d e s ira b le .



E x p .N o .j1 . T i t r a t i o n  o f th e  f ru c to sa n  s o lu tio n

T i t r a t i o n  o f a 4 p er cen t s o lu tio n  o f f ru c to sa n  gave 

th e  cu rve  shown in  P ig , 21, The b u ffe r in g  c a p a c ity  

e x h ib i te d ,  a s  compared to  a 4 p e r  cen t f ru c to se  s o lu t io n ,  was 

p ro b ab ly  due to  th e  h igh  con ten t o f  in o rg an ic  io n s ,

Exp .No. 32. The pH o f r e - s o lu t io n  o f th e  p re c ip ita tc -

Two 10 p e r  cen t fru c to sa n  so lu tio n s  were ad ju s te d  

to  pH 10., th e  p r e c ip i t a t e  in  one case  being  l e f t  suspended 

in  th e  a lk a l in e  f ru c to sa n  s o lu tio n , and in  th e  o th e r ,  being  

c e n tr ifu g e d  down, washed, and resuspended in  an eq u iv a len t 

volume o f  w a te r,. D ilu te  h y d ro ch lo ric  ac id  was th e n  slow ly 

added to  each and o b se rv a tio n s  were made.

C a s e  1 .  S l o w  d i s a p p e a r a n c e  o f  t h e  p r e c i p i t a t e  a s  t h e

p H  f e l l  w a s  o b s e r v e d ,  u n t i l  t h e  s o l u t i o n  w a s  e s s e n t i a l l y  c l e a r  

a t  t h e  o r i g i n a l  p H  o f  6 . 5 5 .

Case 2. L i t t l e  d if fe re n c e  was noted in  th e  appearance

of th e  suspension  a s  th e  pH f e l l  from 10 to  n e u t r a l i t y .  At 

t h i s  p o in t  slow re d is s o lv in g  appeared to  commence. The 

m a jo r ity  of th e  p r e c ip i ta te  appeared to  re d is s o lv e  suddenly 

a t  pH 5 , th e  t e s t  s o lu tio n  being  e s s e n t ia l ly  c le a r  a t  pH 4*5.

Exp .No .3 3 . Di a ly s i s  o f th e  f ru c to sa n  so lu tio n

10 mis o f 10 p e r  cen t fru c to sa n  s o lu tio n  were d ia ly se d  

a g a in s t  1 l i t r e  o f w a te r f o r  2 days, and th e  r e s u l t in g  d ia ly s a te  

c o n c e n tra te d  to  50 mis fo r  m ineral a n a ly s is .  On a n a ly s is  f o r



mis o f sodium hydroxide

T i t r a t io n  o f f ru c to sa n  and f ru c to s e

 -----——-----------  F ructosan

________      F ruc to se

1 gram in  25 mis w ater

F igure 21



i r o n  and magnesium, o n ly  0*025  and 0 ,9 5  mgs r e s p e c t iv e ly  w ere 

d e te c te d ,  in d ic a t in g  th a t  th e  m a jo r i ty  o f  th e  in o rg a n ic  

m a te r ia l  i s  c lo s e ly  bound to  th e  f ru c to s a n .  I n  a d d i t io n ,

4 8 ,7 4  mgs o f  f r u c to s e ,  p resum ably  s h o r t- c h a in  f r u c to s a n s ,  

w ere found in  th e  d ia ly s a te ,

E xp,N o.34 . V a r ia t io n  in  w eight o f  th e  p r e c i p i t a t e  o b ta in ed

a t  d i f f e r e n t  pH v a lu e s ,  and th e  e f f e c t  o f f ru c to s e  

a d d i t io n  p r io r  to  pH ad ju stm en t 

I t  h a s  been  c o n s i s te n t ly  dem on stra ted  t h a t  th e  e f f e c t  o f  

su g a r on a m e ta l compound i s  c o n s id e ra b ly  enhanced by  

in c re a s in g  th e  r a t i o  o f su g ar to  m e ta l. An example o f t h i s  

i s  th e  o b se rv a tio n  t h a t  l e s s  m e ta l l ic  hy d ro x id e  i s  shed from 

s o lu t io n  a t  u n fav o u rab le  pH v a lu e s  i f  th e  amount o f  su g a r i s  

in c re a s e d  (Exp.No, 5)« A s im i la r  e f f e c t  on th e  w e ig h t of 

p r e c i p i t a t e  shed by  f ru c to s a n  was ex p e c te d , on a d d i t io n  o f  

f r u c to s e  to  th e  s o lu t io n  p r io r  to  pH a d ju s tm e n t.

To d e te rm in e  to  what e x te n t  f r u c to s e  i n h i b i t s  th e  

p r e c i p i t a t i o n  o f m a te r ia l  from f ru c to s a n  a t  d i f f e r e n t  pH 

v a lu e s ,  th r e e  s e r i e s  o f  10 p e r  c e n t f ru c to s a n  s o lu t io n s  w ere made 

up. No a d d i t io n  o f f r u c to s e  was made to  th e  f i r s t  s e r i e s ,

1 gram was added to  th e  second s e r i e s ,  and 2 grams to  th e  

t h i r d .  A ll  volum es w ere a d ju s te d  to  com pensate f o r  th e  

volume in c re a s e  accompanying f r u c to s e  a d d i t io n .  The pH o f 

each s o lu t io n  was th e n  a d ju s te d ,  th e  p r e c i p i t a t e s  o b ta in ed  a t  

th e s e  v a r io u s  pH v a lu e s  c o l le c t e d ,  w ashed, d r ie d  and w eighed,
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The r e s u l t s  (T ab le  30) dem onstra ted  t h a t  th e  vir e ig h t o f  m a te r ia l  

p r e c i p i t a t e d  in c re a s e d  w ith  th e  pH, a s  i s  a ls o  shown i n  P i g . 22. 

M oreover, f r u c to s e  in c rem en ts  d id  ind eed  red u ce  th e  q u a n t i ty  o f 

in o rg a n ic  m a te r ia l  d e p o s ite d , a t  a l l  pH l e v e l s ,  t h i s  e f f e c t  

b e in g  more pronounced a t  low er pH v a lu e s .

The p o s se s s io n  of t h i s  a b i l i t y  b y  f r u c to s e  in d ic a te s  

t h a t  an in c re a s e  in  ' t r u e  fru c to san *  c o n te n t would b e  f a r  more 

e f f e c t iv e  i n  re d u c in g  th e  w eig h t o f  p r e c i p i t a t e  shed a t  

a lk a l in e  pH v a lu e s .  S im i la r ly  i t  cou ld  b e  a rg u e d , th a t  a 

reduced  f ru c to s a n  c o n te n t would r e s u l t  in  in c re a s e d  q u a n t i t i e s  

o f  in o rg a n ic  m a tte r  b e in g  p r e c i p i t a t e d .  Such an e f f e c t  may 

r e l a t e  d i r e c t l y  to  th e  su g g e s tio n  th a t  th e  l e v e l  o f f ru c to s a n  

in  herbage  can de term ine  th e  a v a i l a b i l i t y  o f  m in e ra l 

c o n s t i tu e n t s  to  an im a ls . T h is  w i l l  b e  f u r th e r  d isc u sse d  a t  

a  l a t e r  p o in t  in  t h i s  s e c t io n .

A d d itio n s  made 
to  1 gm f ru c to s a n

w eig h t o f p p t .s h e d  from 1 gm f ru c to s a n

No a d d i t io n

pH 7.5 
8.9

jH 8 ,0 pH 9 .0 pH 10 .0

18.5 25.4 33.47
+ 1 gm f ru c to s e 6.5 16.5 24.8 32 .8

+ 2 gm f r u c to s e 5.2 15.8 23.9 I 32.4
l

T a b le  30

9. A n a ly s is  o f  a  f u r th e r  fo u r  f ru c to s a n  sam ples

To v e r i f y  t h a t  th e  h ig h  c o n te n t o f  in o rg a n ic  m a te r ia l  

i n  th e  e x tra c te d  and p u r i f i e d  f ru c to s a n  sample was n o t an
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w eigh t o f  p r e c i p i t a t e  
in  mgs,

W eight o f  p r e c i p i t a t e  shed from  1 gram o f  f ru c to s a n  

d is s o lv e d  in  10 mis o f  w a te r  on in c r e a s in g  th e  pH

F ig u re  22



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

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

T h e  g r a s s e s ,  I t a l i a n  R y e g r a s s ,  P e r e n n i a l  R y e g r a s s ,  

C o c k s f o o t  a n d  T i m o t h y ,  w e r e  c u t  a t  t h e  h e a d i n g  s t a g e  o n  2 3 r d  

M a y  1 9 6 7 .  A s  b e f o r e ,  t h e y  w o r e  o b t a i n e d  f r o m  t r i a l  p l o t s  i n  

G a r s c u b e  E s t a t e ,  T h e y  h a d  b e e n  s o w n  o u t  i n  J u n e  1966 ,  e x c e p t  

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

r e s o w n  i n  A u g u s t .  T o p  d r e s s i n g  w i t h  l i t r e - C h a l k  w a s  c a r r i e d  

o u t  i n  t h e  s p r i n g  o f  1967 ,

T h e  e x t r a c t i o n  p r o c e d u r e  w a s  t h e  s a m e  a s  d e - s c r i b e d  f o r  

t h e  p r e v i o u s  g r a s s  s a m p l e .  H o w e v e r ,  a f t e r  t h e  s a m e  n u m b e r  

o f  r e p r e c i p i t a t i o n s  t h e  s a m p l e s  o f  I t a l i a n ,  P e r e n n i a l  a n d  

T i m o t h y  f r u c t o s a m s  b e c a m e  g u m m y  d u e  t o  u p t a k e  o f  w a t e r ,  a n d  t h e  

p r e c i p i t a t e s  h a d  t o  b e  r e d i s s o l v e d  a n d  r e p r e c i p i t a t e d  o n e  

f u r t h e r  t i m e .  C a r e  w a s  t a k e n  t o  a v o i d  t h e  c o m p l i c a t i o n s  

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

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

p H  r e a d i n g s  w e r e  t a k e n  a t  e v e r y  s t a g e  w h e r e  t h e  f r u c t o s a n  

w a s  d i s s o l v e d  i n  w a t e r  ( T a b l e  3 1 )  t o  c h e c k  t h a t  t h e  p H  l e v e l  

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

i d l e r e  p r e c i p i t a t i o n  c o u l d  b e  e x p e c t e d ,  t h a t  I s  p H  7 . 2 5 #  O n l y  

t h e  C o c k s f o o t  a n d  T im o th y  f r u c t o s a n s  r o s e  s l i g h t l y  a b o v e  t h i s  

v e l u e  d u r i n g  t h e  l a t t e r  s t a g e s  o f  p u r i f i c a t i o n .  H o w e v e r ,  t h e  

u l t i m a t e  c r i t e r i o n  w i l l  b e  t h e  a c t u a l  p H  v a l u e  w h e r e  

p r e c i p i t a t i o n  c o m m e n c e s , o n  a d d i t i o n  o f  a l k a l i  t c  t h e
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i n d i v i d u a l  s a m p l e s .

p H  V a l u e

S a m p l e I n i t i a l

E x t r a c t i o n

1 s t

R e d i s s .
2n d

R e d i s s ,

3r d

R e d i s s ,

4 t h

R e d i s s ,

I t a l i a n - 6 . 2 5 6 . 4 5 6 . 6 5 6 . 9 3

P e r e n n i a l 6 .1 6 . 2 7 6 * 4 2 6.65 6 .8

C o c k s f o o t 6 . 0 5 6.85 7 . 1 5 7 . 3 8 -

T i m o t h y 6 .2 6 .6 6 . 9 5 7 . 3 0 7 . 5 2

T a b l e  j l

T a b l e  3 2  s u m m a r i s e s  t h e  w e i g h t s  o f  g r a s s e s  e x t r a c ' c e d  

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

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

w o r k e r s  ( 57 )  f o r  t h i s  s t a g e  o f  g r o w t h .

G r a s s

W e i g h t  o f  

g r a s s  

i n  g r a m s

W e i g h t  o f  

F r u c t o s a n  

i n  g r a m s

I t a l i a n 5 0 0 3 3 . 7

P e r e n n i a l 500 36 .5

T i m o t h y 3 3 0
_ 5 * 0 .  j

i
C o c k s f o o t  ! 5 0 0 6.0

T able 32

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

o u t  u s i n g  t h e  s a m e  m e t h o d s  a s  p r e v i o u s l y .  I n  t h e  t a b l e s  

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

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



1 .  M o i s t u r e  c o n t e n t

T h e  m o i s t u r e  c o n t e n t s  o f  t h e  f o u r  f r u c t o s a n  s a m p l e s  w e r e  

a l l  l e s s  t h a n  2 p e r  c e n t ,

2 .  A c i d  h y d r o l y s i s

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

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

w e r e  f r u c t o s e  a n d  a  t r a c e  o f  g l u c o s e ,  A  f u r t h e r  m o i e t y ,  w h i c h  

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

c h r o m a t o g r a p h y  o f  t h e  T i m o t h y  a n d  C o c k s f o o t  f r u c t o s a n  

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

t h i s  m a t e r i a l ,  a l t h o u g h  t h e  C o c k s f o o t  f r u c t o s a n  a p p e a r e d  t o  

h a v e  a  h i g h e r  c o n t e n t ,

3 .  Q u a n t i t a t i v e  f r u c t o s e  a n a l y s i s

T h e  v a l u e s  o b t a i n e d  a r e  s u m m a r i s e d  i n  T a b l e  3 3 .

F ru c to sa n p e rc e n ta g e  F ru c to se

I ta l ia n *  jy e g ra s s 80 ,6

P e re n n ia l  ” 7 5 . 1

Tim othy 5 7 . 6

C ocksfoot 2 8 . 0

O rig in a l 68 .2

T ab le  3j5

4 . T o ta l  hexose c o n te n t

The r e s u l t s  o b ta in ed  a re  l i s t e d  in  T ab le  3 4 ,  along w ith  

th e  e s tim a te d  g lu c o se  c o n te n t ,  c a lc u la te d  by s u b tra c t io n  o f 

th e  v a lu e s  in  T ab le  3 3 .  The r a th e r  h ig h  co n ten t o b ta in ed
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f o r  t h e  C ocksfoo t f ru c to s a n  p ro b ab ly  in c lu d e s  th e  o th e r  

su g a rs  d e te c te d  on chrom atography o f th e  a c id  h y d ro ly sa te*
i

1
J F ru c to s a n

P e rc e n ta g e
c o n te n t o f 

t o t a l  su g a rs

P e rc e n ta g e  
■content o f  
g lu c o se  

( S u b tra c t  T a b le  
3 3  )  I

I t a l i a n 9 0 . 3 9 . 7  )

P e r e n n ia l 8 1 . 4 6 . 3

T im othy 6 3 . 7 6 6 . 1 6  j
i

C ocksfoo t 4 1 . 2 13.2 |

O r ig in a l 7 7 . 7 9 .5  j

T a b l e  3 4

5 .  Ash d e t e r m i n a t i o n

I n  a d d i t io n  to  conducting  ash  d e te rm in a tio n s  on th e  

f r u c to s a n  sam p les, th e  ash  c o n te n ts  o f  th e  o r ig in a l  d r ie d  

g r a s s  pow ders w ere e s tim a te d , th e  v a lu e s  b e in g  p re se n te d  i n  

T a b le s  3 5  and 3 6  r e s p e c t iv e ly .

F r u c t o s a n I t a l i a n P e r e n n i a l T i m o t h y C ocksfoot O r i g i n a l

P e r  c e n t  

A s h 9 . 5 1 3 . 7 2 1 . 7 3 3 . 5 2 0 . 0

T ab le  3 5

A f i f t h  r e p r e c i p i t a t io n  s te p  m s  conducted on th e  

I t a l i a n ,  P e re n n ia l  and Tim othy f ru c to s a n s ,  and an ash  

d e te rm in a tio n  c a r r ie d  o u t on th e  d r ie d  m a te r ia l .  The same



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

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

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

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

p r e c i p i t a t e d  p o l y s a c c h a r i d e .

u - r a s s I t a l i a n P e r e n n i a l
f

T i m o t h y  j C o c k s f o o t

A s h 8 .9 5 8 , 7 7

' "■ ------------ t
9 , 2 1  |

I
8 , 8 8

S i l i c a  P re e  
A s h 5 .7 4

■

5 . 4 3

I

5 . 0 8  !
t

5 . 7 1

T a b l e  36

T h e  f i g u r e s  s h o w n  i n  T a b l e  3 7  i n d i c a t e ,  o n  a  r o u g h  b a s i s ,  

t h e  p e r c e n t a g e  o f  t h e  t o t a l  s i l i c a - f r e e  a s h  p r e s e n t  a s  a n  

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

P ru c to s a n I t a l i a n P e re n n ia l T im othy C ocksfoot

/o T o ta l  Ash l
1

p r e s e n t  in  
Above

HCMV

17 .0 | 7 .0 4

Tabl e  3 7

A lthough  an  in c re a s e  in  th e  a c tu a l  m in e ra l c o n te n t w ith  

in c re a s in g  * t r u e  fru c to san *  ( f ru c to s e )  c o n te n t was n o t 

observed  in  th e  f ru c to s a n  sam ples, a  h ig h e r  p e rc e n ta g e  o f  th e  

t o t a l  m in e ra l c o n s t i tu e n ts  w a s  found to  b e  a s s o c ia te d  w ith  

sam ples p o s se s s in g  a h ig h  * tru e  fru c to san *  co n ten t (T ab le  3 7 ) .



C l e a r l y ,  w h e n  a  m i l d  e x t r a c t i o n  p r o c e d u r e  i s  u s e d ,  a  h i g h  

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

f r u c t o s a n s ,

1 0 *  E x a m i n a t i o n  o f  t h e  p r e c i p i t a t i o n  c h a r a c t e r i s t i c s  o f  

t h e  f r u c t o s a n s

T h e  w e i g h t s  o f  p r e c i p i t a t e  s h e d  o n  a d j u s t m e n t  o f  

1 0  m i s  o f  1 0  p e r  c e n t  s o l u t i o n s  o f  t h e  f r u c t o s a n s  w e r e  

d e t e r m i n e d  a n d  a r e  t a b u l a t e d  i n  T a b l e  3 8 .

