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1.

S e c t io n  1 .

T h e o r ie s  on th e  n a tu r e  o f  S i l i c o s i s .

S i l i c o s i s ,  one o f  th e  m a jo r  i n d u s t r i a l  h a z a rd s  o f  th e  p r e s e n t

d ay , h a s  b e e n  e x te n s iv e ly  s tu d i e d ,  and  a t  v a r io u s  t im e s  t h e o r i e s  on th e

n a tu r e  and  c a u se  o f  th e  d i s e a s e  have  b e e n  a d v an ced . A t p r e s e n t ,  th e

e x p la n a t io n  o f  th e  p a th o g e n ic  a c t i o n  o f  s i l i c a ,  w h ich  i s  m ost i n  f a v o u r ,

i s  known a s  th e  ' s o l u b i l i t y 1 th e o ry .  A lth o u g h  th e  ' s o l u b i l i t y '  o f  a

g iv e n  sam ple  o f  s i l i c a  i n  v i t r o  i s  c o r r e l a t e d  c lo s e ly  w ith  i t s  s u r f a c e

a r e a ,  i t s  c o r r e l a t i o n  w i th  i t s  p a th o g e n i c i t y ,  a l th o u g h  c lo s e ,  i s  n o t

( 1 )p e r f e c t ,  a s  h a s  b e e n  shown by  K in g .v ' To o f f s e t  c e r t a i n  a n o m a lie s ,

K ing com m ents: " e i t h e r  th e  n o x io u s  d u s t  r e l e a s e s  so m e th in g  w h ich  i s

h a rm fu l t o  th e  l i v i n g  c e l l  o r  i t  h a s  s p e c i a l  s u r f a c e  p r o p e r t i e s  w hich

c a u se  abnorm al r e a c t i o n s  to  ta k e  p la c e  i n  c e r t a i n  c e l l  c o n s t i t u e n t s

w hich  become a d s o rb e d  on i t s  f a c e s . "

C o n s id e r in g  su c h  s u r f a c e  r e a c t i o n s  K ing d e b a te s  th e  p o s s i b i l i t y

o f  a  t r a n s f o r m a t io n  o f  th e  ' l e s s e r  p r o t e i n s '  i n t o  r e t i c u l i n  o r  c o l l a g e n

a t  a  p a r t i c l e  s u r f a c e ,  b u t  c o n s id e r s  t h i s  u n l ik e ly  s in c e  t h e r e  i s  in v o lv e d

a n  a l t e r a t i o n  o f  th e  p h y s ic a l  p r o p e r t i e s  o f  a  p r o t e i n ,  i t s  m o le c u la r  s i z e ,

and  a l s o  i t s  am ino a c id  c o n te n t .

( 2 )
H e f fe m a n  h a s  s t r o n g l y  a d v o c a te d  su ch  s u r f a c e  a c t i v i t y  on  

th e  p a r t  o f  a e r o s o l s  h a rm fu l to  t i s s u e s ,  a s  an  e x p la n a t io n  o f  t h e  

p a th o g e n ic  n a tu r e  o f  s i l i c e o u s  d u s t s .  He re v ie w s  th e  e v id e n c e  o f  X -ray  

d i f f r a c t i o n  and  o th e r  m ethods f o r  th e  e x is t e n c e  o f  f r e e  u n s a t i s f i e d  

v a le n q y  f o r c e s  a t  th e  s u r f a c e  o f  f r e s h l y  c lo v e n  p a r t i c l e s ,  w h ich  c a n



t a k e  up any  r e a c t i v e  m a te r i a l  w h ich  i s  a v a i l a b l e .  H ow ever, i t  was 

n e c e s s a ry  f o r  H e f fe rn a n  to  p o s t u l a t e ,  i n  s u p p o r t  o f  th e  th e o r y ,  t h a t

o n ly  f r e s h l y  f r a c t u r e d  d u s t  was a c t i v e ;  b u t  i n  view  o f  o th e r  e x p e r im e n ta l  
(3 . 4 )

e v id e n c e , '  t h i s  a s su m p tio n  would a p p e a r  to  b e  u n j u s t i f i a b l e  s in c e  

i t  i s  m ost p r o b a b le  t h a t  th e  f r e s h  s u r f a c e s  r e a c h  e q u i l ib r iu m  w ith  th e  

s u r ro u n d in g  a tm o sp h e re  i n  a  m a t te r  o f  se co n d s  o r  m in u te s , and ev en  i f  

th e y  r e a c h  th e  a l v e o l i  i n  an  a c t i v e  c o n d i t io n ,  t h e i r  a c t i v i t y  w ould 

p resu m ab ly  be  d e s t r o y e d  a s  so o n  a s  th e y  a r e  w e t te d  by th e  a l v e o l a r  f l u i d s .

The i n h i b i t i o n  o f  th e  b i o l o g i c a l  a c t i v i t y  o f  s i l i c a  by  c o a t in g  

i t s  s u r f a c e  w ith  A lum inium  h as  b e e n  e x p la in e d  by H e ffe rn a n  and 

o th e r s  on th e  ’f r e s h l y  f r a c t u r e d ’ s u r f a c e  th e o r y .  However, a l th o u g h  t h i s  

phenomenon s u g g e s ts  t h a t  th e  a c t i v i t y  o f  a- s i l i c a  p a r t i c l e  i s  c o n c e n t r a te d  

a t  i t s  s u r f a c e ,  i t  i s  n o t  e s s e n t i a l  t h a t  th e s e  s u r f a c e s  sh o u ld  have  b e e n  

f r e s h l y  fo rm ed . When a  s i l i c a  d u s t ,  w h e th e r  ’f r e s h l y - f r a c t u r e d '  o r  ’o l d ' ,  

comes i n  c o n ta c t  w ith  aqueous s o l u t i o n s ,  th e  s i l i c a  p a r t i c l e s  a c q u i r e  a  

n e g a t iv e  c h a rg e ,  an d  c o n s e q u e n tly  s u r f a c e  r e a c t i o n s ,  su ch  a s  a d s o r p t io n ,  

may s t i l l  o c c u r  on a n  ' o l d 1 d u s t .

T h is  p r e s e n t  t h e s i s  i s  an en d eav o u r to  exam ine i n  d e t a i l  a  

s p e c i f i c  s u r f a c e  r e a c t i o n ,  n am ely , th e  a d s o r p t io n  o f  am ino a c id s  an d  

r e l a t e d  s u b s ta n c e s  on a  s i l i c a  d u s t ,  an d  to  d e te rm in e  th e  fu n d a m e n ta l 

f o r c e s  in v o lv e d . The i n d i v i d u a l  am ino a c id s  a r e  o f  a  l e s s  com plex  n a tu r e  

th a n  when com bined i n  p r o t e i n s  and  c o n s e q u e n tly  i n  t h i s  t h e s i s  fu n d a m e n ta l 

c o n c lu s io n s  c o n c e rn in g  t h i s  s u r f a c e  r e a c t i o n  can  b e  d e r iv e d  from  th e  

e x p e r im e n ta l  d a ta .  I n  c o n c lu s io n ,  i t  i s  s i g n i f i c a n t  t h a t  th e  b i o l o g i c a l  

a c t i v i t y  o f  s i l i c a  h a s  b een  shown to  be i n h i b i t e d  by th e  a d s o r p t io n  o f



o f  a lum in ium  o r  i r o n  o x id e ,  and i n  v iew  o f  th e  p r e s e n t  l im i t e d  know ledge 

o f  t h e  p o s s ib l e  a d s o r p t io n  r e a c t i o n s  on th e  s u r f a c e  o f  th e  s i l i c a  i t  i s  

n o t  in c o n c e iv a b le  t h a t  th e  a lum in ium  o r  i r o n  o x id e  may b e  p r e f e r e n t i a l l y  

a d s o rb e d  on  th e  s i l i c a  and  th u s  i n h i b i t  th e  a d s o r p t io n  o f  o th e r  c e l l  

c o n s t i t u e n t s .



4 .

S e c t io n  2 .

T h e o r ie s  on th e  a d s o r p t io n  o f  am ino a c id s  and p r o t e i n s .
/ ~i %

I n  1916? Adams '  * s u g g e s te d  t h a t  i n  s o l u t i o n  an  a m ino a c id  

e x i s t s  i n  th e  fo rm  w hich  i s  now known a s  th e  z w i t t e r i o n  ( o r  d i p o l a r  io n )  

and  i n  1923 B je rru m  fo rm u la te d  t h i s  id e a  more c o m p le te ly . Prora t h a t  

t im e , f u r t h e r  a rg u m en ts  f o r  th e  e x is t e n c e  o f  z w i t t e r i o n s  have  b e e n  a d ­

v an ced  and  among them  may be  m en tio n ed  h e a t s  o f  n e u t r a l i s a t i o n  o f  am ino
( q )

a c id s  and p r o t e i n s  , s tu d i e s  o f  Raman and  i n f r a - r e d  s p e c t r a  o f  th e

am ino a c id s  i n  s o l u t i o n  and  t h e i r  h ig h  d i e l e c t r i c  c o n s ta n t s

The n a tu r e  and  b e h a v io u r  o f  amino a c i d s ,  p e p t i d e s ,  and  p r o t e i n s  i n  aqueous

s o lu t i o n  h a s  b e e n  d i s c u s s e d  i n  d e t a i l  by  Cohn an d  P d s a l l  0 ^ ) .

I n  aqueous s u s p e n s io n , q u a r tz  and  s i l i c a  p a r t i c l e s  have b e e n

( 1 1 )fo u n d  to  b e  n e g a t iv e ly  c h a rg e d  v ' •  P r o te in s  have b e e n  w id e ly  s tu d i e d

on a c c o u n t o f  th e  ch an g es i n  t h e i r  p h y s ic o -c h e m ic a l  p r o p e r t i e s  on a d s o rp -
( 1 2 )

t i o n  a t  s o l i d - l i q u i d  i n t e r f a c e s .  P re u n d lic h  and  Abramson have  s tu d i e d

th e  change in  z e t a - p o t e n t i a l  o f  e g g -a lb u m in  a d s o rb e d  on q u a r tz  and  many 

f 13 1 A- 15 1 6 )o th e r  w o rk e rs  , , ’ have s tu d i e d  th e  m o b i l i ty  o f  p r o t e i n s  by

te c h n iq u e s  in v o lv in g  t h e i r  a d s o r p t io n  on f i n e  q u a r tz  p a r t i c l e s .  L in d au  
(17 )

and  R hodius i n v e s t i g a t i n g  th e  a d s o r p t io n  o f  e g g -a lb u m in  and  g e l a t i n

on pow dered  q u a r t z ,  fo u n d  t h a t  m u lt im o le c u la r  l a y e r s  o f  e g g -a lb u m in  w ere 

a d s o rb e d . They a l s o  fo und  t h a t  a  u n im o le c u la r  l a y e r  o f  e g g -a lb u m in  was 

i r r e v e r s i b l y  a d s o rb e d , a l th o u g h  a d d i t i o n a l  l a y e r s  c o u ld  be  w ashed o f f  

w i th  w a te r ;  th e  a d s o r p t io n  o f  e g g -a lb u m in  was o b s e rv e d  t o  fo l lo w  

L an g m u ir’s  a d s o r p t io n  i s o th e rm . Prom t h e i r  a d s o r p t io n  d a t a ,  L indau  and



R hod ius w ere a b le  to  c a l c u l a t e  th e  s i z e  o f  th e  e g g -a lb u m in  m o le c u le  a t  

i t s  i s o e l e c t r i c  p o i n t  and  have r e p o r t e d  t h e i r  v a lu e s  to  b e  i n  good a g re e ­

m ent w i th  th o s e  o f  S v ed b e rg . They a l s o  o b s e rv e d  t h a t  when th e  q u a r t z  

s u r f a c e  i s  a p p ro x im a te ly  50% c o v e re d  w ith  e g g -a lb u m in , th e  a d s o r b a te  

r a p id ly  ch an g es from  th e  h y d r o p h i l ic  to  th e  h y d ro p h o b ic  c o n d i t io n ;  and  

a  th e o ry  i s  d e v e lo p e d  to  e x p la in  why t h i s  change i n  w e t t in g  s h o u ld  ta k e  

p la c e  a t  50 /b s u r f a c e  c o v e r in g .

When s tu d y in g  th e  a d s o r p t io n  o f  p r o t e i n s  on m o n tr a o r i l lo n i te
( 18)

c l a y s ,  E nsm inger and G ie s e k in g  o b se rv e d  by  X -ray  d i f f r a c t i o n  m ethods

t h a t  th e  l a r g e  p r o t e i n  m o le c u le s  ( g e l a t i n  and  a lb u m in )  w ere a d so rb e d

w i th in  th e  v a r i a b l e  p o r t i o n  o f  th e  c r y s t a l  l a t t i c e  o f  t h e  c l a y .  The e x te n t

o f  a d s o r p t io n  o f  g e l a t i n  in c r e a s e d  w ith  d e c re a s e  i n  pH o f  t h e  s o l u t i o n  b u t

was c o n s id e r a b ly  d e c re a s e d  when th e  g e l a t i n  was t r e a t e d  w i th  n i t r o u s  a c id

to  d e s t r o y  th e  amino g ro u p s . From th e s e  o b s e r v a t io n s  i t  w as c o n c lu d e d

t h a t  th e  a d s o r p t io n  o f  p r o t e i n s  a s  c a t i o n s  was p r i n c i p a l l y  r e s p o n s ib le

f o r  t h e i r  c o m b in a tio n  w i th  m o n tm o r i l lo n i te .  S im i la r  c o n c lu s io n s  w ere

(1 9 %d ed u ced  by Demolon and  B rig an d o  ; when s tu d y in g  th e  a d s o r p t io n  o f

p r o t e i n s  by  s o i l .  I n v e s t i g a t i n g  th e  p h y s ic o -c h e m ic a l  p r o p e r t i e s  o f

( 11)c o l l o i d s ,  M eyers o b s e rv e d  t h a t  a  m ix tu re  o f  o r g a n ic  o o l lo i d s  an d  

q u a r t z  showed a  r e d u c t io n  i n  c a t i o n  exchange c a p a c i ty  from  th e  sum o f  

th e  c a p a c i t i e s  o f  th e  two com ponen ts . He a l s o  o b se rv e d  t h a t  maximum 

a d s o r p t io n  o f  t h e  o r g a n ic  c o l l o i d s  on q u a r tz  was a t t a i n e d  i n  a c i d i c  

s u s p e n s io n s ,  a n d  c o n s e q u e n t ly  p o s tu l a t e d  a  p o l a r  m echanism  o f  a d s o r p t io n .

The a d s o r p t io n  o f  w a te r  v a p o u r on am ino a c id  c r y s t a l s  h a s  b e e n  

shown by M oore an d  F re y   ̂  ̂ t o  ta k e  p la c e  a t  l o c a l i s e d  s i t e s ,  th e  p o l a r



6.

and -GOO g ro u p s , r a t h e r  th a n  by th e  fo rm a tio n  o f  a  m o b ile  

m o n o la y e r. The c h ro m a to g ra p h ic  s e p a r a t i o n  o f  am ino a c id s  h a s  b een  ex ­

t e n s i v e ly  s tu d i e d ;  b u t  th e  a d s o rb e n ts  u se d  a r e  i n  g e n e r a l  c h a r c o a l ,

N o r i t e ,  an d  s i m i l a r  s u b s ta n c e s ,  w hich  a r e  i n  no  way s im i l a r  to  f i n e
( 21}

s i l i c a  o r  q u a r tz  p o w d ers . C h e ld e l in  and W illia m s  u s in g  c h a r c o a l  a s  

a n  a d s o rb e n t  fo u n d  t h a t  Langm uir i s o th e rm  e q u a tio n  o f  l i t t l e  u s e  b u t  

deduced  c o n c lu s io n s  on th e  a d s o r p t io n  b e h a v io u r  o f  e a ch  amino a c i d  from  

th e  v a lu e  o f  th e  f a c t o r  l / n  i n  th e  c o rre s p o n d in g  F r e u n d l ic h  e q u a t io n .

From t h e  p r e c e e d in g  d i s c u s s io n  we may c o n c lu d e  t h a t  th e  a d s o rp ­

t i o n  o f  p r o t e i n s  an d  o r g a n ic  c o l l o i d s  on  q u a r t z  an d  m o n tm o r i l lo n i te  c la y s  

w ere  fo u n d  by  v a r io u s  w o rk e rs  t o  ta k e  p la c e  a c c o rd in g  to  a  p o l a r  

m echanism .



E X P E  R I M E N T A L  M E T H O D S .



7.

1. A d so rb e n t.

The a d s o rb e n t  u se d  i n  t h e s e  a d s o r p t io n  e x p e r im e n ts  i n  P a r t s  1

and 2 i s  a  s i l i c a  pow der o f  v e ry  l a r g e  s u r f a c e  a r e a .  T h is  s i l i c a  pow der

was k in d ly  f u r n i s h e d  by M e ss rs . C o lin  S te w a r t  L td . T h is  a d s o rb e n t  was

u se d  b e c a u s e  a  l a r g e  i n i t i a l  su p p ly  c o u ld  b e  o b ta in e d  and c o n s e q u e n t ly

th e  a d s o r p t io n  d a ta  o f  th e  d i f f e r e n t  am ino a c id s  a r e  c o m p a ra tiv e  w ith

r e s p e c t  to  th e  same s u r f a c e  a r e a  o f  a d s o r b e n t .  T h is  s i l i c a  pow der i s

o f  e x tre m e ly  f i n e  p a r t i c l e  s i z e ,  an d  h a s  a  v e r y  l a r g e  s u r f a c e  a r e a  w h ich

i s  im p e r a t iv e  s in c e  th e  e x te n t s  o f  a d s o r p t io n  o f  th e s e  amino a c id s  a r e

-5v e ry  s m a l l ,  th e  lo w e s t  o b se rv e d  a d s o r p t io n  b e in g  1 x  10  m oles on  2 gms.

o f  t h i s  s i l i c a  pow der. F u r th e r ,  a  s i m i l a r  s i l i c a  pow der from  th e  same

( 2 2 )s o u rc e ,  h a s  b een  u se d  i n  p a th o l o g ic a l  e x p e r im e n ts  by K in g v '  and  o t h e r s ,  

who showed i t  to  p ro d u c e  m a ss iv e  f i b r o s i s  i n  th e  lu n g s  o f  r a t s  when 

a d m in is te r e d  by th e  i n t r a - t r a c h e a l  r o u t e .  C o n se q u e n tly , th e  p r e s e n t  

a d s o rb e n t  i s  a  t y p i c a l  i n d u s t r i a l l y  p ro d u c e d  pow der, w hich may b e  p a th o ­

l o g i c a l l y  a c t i v e .  The s u r f a c e  a r e a  o f  th e  s i l i c a  pow der was fo u n d  to  b e
(2 3 )

2 0 ,7 0 0  sq .e ra s , p e r  gm. a s  d e te rm in e d  b y  th e  Lea an d  N u rse  a i r  

p e r m e a b i l i t y  m ethod . U sing  t h i s  v a lu e  o f  t h e  s p e c i f i c  s u r f a c e ,  th e  

a v e ra g e  p a r t i c l e  s i z e  o f  th e  pow der was c a lc u l a t e d  to  be  c a . 1*1  |i .

N o te . The a i r  p e r m e a b i l i t y  m ethod  o f  m easurem ent o f  s u r f a c e  a r e a  i s  n o t  

co m p arab le  i n  a c c u ra c y  to  m ethods b a s e d  on  a d s o r p t io n  on  th e  s u r f a c e  o f  

th e  pow der.

The s i l i c a  h a s  a s  in $ > u r i t ie s  i r o n  and a lu m in iu m . The t o t a l  

im p u r i ty ,  e s t im a te d  a s  o x id e s ,  was d e te rm in e d  by  e v a p o ra t io n  o f  w eighed  

s a n p le s  o f  th e  pow der w ith  h y d r o f lu o r i c  a c id  and  r o a s t i n g  th e  r e s i d u e s .



The p e rc e n ta g e  im p u r i ty  c a lc u l a t e d  on t h i s  b a s i s  i s  7•6 5 %

The s i l i c a  pow der was d r i e d  i n  an  a i r  oven  a t  110°C a n d  s to r e d  

u n t i l  u s e  i n  a  vacuum d e s i c c a t o r  o v e r  d ry  s i l i c a  g e l  a t  room  te m p e ra tu re .

Po r  com parison  p u r p o s e s ,  a d s o r p t io n  i s o th e rm s  o f  two t y p i c a l  

am ino a c id s  w ere a l s o  o b ta in e d  on  v e ry  p u r e  q u a r tz  and  a r e  r e p o r t e d  i n  

P a r t  3* I t  may b e  n o te d  t h a t  th e  two d u s t s  i n v e s t i g a t e d  showed no 

s i g n i f i c a n t  d i f f e r e n c e  i n  a d s o r p t iv e  pow er.

2 . Amino A c id s .

The am ino a c id s  and  r e l a t e d  s u b s ta n c e s  w ere p u rc h a s e d  fro m  

com m erc ial s o u r c e s .  The amino a c i d ,  i t s  s o u r c e ,  a n d  c a l c u l a t e d  and  ob­

s e rv e d  % n i t r o g e n  v a lu e s  a r e  shown i n  T a b le  A o f  th e  A ppendix , s e c t i o n  1 .

N - a c e ty lg ly c in e  and J (-a m in o b u ty r ic  a c id  w ere  p re p a r e d  a s  

d e s c r ib e d  i n  t h e  A ppend ix , s e c t i o n s  2 and  3 r e s p e c t i v e l y .

3# A d s o rp tio n  P ro c e d u re .

3*1. Amino A c id s .

3* lo l*  R a te s  o f  a d s o r p t io n .

The a d s o r p t io n  p ro c e d u re  fo llo w e d  d u r in g  e x p e r im e n ts  to  d e te rm in e  

r a t e s  o f  a d s o r p t io n  o f  th e  am ino a c id s  i s  d e s c r ib e d  be lo w .

S ta n d a rd  0 .0 1  M u n b u f fe r e d  s o lu t i o n s  o f  th e  amino a c id s  i n  

d i s t i l l e d  w a te r  w ere  p r e p a r e d  a t  t h e i r  i s o e l e c t r i c  pH v a lu e s .  U n le s s  

o th e r w is e  m e n tio n e d  th e s e  e x p e rim e n ts  w ere c a r r i e d  o u t  a t  th e  i s o e l e c t r i c  

pH v a lu e s  o f  th e  amino a c id s .  A l l  pH m easurem en ts i n  t h i s  w ork w ere made 

w i th  a  M arcon i pH m e te r .

To 2 gm. sam p les  o f  t h e  d ry  s i l i c a  pow der, w hich  had  b e e n



a c c u r a te l y  w e ig h ed , i n  g l a s s  Q u ic k f i t  tu b e s  o f  50 m l. c a p a c i ty  w ere

added  25 m l. o f  th e  s ta n d a r d  0 .01  M s o lu t io n , o f  th e  am ino a c id .  The

tu b e s  w ere  th e n  s e a le d  an d  t h e i r  c o n te n ts  th o ro u g h ly  m ixed . The

s u s p e n s io n s  w ere a llo w e d  to  r o t a t e  s lo w ly  i n  a  w a te r  th e r m o s ta t  a t  a

c o n s ta n t  te m p e ra tu re  f o r  known tim e  i n t e r v a l s ,  and  th e n  c e n t r i f u g e d  f o r

10 m in u te s  a t  3>500 r .p .m .  The c l e a r  s u p e r n a ta n t  l i q u i d s  w ere d e c a n te d

o f f  a n d  a n a ly s e d  to  d e te rm in e  th e  a d s o r p t io n .  Prom a  s e r i e s  o f  su ch

t e s t s ,  f o r  d i f f e r e n t  tim e  i n t e r v a l s ,  g ra p h s  w ere  c o n s t r u c te d  show ing  th e

r a t e  o f  a d s o r p t io n  f o r  e a c h  am ino a c i d .  S in c e  t h e s e  s o lu t io n s  w ere u n -
+

"b u ffe re d , a  pH change w i th in  th e  ra n g e  -  0*5 pH u n i t  was o b s e rv e d  i n  th e

t e s t s  a f t e r  a d s o r p t io n ;  th e  pH v a lu e s  r e c o r d e d  i n  g r a p h s ,  t a b l e s  an d

d is c u s s e d  i n  th e  t e x t  a r e  th e  f i n a l  pH a f t e r  a d s o r p t io n .  E x cep t w here  a

ra n g e  o f  te m p e ra tu re s  was r e q u i r e d  to  d e te rm in e  e n e r g ie s  o f  a c t i v a t i o n ,

th e s e  r a t e s  o f  a d s o r p t io n  e x p e r im e n ts  w ere c a r r i e d  o u t  a t  37 -  0 . 1° C . ,

th e  n o rm a l te m p e ra tu re  o f  th e  human body .

To e x p re s s  th e  a d s o r p t io n  d a t a ,  an a r b i t r a r y  s ta n d a r d  s u r f a c e

a r e a  h a s  b e e n  s e l e c t e d  -  n am e ly , t h a t  o f  2 gms. o f  t h e  s i l i c a  pow der

(4 1 ,4 0 0  s q .c m s .) a n d  i s  r e f e r r e d  to  a s  s ta n d a r d  s u r f a c e  a r e a  1 .