F ru c to sa n I t a l i a n P e re n n ia l T  im othy C ocksfoot O r ig in a l

W e i g h t  i n  
mgs* o f  

p r e c i p i t a t  e
5 . 1 1 0 * 7 2 3 . 0 7 1 . 2 3 0 , 2

T a b l e  3 8

I n  t h e  c a s e  o f  t h e  I t a l i a n  a n d  P e r e n n i a l  f r u c t o s a n s  

p r e c i p i t a t i o n  d i d  n o t  c o m m e n c e  u n t i l  a b o v e  p H  8 , 3 ,  c o m p a r e d  w i t h  

p H  7 * 2 5  w i t h  t h e  o r i g i n a l  f r u c t o s a n .  H o w e v e r ,  1 0  p e r  c e n t  

s o l u t i o n s  o f  t h e  T i m o t h y  a n d  C o c k s f o o t  f r u c t o s a n s  w e r e  t o o  

d a r k l y  c o l o u r e d  f o r  a n  o b s e r v a t i o n  o f  t h i s  n a t u r e  t o  b e  m a d e .

T h e  r e s u l t s  a l s o  d e m o n s t r a t e d  t h a t  t h e  w e i g h t  o f  

p r e c i p i t a t e  s h e d  d e c r e a s e d  c o n s i d e r a b l y  a s  t h e  ’ t r u e  f r u c t o s a n ’ 

c o n t e n t  o f  t h e  s a m p l e s  r o s e ,  ( F i g , 2 3 )  U s e  o f  t h e  f r u c t o s e  

c o n t e n t ,  r a t h e r  t h a n  t h e  t o t a l  s u g a r  l e v e l ,  a s  a  m e a s u r e  o f  t h e  

’ t r u e  f r u c t o s a n ’ c o n t e n t ,  a v o i d e d  t h e  c o m p l i c a t i o n s  i n t r o d u c e d  

b y  t h e  p r e s e n c e  o f  o t h e r  p o l y s a c c h a r i d e s  i n  t h e  T i m o t h y  a n d
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C ocksfoo t f ru c to s a n s ,

A s imi l a r  l i n e a r  r e la t io n s h ip  was dem onstra ted  b y  

p l o t t i n g  th e  p e rc e n ta g e  o f th e  t o t a l  in o rg a n ic  m a tte r  w hich 

p r e c i p i t a t e d  a t  pH 10, a g a in s t  th e  * tru e  fruc to san*  

c o n te n t ,  ( F ig ,24)

T h u s, a lth o u g h  th e  m in e ra l m a tte r  p re s e n t  d id  n o t 

in c re a s e  w ith  in c re a s e  in  ‘t r u e  f ru c to s a n 1 c o n te n t ,  th e  

p r e c i p i t a t i o n  c h a r a c t e r i s t i c s  dem onstrated  a l i n e a r  

r e l a t i o n s h i p ,  in d ic a t in g  th a t  th e  in o rg a n ic  c o n s t i tu e n ts  were 

more f irm ly  bound in  sam ples w ith  a h ig h  f r u c to s e  c o n te n t,

11, The le v e l  o f  calcium  magnesium and iro n  p re s e n t in  th e  

p r e c i p i t a t e  and th e  whole f ru c to s a n  sample

A nalyses w ere made a s  b e fo re  and th e  r e s u l t s  a re  

ta b u la te d  in  T a b le  39* As w ith  th e  o r ig in a l  sam ple, th e  t o t a l  

c o n te n ts  o f  ca lc iu m , magnesium and i ro n  p re s e n t  w ere g r e a te r  

th a n  th e  q u a n t i t i e s  d e p o s ite d  a t  pH 10,

As th e  * tru e  fru c to san *  c o n te n t r o s e ,  th e  q u a n ti ty  o f  

magnesium p r e c ip i ta te d  from s o lu t io n  d ecreased  (F ig * 25) and 

th e  p e rc e n ta g e  o f  th e  t o t a l  magnesium p re s e n t w hich was 

r e ta in e d  in  s o lu t io n  in c re a se d  ( F ig ,2 6 ), In  b o th  c a se s  an 

a lm ost l i n e a r  r e la t io n s h ip  was dem onstra ted .

The r e s u l t s  in d ic a te  th a t  th e  in o rg a n ic  io n s  a re  kep t in  

s o lu t io n  b y  th e  com pleting  a c t io n  o f  f ru c to s a n ,  w ith  th e  a c tu a l  

l e v e l  o f  * t r u e  fru c to san *  d e te rm in in g  th e  q u a n t i ty  o f  m etal 

w hich w i l l  p r e c i p i t a t e  o u t.
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w e i g h t  o f  p r e c i p i t a t e  

s h e d  i n  m g s 0

50

20

10
T T

50]

2 5

20-
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°/o  t o t a l  i n o r g a n i c  

m a t t e r  s h e d

P e r c e n t  c o n t e n t  o f  f r u c t o s e  

F i g u r e  2 5

1 5  25 io  ] 45 50 60 To" "So

P e r c e n t  c o n t e n t  o f  f r u c t o s e
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F r a c t i o n

C a l c i u m  

c o n t e n t  

i n  m g s .

M a g n e s i u m  

c o n t e n t  

i n  m g s .

I r o n  

c o n t e n t  

i n  m g s .

I t a l i a n

F r u c t o s a n

C o m p l e t e 2 . 8 4 1 .88 0 . 2 0 5

P r e c i p i t a t e 1 . 5 5 0 . 5 3 0.000

P e r e n n i a l

F r u c t o s a n

C o m p l e t e 2 . 7 9 3 . 0 5

• ------------

0.185

P r e c i p i t a t e 2 .20 0 . 7 7 0.000

T i m o t h y

F r u c t o s a n

C o m p l e t e 2 . 8 0 4 .20 0 . 0 5 1

P r e c i p i t a t e 1 . 0 5 2 . 7 5 0.000

C o c k s f o o t

F r u c t o s a n

C o m p l e t e 0 . 8 1 2 9 . 1 5 0 . 0 8 1

P r e c i p i t a t e 0 . 5 8 5 9 . 1 5 0.000

O r i g i n a l

F r u c t o s a n

C o m p l e t e 8 . 4 0 5 . 2 0 . 4 3 4

P r e c i p i t a t e 5 . 4 4 2 .1 0 . 0 2 7
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60-
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No such, obv ious c o r r e l a t i o n  was observed  in  th e  case  

o f  ca lc iu m , a s  th e  r e s u l t s  d id  no t in d ic a te  any d e f in i te  t r e n d .  

*12. The l e v e l  o f phosphate  p re se n t in  th e  p r e c i p i t a t e  and 

th e  w hole f ru c to s a n  sam ple

P h o sp h a te  d e te rm in a tio n s  w ere conducted in  th e  same 

manner a s  p r e v io u s ly ,  o m ittin g  th e  Lowry and Lopez 

d e te rm in a tio n , and th e  r e s u l t s  ta b u la te d  (T ab le  kO) . The 

m a jo r i ty  o f  th e  pho sp h ate  r e g is te r e d  a s  b e in g  in o rg an ic  

w ith  a  p ro p o r tio n  b e in g  p re s e n t  a s  t r u l y  o rg a n ic ,  a s  

p r e v io u s ly  observ ed .

The w eig h t o f  pho sp h ate  p r e c ip i ta te d  a t  piH 10,0 

d ec reased  a s  th e  ' t r u e  f ru c to s a n ' co n ten t ro s e  ( F ig .2 7 ). I n  

a d d i t io n ,  a h ig h e r  p ro p o r tio n  o f  th e  t o t a l  pho sp h ate  p re s e n t  

appeared  a s  o rg a n ic ,  o r  bound, p h o sp h a te , a s  th e  ' t r u e  

fru c to san *  c o n te n t in c re a se d  ( F ig .2 8 ).

T hese r e s u l t s  in d ic a te  th a t  th e  a c tu a l  l e v e l  o f  

' t r u e  fru c to san *  in  a  sample o f  g ra s s  f ru c to s a n ,  d e te rm in es  

th e  p ro p o r t io n s  o f  th e  v a r io u s  m in e ra ls  which w i l l  be  h e ld  

i n  s o lu t io n  a t  u n fav o u rab le  pH v a lu e s .  T h is  was e s p e c ia l ly  

obv ious in  th e  c a se  o f magnesium, b u t  was a l s o  dem onstrated  

b y  th e  g e n e ra l b eh av io u r o f  th e  in o rg a n ic  c o n s t i tu e n ts  a s  a  

w hole.



Sample Method.
Used

mgs. as 
P

mgs. as 
P04

I t a l i a n
F ru c to sa n

(co m p le te )

K ings T o ta l 3 .34 10 .2

” In o rg a n ic 2 .18 6^68

P r e c i p i t a t e H In o rg an ic 0 .99 3.03

P e re n n ia l
F ru c to sa n
(co m p le te )

Kings T o ta l 5.27 16.2

M In o rg a n ic 3.45 10 .6

P r e c ip i t a t e ** In o rg an ic 1 .67 4 .9

Timothy
F ru c to sa n
(co m p le te )

Kings T o ta l 12.24 37.5

” In o rg an ic 10 .6 32.5

P r e c ip i t a t e " In o rg an ic 3 .0 6 9 .4

C ocksfoo t
F ru c to san
(co m p le te )

K ings T o ta l 25.4 77 .8

•’ In o rg an ic 24.1 73.8

P r e c i p i t a t e M In o rg an ic 9.1 27.9

O r ig in a l
F ru c to sa n
(co m p le te )

Kings T o ta l 6 .95 . 21*3

” In o rg a n ic 5.3 16.24

P r e c ip i t a t e ” In o rg a n ic 4 .6 14 .0

Table 40
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13. Summary

The fo re g o in g  ta b le s  and f ig u r e s  r e p re s e n t  th e  r e s u l t s  

o f  th e  d e te rm in a tio n s  c a r r ie d  ou t on th e  sam ples o f  e x tra c te d  

g r a s s  f ru c to s a n .  I n  each ca se  a  h ig h  co n ten t o f  in o rg a n ic  

m a te r ia l  Y/as found to  b e  a s s o c ia te d  w ith  th e  f ru c to s a n  when 

e x t ra c te d  by  th e  m ild  p ro ced u re  u sed . The b eh av io u r o f  t h i s  

m in e ra l m a tte r  was s im ila r  in  every  c a s e , in  th a t  a c e r ta in  

p ro p o r t io n  p r e c ip i ta te d  ou t on ad ju stm en t to  a lk a l in e  pH,

The in v e s t ig a t io n  o f th e  o r ig in a l  f ru c to s a n  sample 

in d ic a te d  th a t  th e  m in e ra l m a tte r  was c lo s e ly  a s s o c ia te d  w ith  

th e  p o ly s a c c h a r id e , s in c e  on ly  around 15 p e r  c e n t of th e  

t o t a l  p r e s e n t ,  p r e c ip i ta te d  ou t on pH ad justm en t to  10 ,0 . I t  

was f u r th e r  shown th a t  a d d i t io n  o f  f ru c to s e  p r i o r  to  pH 

a d ju s tm e n t, r e s u l t e d  in  l e s s  in o rg a n ic  m a te r ia l  b e in g  

d e p o s ite d .

T h is  in d ic a te d  th a t  an in c re a s e  in  th e  ! t r u e  f ru c to s a n 1 

c o n te n t o f  th e  f ru c to s a n  sample would a lso  dem onstra te  a 

s im i la r  e f f e c t ,  and th a t  a  d e c re a se  in  ' t r u e  fru c to san *  

c o n te n t would r e s u l t  in  a g r e a te r  q u a n t i ty  o f in s o lu b le  

m a te r ia l  on a d d i t io n  o f a l k a l i .

A n a ly s is  o f  a  f u r th e r  fo u r  g ra s s  f ru c to s a n  sam ples 

in d ic a te d  th a t  t h i s  was indeed  th e  ca se . As th e  * tru e  

fru c to sa n *  c o n te n t r o s e ,  b o th  th e  q u a n ti ty  o f  in o rg a n ic  

m a te r ia l  p r e c i p i t a t e d ,  and th e  p e rc e n ta g e  o f  th e  t o t a l  m ineral 

m a tte r  d e p o s ite d , d e c re a se d , e x h ib it in g  an alm ost l i n e a r
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r e l a t i o n s h ip  in  b o th  c a s e s .  S im i la r ly ,  th e  le v e l s  o f th e  

in d iv id u a l  m in e ra ls  p r e c i p i t a t in g  v a r ie d  w ith  th e  1 t r u e  

f r u c to s a n 1 le v e l .  The elem ent w hich showed th e  c lo s e s t  

l i n e a r  ag reem en t, b o th  on a  w eigh t and a p e rc e n ta g e  b a s i s ,  

was magnesium.

The pH a t  vdiich p r e c i p i t a t i o n  commenced, a lso  appeared 

to  b e  in f lu e n c e d  by  th e  ' t r u e  fru c to san *  c o n te n t ,  b e in g  pH 7*25 

a t  a  f r u c to s e  c o n te n t o f  68 .2  p e r  c e n t and pH 8 ,5  a t  f ru c to s e  

c o n te n ts  o f  75*1 and 80 ,6  p e r  c e n t ,

A deg ree  o f  s im i l a r i t y  i s  rem arked upon between th e  

r e s u l t s  f o r  th e  b eh av io u r o f th e  m e ta l io n s  in  th e se  

e x p e rim en ts , and th e  e a r l i e r  experim ents in v e s t ig a t in g  th e  

com plexing a b i l i t y  o f  v a r io u s  ca rb o h y d ra te s  w ith  f e r r i c  iro n .

14, D isc u ss io n  o f  th e  p o s s ib le  s ig n if ic a n c e  o f  th e s e  f in d in g s .

T h is  l a s t  s e c t io n  h a s  shown th a t  th e  p o ly sa c c h a rid e  

f r u c to s a n ,  when e x tra c te d  from g ra s s  u s in g  a  m ild p ro ced u re , i s  

in  in t im a te  a s s o c ia t io n  w ith  an a p p re c ia b le  co n ten t o f  in o rg an ic  

c o n s t i tu e n t s .  By th e  v e ry  n a tu re  o f t h i s  a s s o c ia t io n ,  th e  

p o ly sa c c h a r id e  e x e r ts  a c o n s id e ra b le  in f lu e n c e  on th e  

b e h a v io u r  o f t h i s  m in e ra l m a tte r . I t  i s  proposed to  d isc u ss  

h e r e ,  th e  p o s s ib le  s ig n if ic a n c e  o f  such e f f e c t s ,  in  

in f lu e n c in g  th e  a v a i l a b i l i t y  o f m in e ra ls  to  a n im a ls , w ith  

p a r t i c u l a r  em phasis on magnesium. A d e f ic ie n c y , o r  apparen t 

d e f ic ie n c y ,  o f t h i s  e lem en t, g iv e s  r i s e  to  th e  c o n d itio n  known 

a s  hypomagnesaemia, e s p e c ia l ly  common in  c a t t l e  and sheep,
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The su g g e s tio n  th a t  th e  o n se t o f hypomagnesaemia 

c o u ld  h e  a s s o c ia te d  w ith  th e  v a r i a t io n  in  herbage f ru c to s a n  

l e v e l s ,  was f i r s t  p u t forw ard by  Rees (1) in  1963 . I t  i s  

t h i s  su g g e s tio n  w hich w i l l  b e  developed in  th e  fo llo w in g  

d is c u s s io n .

The c o n d itio n s  p re v a le n t  in  th e  sm all i n t e s t i n e ,  where 

magnesium a b s o rp tio n  i s  thought to  ta k e  p la c e  ( 165 , 166 , 167 , 

16 8 ), te n d  to  b e  a lk a l in e ,  ran g in g  from pH 5 .5  to  6 ,2  in  th e  

f i r s t  s e c t io n ,  and from pH 7 .4  to  8 ,0  in  th e  l a t t e r  s e c t io n ,  

a lth o u g h  h ig h e r  pH v a lu e s  have been  observed under c e r t a in  

c o n d i t io n s ,  S to r r y  ( 169) r e p o r ts  th a t  th e  abom asal pH, 

u s u a l ly  2 ,5 ,  o f two sheep t r a n s f e r r e d  to  sp rin g  g r a s s ,  ro se  

above pH 5*0 in  fo u r  h o u rs , and th a t  a pH o f  6 ,5  was noted in  

th e  abomasum o f a  covr w hich had d ied  from hypomagnesaemia. 

H igh abom asal pH v a lu e s  such a s  th e s e  would r e s u l t  in  a  

co rre sp o n d in g  pH in c re a s e  in  th e  sm a ll i n t e s t i n e .  S to r ry  

concluded th a t  t e r t i a r y  calcium  phosphate  cou ld  b e  expected 

to  p r e c i p i t a t e  a t  pH 6 ,5 , and th a t  magnesium cou ld  be  shed as  

magnesium ammonium p h o sp h a te , th u s  re n d e rin g  th e  calcium  

and magnesium u n a v a i la b le  to  th e  an im al.

The p o s s ib le  s ig n if ic a n c e  o f th e  in t e r r e l a t io n s h ip  

o f th e  m in e ra l c o n s t i tu e n ts  and f ru c to s a n  can now be seen . 

F i r s t l y ,  th e  expected  p r e c i p i t a t io n  p o in t  o f  pH 6 ,5  i s  r a is e d  

to  pH 7.25  when a ’ t r u e  fru c to san *  co n te n t o f  68 p e r  cen t i s



p r e s e n t ,  and i s  f u r th e r  r a is e d  above pH 8 ,5  w ith  ' t r u e  

f r u c to s a n ' c o n te n ts  o f  around 80 p e r  c e n t . S econd ly , 

p r e c i p i t a t i o n  in  th e  p re sen ce  o f  f ru c to s a n  i s  a g rad u a l 

p ro c e s s ,  th e  q u a n t i ty  in c re a s in g  a s  th e  pH r i s e s .  T h ird ly ,  

c o n s id e ra b ly  reduced  q u a n t i t i e s  o f m in e ra l m a tte r  a re  shed 

from  s o lu t io n  a t  h ig h  pH as  th e  ' t r u e  f ru c to s a n ' co n ten t r i s e s .

T h u s, in c re a s in g  th e  le v e l  o f f ru c to s a n  in  th e  d ie t  o f 

an  an im al i s  l i k e l y  to  r e s u l t  i n  in c re a se d  a v a i l a b i l i t y  o f 

magnesium, by  r a i s i n g  th e  pH a t  w hich p r e c i p i t a t io n  w i l l  

commence, and by  red u c in g  th e  q u a n t i ty  o f m in e ra l shed from 

s o lu t io n  and th u s  made u n a v a ila b le .