C o n s e q u e n tly , th e  o b se rv e d  a d s o r p t io n  v a lu e s  a r e  r e p o r t e d  i n  m o les  x  

“ 510 /  s ta n d a r d  s u r f a c e  a r e a  1 . The e x p e r im e n ta l  d a ta  f o r  th e  r a t e  o f

a d s o r p t io n  o f  t h e  amino a c id s  i s  e x p re s s e d  g r a p h i c a l l y ,  p l o t t i n g  

a d s o r p t io n  (m o les x  10*”^ /  s ta n d a r d  s u r f a c e  a r e a  l )  v s  Time ( h r s . ) .

3 . 1 . 2 .  E f f e c t  o f  pH on a d s o r p t io n .

I n  e x p e r im e n ts  to  d e te rm in e  t h e  e f f e c t  o f  pH on a d s o r p t io n ,  

th e  p ro c e d u re  i s  a g a in  a s  d e s c r ib e d  a b o v e , th e  m a s s / l i q u id  r a t i o  h a v in g
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th e  same v a lu e .  The s o lu t i o n s  o f  th e  am ino a c id s  u se d  i n  th e s e  e x p e r i ­

m en ts  w ere 0 .01  M u n b u f fe re d  aq u eo u s s o l u t i o n s ,  t h e i r  pH v a lu e s  h a v in g  

b e e n  a d ju s t e d  to  t h e  d e s i r e d  f i g u r e s  by  d ro p s  o f  N NaOH o r  HCL an d  t h e  

pH v a lu e s  o f  th e  s o lu t i o n s  d e te rm in e d . The te m p e ra tu re  a t  w hich  th e s e  

a d s o r p t io n  e x p e r im e n ts  w ere c a r r i e d  o u t  was 25° q .

The e x p e r im e n ta l  d a ta  f o r  th e  e f f e c t  o f  pH on  a d s o r p t io n  a r e  

e x p re s s e d  g r a p h ic a l ly  by p l o t t i n g  a d s o r p t io n  (m o les x  10“ -*/ s ta n d a r d  

s u r f a c e  a r e a  1 . )  v s  pH.

3 .1*3*  A d s o rp tio n  i s o th e r m s .

I n  t h e  d e te r m in a t io n  o f  a d s o r p t io n  i s o th e rm s  o f  t h e  amino 

a c i d s ,  th e  p ro c e d u re  fo llo w e d  i s  e s s e n t i a l l y  a s  d e s c r ib e d  a b o v e . The 

m a s s / l i q u id  r a t i o  was k e p t  c o n s ta n t  and h ad  th e  v a lu e  a l r e a d y  d e s c r ib e d .

The te m p e ra tu re  o f  th e  th e r m o s ta t  was a l t e r e d  to  g iv e  t h r e e  is o th e rm s  

f o r  e a ch  am ino a c id .  The c o n c e n t r a t io n s  o f  th e  aqueous amino a c id  

s o lu t i o n s  u se d  i n  th e  p r e p a r a t i o n  o f  th e s e  i s o th e rm s  ra n g e d  from  0 .0 0 5  

M to  0 .0 5  M. Bach is o th e rm  f o r  a l l  th e  amino a c id s  was d e te rm in e d  a t  

th e  i s o e l e c t r i c  pH o f  th e  am ino a c id  e x c e p t f o r  g ly c in e  ( f i n a l  pH 5.A-), 

c t '- a la n in e  ( f i n a l  pH 7 * 0 ) , l y s i n e  ( f i n a l  pH 7*3)> p r o l i n e  ( f i n a l  pH 

7 .3 ) .  A pH change w i th in  th e  r a n g e  -  0*5 pH u n i t  was o b se rv e d  i n  th e  

t e s t s  a f t e r  a d s o r p t io n ;  th e  pH v a lu e s  r e c o rd e d  i n  g ra p h s ,  t a b l e s  and  

d i s c u s s e d  in  th e  t e x t  a r e  t h e  f i n a l  pH a f t e r  a d s o r p t io n .

The a d s o r p t io n  is o th e rm s  a r e  e x p re s s e d  g r a p h i c a l l y ,  p l o t t i n g

a d s o r p t io n  (m oles x  10 ~ ^ /s ta n d a r d  s u r f a c e  a r e a  1 . )  v s  e q u i l ib r iu m  c o n -

—2 *c e n t r a t i o n  o f  t h e  s o lu t i o n  (m oles x  10“ - / l i t r e . )
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3 .2 .  D ip e p t id e s .

3 .2 .1 .  R a te s  o f  A d s o rp tio n .

The e x te n t  o f  a d s o r p t io n  o f  th e s e  d ip e p t id e s  was fo u n d  to  b e  

v e ry  low and  c o n s e q u e n t ly  th e  c o n c e n t r a t io n  o f  th e  d ip e p t id e  s o l u t i o n s  

h a d  to  b e  in c r e a s e d  beyond t h a t  em ployed f o r  t h e  amino a c id s .  Bor th e  

same r e a s o n ,  th e  q u a n t i ty  o f  a d s o rb e n t  u se d  f o r  each  t e s t  had  to  be i n ­

c re a s e d  to  4  gms. o f  th e  s i l i c a  pow der ( 8 2 ,8 0 0  s q .c m s .)  and  i s  r e f e r r e d  

to  a s  s ta n d a r d  s u r f a c e  a r e a  2 . The a d s o r p t io n  o f  th e s e  d ip e p t id e s  was 

c a r r i e d  o u t  fro m  0 .0 2  M aqueous u n b u f fe re d  s o l u t i o n s  a t  t h e i r  i s o e l e c t r i c  

pH v a lu e s .

O th e r  th a n  th e s e  c h a n g e s , th e  a d s o r p t io n  p ro c e d u re  i s  e x a c t ly  

a s  d e s c r ib e d  f o r  t h e  am ino a c id s .  E x cep t w here a  ra n g e  o f  te m p e ra tu re s  

was r e q u i r e d ,  t o  d e te rm in e  e n e rg ie s  o f  a c t i v a t i o n  th e s e  r a t e s  o f  a d s o rp ­

t i o n  e x p e rim e n ts  w ere  c a r r i e d  o u t  a t  37 ~ 0 .1 ° 0 .  A pH change w i th in  th e  

ra n g e  £  0 .5  pH u n i t  was o b s e rv e d  i n  th e  t e s t s  a f t e r  a d s o r p t io n .

The e x p e r im e n ta l  d a ta  f o r  th e  r a t e  o f  a d s o r p t io n  o f  th e s e  

d ip e p t id e s  i s  e x p re s s e d  g r a p h i c a l l y ,  p l o t t i n g  a d s o r p t io n  (m oles x  10  ^/  

s ta n d a r d  s u r f a c e  a r e a  2 . )  v s  Time ( h r s . ) .

3 .2 .  2 . E f f e c t  o f  pH on a d s o r p t io n .

The p ro c e d u re  i s  a g a in  a s  p r e v io u s ly  d e s c r ib e d .  The s o lu t i o n s  

o f  t h e  d ip e p t id e s  u se d  i n  th e s e  e x p e rim e n ts  w ere 0 .0 2  M u n b u f fe r e d  aqueous 

s o l u t i o n s ,  t h e i r  pH v a lu e s  b e in g  a d ju s t e d  t o  t h e  d e s i r e d  f i g u r e s  by d ro p s  

o f  N NaOH o r  HCl 8|nd th e  pH v a lu e s  o f  t h e  s o lu t i o n s  d e te rm in e d . The 

q u a n t i ty  o f  a d s o rb e n t  u se d  was a g a in  4  gms. o f  th e  s i l i c a  p o w d er, a n d  th e  

t e n p e r a tu r e  a t  w h ich  th e s e  a d s o r p t io n  e x p e rim e n ts  w ere c a r r i e d  o u t  was 25°C.
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The e x p e r im e n ta l  d a ta  f o r  th e  e f f e c t  o f  pH on a d s o r p t io n  a r e  

e x p re s s e d  g r a p h i c a l l y ,  p l o t t i n g  a d s o r p t io n  (m oles x  10” ^ / s t a n d a r d  s u r f a c e  

a r e a  2 . )  v s  pH.

3 .2 .3 *  A d s o rp tio n  i s o th e r m s .

I n  th e  d e te r m in a t io n  o f  is o th e rm s  o f  th e s e  d ip e p t id e s  th e  

p ro c e d u re  fo llo w e d  i s  e s s e n t i a l l y  a s  d e s c r ib e d  f o r  th e  amino a c id s  e x c e p t  

t h a t  4  gm. sam p les  o f  t h e  a d s o rb e n t  w ere u se d . The c o n c e n t r a t io n s  o f  th e  

aqueous d ip e p t id e  s o lu t i o n s  u sed  i n  th e  p r e p a r a t i o n  o f  th e s e  is o th e rm s  

ra n g e d  from  0 .0 0 5  M to  0 .0 6  M. Bach i s o th e rm  f o r  a l l  th e  d i p e p t id e s  was 

d e te rm in e d  a t  th e  i s o e l e c t r i c  pH o f  th e  d i p e p t id e .  The te m p e ra tu re  o f  

th e  th e r m o s ta t  was a l t e r e d  to  g iv e  t h r e e  is o th e rm s  f o r  each  d ip e p t id e .

The a d s o r p t io n  is o th e rm s  a r e  e x p re s s e d  g r a p h i c a l l y ,  p l o t t i n g  

a d s o r p t io n  (m o les x  10“^ / s t a n d a r d  s u r f a c e  a r e a  2 . )  v s  e q u i l ib r iu m  co n - 

c e n t r a t i o n  o f  th e  s o lu t i o n  (m oles x  10~ / l i t r e ) .

4* A n a ly s is .

To d e te rm in e  th e  a d s o r p t io n  o f  th e s e  am ino a c id s  an d  p e p t i d e s ,

n i t r o g e n  a n a ly s e s  w ere c a r r i e d  o u t  on th e  s ta n d a r d  s o l u t i o n s  b e f o r e  and

a f t e r  a d s o r p t io n ,  by  th e  se m i-m ic ro  K j e ld a l l  m ethod d e s c r ib e d  by

(2 4 )H itc h c o c k  and  B e ld en

Sam ples o f  th e  amino a c id  o r  p e p t id e  s o lu t io n s  c o n ta in in g  

a p p ro x im a te ly  5 nigms. o f  n i t r o g e n  a r e  a c c u r a t e l y  m easu red  i n t o  th e  p y re x  

co m b u stio n  tu b e s .  To t h i s  s o l u t i o n  i s  added 2 m l. o f  c o n c e n t r a te d  

s u lp h u r ic  a c id  and  th e  r e a g e n t s ,  p o ta s s iu m  s u lp h a te  (o f  m i c r o - a n a l y t i c a l  

p u r i t y ) ,  s e le n iu m  d io x id e ,  and  m e rc u r ic  o x id e ,  i n  th e  q u a n t i t i e s  s t a t e d  

by H itc h c o c k . An e q u iv a le n t  amount o f  s e le n iu m  d io x id e  i s  u sed  i n  p la c e



o f  th e  s e le n iu m  o x y c h lo r id e  u se d  by H itc h c o c k . A f t e r  t h e  w a te r  h a s  b e e n  

g e n t ly  b o i l e d  o f f ,  th e  c o n c e n t r a te d  s u lp h u r ic  a c id  s o l u t i o n  i s  h e a te d  

s t r o n g ly  f o r  a p p ro x im a te ly  20 m in u te s . A f te r  c o o l in g ,  th e  s o l u t i o n  i s  

t r a n s f e r r e d  to  th e  s t e a m - d i s t i l l a t i o n  a p p a r a tu s ,  w here th e  ammonia fo rm ed  

i s  l i b e r a t e d  by th e  a d d i t i o n  o f  5 m l. o f  an  NaOH s o l u t i o n  and  i s  s team  

d i s t i l l e d  i n t o  5 m l. o f  0 .1  N HCl. (The NaOH s o l u t i o n  c o n ta in s  500 gms. 

NaOH p e l l e t s  (A n a la r )  and 80 gms. o f  a n h y d ro u s  sodium  t h io s u lp h a t e  

d i s s o lv e d  in . 500 m l. o f  d i s t i l l e d  w a t e r . )  The e x c e s s  0 .1  N HCl i s  b a c k -  

t i t r a t e d  w ith  0 .1  N NaOH, u s in g  m eth y l r e d  a s  a n  i n d i c a t o r ,  fro m  a  m ic ro -  

b u r e t t e  o f  5 m l. c a p a c i ty .  B lan k  a n a ly s e s  w ere  c a r r i e d  o u t  f r e q u e n t l y  

u s in g  o n ly  th e  r e a g e n ts  i n  d i s t i l l e d  w a te r .

The o b s e rv e d  a c c u ra c y  o f  a n a l y s i s  i s  -  0.07$®*
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S e c t io n  1 ,

D is c u s s io n  o f  R e s u l t s *

1 • 1. M echanism  o f  a d s o r p t io n .

A g l a s s  U ~tube was f i l l e d  w i th  a  s u s p e n s io n  o f  th e  s i l i c a  

pow der i n  d i s t i l l e d  w a te r ,  and  i n t o  e a c h  lim b  o f  th e  tu b e  was p la c e d  

a  c o p p e r e l e c t r o d e  d ip p in g  i n to  th e  s u s p e n s io n . A 250 v o l t  D .C . c u r r e n t  

was p a s s e d  th ro u g h  th e  s u s p e n s io n  and i t  was o b s e rv e d  t h a t  th e  s i l i c a  

p a r t i c l e s  w ere r e p e l l e d  from  one e le c t r o d e  and  f lo w e d  to w ard  th e  o th e r*  

The s i l i c a  s u s p e n s io n  was th e n  r e p la c e d  by a  s i m i l a r  s u s p e n s io n  o f  a  

p o s i t i v e l y  c h a rg e d  d y e , N ach t B la u , i n  d i s t i l l e d  w a te r ,  and th e  c u r r e n t  

a g a in  p a s s e d  th ro u g h  th e  sy s te m . In  t h i s  i n s t a n c e ,  i t  was o b s e rv e d  t h a t  

th e  dye p a r t i c l e s  f lo w ed  tow ard  th e  e l e c t r o d e  w hich  had  r e p e l l e d  th e  

s i l i c a  p a r t i c l e s ;  an d  i t  can c o n s e q u e n tly  be  c o n c lu d e d  t h a t  th e  l a t t e r  

a r e  n e g a t iv e ly  c h a rg e d  in  aqueous s u s p e n s io n .

The N ach t B lau  dye (C o lo u r In d e x  7 3 0  a  G ru b le r  m ic ro s c o p ic  

s t a i n ,  an d  from  i t s  fo rm u la  i s  s e e n  to  b e  a  b a s i c  d y e s tu f f .

S in c e  th e  amino a c id s  e x i s t  i n  aqueous s o lu t i o n  a s  z w i t t e r i o n s , 

an  o b v io u s  m echanism  o f  a d s o r p t io n  i s  th e  m u tu a l a t t r a c t i o n  o f  th e  

p o s i t i v e l y  c h a rg e d  ammonium g roup  (-NHj5+) to  th e  n e g a t i v e l y  c h a rg e d  

s i l i c a  s u r f a c e .

I t  h a s  b e e n  fo u n d  t h a t  g ly c in e  i s  a d so rb e d  by th e  s i l i c a ,  and  

to  i n v e s t i g a t e  th e  m echanism  o f  t h i s  a d s o r p t io n ,  th e  f r e e  ammonium g roup  

o f  g ly c in e  was p r o t e c t e d  by a c e t y l a t i o n  and a d s o r p t io n  e x p e r im e n ts  

c a r r i e d  o u t  w i th  N - a c e ty lg lv c in e .  No a d s o r p t io n  was o b s e rv e d . F u r th e r ,
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a s  w i l l  be  d i s c u s s e d  l a t e r ,  i t  was o b se rv e d  t h a t  no a d s o r p t io n  to o k  p l a c e  

from  an  a l k a l i n e  s o l u t i o n  o f  g ly c in e  a t  a  pH v a lu e  w here th e  p o s i t i v e l y  

c h a rg e d  ainnonium g roup  had  b e e n  c o m p le te ly  c o n v e r te d  i n t o  th e  u n c h a rg e d  

amino g ro u p .

However, i n  o r d e r  to  exam ine m ore f u l l y  t h i s  s u g g e s te d  m echanism  

o f  p o l a r  a t t r a c t i o n ,  a n a lo g o u s  a d s o r p t io n  e x p e r im e n ts  w ere c a r r i e d  o u t  

w i th  0 .1  M u n b u f fe re d  aqueous s o lu t i o n s  o f  th e  fo l lo w in g  s im p le  n i t r o g e n  

com pounds: -

( a )  u r e a  (b )  t h io u r e a  ( c )  g u a n id in e  (d )  s e ra ic a rb a z id e .

The aqueous g u a n id in e  s o l u t i o n  was p r e p a r e d  by  d i s s o l v in g  th e  

c a l c u l a t e d  q u a n t i ty  o f  g u a n id in e  c a rb o n a te  i n  d i s t i l l e d  w a te r  so t h a t  th e  

c o n c e n t r a t io n  o f  th e  f r e e  g u a n id in iu m  io n  was 0 .1  M. The pH o f  t h i s  

s o lu t i o n  was a p p ro x im a te ly  1 1 .

S i m i la r ly ,  th e  s e m ic a rb a z id e  s o lu t i o n  u se d  in  th e s e  a d s o r p t io n  

e x p e rim e n ts  was p r e p a r e d  by d i s s o l v in g  th e  c a lc u l a t e d  am ount o f  sem i­

c a rb a z id e  h y d r o c h lo r id e  in  d i s t i l l e d  w a te r ,  so  t h a t  th e  c o n c e n t r a t io n  o f  

th e  f r e e  s e ra ic a rb a z id e  io n  (NH2 .CO.NH. NH^+) was 0 .1  M. The pH o f  t h i s  

s o lu t i o n  was 2 . 2 .

The a d s o r p t io n  and  a n a l y t i c a l  p ro c e d u re s  fo llo w e d  d u r in g  a d ­

s o r p t i o n  e x p e rim e n ts  w ith  th e s e  f o u r  n i t r o g e n  compounds a r e  a s  d e s c r ib e d  

f o r  th e  am ino a c id s  i n  th e  e x p e r im e n ta l  s e c t i o n .  The m a s s / l iq u id  r a t i o  

i s  a s  f o r  th e  amino a c id s  and th e  te m p e ra tu re  a t  w h ich  a d s o r p t io n  was 

s tu d ie d  was 37°G*

I t  h as  b e e n  fo u n d  t h a t  u r e a  and th io u r e a  a r e  n o t  a d s o rb e d  by  

th e  s i l i c a ,  w h ereas  th e  g u a n id in iu m  and  s e ra ic a rb a z id e  io n s  a r e  r e a d i l y  

a d s o rb e d . T h e i r  r a t e s  o f  a d s o r p t io n  a r e  r e c o r d e d  i n  g ra p h  1 .
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By a  c o n s id e r a t io n  o f  th e  s t r u c t u r e s  o f  u r e a  and th e  

g u a n id in iu m  io n  i n  s o l u t i o n ,  th e  r e a s o n  f o r  t h e i r  d i f f e r e n t  a d s o r p t io n  

a f f i n i t i e s  i s  d i s c l o s e d .

G u an id in e  i s  a  v e r y  s t r o n g  b a s e ,  and  r e a d i l y  a c q u i r e s  a  p r o to n  

a t  a n y  pH be low  14, b e in g  c o n v e r te d  i n t o  th e  g u a n id in iu m  io n

n h 2

c+
/  \

k h 2  n h 2

T h is  io n  i s  c o m p le te ly  s y m m e tr ic a l ,  a s  h a s  b e e n  shown by  quantum  

m e c h a n ic a l r e a s o n in g  and  e x p e r im e n ta l ly  p ro v e d  by  Z - ra y  d i f f r a c t i o n ^ ^

d a ta .  I t  may b e  v i s u a l i s e d  a s  a r i s i n g  by  re s o n a n c e  b e tw e e n  th e  e q u iv a le n t  

c a n o n ic a l  s t r u c t u r e s : ~

i z 
c

+ ^  \
j y *  ^ 2  H2N HH2

Owing to  th e  c o m p le te  e q u iv a le n c e  o f  th e  th r e e  fo rm s , th e  re s o n a n c e  e n e rg y

i s  h ig h  and  th e  io n  v e ry  s t a b l e .  On th e  o t h e r  h a n d , th e  u r e a  m o le c u le  may

be c o n s id e re d  a s  e x i s t i n g  a s  a  r e s o n a n c e  h y b r id  o f  th r e e  n o n - e q u iv a le n t

c a n o n ic a l  s t r u c t u r e s +

x HH2 ~ ^K H 2 ‘
0 — 0  (Z-Iinmlp X %T----\ +

X NH2 m i2 N ^ 2

I t  i s  v e ry  p r o b a b le ,  t h e r e f o r e ,  t h a t  an  s o lu t i o n  th e  g u a n id in iu m  io n  i s  

a t t r a c t e d  and  a d s o rb e d  on th e  s i l i c a  by  v i r t u e  o f  i t s  s t r o n g  p o s i t i v e  

c h a rg e . The u r e a  m o le c u le , a l th o u g h  p o s s e s s in g  a  re s o n a n c e  s t r u c t u r e  i n

NHr ife2
il
C/ \



which th ere i s  a sex>aration o f  ch arges, i s  n o t adsorbed. S ince the th ree  

forms o f  urea are n o t eq u iv a le n t, the p o la r ity  a r is in g  from the resonance  

co n tr ib u tio n  o f  p o la r  can on ica l forms w i l l  be lower than th a t o f  the  

guanidinium io n , and consequently th ere i s  l i t t l e  p o s s i b i l i t y  o f  ad sorp tion  

by the p o s i t iv e ly  charged amino group. Further, in  th ese  p o la r  form s, the  

n eg a tiv e  carbonyl group i s  in  very c lo s e  proxim ity  to  the p o s i t iv e  amino 

group, and would be r e p e lle d  by the s i l i c a  p o sse s s in g  a l ik e  n eg a tiv e  

charge•

In sem icarbazide hydroch loride s o lu t io n , the seraicarbazide w i l l  

e x i s t  as an io n  HpN.CO.KH.NHj balanced by the c h lo r id e  io n s . I t  i s  again  

c le a r  that the sem icarbazide ion  i s  adsorbed by v ir tu e  o f  i t s  stro n g  

p o s it iv e  charge. The io n  i s  asym m etrical, and th e s t a b i l i t y  o f  resonance  

s tru ctu res  co n ta in in g  a n e g a tiv e ly  charged carbonyl group i s  low.

To t e s t  the a p p lic a t io n  o f  th e  above suggested  ad sorp tion -  

mechanism to a m olecule w ith  a s tru ctu re  resem bling a sim ple amino a c id ,  

ad sorption  experim ents were ca rr ied  out w ith  glycocyaraine. The r a te  o f  

ad sorp tion  o f  t h is  compound i s  recorded in  graph 2 , and i s  observed to  

bear a strong resem blance to th a t o f  g ly c in e  and o f  ^ -a la n in e , as w i l l  

be d iscu sse d  la t e r ,  in  s e c t io n  1.5*

From p rev iou s c o n c lu s io n s , the ad sorp tion  o f  glycocyam ine tak es  

p la ce  by v ir tu e  o f  the guanidinium group in  th e m olecu le . S ince th ere  i s  

a s tr u c tu r a l resem blance between glycocyam ine and g ly c in e  i t  may be con­

cluded th a t  ad sorp tion  o f  g ly c in e , and other amino a c id s , tak es p la c e  by
+

v i r t u e  o f  t h e i r  p o s i t i v e l y  c h a rg e d  ammonium g roup  (-NH3

An im portant c o r o lla r y  a r is in g  from th ese  ad sorp tion  experim ents 

i s  th a t the pH va lu e o f  the medium co n ta in in g  th e p o s i t iv e ly  charged io n ,
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w hich  i s  a d s o rb e d , d o es  n o t  g r e a t l y  in f lu e n c e  th e  a d s o r p t io n ,  s in c e  th e  

g u an id in iu m  and  s e m ic a rb a z id e  io n s  a r e  a d so rb e d  from  m ed ia  o f  pH 11 a n d  

2 .2  r e s p e c t i v e l y .  However, t h i s  s i t u a t i o n  m ust "be c l e a r l y  d i s t i n g u i s h e d  

from  o n e  i n  w h ich  th e  pH o f  th e  medium c o n t r o l s  th e  c o n c e n t r a t io n  o f  th e  

p o s i t i v e  io n  to  b e  a d s o rb e d , a s  i s  th e  c a s e  i n  an am ino a c id  s o l u t i o n .

1 .2 .  I n f lu e n c e  o f  o t h e r  f u n c t io n a l  s u b s t i t u e n t s  i n  th e  

c a rb o n  c h a in ,  on th e  a d s o r p t io n  o f  t h e am ino a c id .

1 .2 .1 .  The i n f l u e n c e  o f  th e  o £ -a lk y l g ro u p .

A d s o rp tio n  d a t a  f o r  a  num ber o f  c<-am ino a c id s  o f  d i f f e r e n t  

s t r u c t u r e  a r e  r e c o rd e d  i n  t a b l e  1 . These am ino a c id s  may b e  c o n v e n ie n t ly  

r e g a rd e d  a s  s u b s t i t u t e d  g ly c in e  m o le c u le s ,  o f  g e n e ra l  fo rm u la  R .C ^ N H g ). 