I t  i s  r e c a l le d  t h a t  numerous w orkers have re p o rte d  

enhanced u p ta k e  o f m in e ra ls  from th e  gu t when su g a rs  a re  

p r e s e n t  (1 7 0 , 1 7 1 ), th e  su g ars  in c lu d in g  f ru c to s e  (172); 

g lu c o se  (6 7 , 4 7 ); l a c to s e  (4 8 ); and th e  sugar a lc o h o l 

s o r b i to l  (4 9 , 50 , 5 1 ) . P o ly sa c c h a rid e s  do n o t appear to  

have been  s tu d ie d  from  t h i s  a s p e c t .  I t  i s  of i n t e r e s t  to  

n o te  th a t  Lengeman (173) h as  shown th a t  su g ars  must be 

p re s e n t  co n co m ita n tly  w ith  th e  m e ta l in  o rd e r  to  promote 

u p ta k e .

I f  in c re a s in g  le v e l s  o f  f ru c to s a n  in c re a s e  th e  

a v a i l a b i l i t y  o f  magnesium, th e n  th e  c o ro l la ry  th a t  d ecreasin g  

l e v e l s  o f  f ru c to s a n  w i l l  d ec re a se  th e  a v a i l a b i l i t y ,  w i l l  a lso  

h o ld  t r u e .  The t o t a l  lo s s  o f magnesium on pH ad justm en t o f



th e  C ocksfoot sam ple, w hich p o sse ssed  a v e ry  low ' t r u e  

f r u c to s a n ' c o n te n t ,  b e in g  an extrem e example.

I t  i s  p e r t in e n t  to  in d ic a te  a t  t h i s  p o in t  th a t  th e  

in c id e n c e  o f  hypomagnesaemia can b e  r e l a t e d  to  low herbage 

f ru c to s a n  l e v e l s .  In  d a i r y  h e rd s  th e  peak  in c id e n c e  o f  

hypomagnesaemia o ccu rs  d u rin g  th e  e a r ly  growing season , w ith  

a sm a lle r  peak  in  some y e a rs  a s s o c ia te d  w ith  a  f lu s h  o f  g ra s s  

in  th e  autumn (1 7 4 ), Low le v e ls  o f herbage f ru c to s a n  a re  

a s s o c ia te d  w ith  b o th  th e s e  p e r io d s ,  b e in g  a t  t h e i r  low est 

d u rin g  th e  e a r ly  groYing season and s u f f e r in g  d e p le tio n  d u ring  

any p e r io d  o f  r a p id  grow th (1 3 3 ). Hemingway e t  a l  (175) 

concluded t h a t  th e  r i s e  in  d e a th s  due to  hypomagnesaemia 

w hich o c c u rs  in  e a r ly  s p r in g ,  can o f te n  b e  a s s o c ia te d  w ith  a 

m ild  s p e l l  o f  w ea th e r ind u c in g  ra p id  herbage grow th.

S im i la r ly ,  m ild  w eather e a r ly  in  th e  growing season  and th e  

r e s u l t a n t  r a p id  grow th , in t e r r u p t s  th e  u s u a l ly  r a p id  b u ild -u p  

o f  f ru c to s a n  r e s e r v e s ,  Y/hich rem ain  a t  a v e ry  low l e v e l  (133). 

Cases o f hypomagnesaemia a re  more p re v a le n t  on h ig h ly  manured 

herbage  (176 , 177 , 1 7 8 ), ju s t  as  h ig h  f e r t i l i z e r  l e v e l s ,  

e s p e c ia l ly  n itro g e n o u s  f e r t i l i z e r s ,  have been  shown to  reduce 

f ru c to s a n  le v e l s  c o n s id e ra b ly  (130 , 136, 139, 1^0, 143, 144, 145).

Low le v e l s  of herbage f ru c to s a n  can n o t o n ly  b e  r e l a t e d  

to  th e  in c id e n c e  o f  hypomagnesaemia, b u t  can a lso  b e  r e la te d  

d i r e c t l y  to  magnesium a v a i l a b i l i t y .  R esearch  on b a la n c e  

s tu d ie s  h a s  shown th a t  th e  g e n e ra lly  accept© ! f ig u r e  fo r
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magnesium a v a i l a b i l i t y  i s  around 20 p u r  c e n t (1?9) 

a lth o u g h  t h i s  f ig u r e  can v a ry  c o n s id e ra b ly . I t  i s  p ro b ab ly  

due to  t h i s  f a c t o r  t h a t  hypomagnesaemia can occur on p a s tu re  

w hich c o n ta in s  as  much magnesium as  p a s tu re  w hich does not 

produce te ta n y  (180 , 181, 182, 183, 18k). T here  i s  evidence 

t h a t  young g ra s s  cu t e a r ly  in  th e  season p o sse sse s  low er th a n  

av erag e  a v a i l a b i l i t y  o f magnesium (1 7 0 , 185), co in c id in g  w ith  

th e  lo w est l e v e l  o f  f ru c to s a n . S im ila r ly  th e  a v a i l a b i l i t y  

o f  magnesium i s  h ig h e r  in  m ature g ra s s e s ;  w here th e  le v e l  

o f  f ru c to s a n s  i s  a t  a peak (1 3 3 ). Herbage d re ssed  w ith  

n itro g e n o u s  f e r t i l i z e r  p o sse sse s  magnesium o f low er th an  

av erag e  a v a i l a b i l i t y  (170 , 185), and p r o te in  supplem ents 

d e c re a se  th e  a v a i l a b i l i t y  o f magnesium in  th e  d i e t  (170 , 186), 

T hese  l a s t  two f a c t s  may b e  compared w ith  th e  f a c t  th a t  

g ra s s e s  d re ssed  w ith  f e r t i l i z e r  p o sse ss  a d ep ressed  f ru c to s a n  

c o n te n t ,  w h ile  th e  p r o te in  co n ten t i s  r a is e d  c o n s id e ra b ly .

Todd (187, 188) determ ined  th e  d i s t r i b u t io n  o f 

magnesium in  p la n t  t i s s u e  in to  th r e e  f r a c t io n s :  ace to n e

s o lu b le ;  w a te r  s o lu b le ,  and w a te r in s o lu b le .  I n  young 

sp r in g  g r a s s  o f  low magnesium c o n te n t , around one th i r d  o f  

th e  magnesium was in s o lu b le ,  w hereas o n ly  one q u a r te r  to  one 

f i f t h  was in s o lu b le  in  p a s tu r e  a t  th e  head ing  s ta g e . L i t t l e  

more th a n  50 p e r  cen t o f th e  magnesium was w a te r  s o lu b le  in  

th e  f i r s t  c a s e ,  w ith  a h ig h e r  p ro p o r tio n  in  th e  l a t t e r .  In
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a d d i t io n  he  found th a t  o v er 50 p e r  c e n t o f th e  t o t a l  herbage  

magnesium was a s s o c ia te d  w ith  th e  w a te r  so lu b le  c o n s t i tu e n ts

o f  g r a s s e s  w hich re p re s e n te d  o n ly  25 p e r  cen t o f th e  t o t a l  d ry

m a tte r .  T h is  f r a c t io n  i s  l a r g e ly  composed o f  ca rb o h y d ra te

m a te r ia l ,  which i s  alm ost e x c lu s iv e ly  f ru c to s a n .  F u r th e r ,

any f lu c tu a t io n s  in  magnesium co n te n t w ere to  a la rg e  ex ten t

f lu c tu a t io n s  in  w a te r  so lu b le  magnesium, th e  le v e ls  o f th e

o th e r  f r a c t i o n s  v a ry in g  l i t t l e .

The ev idence in  th e  l a s t  th re e  p arag rap h s  i s  la rg e ly  

c i r c u m s ta n t ia l ,  b u t  when consid ered  in  r e la t io n s h ip  to  th e  

r e s u l t s  o b ta in ed  in  t h i s  s tu d y , th e re  i s  a  s tro n g  in d ic a t io n  

t h a t  th e  l e v e l  o f f ru c to s a n  in  herbage may p la y  a  h i t h e r to  

u n a p p re c ia te d  r o l e  in  d e term in ing  th e  a v a i l a b i l i t y  o f 

magnesium, and p o s s ib ly  o th e r  m e ta ls ,  to  an im a ls . C le a r ly ,  

a s  s ta t e d  b y  Rees ( 1 ) ,  th e  f i n a l  answ er w i l l  l i e  in  w e ll 

d esig n ed  n u t r i t i o n a l  experim en ts w ith  an im a ls .
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GENERAL METHODS 

G .M .l  P a p e r  c h r o m a to g r a p h y

T h e d e s c e n d i n g  t e c h n iq u e  o f  M a r t in  ( 1 8 9 )  w a s  u t i l i s e d .  

U s e  w a s  m ade t h r o u g h o u t  t h i s  s t u d y  o f  Whatman N o . l  f i l t e r  

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

i n t e r v a l s ,  a l o n g  a  l i n e  d raw n  a p p r o x im a t e l y  t h r e e  i n c h e s  fro m  

o n e  e n d  o f  t h e  s h e e t .

G e n e r a l l y  tw o  p a p e r s ,  e a c h  w i t h  t h e  sam e s a m p le  s p o t s  

w e r e  r u n ,  o n e  i n  a q u e o u s  p h e n o l  s o l v e n t  (1 6 0  g r a m s  A n a la r  p h e n o l  

4 0  m is  w a t e r )  an d  o n e  i n  e t h y l  a c e t a t e ;  p y r i d i n e ;  w a t e r  s o l v e n t  

( 1 2 0 :  5 0 :  4 0 ) .

A f t  etc i r r i g a t i o n  w i t h  the- e l u t i n g  s o l v e n t ,  t h e  p a p e r  w a s

w it h d r a w n  fr o m  t h e  t a n k  (S h a n d o n  5 0 0  C h rom atan k ) a n d ,  i n  t h e

c a s e  o f  t h e  l a t t e r  s o l v e n t  a l l o w e d  t o  d r y  a t  room  t e m p e r a t u r e .

C h r o m a to g ra m s r u n  i n  a q u e o u s  p h e n o l  w e r e  d r i e d  i n  a  c i r c u l a t i n g

a i r  o v e n  a t  6 0 ° C ,

S u g a r  d e t e c t i o n  r e a g e n t

T h r o u g h o u t  t h e  s t u d y  t h e  s i l v e r  n i t r a t e  r e a g e n t  o f

T r e v e ly a n  e t  a l  ( 1 5 8 )  w a s  u s e d .  T h i s  r e a g e n t  d e t e c t s  s u g a r

a l c o h o l s  i n  a d d i t i o n  t o  a l d o s e s  an d  k e t o s e s .  T h r e e  s e p a r a t e

s o l u t i o n s  a r e  r e q u i r e d ,

1 ,  S i l v e r  n i t r a t e  i n  a c e t o n e  ; s a t u r a t e d  a q u e o u s

s i l v e r  n i t r a t e  s o l u t i o n  ( 0 , 5  m l)  w a s d i l u t e d

w i t h  a c e t o n e  ( 9 9 , 5  m l)  an d  w a t e r  a d d ed  d r o p w is e

w i t h  s h a k i n g , u n t i l  t h e  p r e c i p i t a t e  o f  s i l v e r  

n i t r a t e  j u s t  d i s s o l v e d .



2, 0 ,5  Normal sodium h yd rox ide  in  e th an o l: sodium

hy d ro x id e  (2 grams) was d is so lv e d  in  th e  

minimum q u a n t i ty  o f w a te r  and th e  s o lu tio n  

d i lu te d  to  100 m is w ith  e th a n o l.

5 , 6 Normal ammonia.

The te ch n iq u e  was a s  fo llo w s:

A f te r  d ip p in g  in  th e  s i l v e r  n i t r a t e  s o lu t io n ,  th e  paper

was a llow ed  to  d ry , th en  dipped in to  th e  sodium hydrox ide 

s o lu t io n ,  7/hen th e  sp o ts  had developed th e  re q u ire d  in t e n s i ty ,  

th e  d a rk  background was removed b y  im m ersion o f  th e  p ap er in  

th e  ammonia s o lu t io n .  The p ap er was th e n  washed in  runn ing

w a te r  f o r  s e v e ra l  h o u rs  and d r ie d , f r e s h  re a g e n ts  were made

up each tim e  chromatogram s w ere developed .

I ro n  d e te c t io n  sp ray

T e s ts  were made w ith  v a r io u s  re a g e n ts  w hich form 

co lo u re d  com plexes w ith  i r o n ,  as  to  t h e i r  s u i t a b i l i t y  f o r  use  

to  d e te c t  i ro n  on chrom atogram s. Many w ere o f l im ite d  u se  on 

p a p e r , th e  most u s e fu l  b e in g : 5/o a c id  th io c y a n a te  in  e th an o l:

5 grams o f po tassium  th io c y a n a te  were d is s o lv e d  in  th e  minimum 

q u a n t i ty  o f d i l u te  h y d ro c h lo r ic  a c id ,  and made up to  100 mis 

w ith  e th a n o l.

On sp ra y in g , t h i s  gave a deep re d  c o lo u ra tio n  w ith  i r o n ,  

w hich l a s t e d  f o r  s e v e ra l h o u rs  b e fo re  fa d in g . I t  proved to  be  

a f a i r l y  s e n s i t i v e  re a g e n t and was used e x te n s iv e ly  when 

a tte m p tin g  to  lo c a te  i r o n ,
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G .H . 2 ,  E l e c t r o p h o r e s i s

T h e  m eth o d  u s e d  w a s  e s s e n t i a l l y  t h e  im m ersed  s t r i p  m eth o d  

o f  S m it h  ( 1 9 0 ) ,  P t r i p s  o f  d h a tm a n  N o , 1  f i l t e r  p a p e r ,  m e a s u r in g  

1 5  i n c h e s  b y  4  i n c h e s  w e r e  u s e d .  S o l u t i o n s  t o  b e  t e s t e d  w e r e  

s p o t t e d  t h r e e  q u a r t e r s  o f  a n  i n c h  a p a r t ,  a lo n g  a  l i n e  draw n  

5 i n c h e s  fr o m  o n e  en d  o f  t h e  s t r i p .

A f t e r  s p o t t i n g ,  t h e  s t r i p  w a s  s a t u r a t e d  i n  a s o l u t i o n  

o f  t h e  b u f f e r  t o  b e  u s e d ,  f i r s t l y  o n e  en d  o f  t h e  s t r i p  w a s  

im m e r se d  i n  t h e  b u f f e r  and t h e  s o l u t i o n  a l lo w e d  t o  s a t u r a t e  

t h e  p a p e r ,  up  t o  t h e  o r i g i n ,  b y  w id e  a c t i o n .  T h i s  w a s  f o l l o w e d  

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

T h e o t h e r  en d  o f  t h e  s t r i p  w a s  t h e n  t r e a t e d  i n  a s i m i l a r  m an n er . 

T h i s  e n a b le d  t h e  w h o le  s t r i p  t o  b e  s a t u r a t e d  i n  t h e  d e s i r e d  

b u f f e r ,  w i t h o u t  t h e  sa m p le  s p o t s  d i f f u s i n g  an d  i n c r e a s i n g  i n  a r e a .  

T h e s t r i p  w a s  t h e n  im m ersed  i n  A n a la r  c a r b o n  

t e t r a c h l o r i d e ,  w i t h  e a c h  end d ip p in g  i n t o  a  v e s s e l  c o n t a i n i n g  

t h e  b u f f e r  b e i n g  u s e d .  T h e  o r i g i n  w a s  su b m erg ed  i n  t h e  c a r b o n  

t e t r a c h l o r i d e ,  t o  a n  e x t e n t  o f  o n e  i n c h .  U se  o f  t h i s  n o n  p o l a r  

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

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

c o n t a i n i n g  v e s s e l s ,  t h e  n e g a t i v e  e l e c t r o d e  i n  t h e  v e s s e l  

a d j a c e n t  t o  t h e  o r i g i n ,  and t h e  p o s i t i v e  e l e c t r o d e  i n  t h e

v e s s e l  o p p o s i t e .

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

s p e c i e s  m ig r a t e d  fr o m  t h e  o r i g i n ,  a lo n g  t h e  p a p e r  s t r i p ,
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tow ards th e  p o s i t iv e  e le c tro d e .

A f te r  runn ing  th e  a p p a ra tu s  f o r  1 hour a t  a v o lta g e  o f 

500 v o l t s  th e  c u r re n t  was sw itched o f f ,  th e  p ap er removed and 

d r ie d ,  and f r u c to s e  and iro n  d e te c te d . The d e te c tio n  methods 

w ere th o s e  used in  G-.M.l.

f r e s h  A nalar carbon  t e t r a c h lo r id e  was used f o r  each 

e le c t r o p h o r e s is  ru n . T h is  p ro ced u re  h as  been found to  g iv e  

b e t t e r  r e s u l t s  tn a n  re p e a te d  usage o f th e  same c o o la n t ,  s in ce  

i t  p re c lu d e s  th e  fo rm a tio n  o f a sk in  o f b u f f e r  on th e  su rface  

o f  th e  c o o la n t ,  Such a f e a tu r e  a r i s e s  due to  e le c tro -o s m o s is , 

and can r e s u l t  in  o v e rh e a tin g  and d is ru p t io n  o f th e  c i r c u i t .

Many d i f f e r e n t  b u f f e r s  were u sed , o f which th e  fo llo w in g  

i s  a l i s t ,

Borax-Sodium hydrox ide  -  0,1 M olar in  te rm s o f  b o ra te  (191) 

A -  B orax  -  19.05 grams in  1 l i t r e  (0 .2  Molar

in  te rm s o f B o ra te )

B -  Sodium hydrox ide  -  8 grams i n  1 l i t r e  (0 ,2  M olar)

pH 10 ,0  50 mis o f s o lu t io n  A + 43 ml s o lu t io n  B , and make

up to  100 mis w ith  w a te r .

2, B o ric  A cid-B orax 0,1 M olar in  te rm s o f  b o ra te  (192)

A -  B o ric  a c id  -  1 2 .4  grams in  1 l i t r e  (0 .2  M olar)

B -  B orax -  19.05 grams in  1 l i t r e  (0 ,2  M olar in

term s o f  B o ra te ) 

pH 9 .0  10 mis s o lu t io n  A + 40 mis s o lu t io n  B , and d i l u te

to  100 mis w ith  w a te r
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3 . C arbonate  -  B ic a rb o n a te  0 ,10  M olar (193)

A -  Anhydrous sodium ca rb o n a te  -  21 ,2  grams in  1 l i t r e

(0 .2  M olar)

B -  Sodium b ic a rb o n a te  -  16,8 grams in  1 l i t r e

(0 .2  M olar)

pH 10 .0  27,5  mis o f  s o lu t io n  A + 22.5  mis o f  s o lu t io n  B

d i lu te d  to  a  t o t a l  o f  100 mis w ith  w a te r 

pH 9 .2 4 .0  mis o f s o lu t io n  A + 46 .0  mis o f s o lu tio n  B

d i lu te d  to  a t o t a l  o f  100 mis w ith  w ater 

4* B ic a rb o n a te  -  carbon  d io x id e  (194)
_2

pH 8 c o n c e n tra tio n  o f sodium b ic a rb o n a te  -  5 .8 6  x 10

Molar

T h is  b u f f e r ,  to  b e  made up c o r r e c t ly ,  should  have th e  

g iv e n  c o n c e n tra tio n  o f sodium b ic a rb o n a te  in  e q u ilib riu m  w ith  

a g as  p hase  c o n ta in in g  5 p e r  cen t carbon  d io x id e . However, 

i t  was im p o ss ib le  to  ad h ere  e x a c tly  to  th e s e  c o n d itio n s  du ring  

e le c t ro p h o re s is .  To approxim ate th e se  c o n d it io n s ,  carbon 

d io x id e  was bubbled th rough  th e  sodium b ic a rb o n a te  s o lu tio n  

u n t i l  th e  pH o f th e  b u f f e r  was reach ed . T h is  s o lu t io n  was 

th e n  u t i l i s e d  f o r  th e  e le c tro p h o re s is  ru n , a  sm all q u a n t i ty  o f 

s o l id  carbon d io x id e  b e in g  p laced  in s id e  th e  c a b in e t h o ld in g  

th e  e le c t ro p h o re s is  equipm ent.