COgH, w here R i s  an  a l k y l  r a d i c a l .  U sin g  th e  d a ta  shown i n  t a b l e  1 , 

c o n c lu s io n s  may b e  draw n on th e  in f lu e n c e  o f  th e  a lk y l  r a d i c a l  on th e  

a d s o r p t io n  o f  th e  amino a c id .

C om parison  o f  th e  e x p e r im e n ta l  d a ta  f o r  g ly c in e  w i th  th o s e  f o r  

c < -a la n in e  i n d i c a t e s  th e  e f f e c t  o f  th e  m eth y l g roup  w hich h a s  b e e n  i n t r o ­

duced i n t o  t h e  m o le c u le . The e f f e c t  i s  m ost c l e a r l y  m arked by th e  p r o ­

nounced  d e c re a s e  i n  tim e  r e q u i r e d  to  a t t a i n  e q u i l ib r iu m  a d s o r p t io n  from  

0 .0 1  M aqu eo u s s o lu t i o n s  upon th e  same s u r f a c e  a r e a  o f  a d s o rb e n t .  I n  

g e n e r a l  th e  e f f e c t  o f  th e  a l k y l  g roup  upon a d s o r p t io n  may b e  c o n s id e r e d  

a s  b e in g  a  f u n c t io n  o f : -

( a )  i t s  i n f lu e n c e  i n  th e  s o l u t i o n ,  and

(b )  i t s  in f lu e n c e  i n  th e  a d so rb e d  s t a t e .

( a )  In  s o l u t i o n ,  th e  e l e c t r i c  moments o f  g ly c in e  and o £ - a la n in e  

a r e  p resu m ab ly  i d e n t i c a l ( ^ 9 ) ,  b u t  th e  volum e o f  th e  m o le c u le  i s  l a r g e r  by
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T a  b  1 e 1.
\

Temp# = 37°C .

G e n e ra l Form ula  = R.CH(HH2 ) .C 0 2 H

Amino
A cid G raph R= *E ( k )3 7 °c

G ly c in e 3 -H 7*0 2 .47x1  O’*2

o< -A la n in e 4 -M eth y l 8 .4 7 1 .79

<x -A m ino-n- 
B u ty r ic  A cid 5 - E th y l 3.4- 1 .2

H o rv a lin e 5 -n - P r o p y l 2 .6 5 .7 5 x 1 0 “ 1

V a lin e 5 - I s o p r o p y l 2 .3 5 5 .6 5 x 1 0 ~ 1

N o rle u c in e - - n - B u ty l 1 .4 5 -

L e u c in e - - I s o b u t y l 1 .4 5 -

slj, = e q u i l ib r iu m  a d s o r p t io n  i n  m oles x  10" ^ / s ta n d a r d
s u r f a c e  a r e a  1 from  0 .01  M s o l u t i o n  a t  i t s  i s o e l e c t r i c  pH.

(k )^ y o ^  ss Langm uir r a t e  c o n s ta n t  a t  37 °G.

+ The r a t e  o f  a d s o r p t io n  o f  oC - a l a n in e  and  th e  v a lu e  o f  

(k )  ^ 7oc# w ere m easu red  a t  pH 7*3.

NOTE: The d a ta  shown i n  t a b l e s  a r e  th e  b a s i s  o f  a l l  d i s c u s s io n .
D a ta  deduced  from  g ra p h s  may be  in a c c u r a t e  due to  m ethod 
o f  g ra p h in g .
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one CHg g ro u p , o r  by  1 6 .3  c . c s .  p e r  m o le^2"^  and i n  o v - a la n in e  th e

c e n t r e  o f  t h e  d ip o le  i s  p resu m ab ly  f u r t h e r  from  th e  c e n t r e  o f  t h e  m o le -

(2 8 , 29 3 0 )  (31 32)
c u l e '  9 I n t e r a c t i o n  b e tw een  g ly c in e  m o le c u le s  '  9 ' ,  and

(3 3 , 29)
b e tw een  o t - a l a n in e  m o le c u le s  , i n  aqueous s o lu t i o n  h a s  been

s tu d ie d  by m easurem ents o f  b o th  v a p o u r p r e s s u r e  and  f r e e z in g  p o i n t ,  th e

(2 9 )
r e s u l t s  b e in g  e x p re s s e d  a s  a c t i v i t y  c o e f f i c i e n t s .  C ohn ' d i s c u s s e s  

th e s e  r e s u l t s  a s  f o l lo w s :  "W hereas th e  a c t i v i t y  c o e f f i c i e n t s  o f  g ly c in e ,

l i k e  th o s e  o f  e l e c t r o l y t e s ,  a r e  l e s s  th a n  u n i ty  f o r  d i l u t e  s o l u t i o n s ,  

th o s e  o f  p s - a la n in e  a r e  g r e a t e r ,  a n d , m o reo v e r, a r e  o p p o s i te  i n  s ig n .

I f  th e  e f f e c t  f o r  g ly c in e  i s  a s c r ib e d  to  th e  d ip o le  moment o f  i t s  m ole­

c u l e s ,  th e n  t h a t  f o r  o < -a la n in e  m ust be a s c r ib e d  to  r e p u l s iv e  f o r c e s  i n  

aqueous s o lu t i o n  be tw een  th e  d ip o le  o f  one m o le c u le  and t h e  n o n - p o la r  

s id e  c h a in  o f  a  s e c o n d .H

T h e re fo re ,  th e  e a s e  w ith  w h ich  e < ~ a la n in e  i s  a d s o rb e d  i s  l a r g e l y  

due to  th e  weak i n t e r a c t i o n  b e tw een  th e  m o le c u le s  i n  s o lu t i o n  and c o n v e rs e ­

l y  th e  s t r o n g e r  a t t r a c t i o n  b e tw een  g ly c in e  m o le c u le s  r e n d e r s  them  m ore 

d i f f i c u l t  to  a d s o rb .

(b )  A f te r  th e  i n i t i a l  a d s o r p t io n ,  th e  n e g a t iv e ly  c h a rg e d  
/ \

c a rb o x y la te  g ro u p s  ( -C 0 0 ' J) o f  th e  a d so rb e d  g ly c in e  m o le c u le s  p r o t r u d e  

i n t o  th e  s o l u t i o n  an d  a t t r a c t  o th e r  g ly c in e  m o le c u le s . However, w i th  

o t - a l a n in e  t h e r e  a l s o  p r o t r u d e s  from  th e  a d so rb e d  m o le c u le  th e  n o n - p o la r  

m e th y l g roup  w hich  does n o t a t t r a c t  o t h e r  o ( - a la n in e  m o le c u le s  i n  th e  

s o lu t i o n .  The f o r c e  o f  a t t r a c t i o n  e x e r te d  by a  p r o t r u d in g  c a r b o x y la te  

group f o r  o t h e r  m o le c u le s  i n  s o lu t i o n  c a n n o t be g r e a t ,  s in c e  i t  h a s  b e e n  

fo u n d  from  is o th e rm  d a ta  t h a t  th e s e  am ino a c id s  do n o t  fo rm  m u l t i l a y e r s .



T h u s, tH e e a se  w ith  w h ich  any amino a c id  m o le c u le  i s  a d so rb e d  

w i l l  be  l a r g e l y  c o n t r o l l e d  by t h e s e  f a c t o r s  w hich we have  j u s t  d i s c u s s e d ,  

and we may now exam ine more f u l l y  th e  e x p e r im e n ta l  d a ta  f o r  th e  in d iv id u a l  

am ino ac ic ls  shown’i n  t a b l e  1 .

The r a t e s  o f  a d s o r p t io n  o f  t h e s e  anri.no a c id s  a r e  m ost d e a r ly  

d e f in e d  by c o n s id e r in g  t h e i r  in d iv id u a l  v a lu e s  o f  k ,  t h e  L angm uir r a t e  

c o n s ta n t  a t  y ] ° 0 . ( N o te * A lthough  th e  Langm uir r a t e  c o n s ta n t  (k )  i s

th e  sum o f  th e  v e lo c i ty  c o n s ta n ts  o f  th e  a d s o r p t io n  p r o c e s s  (k-^) and th e  

d e s o rp t io n  p r o c e s s  (kg) f o r  each  amino a c i d ,  th e  v a lu e s  o f  k^ and kg have 

b een  found  t o  be v i r t u a l l y  i d e n t i c a l  w ith  one a n o th e r  f o r  each  o f  a  number 

o f  am ino a c id s  and c o n s e q u e n tly  t h e  Langm uir r a t e  c o n s ta n t  ( k) o f  each  

amino a c id  maybe u sed  to  com pare t h e i r  r a t e s  o f  a d s o r p t io n . )

The r a t e  o f  a d s o r p t io n  o f  each  amino a c id  c o n ta in in g  an  a lk y l

g ro u p  i s  much g r e a t e r  th a n  t h a t  o f  g l y c i n e .  As th e  l e n g th  o f  t h e  ca rb o n

c h a in  i n c r e a s e s ,  th e  r a t e  o f  a d s o r p t io n  i s  found  to  d e c re a s e  s l i g h t l y  

a lth o u g h  a lw ay s c o n s id e r a b ly  g r e a t e r  th a n  t h a t  f o r  g l y c i n e .  A co m p ariso n  

o f  v a l in e  and  n o r v a l in e  shows a s l i g h t  d e c re a s e  i n  b o th  r a t e  and e x te n t  

o f  a d s o rp t io n ;  t h e  d e c re a s e  i s  sm a ll and  may be o f  no g r e a t  s i g n i f i c a n c e .  

The e x te n t  o f  a d s o rp t io n  o f  b o th  l e u c in e  and n o r le u c in e  i s  so sm all t h a t  

t h e i r  co m p le te  r a t e  c u rv e s  c o u ld  n o t  be o b ta in e d ,  and c o n s e q u e n t ly  th e

e f f e c t  o f  b ra n c h in g  i n  th e  c a rb o n  c h a in  c o u ld  n o t be c o n f irm e d .

S in c e  .'X -a lan ine  i s  so r a p i d l y  a d s o rb e d , i t s  r a t e  o f  a d s o r p t io n  

was d e te rm in e d  a t  pH 7*3> i n s t e a d  o f  i t s  i s o e l e c t r i c  pH , i n  an  endeavou r to  

o b t a in  more a c c u r a te  r e s u l t s .  The v a lu e  f o r  q C -a la n in e  a t  i t s  

i s o e l e c t r i c  pH, a t  y ] ° 0 , was d e te rm in e d , by s e p a r a te  e x p e r im e n ts ,  to  be

8 .4 7  x 10 ^ mo l e s .  T h is  v a lu e  f o r  <X ,-alanine i s  h ig h e r  t h a n  a„ f o r
E



-5g ly c in e  a t  i t s  i s o e l e c t r i c  pH, nam ely 7*0 x 10 'm o le s .  I n  c o n t r a s t  t o  

< X -a la n in e , g ly c in e  does n o t  a t t a i n  i t s  maximum a d s o r p t io n  fro m  0 .0 1  M. 

s o lu t i o n  a t  i t s  i s o e l e c t r i c  pH, b u t  d o e s .s o  onl y  lo w e r  pH v a lu e s .

( T h is  w i l l  be d i s c u s s e d  i n  g r e a t e r  d e t a i l  i n  s e c t i o n  2 . 1 ,  p . 4 3 . )  |
I

H ow ever, a s  t h e  s iz e , o f  th e  a lk y l  g ro u p  i n c r e a s e s ,  a  m ost p ron o u n ced  decrease 

i n  e x te n t  o f  a d s o r p t io n  i s  o b s e rv e d . -  -
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1 . 2 . 2 . R i r th e r  s u b s t i t u t i o n  w i th in  th e  a lk y l  g ro u p .

C o n s id e ra t io n  o f  th e  in f lu e n c e  o f  s e c o n d a ry  f u n c t i o n a l  g roups 

on a d s o r p t io n  o f  th e  amino a c id  may be e x te n d e d  to  in c lu d e  m o le c u le s  

w here th e  a l k y l  g roup  h as  i t s e l f  b e e n  f u r t h e r  s u b s t i t u t e d .

D ependent upon t h e i r  n a t u r e ,  su c h  s e c o n d a ry  g ro u p s  w i l l  d e t e r ­

m ine th e  i n t e r a c t i o n  b e tw e en  th e  m o le c u le s  i n  s o lu t i o n  and  a ls o  e x e r t  a n  

e f f e c t  i n  th e  a d so rb e d  s t a t e .  In  c o n ju n c t io n  w i th  th e s e  f a c t o r s ,  th e  

se c o n d a ry  g ro u p s  a l t e r  th e  e f f e c t i v e  e l e c t r o p o s i t i v e  c h a r a c t e r  o f  t h e  

m o le c u le  and c o n s e q u e n tly  in f lu e n c e  i t s  a d s o r p t io n .