T h a t t h i s  was e f f e c t iv e  was a s c e r ta in e d  by  checking th e  

pH o f  th e  used b u f f e r  a f t e r  th e  ru n .



pH 7 ,0 c o n c e n tra tio n  o f  sodium b io a rb o n a te  5 .86  x  10~^ M olar 

made up and used  in  th e  same way a s  th e  above b u f f e r .

5* Phosp h a te  0,1 M olar (195)

A -  Di sodium hydrogen p h osphate  35.61 grams in  1 l i t r e

(0 ,2  Molar)

B -  Sodium d i  hydrogen phosphate  31,21 grams in  1 l i t r e

(0 ,2  Molar)

D i-h y d ra te d  s a l t  in  each case  

pH 8 .0  94 .7  mis o f  s o lu tio n  A + 5 .3  mis o f s o lu tio n  B

d i lu te d  to  200 mis w ith  w a te r , 

pH 7 .0  61 ,0  mis o f  s o lu t io n  A + 3 9 .0  mis o f  s o lu tio n  B

d i lu te d  to  200 mis w ith  w a te r  

C i t r a t e  0 .1 0  M olar ( 196)

A -  C i t r i c  a c id  42.02 grams in  1 l i t r e  (0 .2  M olar)

B -  Sodium c i t r a t e  (d ih y d ra te d )  58.82 grams in  1 l i t r e

(0 .2  Molar)

pH 6 .0  9 .5  mis o f s o lu tio n  A + 41 .5  mis o f s o lu t io n  B

d i lu te d  to  100 mis w ith  w ate r

pH 5 ,0  20 .5  mis o f s o lu tio n  A + 29 .5  mis o f s o lu tio n  B 

d i lu te d  to  100 mis w ith  w a te r  

pH 4 .0  3 3 ,0  mis o f s o lu t io n  A + 17.0  mis o f s o lu tio n  B

d i lu te d  to  100 mis w ith  w a te r

G.M.3. Development o f  a s u i ta b le  i ro n  d e te rm in a tio n  method

The i ro n  d e te rm in a tio n  method n e c e ssa ry  f o r  t h i s  s tudy  

was re q u ire d  to  y ie ld  c o n s is te n t  r e s u l t s  in  th e  p resen ce  o f
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r e l a t i v e l y  h i$ i  c o n c e n tra tio n s  o f  s u g a rs . B loom field  (197) 

and Debs (198) b o th  used  c o lo r im e tr ic  mechods Y/hich re q u ire d  

th e  d e s t r u c t io n  o f  o rg a n ic  m a tte r  b e fo re  d e te rm in a tio n . I n  

th e  fo rm er, o rg a n ic  m a tte r was d es tro y ed  by  th e  a c t io n  o f 

n i t r i c  and su lp h u r ic  a c id s ,  and in  th e  l a t t e r  by  hydrogen 

p e ro x id e  and su lp h u r ic  a c id .  T h is  was no t e n t i r e ly  s u i ta b le  

f o r  u se  in  t h i s  s tu d y , s in c e  so many s o lu t io n s  had to  be  

an a ly sed  f o r  iro n  t h a t  tim e consum ption would have been  

p r o h ib i t iv e .

F i r s t l y  an  EDTA t i t r a t i o n  method was t e s t e d ,  w ith  

r a th e r  d is a p p o in tin g  r e s u l t s .  T h is  was based  on a method by  

W elcher ( 199) and com prised th e  fo rm atio n  o f  th e  deep red  

co lo u red  th io c y a n a te - iro n  complex a t  low pH, fo llow ed  by  

t i t r a t i o n  w ith  s tan d a rd  EDTA u n t i l  c o lo u r le s s .

W ith a  h ig h  sugar c o n c e n tra t io n , how ever, th e  co lou red  

complex o n ly  form ed v e ry  s lo w ly  tow ards th e  end o f  th e  t i t r a t i o n .  

P resum ably  t h i s  was due to  th e  su g ar in t e r f e r in g  in  th e  co lo u r 

r e a c t io n .  The method was e v e n tu a lly  abandoned a s  b e in g  too  

tim e-consum ing.

A c o lo r im e tr ic  method based  on th e  fo rm atio n  o f  th e  

1 ,1 0  p h e n a n th ro lin e  complex w ith  f e r ro u s  i r o n  was m odified to  

s u i t  th e  n e c e ssa ry  req u ire m en ts . The method, quoted by 

C h a rio t (2 0 0 ) , inv o lv ed  th e  use o f  25 p e r  c en t sodium a c e ta te  

to  a d ju s t  th e  s o lu tio n  to  pH 3*5, fo llow ed  by  a d d i tio n  o f  1 ml 

o f  10 p e r  c e n t hydroxylam ine h y d ro ch lo rid e  to  red u ce  th e  iro n
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p r e s e n t ;  and a d d i t io n  o f  1 ml o f  0 ,5  p e r  c en t 1 ,10 

p h e n a n th ro lin e . T h is  was l e f t  f o r  1 h o u r, made up to  s tan d ard  

volum e, and re a d  a t  480 -  520 myu ,

To o b ta in  a c c u ra te  i r o n  a n a ly s is  f ig u re s  in  many o f

th e  ex p erim en ts , i t  was n e c e ssa ry  to  a s c e r ta in  t h a t  any iro n

p re s e n t was co m p le te ly  d is s o lv e d , and th a t  any s u g a r - iro n  

complex was d is s o c ia te d .  I t  v/as d ec id ed , th e r e f o r e ,  to  

c a r ry  out th e  d e te rm in a tio n  a t  pH 1 ,4 . C onsequently  pH 

ad ju stm en t o f th e  s o lu tio n  was made w ith  d i l u t e  h y d ro ch lo ric  

a c id ,  r a th e r  th a n  sodium a c e ta te .

The method f i n a l l y  used  was : -

An a l iq u o t  g e n e ra l ly  1 ,0  ml o f iro n  s o lu t io n  was taken  

and a d ju s te d  to  pH 1 ,4  w ith  d i l u t e  a c id ,  1 ml o f  10 p e r  cen t 

hydroxylam ine h y d ro c h lo r id e  was added, fo llow ed  by  1 ml o f 

0 .5  p e r  c e n t 1 ,10  p h e n a n th ro lin e . A f te r  s tan d in g  f o r  1 h o u r, 

t h i s  was made up to  s ta n d a rd  volume (25  ml) and re a d  a t  

495 myu. w ith  a Unicam S .P .5 0 0  u s in g  1 cm c e l l s .

T h is  gave a l i n e a r  g raph  up to  110 gamma o f  iro n  and

was co m p le te ly  u n a f fe c te d  by  th e  p re sen ce  o f  su g a rs ,  even up 

to  a  2 ,000  to  1 ex ce ss , A s ta n d a rd  graph was c o n s tru c te d  each 

tim e  a  b a tc h  o f  s o lu t io n s  was a n a ly se d . An ex trem ely  r e l i a b l e  

m ethod, i t  was used f o r  a l l  th e  i r o n  d e te rm in a tio n s  c a r r ie d  

ou t in  t h i s  s tu d y , w ith  th e  ex cep tio n  o f th e  f ru c to s a n  a n a ly s is  

work g iv en  in  S e c tio n  I I I .



W hile t h i s  work was b e in g  c a r r ie d  o u t ,  th e  departm ent 

a c q u ire d  a Unicam S .P .9 0  Atomic A b so rp tio n  S pectropho tom eter, 

The r e s u l t s  g iven  in  S e c tio n  I I I  w ere o b ta in ed  b y  th e  use  o f 

t h i s  equipm ent. A l l  t h a t  was re q u ire d  was d i l u t io n  o f th e  

sample to  below  110 gamma p e r  m l, fo llow ed by  measurement o f 

th e  ab so rb an ce , A s tan d ard  g raph  was re p e a te d  each tim e  a 

b a tc h  o f  re a d in g s  was c a r r ie d  o u t. The method was found to  

b e  v e ry  r e l i a b l e  and c o n s is te n t ,

G.M.A, Magnesium d e te rm in a tio n .

As w ith  th e  iro n  d e te rm in a tio n  method g iven  in  G.M.5, 

th e  magnesium d e te rm in a tio n  method had to  g iv e  c o n s is te n t  

r e s u l t s  in  th e  p re se n c e  o f  su g a r. The method used in  t h i s  

s tu d y  was an EDTA t i t r a t i o n  method u s in g  Eriochrom e B lack  T 

a s  in d ic a to r  ( 201 ) ,

Reage n ts .

1, S tan d a rd  EDTA : 0 ,02  Normal disodium  EDTA made

up from s ta n d a rd  Volucon ampules su p p lie d  by  May 

and B aker.

2 . B u ffe r  pH 10 ,0  : 65 .0  grams o f ammonium c h lo r id e  

d is so lv e d  in  w a te r , 570 mis o f ammonium hydroxide 

(S .G . 0 , 88 ) were added and th e  whole d i lu te d  to

1 l i t r e  w ith  w a te r ,

5 . E riochrom e B lack  T : a  1j200 m ix tu re  o f  dye and

sodium c h lo r id e ,  ground to  a  f in e  powder ( 202 )



P ro ced u re

To an a l iq u o t  o f  s o lu t io n  c o n ta in in g  magnesium, 5 nils 

o f b u f f e r  s o lu t io n  were added , fo llow ed  by  s u f f ic ie n t  s o l id  

E riochrom e B lack  T to  im part a  d i s t i n c t  w ine red  co lo u r. T h is  

was t i t r a t e d  w ith  s ta n d a rd  EDTA u n t i l  a d i s t i n c t  b lu e  co lo u r was 

a ch iev ed .

R e l ia b le  r e s u l t s  were o b ta in ed  w ith  t h i s  method, and 

a l l  th e  magnesium d e te rm in a tio n s  w ere c a r r ie d  ou t u s in g  

t h i s  te c h n iq u e , except f o r  th e  r e s u l t s  ob ta in ed  d u rin g  th e  

f ru c to s a n  a n a ly s is .

As in  th e  ca se  o f i ro n  d e te rm in a tio n s  a s so c ia te d  

w ith  t h i s  w ork, th e  magnesium c o n te n t was measured b y  use of 

th e  S .P .9 0  Atomic A bso rp tio n  S p ectropho tom eter.

T h is  m erely  invo lved  d i lu t io n  o f th e  magnesium 

c o n ta in in g  s o lu t io n  to  w ith in  th e  range  0 .4  to  1 .6  gamma o f 

magnesium p e r  ml. T h is  was e f fe c te d  w ith  an EDTA s o lu tio n  

so th a t  th e  r e s u l t a n t  s t re n g th  o f th e  EDTA s o lu t io n  in  th e  

d i lu te d  sample was 0 .75  p e r  c e n t .  Measurement o f th e  

absorbance was th e n  c a r r ie d  o u t,

A s ta n d a rd  g raph  was c o n s tru c te d  fo r  each b a tc h  o f  

sam ples t e s t e d .  H ere a g a in , th e  u lt im a te  s tr e n g th  o f th e  EDTA 

s o lu t io n  in  th e  s ta n d a rd s  was 0 .75  p e r  c e n t .

A d d itio n  o f EDTA s o lu t io n  was c a r r ie d  ou t to  overcome 

su p p re ss io n  o f th e  re a d in g  b y  phosphate (203).



G.M.5. Calcium  determ in a t io n

The q u a n t i t a t iv e  measurement o f  calcium  in v o lv ed  in  

th e  f ru c to s a n  in v e s t ig a t io n  experim ents was c a r r ie d  ou t by 

means o f d i r e c t  re a d in g  on th e  S .P .9 0 , T h is  was b ased  on 

th e  method o f  W i l l i s  (2 0 3 ).

The te ch n iq u e  inv o lv ed  d i lu t io n  o f th e  c a lc iu m -co n ta in in g  

s o lu t io n  to  w ith in  th e  range  0 .0  to  6 ,0  gamma p e r  ml. T h is  was 

e f f e c te d  w ith  an EDTA s o lu tio n  so t h a t  th e  r e s u l t a n t  s t re n g th  

o f  th e  EDTA in  th e  d i lu te d  sample was 0 .75  p e r  c e n t .

Measurement o f  th e  absorbance was th en  c a r r ie d  o u t.

A s ta n d a rd  g raph  was c o n s tru c te d  f o r  each b a tc h  o f 

sam ples t e s t e d .  H ere a g a in , th e  u l t im a te  s t r e n g th  o f EDTA 

in  th e  s ta n d a rd s  was 0 .7 5  p e r  c e n t .  *

As in  th e  case  of th e  magnesium d e te rm in a tio n , EDTA was 

added so th a t  su p p re ss io n  o f th e  re a d in g  by  phosphate  would 

n o t o ccu r,

G .M .6 . F r u c t o s e  a n a l y s i s .

J u s t  a s  d e te rm in a tio n  methods u n a ffe c te d  by  su g ars  had 

to  be  found f o r  i r o n  and magnesium a n a ly s i s ,  so had a f ru c to s e  

d e te rm in a tio n  method u n a ffe c te d  by  i r o n  to  be  found. Bacon 

and B e l l ’ s  m o d if ic a tio n  (160) o f  Roe’ s r e s o r c in o l  method (161) 

was used  to  determ ine th e  f ru c to s e  c o n c e n tra tio n  in  s o lu tio n s .  

R eag e n ts , 1. 0 .15  p e r  cen t r e s o r c in o l  in  e th an o l

2m C oncen tra ted  h y d ro c h lo r ic  ac id  co n ta in in g

7 .5  mg o f  f e r r i c  c h lo r id e  p e r  l i t r e .
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P ro ced u re ,

A 2 ml sample o f  th e  s o lu t io n  to  be analysed  was ta k en , 

and 3 mis o f  0 .15  p e r  cen t r e s o r c in o l  added. A f te r  1 m inute,

3 mis o f  th e  h y d ro c h lo r ic  a c id  re a g e n t was added. The s o lu tio n  

was h e a te d  in  a  w a te r  b a th  a t  75°C f o r  30  m in u tes , in  a f irm ly -  

s to p p e red  Q u ic k - f i t  t e s t  tu b e . A f te r  h e a t in g , th e  tu b e s  were 

r a p id ly  cooled in  ic e -w a te r  to  p re v e n t any in c re a s e  in  co lo u r 

i n t e n s i t y .  The tu b e s  w ere th en  read  a t  480 iryu on th e  

Unicam S .P .5 0 0 . T h is  method produced a  l i n e a r  g raph  up to  

150 gamma o f f r u c to s e .

I t  was found , how ever, by  conducting  ex te n s iv e  t e s t s ,  

t h a t  th e  co lo u r produced was in f lu e n c e d  by  th e  q u a n t i ty  o f 

i r o n  p r e s e n t ,  w hich sug g ested  th a t  th e  method would b e  

co m p le te ly  u n s u i ta b le  f o r  th e  re q u ire d  work.

By c a rry in g  ou t ex te n s iv e  a n a ly se s  o f s tan d a rd  s o lu tio n s

w ith  v a r io u s  a d d i t io n s  o f i r o n ,  i t  was found th a t  w ith

a d d i t io n s  o f iro n  betw een 45 and 90 gamma, th e  g raph  o b ta in ed  

was c o n s ta n t ,  a lth o u g h  h ig h e r  th a n  th e  graph o b ta in ed  w ith  no 

added i ro n ,

T hus, w here i r o n  and f ru c to s e  were to  b e  determ ined , 

th e  i ro n  a n a ly s is  was always c a r r ie d  ou t f i r s t ,  to  f in d  th e  

i ro n  co n ten t p e r  ml. The p ro ced u re  fo llow ed  th e n  depended 

on th e  c o n te n t o f  i ro n .

1, Where th e  i r o n  co n ten t was l e s s  th a n  45 gamma p e r  m l,

one ml o f th e  s o lu tio n  to  be te s t e d  was ta k en  and one
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ml of a d i l u t e  i ro n  s o lu t io n  was added to  b r in g  th e  

i r o n  c o n te n t up to  betw een 45 and 90 gamma, A 

com plete range  o f d i l u t e  i ro n  s o lu tio n s  was kept f o r  

t h i s  p u rp o se ,

2 , Where th e  i ro n  c o n te n t f e l l  betw een and 90 gamma 

p e r  m l, one ml o f  th e  s o lu t io n  to  be  te s t e d  was 

tak en  and one ml o f Yfater added,

3* I f  th e  i r o n  co n te n t was above 90 gamma p e r  m l, th en  

th e  s o lu t io n  was d i l u t e d ,  by  a known f a c t o r ,  so 

t h a t  th e  i r o n  c o n te n t o f  th e  s o lu t io n  to  b e  analysed  

f e l l  betw een 45 and 90 gamma p e r  ml. The s o lu tio n  

was th e n  t r e a te d  a s  in  p ro ced u re  2 ,

T h is  p ro ced u re  re p la c e d  th e  2 ml sample used in  Bacon 

and B e l l ’ s method, The rem ainder o f th e  d e te rm in a tio n  was 

c a r r ie d  ou t a s  p re v io u s ly  d e ta i le d .

The m o d if ic a tio n  o f th e  method a s  above, gave very  

a c c u ra te  r e s u l t s  w hich w ere com plete ly  re p ro d u c ib le . As w ith  

a l l  o th e r  q u a n t i ta t iv e  d e te rm in a tio n s , a s tan d a rd  curve was 

c o n s tru c te d  f o r  each b a tc h  o f s o lu tio n s  a n a ly se d . H ere to o ,  

one ml o f s ta n d a rd  f ru c to s e  v,ras ta k en  and one ml o f d i l u te  

i r o n  s o lu t io n ,  c o n ta in in g  betw een 45 and 90 gamma, was added, 

G-.M.7. O rgan ic carbon d e te rm in a tio n .

The p ro ced u re  used was a wet com bustion method. 

P ro ced u re

To 0 ,5  grams o f s o l id  in  a  500 ml c o n ic a l f l a s k ,  th e  

fo llo w in g  w ere added:
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25 mis 0 ,4  Normal po tassium  d ichrom ate (S tan d a rd ise d )

25 mis A n a la r su lp h u ric  a c id

12 ,5  mis P hosphoric  a c id  (S.G, 1 .75)

A c o ld f in g e r  vrns f i t t e d  to  th e  f la s k  w hich was then  

b o i le d  g e n t ly  f o r  1|r h o u rs . T h is  was fo llow ed  by  co o lin g  and 

a d d i t io n  o f  100 m is o f  w a te r . The r e s id u a l  d ichrom ate was 

t i t r a t e d  w ith  s ta n d a rd ise d  0 ,2  Normal f e r ro u s  ammonium su lp h a te , 

u s in g  5 mis o f  barium  diphenylam ine su lp h o n a te  a s  in d i c a to r ,  

u n t i l  a b r ig h t  g reen  c o lo u r appeared ,

1 ml 0 ,4  Normal d ichrom ate s  1 ,2  mg carbon 

The in d ic a to r  was made up by  d is s o lv in g  0 .5  grams o f 

barium  diphenylam ine su lp h o n a te  in  w a te r ,  adding 3 8 ,7  grams 

o f  barium , c h lo r id e ,  (d ih y d ra te d ) and making th e  whole up to

1 l i t r e .

N ote: 1 e q u iv a le n t o f  po tassium  d ichrom ate i s  equal

to  o n e -s ix th  o f i t s  m olecu lar w eigh t.

G-.M.8 . E x tr a c t io n  o f th e  f ru c to s a n .

10 K ilogram s o f h e rb ag e , f r e s h ly  c u t a s  c lo s e  to  th e  

ground a s  p o s s ib le ,  were t r e a te d  w ith  b o i l in g  e th a n o l. The 

g ra s s  was cu t in  sm all b a tc h e s  and im m ediately  plunged in to  

10 l i t r e s  o f  b o i l in g  e th a n o l in  a 20 l i t r e ,  p a r a l le l - w a l le d ,  

h e a te d  g la s s  e x t ra c t io n  v e s s e l .  A f te r  5 m inutes immersion th e  

g ra s s  was rem oved, oven d r ie d  a t  60°C and hammer m ille d . The

2 K ilogram s o f d ry  powder o b ta in e d  was made up to  a  f in e  s lu r r y  

w ith  10 l i t r e s  o f  w a te r ,  allow ed to  s ta n d  f o r  1 hour w ith  a
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sm all q u a n t i ty  o f ch loroform  added, and was th en  squeezed 

d ry  in  a p r e s s .  T h is  e x t r a c t io n  p rocedu re  was re p e a te d  

w ith  a f u r th e r  10 l i t r e s  o f w a te r ,  a llo w in g  th e  g ra s s  to  

rem ain  in  th e  e x tra c t io n  so lv e n t o v e rn ig h t a t  4°C, ag a in  

w ith  ch lo ro fo rm  added. The su p e rn a ta n t from th e  f i r s t  

e x t r a c t io n  was s to re d  in  a s im ila r  way. A f te r  o b ta in in g  

th e  s u p e rn a ta n t from th e  second e x tra c t io n  b y  means o f  th e  

p r e s s ,  th e  e x t r a c ts  w ere bu lk ed  and f i l t e r e d  under l i g h t  

s u c tio n  th ro u g h  a pad o f  H i F lo  Super C el, In  a l l ,  18 l i t r e s  

o f  e x t r a c t  w ere o b ta in e d .

U sing a la rg e  vacuum d i s t i l l a t i o n  a p p a ra tu s , and a 

f l a s h  e v a p o ra to r , th e  f i l t r a t e  was reduced in  volume to  

3 l i t r e s ,  a t  a  tem p era tu re  no h ig h e r  th an  30°C, T h is  was 

th e n  poured  in to  3 volumes o f co ld  e th a n o l,  g iv in g  a  heavy 

brown ru b b ery  p r e c i p i t a t e .  By su c c e ss iv e  re tre a tm e n ts  w ith  

c o ld  e th a n o l,  t h i s  ru b b e ry  p r e c i p i t a t e  was ob ta in ed  in  a more 

w orkab le c o n d it io n , and much o f th e  c o lo u r was removed.

T h is  was th e n  re d is s o lv e d  in  w a te r ,  u s in g  th e  minimum 

q u a n t i ty ,  a g a in  add ing  ch lo ro fo rm . A f te r  shaking f o r  some 

tim e th e  re s id u e  was c e n tr ifu g e d  down on an M.S.B. Magnum 

c e n t r i f u g e  a t  2 ,0 0 0  re v s  p e r  m inute, u s in g  th e  6 x  250 

sw ing-ou t head . The su p e rn a ta n t was decan ted  and th e  re s id u e  

was a g a in  shaken w ith  w a te r ,  fo llow ed  once ag a in  by  

c e n t r i f u g a t io n .  A f te r  b u lk in g  th e  su p e rn a ta n ts  th e  

p o ly sa c c h a r id e  was r e p r e c ip i t a te d  in  3 volumes ot co ld  e th a n o l.
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T h is  r e p r e c i p i t a t io n  p ro ced u re  was rep ea ted  a f u r th e r  

two tim e s . A f te r  th e  l a s t  r e p r e c ip i t a t io n  th e  by  now l i g h t -  

cream co lo u red  p r e c i p i t a t e  was c o l le c te d  by  c e n tr i fu g a t io n .  

D uring  th i s  l a s t  s te p  i t  was found to  be most im p o rtan t to  keep 

th e  te m p era tu re  low , in  o rd e r  to  p rev en t w a te r  p ick -u p  and 

subsequen t ta c k in e s s  develop ing  in  th e  p r e c i p i t a t e .

The p r e c i p i t a t e  was d r ie d  by use o f d ry  e th a n o l, d ry  

a c e to n e , and 40-60 pe tro leum  e th e r .  T h is  y ie ld e d  159 g ran s  

o f  f r u c to s a n .  The u se  o f  a sm all q u a n ti ty  o f  chloroform  

each tim e th e  f ru c to s a n  was d is so lv e d  in  w a te r  perform ed th e  

fu n c tio n  of i n h ib i t i n g  th e  b a c t e r i a l  breakdown o f th e  

p o ly sa c c h a r id e . A ll  th e  s ta g e s  where th e  f ru c to s a n  was 

d is so lv e d  in  w a te r  were r e s t r i c t e d  to  th e  minimum tim e 

d u ra tio n  p o s s ib le

P.M .9. M o is tu re  co n ten t d e te rm in a tio n .

The m o istu re  c o n te n t o f th e  f ru c to s a n  was determ ined 

b y  w eighing o u t 1 gram o f th e  powder in to  a  s i l i c a  d is h . T h is  

v/as p la ced  in  a  p i s t o l  w hich was m ain tained  in  an evacuated 

c o n d itio n  b y  means o f a water-pum p. D rying  a t  60°C f o r  24 

h o u rs  i n  th e  p re sen ce  o f  phosphorous p en to x id e  was then  

c a r r ie d  o u t .  A f te r  t h i s  tre a tm e n t th e  f ru c to s a n  was allow ed 

to  c o o l, s t i l l  b e in g  m ain ta ined  in  an evacuated  environm ent In  

th e  p re sen ce  o f  phosphorous p en to x id e . Im m ediate w eighing 

th e n  fo llo w e d , and th e  lo s s  in  w eight due to  m o istu re  was 

c a lc u la te d ,
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G.M. 10. A cid h y d ro ly s is .

The p ro ced u re  used  in  t h i s  s tudy  was a s  fo llo w s:

A sm all q u a n t i ty ,  around 0.1 gram o f th e  f ru c to s a n  was

ta k e n  and h y d ro ly sed  f o r  1 hour a t  100°0  w ith  5 mis o f  0 .2

Normal fo rm ic  a c id .  A f te r  h y d ro ly s is ,  th e  so lu tio n  was 

t r a n s f e r r e d  to  a round-bottom ed Q u ic k f it  f l a s k ,  50 mis o f

w a te r  added , and th e  w hole reduced in  volume by  vacuum

d i s t i l l a t i o n  in  a B uchi r o ta r y  e v a p o ra to r .

A ccording  to  H o rs le y  (157) a w a te r  and form ic a c id  

m ix tu re  w i l l  d i s t i l  o f f  a z e o tr o p ic a l ly ,  th e  com position o f 

th e  azeo t ro p e  b e in g  7 7 .5  p e r  cen t form ic a c id  and 2 2 ,5  p e r  

c e n t w a te r .

The a d d i t io n  of w a te r ,  fo llow ed  b y  vacuum d i s t i l l a t i o n ,  

was c a r r i e d  o u t 4  tim e s . On t e s t i n g  w ith  U n iv e rsa l paper 

th e  s o lu t io n  was found to  b e  n e u t r a l .  T h is  s o lu t io n  can , 

th e r e f o r e ,  be s p o tte d  d i r e c t l y  onto  chrom atography p ap e r.

G.M.11. D eterm in a tio n  o f t o t a l  ni t ro g e n  p re s e n t .

T h is  was c a r r ie d  ou t u s in g  a  m o d if ic a tio n  o f  th e  

K je ld a h l method. S in ce  t h i s  method was f i r s t  u sed , many 

m o d if ic a t io n s  have been  t r i e d ,  a  f u l l  rev iew  o f  th e se  be ing  

g iv e n  b y  K irk  (204 ).

P ro c e d u re .

2 Grams o f  d ry  f ru c to s a n  w ere weighed ou t and 

t r a n s f e r r e d  to  a d ry  K je ld ah l f l a s k .  A f te r  a d d i tio n  o f  30 mis 

o f A n a la r su lp h u r ic  a c id ,  5 grams o f sodium s u lp h a te , and a
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c r y s t a l  o f  copper s u lp h a te ,  th e  s o lu tio n  was d ig e s te d  ov er a  

low flam e. On com pletion  o f f ro th in g  and c h a r r in g ,  th e  

c o n te n ts  o f  th e  f l a s k  w ere seen  to  h e  q u i te  f l u i d .  The 

flam e was tu rn e d  up and th e  m ix tu re  "boiled u n t i l  a l l  th e  

"brown c o lo u ra tio n  had d isap p ea red .

A f te r  c o o lin g , th e  c o n te n ts  o f th e  f l a s k  were d ilu te d  

v /ith  w a te r  u n t i l  around h a l f  f u l l .  The f l a s k  was th en  

clamped in  th e  d i s t i l l i n g  a p p a ra tu s . At th e  re c e iv in g  end 

was p la c e d  a c o n ic a l f l a s k  c o n ta in in g  50 mis o f  s tan d a rd  

0,1 Normal h y d ro c h lo r ic  a c id ,  a  few drops o f  in d i c a to r ,  and 

s u f f i c i e n t  w a te r  to  cover th e  end o f  th e  d e l iv e ry  tu b e . 

S u f f ic i e n t  50 p e r  cen t sodium hydrox ide  to  make th e  s o lu tio n  

a lk a l in e  was th e n  added to  th e  K je ld a h l f l a s k  "by means o f a 

f i l t e r  fu n n e l w ith  a g la s s  tu b e  ex tend ing  to  th e  bottom  o f 

th e  f l a s k ,  F in a l ly  a p ie c e  o f g ra n u la te d  z in c  was added to  

th e  f l a s k ,  th e  s to p p e r i n s e r t e d ,  and th e  c o n te n ts  mixed by  

s w ir l in g .  The f l a s k  was th e n  h e a te d  to  b o i l in g  and b o i le d  

f o r  around 30  m in u tes , o r  u n t i l  th e  ammonia had stopped  

d i s t i l l i n g  o v er in to  th e  re c e iv in g  f la s k .

The re c e iv in g  f l a s k  c o n te n ts  w ere th e n  t i t r a t e d  w ith  

s ta n d a rd  0,1 Normal sodium h y d ro x id e , and from th e  amount o f  

0 .1  Normal h y d ro c h lo r ic  a c id  used to  absorb th e  ammonia, th e  

n i t ro g e n  c o n te n t o f  th e  sample was de term ined .

G.M. 12, T e s t  f o r  red u c in g  c a p a c ity .

T h is  was te s t e d  f o r  b y  means o f F e h lin g ’ s t e s t  (205).
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R eag e n ts .

A, 3 4 ,6  grams o f  p u re  copper s u lp h a te  w ere d is so lv e d  

in  w a te r  and d i lu te d  to  500 m is,

B. 175 grams o f  po tassium  t a r t r a t e  and 70 grams o f 

p u re  sodium hyd rox ide  w ere d is so lv e d  in  w a te r 

and d i lu te d  to  500 m is.

P ro c e d u re .

E qual q u a n t i t i e s  o f  A and B w ere mixed im m ediately  

b e fo re  u se  and added to  th e  s o lu t io n  to  b e  t e s t e d .  On 

h e a t in g ,  th e  fo rm a tio n  o f a red  p r e c i p i t a t e  o f  cuprous ox ide  

would in d ic a te  th e  p re sen ce  o f  a  red u c in g  su b stan ce ,

G.M. 15, G eneral car b o h y d ra te  t e s t .

The g e n e ra l q u a l i t a t iv e  ca rb o h y d ra te  t e s t ,  M olisch*s 

t e s t  ( 206 ) was u sed .

P ro ced u re .

To 1 ml o f  th e  s o lu t io n  to  be  t e s t e d  w ere added 2 drops 

o f  a  15 p e r  c e n t c< -n ap th o l s o lu tio n  in  e th a n o l. T h is  was th e n  

u n d e rla y e re d  w ith  1 ml o f  A n a la r su lp h u ric  a c id ,  A r e d - v io le t  

r in g  would appear a t  th e  in t e r f a c e  i f  su g ars  were p re s e n t .

G.M. 14. P r o te in  t e s t .

The q u a l i t a t i v e  t e s t  used h e re  was th e  B iu re t  t e s t  (207 ). 

R eagen t: 1 .5 0  grams o f  c u p r ic  su lp h a te  and 6 ,0  grams o f

sodium p o tassium  t a r t r a t e  w ere d is so lv e d  in  500 mis o f w a te r.

To t h i s  was added w ith  s w ir lin g  300 mis o f 10 p e r  cen t sodium 

hy d ro x id e  (c a rb o n a te  f r e e ) .  The whole was d i lu te d  w ith  w ate r
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to  1 l i t r e  and s to re d  i n  a  p a r a f f i n  l in e d  b o t t l e .

P ro c edu re .

1 ml o f s o lu t io n  to  b e  t e s t e d  was ta k e n , and 4  mis of 

th e  b i u r e t  re a g e n t added. T h is  was allow ed to  s ta n d  f o r  30 

m in u tes  a t  room te m p e ra tu re . S l ig h t  v a r ia t io n s  in  th e  

i n t e n s i t y  and t i n t  o f  co lo u r produced o c c u r, depending on th e  

m a te r ia l  used  (2 0 8 ). G en e ra lly  th e  co lo u r would b e  b r ig h t  

v i o l e t ,

P.M. 15» T e s t s  f o r  pheno ls .

S in c e  no g e n e ra l t e s t  f o r  ph en o ls  e x i s t s  two t e s t s  

w ere conducted on th e  sam ple,

1, M il lo n 's  t e s t  (209)

R eagen t; 1 p a r t  m ercuric  c h lo r id e  was d is so lv e d  

i n  1 p a r t  o f  filming n i t r i c  a c id ,  and d i lu te d  w ith  2 

p a r t s  o f  w a te r .

P ro ced u re . To 1 d rop  o f  th e  s o lu t io n  to  be  t e s t e d ,  1 drop 

o f  th e  re a g e n t was added , and th e  m ix tu re  allow ed to  s ta n d  in  

a  m ic ro -c ru c ib le .  I f  no change o ccu rs  th e  m ix tu re  i s  h ea ted  

b r i e f l y  to  b o i l in g .  A red  c o lo u ra tio n  would form in  th e  

p re se n c e  o f  p h e n o ls .

2, Complex c o b a l t ic  s a l t s  (210)

P ro c e d u re. To 1 drop o f  th e  t e s t  s o lu t io n ,  1 drop o f  f r e s h ly  

p re p a re d  5 p e r  c e n t sodium c o b a l t i n i t r i t e ,  and 1 drop o f  

g l a c i a l  a c e t ic  a c id  w ere added. A b la n k  t e s t  w ith  w a te r was



a ls o  c a r r ie d  o u t .  B oth  tu b e s  w ere th en  h ea ted  u n t i l  th e  w ate r 

b la n k  a c q u ire d  a p in k  c o lo u r , A p o s i t iv e  resp o n se  in  th e  

unknown would b e  g iven  b y  a brown to  ye llow  co lo u r o r  a  brown 

p r e c i p i t a t e ,

G.M. 164 Ph o sp h a te  d e te rm ina t io n .

I n i t i a l l y  th e  method used to  determ ine th e  phosphate  

c o n te n t was th e  m o d if ic a tio n  o f  King’ s method (2 1 1 ), a s  

proposed  b y  A lle n  (2 1 2 ). T h is  invo lved  th e  s u b s t i tu t io n  o f 

Amidol re a g e n t f o r  th e  1-am in o -2 -su lp h o n ic  a c id  re a g e n t 

p r e v io u s ly  u sed . The method may be used to  determ ine b o th  

th e  t o t a l  ph o sp h a te  and th e  in o rg a n ic  p h o sp h a te .

In o rg a n ic  phosphate  p rocedu re ;

To th e  sample co n ta in in g  up to  100 gamma o f  phosphorous 

th e  fo llo w in g  re a g e n ts  w ere added:

A -  1 ,2  m is 60 p e r  cen t p e r c h lo r ic  a c id

B -  1 .0  mis 5 p e r  c e n t ammonium m olybdate

C -  0 .5  nils Amidol re a g e n t

W ater was th e n  added to  g iv e  a  s tan d a rd  volume o f 15 m is, th e  

sample mixed by  sh ak in g , and th e  c o lo u r  i n t e n s i t y  measured a t  

660 nijx.,
T o ta l  p h osphate  p ro ced u re .

When th e  t o t a l  phosphate  was to  b e  de term ined , 

com bustion was perform ed in  th e  above amount o f p e rc h lo r ic  

a c id .  T h is  was fo llow ed  by  a d d it io n  o f th e  o th e r  re a g e n ts  

when c o o l, A s ta n d a rd  cu rve  was c o n s tru c te d  f o r  each b a tc h
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o f  s o lu t io n  a n a ly se d .