A d s o rp tio n  d a ta  f o r  a  num ber o f  am ino a c id s  c o n ta in in g  d i f f e r e n t  

se c o n d a ry  g roups a r e  shown i n  t a b l e  2a ,  an d  u s in g  th e s e  d a ta  c o n c lu s io n s  

may be draw n on th e  in f lu e n c e  o f  th e s e  g ro u p s on  th e  a d s o r p t io n  o f  th e  

am ino a c id .  T hese am ino a c id s  may be  c o n v e n ie n t ly  r e g a rd e d  as  s u b s t i t u t e d  

0< -a la n in e  m o le c u le s  co n fo rm in g  to  th e  g e n e ra l  fo rm u la  R .C I^ .C H ^II^oC C ^H .

C y s te in e .

The e x p e r im e n ta l  d a ta  f o r  c y s te in e  i n d i c a t e  t h a t  a d s o r p t io n ,

a lth o u g h  s lo w e r  th a n  f o r  oC - a l a n i n e ,  i s  much m ore r a p i d  th a n  f o r  g ly c in e ,

an d  a l s o  ta k e s  p l a c e  to  a  g r e a t e r  e x t e n t .  The t h i o l  g roup  h a v in g  a
(34 )

d i s s o c i a t i o n  c o n s ta n t ,  (pK -SH) o f  1 0 .7  does n o t  e x i s t  i n  a  p o l a r  fo rm  

a t  th e  i s o e l e c t r i c  pH o f  th e  amino a c i d ,  and  c o n s e q u e n tly  t h e r e  i s  l i t t l e  

d i f f e r e n c e  i n  p o l a r i t y  b e tw een  th e  m o le c u le s  o f  o ( - a la n in e  and o f  c y s t e i n e .  

The e f f e c t  o f  th e  t h i o l  g roup  may, t h e r e f o r e ,  be  sum m arised  a s  re s e m b lin g  

t h a t  o f  th e  m e th y l g ro u p , s in c e  a d s o r p t io n  i s  r a p i d ,  th e  i n c r e a s e  i n  e x te n t  

b e in g  due to  th e  s l i g h t  change i n  p o l a r i t y .
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T a b l e  2 a .

Temp. = 37°C.

G e n e ra l Form ula = Ro CHgCH(NH2 ) .  COgH.

Amino
A cid G raph H a E 00 37°c.
OC - a l a n in e 4 -H 8 .4 7 1 .7 9

c y s te i n e 6 -SH 1 2 .7 5 2 .1 3 x10” 1

s e r in e - -OH 2*86 < 1x 10“ 2

a s p a ra g in e 6 -com2 5.3 1.45x1 O'”1

/3  -p h e n y la la n in e 8 3 -8 3 .2 7 5 x 1 0"*2

t ry p to p h a n e 7 - in d o l e
r a d i c a l

5 .0 9 .7 5 x 1 0" ’1

h i s t i d i n e 8 - im id a z o le
r a d i c a l .

6 .0 4 5 . 05x 10 ~ 2

Sf T hese f i g u r e s  do n o t  r e p r e s e n t  e q u i l ib r iu m  a d s o r p t io n  o f  s e r i n e ,  
b u t  a r e  in te r m e d ia te  v a lu e s ,  s in c e  t h e  r a t e  o f  a d s o r p t io n  o f  
s e r i n e  i s  so slow .
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Seriiie .

However, when th e  h ig h ly  p o l a r  h y d ro x y l g roup i s  in t r o d u c e d

i n t o  th e  m o le c u le , a s  i n  s e r i n e ,  th e  r a t e  o f  a d s o r p t io n  i s  now ev en  l e s s

th a n  f o r  g ly c in e .  The h y d ro x y l g roup  h as  in c r e a s e d  th e  p o l a r i t y  o f  th e

m o le c u le (3 3 )  -yyĵ Qh, now re se m b le s  g ly c in e  r a t h e r  th a n  <x - a l a n i n e .  I n

(33)s o l u t i o n ,  t h e  p o l a r  s e r i n e  m o le c u le s  i n t e r a c t  w ith  one a n o th e r K ' and  

c o n s e q u e n tly  r e s i s t  a d s o r p t io n .  The s e r i n e  m o le c u le  c o n ta in s  two 

• e le c t r o n e g a t iv e  c e n t r e s ,  th e  c a r b o x y la te  and  h y d ro x y l g ro u p s , b o th  o f  

w hich w i l l  te n d  to  b e  r e p e l l e d  by th e  n e g a t i v e l y  c h a rg e d  s i l i c a .  T h is  

i n c r e a s e  i n  e l e c t r o n e g a t i v i t y  o f  th e  m o le c u le  i s ,  t h e r e f o r e ,  an a d d i t i o n a l  

f a c t o r  w h ich  te n d s  to  p r e v e n t  o r  r e t a r d  a d s o r p t io n .

A s p a ra g in e .

I n  c o n t r a s t  to  s e r i n e ,  th e  am ino g roup  o f  a s p a r a g in e  i s  o b se rv e d  

to  h av e  in c r e a s e d  th e  r a t e  o f  a d s o r p t io n  w h ich  now re se m b le s  t h a t  o f  

c y s te i n e .  The amino g roup  i s  more p o l a r  th a n  e i t h e r  th e  m e th y l o r  th e  

t h i o l  g ro u p , and  th e  c o n se q u e n t i n t e r a c t i o n  b e tw e en  th e  m o le c u le s  o f  

a s p a r a g in e  i n  s o l u t i o n  w i l l  r e s u l t  i n  th e  o b se rv e d  d e c re a s e  i n  e x te n t  o f  

a d s o r p t io n .

/$  - P h e n y la la n in e .

On com parison  w ith  c* - a l a n i n e ,  th e  i n t r o d u c t i o n  o f  th e  p h e n y l 

g roup  i s  h e re  o b s e rv e d  to  have  d e c re a s e d  b o th  th e  r a t e  and  e x te n t  o f  

a d s o r p t io n .  The r a t e  o f  a d s o r p t io n  o f  - p h e n y la la i i in e  i s  n o t  co m p arab le  

w i th  t h a t  f o r  any o th e r  amino a c id  c o n ta in in g  an  a l i p h a t i c  a l k y l  g ro u p , 

b u t  i s  c lo s e l y  r e l a t e d  to  t h a t  o f  th e  p o l a r  g ly c in e  m o le c u le . The p h e n y l 

g roup  d i f f e r s  from  th e  s a tu r a t e d  a l k y l  g ro u p s i n  t h a t  i t  i s  c o n s id e r e d  to
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b e  a  h y b r id  o f  e q u iv a le n t  re so n a n c e  fo rm s and  in v o lv e s  a  f l u c t u a t i o n  o f  

e l e c t r o n  d e n s i ty .  F u r th e r ,  i n  th e  a d so rb e d  s t a t e ,  th e  l a r g e  b en z en e  r in g  

w i l l  c o n c e a l  p o s s ib l e  s i t e s  o f  a d s o r p t io n  on th e  s u r f a c e  o f  th e  s i l i c a  

and th u s  in d u c e  a  low e x te n t  o f  a d s o rp t io n *

T ry p to p h a n e .

The r a t e  o f  a d s o r p t io n  f o r  t ry p to p h a n e  i s  r a p i d  and i s  co m p arab le  

w ith  t h a t  f o r  a< - a m in o b u ty r ic  a c id  and o t h e r  amino a c id s ,  c o n ta in in g  s im p le  

a l i p h a t i c  a l k y l  g ro u p s . The c o n t r a s t  i n  a d s o r p t io n  b e h a v io u r  b e tw e e n  

- p h e n y la la n in e  and  t ry p to p h a n e  m ust be  due  to  th e  new r in g  sy s te m  con ­

t a i n i n g  a  seco n d  n i t r o g e n .  However, th e  e f f e c t  o f  pH on th e  a d s o r p t io n  

o f  t ry p to p h a n e , w h ich  i s  d i s c u s s e d  i n  a  l a t e r  s e c t i o n ,  shows t h a t  th e  

m o lecu le  i s  s t i l l  a d s o rb e d  th ro u g h  th e  $£ -ammonium g roup  an d  n o t  th ro u g h  

th e  i n d o le  -NH- g ro u p . The e l e c t r o p o s i t i v e  c h a r a c te r  o f  th e  m o le c u le  i s  

in c r e a s e d  by t h i s  seco n d  n i t r o g e n - c o n ta in in g  r i n g ;  and th e  s t r o n g e r  f o r c e  

o f  a t t r a c t i o n  betw een  th e  m o le c u le  and th e  n e g a t iv e ly  c h a rg e d  s i l i c a  r e s u l t s  

i n  th e  o b s e rv e d  in c r e a s e  i n  r a t e ,  and e x te n t  o f  a d s o r p t io n  o f  try p to p h a n e  

when com pared w ith  - p h e n y la la n in e .  S im i la r  r a p i d  a d s o r p t io n s  a r e  o b s e rv e d  

w ith  l y s i n e  and  c i t r u l l i n e  w here th e  a d d i t i o n a l  s u b s t i t u e n t s  have a ls o  i n ­

c re a s e d  th e  e l e c t r o p o s i t i v e  c h a r a c te r  o f  th e  m o le c u le . I n  c o m p a riso n  w i th  

o C -a la n in e , th e  low  e x te n t  o f  a d s o r p t io n  i s  m ost p r o b a b ly  due to  th e  b u lk  

o f  th e  l a r g e  in d o le  g ro u p .

H i s t i d i n e .

The r a t e  o f  a d s o r p t io n  f o r  h i s t i d i n e ,  w hich i s  low , i s  co m p a rab le  

w i th  t h a t  f o r  g ly c in e ,  and  i s  c h a r a c t e r i s t i c  o f  a  h ig h ly  p o l a r  m o le c u le .
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The ammonium group (-NK^"r ) i s  more e l e c t r o p o s i t i v e  th a n  th e  im id a z o le  

g ro u p , a s  shown by  com parison  o f  t h e i r  r e s p e c t i v e  pK v a lu e s ,  th e  n e g a t iv e  

lo g a r i th m  o f  t h e i r  a c i d i t y  c o n s t a n t s ; pK f o r  th e  ammonium g roup  o f  

h i s t i d i n e  b e in g  9* "17 a*id f o r  th e  im id a z o le  g ro u p , 6 * 0 0 ^ ^ .  C o n s e q u e n tly , 

th e  a d s o r p t io n  o f  h i s t i d i n e  ta k e s  p l a c e  th ro u g h  th e  ammonium g roup  and  

n o t  th e  im id a z o le  g ro u p . T h is  i s  s u b s t a n t i a t e d  by e x p e r im e n ta l  e v id e n c e  

w hich  w i l l  be  d i s c u s s e d  when c o n s id e r in g  th e  e f f e c t  o f  pH on a d s o r p t io n .

The e x te n t  o f  a d s o r p t io n  o f  h i s t i d i n e  i s  lo w er th a n  t h a t  o f  c(  - a l a n i n e ,  

a s  w ould b e  e x p e c te d  o f  a  h ig h ly  p o l a r  m o le c u le , b u t  i s  g r e a t e r  th a n  t h a t  

o f  e i t h e r  /Pi - p h e n y la la n in e  o r  t ry p to p h a n e . T h is  o b s e r v a t io n  s u p p o r ts  th e  

l y p o th e s i s  t h a t  th e  b u lk y  p h e n y l an d  in d o le  g roups d e c re a s e  th e  e x te n t  o f  

a d s o r p t io n  o f  th e  amino a c id .

In  t a b l e  2b a r e  shown th e  e x p e r im e n ta l  d a ta  f o r  a  num ber o f  

a d d i t i o n a l  amino a c id s  i n  w hich  a l k y l  g ro u p s o f  lo n g e r  c a rb o n  c h a in  l e n g th  

a r e  f u r t h e r  s u b s t i t u t e d .

G lu tam ic  A c id .

A d s o rp tio n  e x p e rim e n ts  w ere c a r r i e d  o u t  w i th  g lu ta m ic  a c id  a t  

pH5 and  no a d s o r p t io n  was o b s e rv e d . Prom a  s tu d y  o f  th e  d i s s o c i a t i o n  

c o n s ta n ts  o f  th e  two c a rb o x y l  g ro u p s  ( t a b l e  3 ) j  i t  may be  deduced  t h a t  

a t  pH5 one c a rb o x y l  g roup  (-C00H) p e r  m o le c u le  w i l l  be e x te n s iv e ly  

d i s s o c i a t e d  i n t o  i t s  n e g a t iv e  c a rb o x y la te  g roup (-C 0C T), and th e  o th e r  

p a r t i a l l y  d i s s o c i a t e d .  C o n se q u e n tly  th e  m o le c u le  now te n d s  to  b e  e l e c t r o ­

n e g a t iv e  i n  c h a r a c t e r ,  an d  w i l l  be  r e p e l l e d  by  th e  n e g a t iv e  c h a rg e  on  th e  

s i l i c a .  A s i m i l a r  th o u g h  l e s s  i n te n s e  e f f e c t  was shown by th e  h y d ro x y l 

g roup o f  s e r i n e ,  a n d  th u s  th e s e  two am ino a c id s  c l e a r l y  em p h asise  th e
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im p o rta n c e  o f  th e  e f f e c t  o f  th e  s e c o n d a ry  g roup on  th e  g e n e r a l  p o l a r i t y  

o f  th e  m o le c u le , i r r e s p e c t i v e  o f  th e  a d d i t i o n a l  i n f lu e n c e  o f  t h e  group  

i n  s o lu t i o n  o r  i n  th e  a d so rb e d  s t a t e .