The Lowry and Lopez Method (213)

As was s ta t e d  in  th e  t e x t ,  th e  Lowry and Lopez method 

f o r  th e  d e te rm in a tio n  o f in o rg a n ic  phosphate  i s  v e ry  much 

m ild e r  th a n  th e  e q u iv a le n t King1s d e te rm in a tio n .

R eagents:

A -  A c e ta te  b u f f e r  pH 4 .0  (0 ,1  Molar in  a c e t ic  a c id  and

0,025 Molar in  sodium a c e ta te )

B -  1 p e r  c e n t a s c o rb ic  a c id

C -  1 p e r  c e n t ammonium m olybdate in  0 ,025 M olar

su lp h u ric  a c id .

P ro c e d u re .

The sam ple, o f  which th e  in o rg a n ic  phosphate  c o n te n t i s  

w ith in  th e  ra n g e  0 ,075 to  0 .5  m i l l i  moles (2 ,5  to  15*0 gamma 

p e r  ml o f  phosphorous) was d i lu te d  f iv e  tim es w ith  s o lu tio n  A.

To 10 mis o f  th e  r e s u l t in g  s o lu t io n ,  1 ml o f  s o lu tio n

B , and 1 ml o f s o lu t io n  C w ere added. The s o lu t io n s  were th en

re a d  a t  700 m̂ u. on th e  Unicam S .P .500 , f i r s t l y  a f t e r  5 m inu tes, 

th e n  a f t e r  10 m inutes s ta n d in g . The two v a lu e s  w ere e x tra 

p o la te d  to  zero  t i n e  to  o b ta in  th e  t r u e  in o rg a n ic  phosphate 

c o n te n t .  A s tan d a rd  cu rve was c o n s tru c te d  f o r  each b a tc h  o f  

s o lu t io n s  an a ly se d .

G-.M. 17, Ash determ ination.

The dry ashing technique o f  Humphries (21 if) was applied  

to  t h i s  determ ination.
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P rocedu r e .

1 gram o f  oven d r ie d  f ru c to s a n  was weighed ou t in to  a 

s i l i c a  d is h .  The m a te r ia l  was th e n  ch a rred  p r e l im in a r i ly  

o v e r  a low bunsen  f la m e , p rev io u s  to  p la c in g  i t  in  a  m uffle  

fu rn a c e  a t  490°c» The tim e re q u ire d  f o r  com plete a sh in g  

depends on th e  m a te r ia l  b e in g  u se d , and d e t a i l s  o f  t h i s  have 

b een  g iv en  i n  th e  t e x t .  Once a  p u re  w h ite  ash  was o b ta in ed  

th e  s i l i c a  d is h  was coo led  under vacuum, and a  w eighing 

c a r r ie d  o u t to  d e term ine  th e  w eigh t o f ash  p re se n t in  1 gram 

o f  f ru c to s a n .

The s i l i c a  d is h  was th e n  covered w ith  a  c lo c k -g la s s  

and 40 mis o f  d i l u t e  h y d ro c h lo r ic  a c id  ( i ; 1 ) were c a u tio u s ly  

added. T h is  was th e n  h ea ted  on a  b o i l in g  w a te r  b a th  f o r  30 

m in u tes . A f te r  t h i s  tim e had e la p se d , th e  c lo c k -g la s s  was 

r in s e d  and rem oved, and h e a tin g  con tinued  f o r  a  f u r th e r  30 

m inu tes to  d eh y d ra te  s i l i c a ,  10 mis o f  h y d ro c h lo r ic  a c id  

( 1 : 1  ) and 50 mis o f  w a te r were th e n  added. The s o lu t io n  

was kep t warm on th e  w a te r  b a th  to  d is s o lv e  so lu b le  s a l t s .

The c o n te n ts  o f  th e  d is h  w ere th e n  f i l t e r e d  th rough  

N o.44 Whatman f i l t e r  p ap e r in to  a  v o lu m e tric  f l a s k ,  and th e  

r e s id u e  washed from th e  s i l i c a  d ish  in to  th e  f i l t e r  p ap e r.

T h is  was th e n  fo llow ed  b y  washing w ith  ho t d i l u t e  h y d ro c h lo ric  

a c id ,  a f t e r  w hich th e  s o lu tio n  in  th e  v o lu m etric  f l a s k  was 

made up to  volume.



The r e s id u e  in  th e  f i l t e r  p aper c o n s is te d  alm ost 

e n t i r e l y  o f  s i l i c a .  A f te r  ig n i t io n  o f th e  f i l t e r  paper 

i n  th e  s i l i c a  d i s h ,  a f u r th e r  v/eighing was c a r r ie d  o u t to  

de term ine  th e  s i l i c a  c o n te n t o f th e  f ru c to s a n ,

G.M. 18. Quali t a t i ve ana l y s i s  o f ash  c o n s t i tu e n ts .

The s o lu t io n  o b ta in ed  from th e  above p ro ced u re  was 

su b je c te d  to  r o u t in e  c a t io n ic  a n a ly s is  by  an e lem entary  

sem i-m icro q u a l i t a t i v e  a n a ly s is  method ( 215 , 216) .

G.M. 19. T o ta l  hexose determ in a t io n .

The method used to  determ ine th e  t o t a l  hexose co n ten t 

o f th e  f ru c to s a n  was th e  p h e n o l-su lp h u ric  a c id  method ( 217) .  

P ro ced u re .

To 1 ml o f f ru c to s a n  s o lu t io n ,  1 ml o f  5 p e r  cen t 

p heno l and 5 ml o f A n ala r s u lp h u r ic  a c id  w ere added , and th e  

tu b e  th o ro u g h ly  shaken to  prom ote m ixing. A f te r  s tan d in g  f o r  

20  m in u tes , th e  co lo u r i n t e n s i t y  was re a d  a t  490  m jx ,

A s ta n d a rd  cu rve was c o n s tru c te d  each tim e  a  b a tc h  o f 

s o lu t io n s  was an a ly sed .



E xperim en ta l D ata 

E xp .N o .1 . P ap er Chromatography  ( p .30)

25 ml A liq u o ts  o f 0 ,02  M olar f e r r i c  c h lo r id e  w ere added 

to  w eighed q u a n t i t i e s  o f  f r u c to s e ,  g lu c o se , g a la c to s e ,  and 

mannose ( 0 .0 9 ,  0 .1 8 , 0 ,3 6 , 0 .9 0 , 1 .8 ,  2 ,7  and 4*5 grams) 

to  p ro v id e  m olar r a t i o s  o f sugar to  i r o n  o f  1 : 1 , 2 : 1 , 4 : 1 , 

1 0 :1 , 2 0 :1 , 30:1 and 30:1 r e s p e c t iv e ly .  Samples w ere th en  

sp o tte d  o n to  Whatman No,1 f i l t e r  p a p e r , along  w ith  0 .02  M olar 

f e r r i c  c h lo r id e  and sugar sam ples a s  s ta n d a rd s . In  a d d i t io n ,  

mixed f e r r i c  c h lo r id q /s u g a r  s o lu t io n s  p re v io u s ly  a d ju s te d  to  

pH v a lu e s  from 3 .5  to  10 ,0  w ere chrom atographed.

A f te r  i r r i g a t i o n  in  aqueous pheno l (160 grams A nalar 

p h e n o l: 40  m is w ate r) and e th y l  a c e ta te :  p y r id in e :  w a te r 

( 120 : 50 : 4 0 ) s o lv e n ts ,  th e  p a p e rs  w ere d r ie d  and i ro n  and sugar 

lo c a te d  a s  in  G.M.1.

F ru c to s e  was th e  main sugar t e s t e d ,

Exp.No.2. Chrom atography on a  s y n th e t ic  f i b r e  sh e e t (p.32)

A s e r i e s  o f s o lu t io n s  e x a c tly  e q u iv a le n t to  th o se  used 

i n  E xp .N o.1 w ere sp o tte d  onto  fp ap e r n y lo n 1 s h e e ts  and 

chrom atographed in  e th y l  a c e ta te :  p y r id in e : w a te r  so lv en t 

(1 2 0 :5 0 :4 0 ) . A f te r  d ry in g  th e  s h e e ts  w ere t r e a te d  w ith  iro n  

and su g ar lo c a t in g  r e a g e n ts .



E xp.N o,3 . I n v e s t ig a t io n  o f th e  e le c tro p h o re t ic  p r o p e r t i es

o f  su g ars  and iro n  in  b u f f e r s  o f  d i f f e r e n t  pH ( p .33) 

23 ml A liq u o ts  o f  0*02 M olar f e r r i c  c h lo r id e  so lu tio n  

w ere added to  weighed q u a n t i t i e s  o f  f r u c to s e  ( 1. 8 $ 2 ,7  and 4 .5  

grams) to  p ro v id e  m olar r a t i o s  o f  f r u c to s e  to  i r o n  o f  20 ; 1 ,

30:1 and 50:1 r e s p e c t iv e ly .  In  a d d i t io n ,  f ru c to s e  and f e r r i c  

c h lo r id e  w ere ru n  a s  s ta n d a rd s . S ix  sp o ts  o f each sample 

w ere  sp o tte d  onto  s t r i p s  o f Whatman No,1 f i l t e r  p a p e r , and 

e le c tro p h o re s is  a s  d esc rib e d  in  G.M,2 c a r r ie d  o u t .  F ru c to se  

and i r o n  w ere lo c a to d  a s  in  G.M.1, D e ta i l s  o f  th e  b u f f e r s  

used a re  p re se n te d  in  G.M.2,

S im ila r  t e s t s  were conducted u sin g  f ru c to s a n ,  g lu c o se , 

g a la c to s e ,  x y lo s e , su c ro se  and l a c to s e .

Exp.N0 gf4-. I n v e s t ig a t io n  o f th e  pH o f p r e c ip i t a t io n  o f  f e r r i c

hyd rox ide  in  th e  p re sen ce  and absence o f su g a rs  ( p .41) 

25 ml A liq u o ts  o f 0 .02  Molar f e r r i c  c h lo r id e  w ere added 

to  w eighed q u a n t i t i e s  o f f ru c to s e  ( 0 . 090 , 0 .1 8 , O.3 6 , 0 . 90 , 1 . 8 , 

2 .7  grams) to  p ro v id e  f r u c to s e  to  iro n  r a t i o s  o f  1 :1 , 2 ; 1 , 4 :1 ,  

1 0 :1 , 2 0 :1 , 30:1 r e s p e c t iv e ly ,  A 25 ml a l iq u o t  o f 0 .02  M olar 

f e r r i c  c h lo r id e  w ith  no sugar a d d i t io n  was a ls o  used f o r  

com parison .

1 ,0  N sodium hydrox ide  was added slo w ly  to  th e  r a p id ly  

s t i r r e d  s o lu t io n s ,  a llo w in g  ■§• m inute betw een a d d it io n  o f each 

drop  o f  aik-aH  f o r  eq u ilib riu m  to  be  reach ed . F in e  ad justm ent
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o f  pH was e f f e c te d  by  a d d i t io n  o f m inute q u a n t i t i e s  o f  a l k a l i  

on th e  end o f  a th in  g la s s  ro d .

O b se rv a tio n s  w ere made and th e  e x ac t p o in t  o f 

p r e c i p i t a t i o n  in  each s o lu t io n  was determ ined . In  a d d i t io n ,  

b y  co n tin u ed  a d d it io n  o f a l k a l i ,  th e  p o in t  o f r e - s o lu t io n  

o f  th e  p r e c i p i t a t e  was observed ,

Mannose, l a c to s e ,  g lu c o se , x y lo se , and m annito l w ere 

a l l  examined b y  making up eq u iv a len t s o lu t io n s  and observ ing  

t h e i r  b eh a v io u r on a d d it io n  o f  a l k a l i .

P re v io u s  to  pH ad justm en t th e  e f f e c t  o f  sugar a d d i tio n s  

on th e  c o lo u r i n t e n s i t y  o f  th e  f e r r i c  c h lo r id e  s o lu tio n  was 

determ ined  b y  read in g  th e  p e rce n tag e  tra n s m itta n c e  o f each 

s o lu t io n ,  u s in g  th e  602 f i l t e r  in  an EEL c o lo r im e te r . The 

a b s o rp tio n  s p e c tr a  o f a  0 .02  M olar f e r r i c  c h lo r id e  s o lu t io n ,  

and a s o lu t io n  w ith  f r u c to s e  added to  p ro v id e  a 20:1  f ru c to s e :  

i ro n  r a t i o ,  w ere measured on a Unicam S .P .800 au tom atic  

sp ec tro p h o to m e te r , over th e  v i s i b l e  r e g io n , in  a 1 cm c e l l ,  

a g a in s t  w a te r  a s  s ta n d a rd .

D e ta i le d  exam ination o f th e  20:1 f r u c to s e  to  Iro n  

s o lu t io n  was e f f e c te d  b y  making up s e v e ra l  such s o lu t io n s ,  a s  

p re v io u s ly  d e sc r ib e d , and a d ju s t in g  them to  pH 5 .8 ,  6 .0 5 , 6 .2 ,  

6 .4 ,  and 6 ,9  r e s p e c t iv e ly ,  w ith  sodium h y d ro x id e . They w ere

th e n  allow ed to  s tan d  and o b se rv a tio n s  w ere made.



E x p .N o .5 . Measurement o f  th e  q u a n t i ty  o f i ro n  rem ain ing  in  

s o lu t io n  a t  a  ran g e  o f  pH v a lu e s ,  w ith  in c re a s in g  

r a t i o s  o f  f r u c to s e  ( p .52 )

25 ml A liq u o ts  o f 0 .02  M olar f e r r i c  c h lo r id e  so lu tio n  

w ere added to  weighed q u a n t i t i e s  o f f r u c to s e  to  p ro v id e  r a t i o s  

o f  f r u c to s e  to  i r o n  from 1:1 tc  2 0 :1 . The pH o f  each s o lu tio n  

was th e n  r a i s e d  by  a d d i t io n  o f 1 N sodium hydroxide.- A liq u o ts  

w ere w ithdraw n a t  p red e te rm in ed  pH v a lu e s ,  w hich a f t e r  

s ta n d in g  f o r  ^  h o u r, w ere c e n tr ifu g e d , and th e  q u a n ti ty  o f 

i r o n  in  th e  su p e rn a ta n ts  determ ined (G.M.3 ) .

C e n tr ifu g a tio n  was e f f e c te d  on an MSE f High-Speed r 17* 

c e n t r i f u g e  a t  15 ,0 0 0  r . p . m . , develop ing  around 2 6 ,000  g .

E xp .N o .6 . B ehav iour o f  p r e c i p i t a t e s  on pH d e c re a se  from 

pH 6 .2  ( p . 55)

A 25 ml a l iq u o t  o f  0 .02  M olar f e r r i c  c h lo r id e  was 

added to  1 ,8  grams o f f r u c to s e  to  g ive  a m olar r a t i o  o f  f ru c to s e  

to  i r o n  o f  2 0 :1 . T h is  s o lu t io n  was a d ju s te d  to  pH 6 .2  by  

a d d i t io n  o f  1 N sodium h ydrox ide . A f te r  p r e c ip i t a t io n  th e  jH 

was low ered to  4 .0  b y  a d d it io n  o f 1 N h y d ro c h lo ric  a c id  and

o b s e rv a tio n s  made.

S im ila r  tre a tm e n t was g iv e n  to  f ru c to s q / i ro n  s o lu tio n s  

o f  1:1 r a t i o .  A f te r  p r e c ip i t a t io n  a t  pH 6 .2 , one was 

a d ju s te d  to  pH 4 .5* 3r d  one to  pH 3»5# &ud o b se rv a tio n s  made,

A s o lu t io n  o f 0 .02  M olar f e r r i c  c h lo r id e  a lo n e , was a lso



a d ju s te d  to  pH 6 .2 ,  w ith  subsequen t low ering  to  pH 3 ,5  and 

o b se rv a tio n s  made, f o r  com parison,

E xp.N o.7 . F ru c to s e  a d d i t io n  a f t e r  p r e c i p i t a t io n  ( p . 57)

25 ml A liq u o ts  o f  0 ,02  M olar f e r r i c  c h lo r id e  s o lu tio n
i

w ere a d ju s te d  to  pH 6 ,2 , fo llow ed  by  a d d i t io n  o f  s o l id  f ru c to s e  

( 0 . 0 9 0 , 0*18, 0 , 3 6 , 0 . 90 , 1 ,8  grams) to  p ro v id e  m olar r a t i o s  

o f f r u c to s e  to  iro n  from 1:1  to  20 : 1•

T h is  was fo llow ed  by  a) a d d i t io n  o f  1 N sodium 

h y d ro x id e  up to  pH 12,0  and b) a d d i t io n  o f  1 N h y d ro c h lo ric  

a c id  down t o  pH 3*5. O b se rv a tio n s  w ere made over a p e r io d  

o f  6 h o u rs .

Exp.No. 8 . P r e c ip i t a t e  i n h ib i t i o n  in  more d i l u t e  s o lu tio n ,  (p.,58) 

25 ml A liq u o ts  o f  0.002 M olar f e r r i c  c h lo r id e  s o lu tio n  

v/ere added to  weighed q u a n t i t i e s  o f  f ru c to s e  ( 0 . 0 0 9 , 0 .0 1 8 , 

0 . 0 3 6 , 0 . 0 9 0 , 0 .1 8 ,  0 .2 7  gram s) to  p ro v id e  m olar r a t i o s  o f  

f r u c to s e  to  i r o n  from 1:1 to  2 0 :1 . pH ad justm en t w ith  0,1 N 

sodium h yd rox ide  was th en  c a r r ie d  o u t and o b se rv a tio n s  w ere 

made a s  in  Exp.No*4).

Two s o lu t io n s  o f 30:1 and 50:1 f r u c to s e  to  iro n  r a t i o  

w ere made up u s in g  0,02 M olar f e r r i c  c h lo r id e  s o lu t io n ,  and th e  

pH o f each a d ju s te d  to  6 ,2 . A f te r  s tan d in g  f o r  hour a 

10x  d i lu t io n  w ith  w a te r was e f fe c te d  and o b se rv a tio n s  were made.



E xp.N o.9. I n h ib i t io n  o f p r e c i p i t a t i o n  o f  f e r r i c  hydroxide

w ith  ry e g ra s s  f ru c to s a n  ( p .59)

25 ml A liq u o ts  o f  0 ,02  M olar f e r r i c  c h lo r id e  s o lu tio n  

w ere added to  w eighed q u a n t i t i e s  o f  ry e g ra s s  f ru c to s a n  

(0 .0 9 0 , 0 ,1 8 ,  0 ,3 6 , 0 ,45  and 0 .5 4  gram s). A n a ly s is  o f th e  

f ru c to s a n  (S e c tio n  I I I ,  4) showed th a t  th e  f r u c to s e  co n ten t 

was 68,2  p e r  c e n t ,  and th e  t o t a l  hexose c o n te n t was 77 ,7  p e r  

c e n t .  Thus u s in g  th e  m o lecu la r w eigh ts  o f  th e  component 

sim ple su g ars  th e  w e ig h ts  o f  f ru c to s a n  above r e p r e s e n t : -  

r a t i o  1 f r u c to s e ' to  i ro n  -  0 .6 8 2 :1 , 1 ,3 3 4 :1 , 2 ,7 2 8 :1 ,

3 .410 :1  and 4 .092 :1  

r e s p e c t iv e ly .

r a t i o  1 t o t a l  h ex o se ' to  iro n  -  0 .7 7 7 :1 , 1 .5 5 4 :1 , 3 .1 0 8 :1 ,

3 .885 :1  and 4 .662 :1  

r e s p e c t iv e ly .

A djustm ent o f  th e  pH w ith  1 .0  N sodium hydrox ide  was 

th e n  e f fe c te d  a s  in  Exp,No,4 , and o b se rv a tio n s  w ere made.

Extp.No. 10. I n h ib i t io n  o f magnesium hydrox id e  p r e c ip i ta t io n

25 ml A liq u o ts  o f  0 ,02  M olar magnesium c h lo r id e  s o lu tio n  

w ere added to  weighed q u a n t i t i e s  o f  f ru c to s e  (0 .0 9 0 , 0 .1 8 ,

0 , 36 , 0 .9 0 , 1 .8  and 2 ,7  grams) to  p ro v id e  r a t i o s  o f  f ru c to s e  to

magnesium o f 1:1 to  30: 1•

T h ree  s e r i e s  were u se d , a d ju s t in g  th e  pH v a lu e s  o f 

each to  10.7 , 10.9 and 11.1 r e s p e c t iv e ly  w ith  1 N sodium
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hydroxide*  A f te r  s ta n d in g  f o r  ■§■ h o u r , a l iq u o ts  were 

w ithd raw n , c e n tr i fu g e d  a s  in  E xp .N o,5 , and th e  q u a n t i ty  o f 

magnesium rem ain ing  in  th e  su p e rn a ta n t determ ined  a s  in  

G.M, 4*

E xp.N o.11 . The e f f e c t  o f a l k a l i  on f ru c to s e  (p .6 1 )

Sam ples w ithdraw n from many o f th e  fo reg o in g  s o lu tio n s  

w hich had "been a d ju s te d  above pH 9<>0, w ere chrom atographed 

i n  aqueous pheno l and e th y l a c e ta te :  p y r id in e : w a te r  so lv e n ts  

(G.M. 1) fo llo w e d , a f t e r  d ry in g , b y  developm ent in  s i lv e r  

n i t r a t e  re a g e n t (G.M.1)

In  a d d i t io n ,  1 .8  gram l o t s  o f  f r u c to s e  were d is so lv e d  

i n  25 ml a l iq u o ts  o f v /a te r and th e  pH a d ju s te d  to  9*0, 9*5, 

1 0 .0 , 1 0 ,5 , 1 1 .0 , 11*5 r e s p e c t iv e ly .  S o lu tio n s  w ere a lso  

made up u s in g  0 ,02  M olar f e r r i c  c h lo r id e ,  fo llow ed  by  

ad ju stm en t to  th e  pH v a lu e s  d e t a i l e d .

Sam ples w ere w ithdraw n a t  -g- h o u r , 12 h o u rs , 3 6 h o u rs ,

72 h o u rs  and 120 h o u rs , chrom atographed in  th e  above so lv e n ts  

and developed in  th e  s i l v e r  n i t r a t e  re a g e n t (G.M.1 ),

Exp.N o.12, I s o l a t i o n ,  p u r i f i c a t i o n  and a n a ly s is  o f  th e  

complex ( p . 65)

Three 50 ml a l iq u o ts  o f 0 .02  M olar f e r r i c  c h lo r id e  were 

added to  0 .1 8  gram l o t s  o f  f r u c to s e  ( f ru c to s e  to  i ro n  r a t i o  1:1) 

and a  f u r th e r  th r e e  added to  1 ,8  gram l o t s  o f f ru c to s e
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( f r u c to s e  to  i r o n  r a t i o  1 0 :1 ) .

One sample o f each  r a t i o  v/as a d ju s te d  to  pH 4 .0 ,  one 

o f  each to  pH 6 .2 ,  th e  rem ain ing  1:1 s o lu tio n  to  pH 1 2 .0 , 

and th e  rem ain ing  10:1 s o lu t io n  to  pH 1 0 .0 , w ith  1 .0  N 

sodium h y d ro x id e .

Each sample was th e n  poured in to  150 m is e th a n o l,  w ith  

s t i r r i n g ,  and 150 mis o f e th e r  w ere added. Fo llow ing  

c e n t r i f u g a t io n  on an MSE Magnum c e n tr i fu g e  u s in g  th e  6 x  250 

sw ing-out head a t  2 ,000  r .p .m . , th e  p r e c i p i t a t e s  o b ta in ed  

w ere washed th re e  tim es  w ith  a 50: 50 e th a n o l/e th e r  m ix tu re , 

once w ith  anhydrous e th e r ,  and d r ie d ,

45 ml a l iq u o ts  o f w a te r w ere added to  each p r e c i p i t a t e  

so o b ta in e d , o b se rv a tio n s  made, and th e  p H  v a lu e s  measured. 

F o llo w in g  ad ju stm en t to  pH  1 .4  w ith  5 N h y d ro c h lo r ic  a c id ,  

th e  sam ples w ere made up to  50 mis w ith  w a te r ,  and th e  

q u a n t i ty  o f  i ro n  and f ru c to s e  i n  each was determ ined  (G.M.3 

and 6 ) .  The m olar r a t i o s  o f f r u c to s e  to  iro n  w ere then  

c a lc u la te d .

Exp.N o.13. T i t r a t i o n  o f  f e r r i c  c h lo r id e  and f r u c to s e  a lone  

and mixed ( p .70)

25 ml A liq u o ts  o f 0 .02  M olar f e r r i c  c h lo r id e  s o lu tio n  

w ere t i t r a t e d  u s in g  a  R adiom eter T i t r a t o r  TTT1C, w ith  5 .0  N 

sodium h y d ro x id e , added from a 0 .5  ml Agla sy rin g e  a t  a co n s tan t 

r a t e  o f  22 m ic r o l i t r e s  p e r  m inu te . D uring a d d i t io n  th e  so lu tio n
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was r a p id ly  s t i r r e d ,  and th e  pH was reco rd ed  on a Bausch and 

Lombe re c o rd in g  v a lv e  v o ltm e te r ,

25 ml a l iq u o ts  o f 0 ,02  M olar f e r r i c  c h lo r id e  s o lu tio n  

w ere added to  0 ,9 0  and 1 ,8  gram l o t s  o f f r u c to s e  ( f r u c to s e : i r o n  

r a t i o s  o f  10:1 and 20:1 r e s p e c t iv e ly  and t i t r a t e d  in  a 

s im i la r  way, F o r com parison , 0 „ $ 0  and 1 ,8  gram a l iq u o ts  o f  

f r u c to s e  d is so lv e d  in  25 m is o f  w a te r were a lso  t i t r a t e d ,

Exp.No,14» A d d itio n o f f ru c to s e  a f t e r  p re c ip i t a t i o n  o f  

f e r r i c  h yd rox ide  ( p , 74)

25 ml A liq u o ts  o f 0 ,02  M olar f e r r i c  c h lo r id e  were 

t i t r a t e d  a s  p re v io u s ly  d esc rib e d  (Exp.No,1j5). D uring t i t r a t i o n  

w ith  5*0 N sodium h y d ro x id e , a  measured q u a n t i ty  o f  f ru c to s e  

(1 ,8  gram s, f ru c to s e :  r a t i o ,  2 0 :1) ’was added a t  pH 11 ,0 .

T h is  was f u r th e r  re p e a te d ,  in  t h i s  c a se  adding th e  weighed 

q u a n t i ty  o f  f ru c to s e  a t  pH 8 ,0 ,

Comparison of th e  cu rv es  o b ta in e d , w ith  th e  norm al 

t i t r a t i o n  cu rve o f  0 ,02  M olar f e r r i c  c h lo r id e  was made,

ExpJflo.15 T i t r a t i o n  of magnesium c h lo r id e  and f r u c to s e ,  

a lone  and mixed (p»7£>)

A 25 ml a l iq u o t  o f  0 ,02  M olar magnesium c h lo r id e  was 

t i t r a t e d  a s  above (Exp.No„13). A f u r th e r  a l iq u o t w ith  

f r u c to s e  added (1 ,8  grams) to  g ive  a f r u c to s e  to  magnesium r a t i o  

o f  20:1 was a ls o  t i t r a t e d ,  Comparison o f th e  cu rv es  o b ta in ed  

was made,
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E xp0N o .l6 0 A ttem pted t i t r a t i o n  o f f e r ro u s  su lp h a te  ( p .76) 

Due to  th e  r a p id  o x id a tio n  o f f e r ro u s  s u lp h a te ,  no 

t i t r a t i o n  d a ta  f o r  t h i s  s o lu t io n  cou ld  h e  o b ta in e d .

Exp.No. 17«> Di s so lv in g  act i on o f  su g a rs  on f e r r i c  hydro x id e

“L 352 grams o f s o l id  A n a la r f e r r i c  c h lo r id e  w ere 

d is s o lv e d  in  95 mis o f  w a te r ,  and 1 gram o f s o l id  A nalar 

sodium hy d ro x id e  d is so lv e d  in  5 nils o f w a te r  was added w ith  

s t i r r i n g .  50 mis of th e  r e s u l t a n t  f e r r i c  hydrox ide suspension  

w ere d i lu te d  to  500 mis w ith  w a te r ,  and th e  suspension

o b ta in ed  was t r e a te d  in  th e  fo llo w in g  way.

T hree  150 ml a l iq u o ts  were ta k en  and a d ju s te d  to  

pH 1 0 .5 , pH 7*0 and pH 4 .0  r e s p e c t iv e ly ,  by  b u b b lin g  carbon 

d io x id e  th ro u g h  th e  su sp en sio n . 50 ml a l iq u o ts  o f each were 

th e n  p ip e t te d  in to  b o t t l e s  c o n ta in in g  a) no su g ar

b ) 0 .45  g ran s  o f  f ru c to s e  ( f r u c to s e : i r o n  r a t i o n  = 10:1) and

c) 0*90 grams o f f ru c to s e  ( f r u c to s e : i r o n  r a t i o  = 2 0 :1 ) .

The sea le d  b o t t l e s  were shaken en d -over-end , removing 5 ml

sam ples from  each a f t e r  1 hour and 16 h ou rs sh ak in g . A f te r

c e n t r i f u g a t io n  th e  q u a n t i ty  o f  d is s o lv e d  i r o n  in  th e  

su p e rn a ta n t was de term ined .

T e s t s  in d ic a te d  t h a t  h ig h -sp eed  c e n t r i f u g a t io n  was 

u n n ece ssa ry , so t h a t  a l l  sam ples w ere c e n tr ifu g e d  in  an MSE- 

Minor c e n tr i fu g e  a t  3 ,000  r . p . n . , develop ing  approx im ate ly  

1 ,700 g u n t i l  c l e a r ,
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Exp.No. 18. D is so lv in g  a c t io n  of a  ran g e o f  su g a r,

con cen tration s on fe r r ic  hydroxide a t ph 10.0

(e »22>
F e r r i c  hy d ro x id e  was p r e c ip i ta te d  a s  d e sc r ib e d  i n  Exp. 

No. 17 p ro v id in g  500 mis o f  suspended p r e c i p i t a t e .  The pH was 

a d ju s te d  to  1 0 .0  w ith  carbon d io x id e  and 50 ml a l iq u o ts  w ere 

p ip e t te d  in to  b o t t l e s  c o n ta in in g  weighed q u a n t i t i e s  o f  

f r u c to s e  (0 ,0 4 5 , 0 .0 9 0 , 0 .1 8 0 , 0 ,4 5 , 0 ,9 0 , 1.35 grams) to  

g iv e  f r u c to s e  to  i r o n  r a t i o s  o f  1 :1 ,  2 :1 ,  4 :1 ,  1 0 :1 , 20:1 

and 30:1 re s p e c tiv e ly ,.  In  a d d i t io n ,  one 50 ml a l iq u o t  w ith  

no a d d i t io n  o f sugar was ta k e n  a s  a  w a te r  b la n k .

Im m ediate ly  a f t e r  a d d i t io n  of th e  su spension  to  th e  

s u g a r -c o n ta in in g  b o t t l e s  th e  pH was r e a d ,  th e  b o t t l e s  w ere 

s to p p e re d , and shaken on an end-over-end  sh ak e r, 5 ml sam ples 

w ere removed from each a f t e r  4  h o u rs , 2 d a y s , 3 d a y s , 5 days 

and 10 days r e s p e c t iv e ly .  A f te r  read in g  th e  pH o f  eac h , th e  

sam ples w ere c e n tr ifu g e d  as  in  Exp .No, 17 arid th e  q u a n t i ty  o f 

i r o n  p r e s e n t  in  th e  s u p e rn a ta n t was determ ined ,

Exp.No. 19» D isso lv in g  o f  f e r r ic  hydroxide at lower pH v a lu es
(p . 95)

An experim ent e x a c tly  e q u iv a le n t to  t h a t  d e ta i le d  above 

was co n d u c ted , a d ju s t in g  th e  pH o f  th e  su spension  to  5 .8  p r io r  

to  a d d i t io n  o f  50 ml a l iq u o ts  to  th e  shaking  b o t t l e s .



Exp.No.2Q. D is so lv in g  o f f e r ro u s  hydrox ide  b y  sugars  (p .102 )

A dequate d e t a i l s  o f  th e  p r e c ip i t a t io n  of fe r ro u s  

h yd rox ide  have appeared  in  th e  t e x t .  A f te r  pH ad justm en t 

50 ml a l iq u o t s  w ere p ip e t te d  (w ith  th e  p re c a u tio n s  d e ta i le d )  

in to  b o t t l e s  c o n ta in in g  w eighed q u a n t i t i e s  o f  f ru c to s e  

(0 .0 9 ,  0 .1 8 , 0 .4 5 , 0 .9 0 , 1„55 grams) to  p ro v id e  f ru c to s e  to  

iro n  r a t i o s  o f 2 :1 ,  4 :1 ,  1 0 :1 , 20:1 and 30:1 r e s p e c t iv e ly ,

50 ml a l iq u o ts  w ere a lso  p ip e t te d  in to  b o t t l e s  

c o n ta in in g  weighed q u a n t i t i e s  o f  f ru c to s a n  (0 .9 0 ,  0 .1 8 , 0 .45  

and 0 , 90 grams) th e  f ru c to s a n  to  iro n  and t o t a l  hexose to  iro n  

r a t i o s  re p re s e n te d  by  th e se  q u a n t i t i e s  b e in g  d e ta i le d  in  T ab le

15.

A f te r  shak ing  on an end-over-end  shaker f o r  1 hour 

th e  sam ples were c e n t r i f u g e d ,  and th e  iro n  C on ten ts  o f  th e  

s u p e rn a ta n ts  d e term ined . C e n tr ifu g a tio n  was c a r r ie d  ou t in  

an MSE ‘High Speed 17' c e n tr ifu g e  a t  12,000 r .p .m . develop ing  

around 17,000 g . T h is  was n o t s t r i c t l y  n e c e ssa ry  to  o b ta in  

c l e a r  s o lu t io n s ,  b u t  th e  sam ples cou ld  b e  c e n tr ifu g e d  r a p id ly ,  

th e re b y  l im i t in g  o x id a tio n .

Each s e p a ra te  s e r i e s  o f  e x t r a c t io n s  was c a r r ie d  o u t in  

e x a c t ly  th e  same m anner, th e  pH o f  e x t r a c t io n  b e in g  g iv en  in  

T ab le s  1b and 17.

T h ree  s o lu t io n s ,  a f t e r  e x t r a c t io n  o f fe r ro u s  hydroxide 

w ith  f ru c to s a n  ( r a t i o  o f  t o t a l  hexose: i ro n  = 7.77:1  ) w ere 

c e n tr ifu g e d  and a) exposed to  th e  atm osphere f o r  2 d ay s ,
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b )  exposed to  th e  atm osphere f o r  2 h o u rs  and c) m ain ta ined  

in  a s e a le d  c o n d itio n . A f te r  th r e e  weeks th e  r e s u l t a n t  

s o lu t io n s  and su sp en sio n s  w ere pho tographed ,

B xp.N o.21, F u r th e r  exam ination  o f  th e  b eh av io u r o f  th e  iro n

s o lu t io n s  o b ta in ed  on e x t r a c t io n  o f f e r ro u s  hydrox ide  

w ith  f r u c to se  and f r u c t osan ( p . 107)

F e rro u s  hydrox ide was p r e c ip i ta te d  a s  p re v io u s ly  

d e s c r ib e d  u s in g  double q u a n t i t i e s .  The pH o f  th e  su spension  

was a d ju s te d  to  6 .8  w ith  carbon d io x id e , and 300 ml a l iq u o ts  

added to  b o t t l e s  c o n ta in in g  a) no s u g a r , b ) 8.1 grams o f  

f r u c to s e  ( f r u c to s e  to  i r o n  r a t i o  o f  30 :1 ) and c) 2 ,70  grams 

o f f ru c to s a n  ( r a t i o  o f t o t a l  hexose to  i r o n  = 7*77:1)*

A f te r  e x t r a c t io n  f o r  1 hour on an end-over-end  sh ak e r, 

th e  su sp e n sio n s  w ere c e n tr ifu g e d  on an MSE ‘High Speed 17’ 

c e n t r i f u g e  a t  15,000 r .p .m . develop ing  around 26,000 g , , 

and 50 ml a l iq u o ts  o f  th e  c l e a r  s u p e rn a ta n ts  o f  each w ere 

p ip e t te d  in to  b o t t l e s  c o n ta in in g  1 gram l o t s  o f:

a) b e n to n i te  c la y

b ) s o i l  from th e  B h o riz o n  o f a podzo l

c) p r e c i p i t a t e  c o l le c te d  from th e  d ra in a g e  o f  a 

p o o r ly  d ra in e d  f i e l d

d) f r e s h ly  o x id ise d  f e r ro u s  hydrox ide

A 50 ml a l iq u o t  was a ls o  p ip e t te d  in to  a  b o t t l e  c o n ta in in g  no 

s o l id  m a te r ia l  so t h a t  th e  e f f e c t  o f  b r i e f  exposure to  th e
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atm osphere d u rin g  p ip e t t i n g ,  on th e  i r o n  co n ten t o f  th e  

s o lu t io n ,  cou ld  be de te rm in ed . In  a d d i t io n ,  a 5 ml a l iq u o t  

was w ithdraw n to  d e term ine  th e  o r ig in a l  i ro n  co n ten t o f th e  

s u p e rn a ta n ts .