G lu tam in e .

However, when th e  J f -c a rb o x y l  g roup  o f  g lu ta m ic  a c i d  i s  r e p la c e d  

by th e  am ide g ro u p , -CONHg, th e  e l e c t r o n e g a t i v e  c h a r a c te r  o f  th e  m o le c u le  

i s  no lo n g e r  i n t e n s e ,  an d  a d s o r p t io n  t a k e s  p la c e  f a i r l y  r a p id ly  an d  to  an  

a p p r e c ia b le  e x t e n t .  The a d s o r p t io n  b e h a v io u r  o f  g lu ta m in e  i s  s i m i l a r  to  

t h a t  o f  a s p a r a g in e  and  th e  in c r e a s e d  s e p a r a t i o n  o f  th e  am ide and  ammonium 

g ro u p s , a s  i n  g lu ta m in e , h a s  in c r e a s e d  s l i g h t l y  b o th  th e  r a t e  and  e x te n t  

o f  a d s o r p t io n .

l y s i n e .

The e x p e r im e n ta l  d a ta  f o r  L y s in e  show a n  i n t e r e s t i n g  co m p ariso n  

w ith  th o s e  f o r  n o r le u c in e .  The e x te n t  o f  a d s o rp t io n  o f  l y s in e  a t  th e  

i s o e l e c t r i c  pH i s  v e ry  low , and  i s  s i m i l a r  to  t h a t  o f  n o r le u c in e  ( t a b l e  1 ) .  

The Langm uir r a t e  c o n s ta n t ,  (k )  3 7 °^ . f o r  l y s i n e ,  m easu red  a t  pH 7»3? i s  

s l i g h t l y  lo w er th a n  t h a t  f o r  n o r v a l in e ,  an d  h a s  a  v a lu e  w h ich  w ould  have  

b een  e x p e c te d  f o r  n o r le u c in e .

F u r th e r ,  from  th e  pK v a lu e s  o f  th e  two ammonium g roups o f  l y s i n e  

( t a b l e  4 ) i t  i s  o b s e rv e d  t h a t  th e  £  -ammonium g roup  i s  th e  more e l e c t r o ­

p o s i t i v e ,  an d  a ls o  t h a t  a t  th e  i s o e l e c t r i c  pH th e  oC-aramonium g roup  i s  

c o m p le te ly  d i s s o c i a t e d  i n to  i t s  u n c h a rg e d  s t a t e .  C o n s e q u e n tly , s in c e  

a d s o r p t io n  s t i l l  ta k e s  p la c e  a t  th e  i s o e l e c t r i c  pH, i t  m ust do so th ro u g h  

th e  £ -ammonium g roup  and n o t  th ro u g h  th e  c f-g ro u p . T h is  h y p o th e s is  i s
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T a b l e  2b.

Tern* = 37°C .

 ?---------------------------------------------------
G e n e ra l  Form ula R. (CHg) CHjjNHgJ'COgH.

Amino
A cid G raph n R = a _

E
0 0  37°C .

G lu tam ic  A cid - 2 -C00H No Adspn * -

G lu tam in e 9 2 - c o .n h 2 7 .4 1 . 8x 1O' 1

l y s i n e 10 4 ~ m 2 1 .0 3 .7 7 x 1 0 " 1

C i t r u l l i n e 11 3 - n h .c o .n h 2 5 .6 7 . 66x 10” ^

3€ The r a t e  o f  a d s o r p t io n  o f  l y s i n e  an d  th e  v a lu e  o f  (k )  37°C . 
w ere m easu red  a t  pH 7*3 s in c e  t h e  a d s o r p t io n  o f  l y s i n e  i s  
so  s m a l l  a t  t h e  i s o e l e c t r i c  pH.
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a ls o  s u b s t a n t i a t e d  by d a ta  o b ta in e d  f rom a  s tu d y  o f  th e  e f f e c t  o f  pH on 

th e  a b s o r p t io n  o f  l y s i n e  w hich w i l l  be  d i s c u s s e d  i n  a  l a t e r  s e c t i o n .  An 

im p o r ta n t  c o r o l l a r y  a r i s i n g  from  th e  a d s o r p t io n  b e h a v io u r  o f  l y s i n e  i s  

t h e r e f o r e ,  t h a t  an  am ino a c id  c o n ta in in g  two p o s i t i v e l y  c h a rg e d  g ro u p s  

w i l l  b e  a d so rb e d  th ro u g h  th e  more e l e c t r o p o s i t i v e  c e n t r e .  T h is  

h y p o th e s is  h a s  a l s o  been  c o n firm e d  by th e  a d s o r p t io n  b e h a v io u r  o f  

a r g i n i n e ,  w hich  w i l l  b e  d i s c u s s e d  i n  g r e a t e r  d e t a i l  i n  a  l a t e r  s e c t i o n .

C i t r u l l i n e .

The r a t e  o f  a d s o r p t io n  f o r  c i t r u l l i n e  i s  h ig h  and  i t s  e x te n t  

i s  s l i g h t l y  g r e a t e r  th a n  f o r  n o r le u c in e ,  a lth o u g h  much lo w er th a n  t h a t  

f o r  e i t h e r  c 4 - a la n in e  o r  c y s te i n e .  T hese r e s u l t s  show th e  in f lu e n c e  o f  

th e  b a s i c  t e r m in a l  u r e id o  g ro u p , w hich  i n c r e a s e s  s l i g h t l y  th e  e l e c t r o ­

p o s i t i v e  c h a r a c te r  o f  th e  m o le c u le . B ecause  o f  i t s  b u lk ,  c i t r u l l i n e  i s  

a d so rb e d  o n ly  to  a  s m a ll  e x te n t .

E x p e rim en ts  have shown t h a t  h y d a n to ic  a c id  ( c a rb a m y 1 -g ly c in e ) 

i s  n o t a d s o rb e d  a t  any pH, and i t  may t h e r e f o r e  be  deduced  t h a t  c i t r u l l i n e  

c a n n o t be a d s o rb e d  th ro u g h  th e  te r m in a l  u r e id o  g ro u p . The re a s o n s  f o r  th e  

f a i l u r e  o f  h y d a n to ic  a c id  to  a d s o rb  a r e  s im i l a r  to  th o s e  a l r e a d y  d i s c u s s e d  

f o r  u re a  i t s e l f .

1 .3 .  The e f f e c t  o f  s e p a r a t i o n  o f  th e  ammonium a n d  c a rb o x y la te  

g ro u p s i n  s im p le  u n s u b s t i t u t e d  amino a c i d s .

In  T a b le  3 a r e  shown th e  e x p e r im e n ta l  d a ta  f o r  a  num ber o f  s im p le  

u n s u b s t i tu t e d  amino a c id s ,  co n fo rm in g  to  th e  g e n e ra l  fo rm u la  H2N. ( G ^ ^ O O g H , 

in  w hich th e  ammonium and c a rb e x y la te  g roups a r e  s e p a r a te d  by a  s t r a i g h t
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T a b l e  3 .

D is s o c i a t i o n  c o n s ta n t s  o f  g lu ta m ic  a c id  

a t  23°C.

pK

< *- (C00H) 2 .1 9

1 - (COOH) If. 25

(34 )
T a b l e  4 .

D i s s o c i a t i o n  c o n s ta n t s  o f  l y s i n e  a t  25°C.

PK P i

(NH +) 8 .9 5
9*74

8 -  (mh3 +) 1 0 .5 3



T a b l e  5*

Temp. = 37°C.

G e n e ra l  fo rm u la  = H J .  (CH9 ) .CO H.
(U ”  4L

Amino A cid G raph n
a E (k )  37°C.

G ly c in e 3 1 7 .0 2 . 4 7 x 10"2

/3  -A la n in e 12 2 9 .5 6 . 74x 10~^

%-A m inobuty  r  i c  A c id 13 3 5 .8 3 . 1x 10~1

^ -A m in o v a le r ic  A c id 14 4 2 .6 2 8 . 8 9x 10*"̂

6,-A m inocap ro io  A c id - 3 0 .7 1 1 .2  app rox .
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c a rb o n  c h a in  o f  i n c r e a s in g  l e n g th ,  jhrom th e s e  d a ta ,  c o n c lu s io n s  may be 

drawn on th e  e f f e c t  o f  in c r e a s e d  s e p a r a t i o n  o f  th e  two p o l a r  g ro u p s  on 

th e  a d s o r p t io n  b e h a v io u r  o f  th e  m o le c u le .

T ab le  5 shows t h a t  b o th  th e  r a t e  and  e x te n t  o f  a d s o r p t io n  o f  

^3 - a l a n in e  a r e  g r e a t e r  th a n  f o r  g ly c in e ;  and i t  may c o n s e q u e n t ly  be 

deduced  t h a t  th e  c a rb o x y la te  g ro u p , w h ich  i n  g ly c in e  i s  i n  c lo s e  p ro x im ity  

to  th e  ammonium g ro u p , e x e r t s  an in f lu e n c e  te n d in g  to  r e t a r d  th e  a d s o rp ­

t i o n  o f  th e  amino a c id .  T h is  a d v e rs e  in f lu e n c e  i s  a s  to  be  e x p e c te d  o f  

a  h ig h ly  e le c t r o n e g a t iv e  g roup  w hich  w i l l  te n d  to  b e  r e p e l l e d  by th e  

n e g a t iv e ly  c h a rg e d  s i l i c a .  A d d i t io n a l  s u p p o r t in g  e v id e n c e  may b e  d e r iv e d  

from  th e  f a c t  t h a t  th e  amino a c id  t a u r i n e  i s  n o t  a d so rb e d  by th e  s i l i c a .  

T a u rin e  i s  c lo s e ly  r e l a t e d  to  / 3 - a l a n i n e ,  b u t  c o n ta in s  th e  s u lp h o n a te  

g roup  ( -  SO^ “ ) i n  p la c e  o f  th e  c a rb o x y la te  g ro u p . T h is  s u lp h o n a te  

group i s  o f  g r e a t e r  volume th a n  th e  c a r b o x y la te  g ro u p , and i s  a l s o  much 

more s t r o n g ly  e le c t r o n e g a t i v e ,  a s  shown by  c o m p ariso n  o f  t h e i r  r e s p e c t i v e

(3 4 )d i s s o c i a t i o n  c o n s t a n t s '  . C o n se q u e n tly , th e  in c r e a s e  i n  i n t e n s i t y  an d  

a r e a  o f  in f lu e n c e  o f  th e  e l e c t r o n e g a t i v e  g ro u p , a s  i n  t a u r i n e ,  w i l l  r e s u l t  

in  a  s t r o n g e r  f o r c e  o f  r e p u l s io n  b e tw een  th e  s i l i c a  and  th e  am ino a c id  

m o le c u le , and no a d s o r p t io n  ta k e s  p la c e .  T hus, i t  may be ded u ced  t h a t  i n  

- a l a n in e  th e  c a rb o x y la te  group e x e r t s  a  s i m i l a r ,  a l th o u g h  l e s s  i n t e n s e ,  

a d v e rs e  in f lu e n c e  on a d s o r p t io n  o f  th e  m o le c u le . T h is  r e a s o n in g  may be 

c a r r i e d  f u r t h e r ,  to  deduce  t h a t  when th e  c a rb o x y la te  g roup  i s  i n  c lo s e r  

p ro x im ity  to  th e  ammonium g ro u p , a s  i n  g ly c in e ,  i t s  in f lu e n c e  i n  r e t a r d ­

in g  a d s o r p t io n  w i l l  be  even  g r e a t e r  th a n  t h a t  shown i n  - a l a n i n e .