A f te r  shaking  f o r  a f u r th e r  hour on th e  end-over-end  

sh ak er th e  c o n te n ts  o f th e  b o t t l e s  w ere c e n tr ifu g e d  and th e  

i ro n  rem ain in g  in  th e  s u p e rn a ta n ts  was de term ined .

E3q3.N0 . 22. C o n s tru c tio n  o f a  mod e l  i r o n  pan ( p . 111)

3 gram l 3 t s  o f  a c id  washed sand w ere added to  1 cm b o re  

columns* On s e t t l i n g ,  1 gram l o t s  o f a 70:30 c e l i t ^ b e n t o n i t e  

ndocture w ere added , th e  b e n to n ite  form ing a  v e ry  th in  band 

on to p  o f  th e  c e l i t e .  To one column, one a d d i t io n  o f 

c e l i tq /b e n to n i te  was made, to  th e  o th e r,tw o  a d d i t io n s  were 

made, r e s u l t i n g  in  th e  fo rm a tio n  o f  two th in  bands o f 

b e n to n i te .  T hese a d d i t io n s  w ere fo llow ed b y  fu r th e r  5 gram 

l o t s  o f  a c id  washed sand. A ll  c o n s t i tu e n ts  w ere added a s  

a s lu r r y  made up in  p re v io u s ly  b o i le d  and coo led  w a te r . The 

r e s u l t a n t  columns w ere w e ll washed w ith  s im i la r ly  t r e a te d  

w a te r ,  u s in g  l i g h t  su c tio n .

3 ml A liq u o ts  o f th e  f r u c to s a r / i r o n  s o lu t io n  used in  

th e  p re v io u s  experim ent were in tro d u c e d  to  th e  to p  o f  each 

column, and allow ed to  p e r c o la te  slow ly  th ro u g h  under l i g h t  

s u c tio n . A w a te r  wash (25 m is) fo llow ed  t h i s  a d d i t io n . The 

columns w ere th e n  allow ed to  run  d ry  and a i r  was drawn th rough
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b y  l i g h t  s u c tio n  f o r  15 m inu tes. A f te r  w ashing w ith  25 mis 

b o i l e d ,  co o led  w a te r ,  f u r th e r  5 ml a l iq u o ts  o f th e  f r u c to s a r / i r o n  

s o lu t io n  w ere added to  th e  colum ns, and th e  p ro c e s s  re p e a te d .

In  a l l ,  te n  such tre a tm e n ts  w ere c a r r ie d  o u t ,  fo llow ed  by  

p ho tography  o f  th e  columns.

Exp.N o.23. D isso lv in g  o f  B i o t i t e .  T rem o lite  and S id e r i t e  (p .114) 

5 grams o f  th e  f in e ly  powdered sam ples o f  b i o t i t e ,  

t r e m o l i te  and s i d e r i t e  w ere each suspended in  p re v io u s ly  b o ile d  

coo led  w a te r ,  th e  pH a d ju s te d  to  8 .0  w ith  d i l u t e  sodium 

h y d ro x id e , and th e  volume made up to  250 m is. 50 ml a l iq u o ts  

w ere w ithdraw n from each o f  th e  r a p id ly  s t i r r e d  su spensions 

and p ip e t te d  in to  b o t t l e s  co n ta in in g :

a) no sugar

b ) 1.35 grams o f  f r u c to s e  (2 .7  p e r  c e n t c o n c e n tra tio n

o f  f ru c to s e )

c) 0 .090  grams o f f ru c to s a n  (0 .1 4  p e r  c e n t c o n c e n tra tio n

on a t o t a l  hexose b a s is )

d) 0 ,45  grams o f  f ru c to s a n  (0 .70  p e r  c e n t c o n c e n tra tio n

on a  t o t a l  hexose b a s is )  

n i t ro g e n  b u b b lin g  accompanying th e  a d d it io n .

A f te r  shak ing  on an end-over-end  sh a k e r , samples w ere 

w ithdraw n a t  1 h o u r, 4  h o u rs , 12 h o u rs  and 2^. h o u rs  r e s p e c t iv e ly .  

A f te r  c e n t r i f u g a t io n  ( in  an MSE Minor c e n t r i f u g e  a t  3 ,000  r .p .m . , 

th e  i ro n  and magnesium c o n te n ts  o f th e  s u p e rn a ta n ts  were
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determ ined  (G-.M.3 and 5 ) ,

A f u r t h e r  e x t ra c t io n  was c a r r ie d  o u t a t  pH 5*2 u s in g  

o n ly  a 0 ,7 0  p e r  c e n t f ru c to s a n  s o lu tio n  and a  w a te r b la n k .

As b e f o r e ,  th e  i ro n  and magnesium c o n te n ts  o f  th e  su p e rn a ta n ts  

w ere de term ined  a f t e r  e x t ra c t io n  and c e n t r i f u g a t io n .

N o te . The a n a l y t i c a l  d e te rm in a tio n s  c a r r ie d  o u t on th e  

f ru c to s a n  sample (S e c tio n  I I I  4) a re  ad eq u a te ly  d e ta i le d  

under th e  r e s p e c t iv e  g e n e ra l m ethods. A ll  q u a n t i ta t iv e  

r e s u l t s  quoted a re  on th e  b a s i s  o f  1 d ry  gram o f  f ru c to s a n ,

E xp,N o.24. The breakdown o f  f ru c to s a n  by  a irb o rn e  m icro

o rganism s ( p . 131)

0 . 2 5 , 0 ,5 ,  1 .0  and 1 ,2 5  gram sam ples o f  f ru c to s a n  

w ere added to  25 ml a l iq u o ts  o f  a) v /a te r b )  0 .02  Molar 

f e r r i c  c h lo r id e  to  p ro v id e  1 , 2 , 4  and 6 p e r  c e n t s o lu t io n s  

r e s p e c t iv e ly .  The pH v a lu e  o f each s o lu t io n  was r e a d ,  th e  

s o lu t io n s  allow ed  to  s ta n d  exposed to  th e  atm osphere f o r  

s e v e ra l  d a y s , and o b se rv a tio n s  w ere made,

0 . 2 5 , 0 .5  and 1 .0  gram sa n p le s  o f  f ru c to s a n  w ere added 

to  25 ml a l iq u o ts  o f:

a ) w a te r  -  (pH 6 .75)

b )  0 .02  M olar f e r r i c  c h lo r id e  (pH 2 .25 )

c) 0 .02  M olar f e r r i c  c h lo r id e  a d ju s te d  to  jH 6,75

w ith  sodium hydrox ide
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to  p ro v id e  1 , 2  and 4  p e r  c e n t s o lu t io n s  r e s p e c t iv e ly .  These 

w ere allow ed to  s ta n d  exposed to  th e  atm osphere f o r  s e v e ra l  

d a y s , o b s e rv a tio n s  b e in g  made,

A d u p lic a te  s e t  o f s o lu t io n s ,  a l l  o v e rla y e re d  w ith  

2 m is o f  to lu e n e  w ere a lso  made u p , allow ed to  s ta n d , and 

o b s e rv a tio n s  made.

E xp .N o.25, The b eh av io u r o f f ru c to s a n  s o lu tio n  when 

a d ju s te d  to  pH 1Q.0 (p . 135)

1 gram l o t s  o f  f ru c to sa n  w ere d is so lv e d  in  23 ml 

a l iq u o ts  o f  a) w a te r  b ) 0 .02  M olar f e r r i c  c h lo r id e  to  

p ro v id e  4  p e r  cen t s o lu t io n s .  The s o lu t io n s  w ere a d ju s te d  

to  pH 10 .0  w ith  sodium hydrox ide and o b se rv a tio n s  made, A 

g re y  f lo c c u le n t  p r e c i p i t a t e  was d e p o s ite d  from th e  aqueous 

s o lu t io n s .

F ru c to sa n  s o lu t io n s  o f  1 , 2 , and 6 p e r  c e n t i n  w ate r 

w ere a l l  a d ju s te d  'co pH 10 .0  w ith  a l k a l i ,  to  determ ine 

w hether o r  n o t a p r e c i p i t a t e  was d e p o s ite d  a t  a  range o f  

cone en t r a t  io n  s .

On a c i d i f i c a t io n  o f  a  suspension  o f  th e  p r e c i p i t a t e  

w ith  d i l u t e  h y d ro c h lo r ic  a c id ,  th e  p r e c i p i t a t e  was found to  

d is s o lv e .

5 grams o f f ru c to s a n  w ere d is so lv e d  in  50 mis o f  w a te r , 

a d ju s te d  to  pH 10.0  w ith  sodium hydrox ide and th e  p r e c i p i t a t e  

removed b y  c e n t r i f u g a t io n .  The c l e a r  su p e rn a ta n t was
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p r e c i p i t a t e d  i n  150 mis o f  c o ld  a b s o lu te  e th a n o l, c o l le c te d  b y  

c e n t r i f u g a t io n ,  w e ll  washed w ith  e th an o l and d r ie d  w ith  d ry  

e th a n o l,  d ry  a c e to n e , and AO~6o petro leum  e th e r .  Around 4*0 

grams o f  f ru c to s a n  (minus th e  p r e c i p i t a t in g  f r a c t io n )  w ere 

o b ta in e d . U sing t h i s  m a te r ia l ,  a  re p e a t o f  Exp,No.9 was 

c a r r ie d  o u t .

E xp.N o.26. O b se rv a tio n s  on th e  quan t i t y  p r e c ip i ta te d  (p . 135) 

A dequate d e t a i l s  o f  th e  exp erim en ta l p rocedu re  a re  

p ro v id ed  in  th e  t e x t .

Exp.N o.27. A ttem pted c h a r a c te r i s a t io n  of th e  p r e c i p i t a t e  ( p .133) 

A dequate d e t a i l s  o f th e  q u a l i t a t iv e  t e s t s  c a r r ie d  ou t on 

th e  p r e c i p i t a t e  a re  p ro v id ed  in  th e  t e x t  and i n  th e  r e s p e c t iv e  

g e n e ra l m ethods.

1 gram o f f ru c to s a n  was d is s o lv e d  in  10 mis o f  v /a te r , 

a d ju s te d  to  pH 10.0, th e  p r e c i p i t a t e  c o l le c te d  b y  c e n t r i f u g a t io n ,  

and washed w ith  w a te r  a d ju s te d  to  pH 10.0 w ith  sodium hydrox ide . 

The w ash ings w ere combined v /ith  th e  o r ig in a l  m other l iq u o r  and 

th e  volume made up to  100 m is w ith  w a te r .

The washed p r e c i p i t a t e  was d is so lv e d  in  d i l u te  hydro

c h lo r ic  a c id  and th e  volume made up to  25 mis w ith  w a te r .

A f u r th e r  1 gram o f f ru c to s a n  was d is so lv e d  in  100 mis 

o f v /a te r .
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Q u a n ti ta t iv e  p h osphate  d e te rm in a tio n s  by  K in g 's  

method (G-.M.16) w ere c a r r ie d  ou t on a l l  sam ples, d i lu t io n s  

b e in g  c a r r ie d  o u t w here r e q u ir e d .  A ll  r e s u l t s  were 

ex p ressed  a s  pho sp h ate  (PO^) from 1 gram o f d ry  f ru c to s a n .

A p hosphate  d e te rm in a tio n  u s in g  th e  Lowry and Lopez 

method (G.M.16) was c a r r ie d  ou t on an a l iq u o t  o f  th e  com plete 

f ru c to s a n  s o lu t io n .

E xp.N o.28 , The so u rce  o f t h e a c id  l a b i l e  phosphate  ( p . 140)

1 gram o f  f ru c to s a n  was d is so lv e d  in  250 mis o f  w a te r , 

and th e  a b s o rp tio n  spectrum  measured on a Unicam S .P .800  

A utom atic sp ec tro p h o to m ete r, 1cm c e l l s  were used  and w ater 

was used a s  th e  b la n k . Prom th e  absorbence a t  260 mp. th e  

c o n te n t o f  n u c le o t id e ,  expressed  a s  UMP was c a lc u la te d .

E xp.N o.29. M in era l a n a ly s is  o f th e  p r e c ip i t a t in g  m a te r ia l  (p a142) 

1 gram o f f ru c to s a n  was d is so lv e d  in  10 mis o f  w a te r , 

a d ju s te d  to  pH 10.0  w ith  sodium hydrox ide  and th e  p r e c i p i t a t e  

c o l le c te d  b y  c e n t r i f u g a t io n .  A f te r  washing w ith  w a te r  

a d ju s te d  to  pH 10,0 w ith  sodium h y d ro x id e , th e  p r e c i p i t a t e  was 

d is so lv e d  in  d i l u t e  h y d ro c h lo r ic  a c id  made up to  10 mis w ith  

w a te r ,  and a  c a t io n  a n a ly s is  c a r r ie d  ou t (G .M .18).

Q u a n ti ta t iv e  d e te rm in a tio n s  o f th e  ca lc iu m , magnesium and

iro n  p re s e n t  w ere conducted as  in  G.M.3, 4 ,



E xp.N o.30. Ash d e te rm in a tio n  and m in era l anal y s i s  o f  th e  

o r ig i n a l  f ru c to s a n  ( p . 142)

An ash  d e te rm in a tio n  (G.M.17) was conducted on 1 gram 

o f th e  f ru c to s a n .  Q u a n ti ta t iv e  d e te rm in a tio n s  o f  th e  ca lc ium , 

magnesium and i r o n  p re s e n t  were conducted a s  in  G-.M.3, 4 ,  5*

Exp.No.3^« T i t r a t i o n  o f  th e  f r u c to s an s o lu t io n  ( p . 147)

1 gram o f  f ru c to s a n  was d is so lv e d  in  25 mis o f w a te r 

and t i t r a t e d  w ith  5 .0  N sodium h y d ro x id e , d e l iv e re d  from a 0 .5  

ml. Agla sy r in g e  a t  22 m ic r o l i t r e s  p e r  m inu te , u s in g  a 

R adiom eter au to m atic  t i t r a t i o n  assem bly TTT1C. The graph 

o b ta in ed  was reco rd ed  on a Bausch and Lambe re c o rd in g  v a lv e  

v o ltm e te r .

Exp .No. 3^ . The pH o f r e - s o lu t io n  of th e  p r e c i p i t a t e  (p . 147)

Two 1 gram l o t s  of f ru c to s a n  were d is so lv e d  in  10 mis 

o f w a te r  and a d ju s te d  to  pH 10.0 w ith  sodium h ydrox ide . I n  one 

ca se  th e  p r e c i p i t a t e  was l e f t  suspended in  th e  a lk a l in e  f ru c to s a n  

s o lu t io n ,  and in  th e  o th e r  th e  p r e c i p i t a t e  was c e n tr ifu g e d  down, 

washed w ith  w a te r ,  a d ju s te d  to  pH 10.0 w ith  sodium hyd ro x id e , 

and resuspended  in  10 mis of "water, a g a in  a t  pH 10 .0 ,

D i lu te  h y d ro c h lo r ic  a c id  was slow ly  added to  b o th  

s o lu t io n s ,  th e  pH was measured and o b se rv a tio n s  made.



Exp.N o.33. D ia ly s is  of th e  f ru c to s a n  sol u t io n  (p . 147)

1 Gram o f f ru c to s a n  was d is so lv e d  in  10 mis o f w a te r , 

p la ced  in  a 20 cm le n g th  o f V isk in g  tu b in g  w ith  th e  ends 

s e c u re ly  t i e d  and d ia ly se d  a g a in s t 1 l i t r e  o f  w a te r  f o r  2 days 

a t  4°C. The r e s u l t a n t  d ia ly s a te  was reduced to  40 mis in  

a  B uchi r o t a r y  e v a p o ra to r , and made up to  50 mis s tan d ard  

volum e.

Q u a n ti ta t iv e  d e te rm in a tio n s  of i r o n ,  magnesium and 

f r u c to s e  w ere th e n  made a s  in  G.M.3, 4 ,  and 6 ,

Exp.No.34. V a r ia t io n  in  w eight o f th e  p r e c i p i t a t e  o b ta in ed

a t  d i f f e r e n t  pH v a lu e s ,  and th e  e f f e c t  o f  f ru c to s e  

a d d i t io n  p r io r  to  pH ad ju stm en t ( p . 149)

Twelve 1 gram sam ples o f f ru c to s a n  w ere d is s o lv e d  in  

10 ml a l iq u o ts  o f  w a te r  i n  weighed 20 ml c o n ic a l c e n tr i fu g e  

tu b e s .  To each s e r i e s  o f  fo u r  s o lu tio n s  th e  fo llo w in g  were 

added:

a ) no a d d i t io n  o f f ru c to s e

b ) 1 gram o f  f ru c to s e  added

c) 2 grams o f  f r u c to s e  added

One sample o f each s e r i e s  was a d ju s te d  to  pH 7 .5 ,  one to  

pH 8 .0 ,  one to  pH 9 .0  and th e  l a s t  to  pH 10 .0 .

The p r e c i p i t a t e s  d ep o sited  w ere c o l le c te d  by  

c e n t r i f u g a t io n ,  washed w ith  w a te r a t  pH 10*0, and d r ie d  a t



60 C o v er phosphorous p en to x id e  f o r  24  h o u rs . W eighings 

w ere th e n  conducted  and th e  w e ig h ts  o f p r e c i p i t a t e  

o b ta in e d , c a lc u la te d .

N o te .

D uring th e  e x t r a c t io n  o f  th e  f u r th e r  fo u r  f ru c to s a n  

sam ples th e  volum es o f  w a te r and e th an o l used were:

a) f o r  I t a l i a n ,  ry e g ra s s ,  p e re n n ia l  r y e g ra s s ,  and 

C o ck sfo o t, one q u a r te r  o f  th o s e  used i n  th e  

e x t r a c t io n  o f  th e  o r ig in a l  f ru c to s a n .

b ) f o r  T im othy , one s ix th  o f  th o s e  p re v io u s ly  used .

A l l  d e te rm in a tio n s  c a r r ie d  o u t on th e  fo u r  g ra s s

f ru c to s a n  sam ples w ere e x a c t ly  a s  d e ta i le d  f o r  th e  

o r ig i n a l  f ru c to s a n  sam ple.
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