The d a ta  i n  t a b l e  5 f o r  th e  re m a in in g  am ino a c id s  show t h a t ,  on
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i n c r e a s in g  th e  le n g th  o f  th e  c a rb o n  c h a in ,  th e r e  i s  a  p r o g r e s s iv e  in c r e a s e  

i n  r a t e  b u t  a  d e c re a s e  i n  e x te n t  o f  a d s o r p t io n  o f  th e  am ino a c id .  A 

com parison  o f  th e  d i s s o c i a t i o n  c o n s ta n ts  o f  th e  ammonium g ro u p s  o f  th e
(3 4 )

r e s p e c t iv e  amino a c id s  shows l i t t l e  change i n  t h e i r  e l e c t r o p o s i t i v e  

s t r e n g th ;  and  i t  m ust be c o n c lu d e d , t h e r e f o r e ,  t h a t  th e s e  c h a n g es  i n  

a d s o r p t io n  b e h a v io u r  o f  th e  amino a c id s  a r e  t h e  d i r e c t  r e s u l t  o f  th e  

in c r e a s e d  c a rb o n  c h a in  l e n g th s .  I t  h a s  a l r e a d y  b een  shown i n  a  p r e v io u s  

s e c t i o n ,  t h a t  th e  a d s o r p t io n  c h a r a c t e r i s t i c s  o f  n o r v a l in e  an d  n o le u c in e ,  

w hich c o n ta in  lo n g  c a rb o n  c h a in s ,  a r e  s m a ll  b u t  r a p i d  a d s o r p t io n .  I t  

a p p e a rs  t h a t  i n  S  - a l a n in e  th e  m o lecu le  i s  to o  s m a ll  to  have any s i g n i f i c ­

a n t  s t e r i c  e f f e c t  i n  th e  a d so rb e d  s t a t e ,  and  t h a t  i t  i s  th e  d e c r e a s in g  

in f lu e n c e  o f  th e  c a rb o x y la te  group w hich  d e te rm in e s  th e  a d s o r p t io n  

b e h a v io u r  o f  th e  m o le c u le .

1.4* S u b s t i t u t i o n  o f  th e  ammonium g ro u p .

In  t a b l e  6 a r e  r e p o r te d  th e  e x p e r im e n ta l  d a ta  f o r  th e  a d s o r p t io n  

o f  a  number o f  r e l a t e d  s u b s ta n c e s  i n  w h ich  th e r e  i s  s u b s t i t u t i o n  i n  th e  

f r e e  ammonium g ro u p . U sing  th e s e  d a ta  c o n c lu s io n s  may b e  draw n on  th e  

in f lu e n c e  o f  th e  a d d i t i o n a l  s u b s t i t u e n t  on th e  a d s o r p t io n  o f  th e  m o le c u le .

The a c e t y l a t i o n  o f  th e  f r e e  ammonium g roup  o f  g ly c in e  i s  found  

to  p r e v e n t  c o m p le te ly  th e  a d s o r p t io n  o f  th e  m o le c u le . However, s a r c o s in e ,  

a  r e l a t e d  s t r u c t u r e ,  i s  a d so rb e d  by  th e  s i l i c a ,  a l th o u g h  to  a  s m a ll  e x t e n t .  

C o n se q u e n tly , th e  co m p le te  i n h i b i t i o n  o f  a d s o r p t io n  shown by N - a c e ty lg ly c in e  

m ust be  due  to  t h e  c lo s e  p ro x im ity  o f  th e  a c e t y l  g roup  to  th e  im ino  g ro u p . 

The a c e t y l  g ro u p , w hich i s  e l e c t r o n e g a t i v e  i n  c h a r a c t e r ,  w i l l  b e  r e p e l l e d  

by th e  n e g a t iv e ly  c h a rg e d  s i l i c a  and  th u s  i n h i b i t  a d s o r p t io n .  A s im i l a r
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T a b l e  6 .

Temp, = 37°C ,

Amino A cid Graph a E (k )  37°C .

G ly c in e 3 7 .0 2 .4 7 x 1 0 “ 2

N -A c e ty lg ly c in e - No Adspn * -

S a rc o s in e 15 2 .3 3 .5 4 x 1 0 ”2

B e ta in e 16 1 .8 3 . 16x 1

P r o l in e 17 7 .2 7 .8 4 x 1 0~ 2

H ydroxypro 1 in e 18 3 .3 1 . 1x 10“ 1

+ T hese f i g u r e s  s h o rn  f o r  b e ta in e  w ere o b ta in e d  fro m  a n  
0 ,0 1  M aqueous s o lu t i o n  o f  th e  h y d r o c h lo r id e  a t  pH 2 .1 4 .
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in f lu e n c e  was shown by th e  c a rb o n y l  g roup  in  b o th  u r e a  and  h y d a n to ic  

a c id .  However, th e  a d s o rp tio n  b e h a v io u r  o f  N ~ a c e ty lg ly c in e  i s  v e ry  

s i g n i f i c a n t ,  s in c e  i t  c o n ta in s  th e  im p o r ta n t  p e p t id e  l i n k a g e ,  f r e e  from  

th e  e f f e c t s  o f  o t h e r  s u b s t i t u e n t s ,  and  i t  may, t h e r e f o r e ,  b e  d ed u ced  

t h a t  th e  a d s o r p t io n  o f  any o th e r  am ino a c id ,  p e p t id e  o r  p r o t e i n  m o le c u le  

does  n o t  ta k e  p la c e  th ro u g h  th e  im ino  g roup  o f  th e  p e p t id e  l in k a g e .

F u r th e r ,  s in c e  N - a c e ty lg ly o in e  i s  more a c i d i c  by  1 .2  pH u n i t s  th a n  th e  

f a t t y  a c id  o f  com parab le  l e n g t h ,  n - v a l e r i c  a c i d ^ ^ ,  th e  p e p t id e  l in k a g e  

i s  th u s  o b se rv e d  to  i n c r e a s e  th e  e l e c t r o n e g a t i v i t y  o f  th e  m o le c u le  by 

in f lu e n c in g  th e  d i s s o c i a t i o n  o f  th e  c a rb o x y l  g ro u p .

On s u b s t i t u t i o n  o f  th e  ammonium g roup  o f  g ly c in e  by a n  i n c r e a s ­

in g  num ber o f  m e th y l g ro u p s , t h e r e  i s  a  p r o g r e s s iv e  i n c r e a s e  i n  r a t e  b u t  

d e c re a s e  i n  e x te n t  o f  a d s o r p t io n  o f  th e  m o le c u le , a s  shown by s a r c o s in e  

and  b e t a i n e .  The a d s o r p t io n  o f  b e t a i n e  was c a r r i e d  o u t  fro m  an  0 .01  M 

aqueous s o lu t i o n  o f  th e  h y d r o c h lo r id e  a t  pH 2.14*  I n  s o l u t i o n  th e  b e ta i n e  

sy s tem  may b e  r e p r e s e n te d  a s

+ —
(CEy y  ~ N.CH2 .0 0 0  + HCl.

I n  th e  z w i t t e r i o n  th e  n i t r o g e n  atom  b e a r s  a  s t r o n g  p o s i t i v e  c h a rg e ,  b u t  

a t  pH 2 .1 4  th e  a d ja c e n t  c a rb o x y l  g roup  (pK 1 . 8 4 ) ^ ^  w i l l  b e  p a r t i a l l y  

d i s s o c i a t e d  to  i t s  n e g a t iv e ly  c h a rg e d  c a r b o x y la te  io n  w h ich  w i l l  t e n d  t o  

r e t a r d  th e  a d s o r p t io n  o f  th e  m o le c u le .

Anomalous r e s u l t s  h av e  b e e n  o b ta in e d  f o r  t h e  a d s o r p t io n  b e h a v io u r  

o f  p r o l i n e  and  h y d ro x y p ro l in e . The e x p e r im e n ta l  d a ta  f o r  p r o l i n e  show no 

r e l a t i o n s h i p  w ith  th o s e  f o r  i t s  s t r a i g h t  c h a in  a n a lo g u e s ,  cx -  a n d  d -
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a m in o v a le r ic  a c i d s ,  th e  e x te n t  o f  a d s o r p t io n  o f  p r o l i n e  b e in g  g r e a t e r  

and i t s  r a t e  l e s s .  However, a s  i s  to  be  e x p e c te d , th e  r a t e  o f  a d s o r p t io n  

o f p r o l i n e  i s  in te r m e d ia t e  be tw een  th o s e  o f  th e  r e l a t e d  s t r u c t u r e ,  

s a rc o s in e  and  b e t a i n e ,  a l th o u g h  i t s  e x te n t  i s  c o n s id e r a b ly  h ig h e r .

N e ith e r  o f  th e s e  t h r e e  am ino a c id s  c o n ta in  a n  ammonium g ro u p , b u t  

s a rc o s in e  and  p r o l i n e  b o th  c o n ta in  an iraino  g roup  and b e ta in e  a  c o m p le te ­

ly  s u b s t i t u t e d  ammonium g ro u p .

The r a t e  o f  a d s o r p t io n  f o r  h y d ro x y p ro lin e  i s  a ls o  v e ry  c lo s e l y  

r e l a t e d  to  t h a t  f o r  b e t a i n e .  C om parison o f  th e  e x p e r im e n ta l  d a ta  f o r  

p r o l in e  and h y d ro x y p ro l in e  shows t h a t  th e  h y d ro x y l g roup  o f  th e  l a t t e r  

has s l i g h t l y  i n c r e a s e d  th e  r a t e  o f  a d s o r p t io n  o f  th e  m o lecu le  and  d e ­

c re a se d  th e  e x t e n t .  T h is  s l i g h t  in c r e a s e  i n  r a t e  i s  i n  d i r e c t  c o n t r a s t  

to  th e  e f f e c t  shown by  th e  h y d ro x y l g roup  i n  th e  s t r a i g h t  c h a in  amino 

a c id , s e r i n e .  However, S m ith  shown t h a t  th e  i n t r o d u c t i o n  o f

the  h y d ro x y l g roup  i n t o  th e  p r o l i n e  r in g  does n o t  p ro d u c e  a  s im i l a r  s t r o n g  

i n t e r a c t i o n  b e tw e en  t h e  m o le c u le s  i n  s o lu t i o n ,  a s  d o es  th e  h y d ro x y l g roup  

o f s e r i n e .  C o n s e q u e n tly , t h e r e  sh o u ld  b e  no p ron o u n ced  change i n  r a t e  o f  

a d s o rp t io n  b e tw e en  p r o l i n e  an d  h y d r o x y p ro l in e ;  th e  s l i g h t  change o b se rv e d  

i s  n e g l i g i b l e  when com pared  w ith  t h a t  o b se rv e d  i n  th e  p a i r ,  o(  - a l a n in e

— s e r i n e .  S in c e  t h e r e  a r e  two e le c t r o n e g a t i v e  g roups i n  th e  hydroxy­

p r o l in e  m o le c u le , b o th  o f  w h ich  w i l l  be r e p e l l e d  by th e  n e g a t iv e ly  c h a rg e d  

s i l i c a ,  th e  lo w e r e x te n t  o f  a d s o r p t io n ,  a s  com pared w ith  t h a t  f o r  p r o l i n e ,  

i s  to  be e x p e c te d .

1 .5 . M is c e lla n e o u s  s im p le  n i t r o g e n o u s  compounds.

I n  t a b l e  7 8-re r e p o r t e d  th e  e x p e r im e n ta l  d a ta  f o r  a  num ber o f



T a b l e  7.

S u b stan ce  

G lyc ine  

G lycocyam ine 

B y dan to ic  A cid  

Sem icar b a z id e  Io n  

G uanid in ium  Io n

Temp, ss 37°C.

G-^aph a E (k )  37°C.

3 7 .0  2 .47x1 O'"2

2 4 .9  8 .7 4 x 1 0 ‘ 2

No Adspn *

1 $ . 6  2 .5 6 x 1 0 ” ^

1 12 .3  7 .6 3 x 1 O’"1
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s im ple  n i t r o g e n o u s  compounds w hich a r e  c lo s e ly  r e l a t e d  i n  s t r u c t u r e  to  

g ly c in e ,  an d  u s in g  o u r  p r e v io u s  c o n c lu s io n s  i t  m y  be  p o s s ib l e  to  

e lu c id a t e  th e s e  d a t a .  A lth o u g h  th e s e  a d d i t i o n a l  compounds a r e  n o t  t r u e  

amino a c id s  th e y  c o n ta in  p o l a r  g ro u p s s i m i l a r  to  th o se  o f  t h e  am ino a c id s .

The pH o f  an  0 .01  M s o lu t i o n  o f  g lycocyam ine  ( g u a n id in o a c e t i c  

a c id )  i n  d i s t i l l e d  w a te r  was 8 .4  a p p r o x . , w hich r e p r e s e n t s  i t s  i s o e l e c t r i c  

pH. A s i m i l a r  s o l u t i o n  o f  g ly c in e  had  a  pH o f  5 .9 7 , t h e  i s o e l e c t r i c  pH o f  

g ly c in e ;  and  th e s e  d a t a ,  t h e r e f o r e ,  show t h a t  th e  guain id in ium  g roup  o f  

g lycocyam ine i s  more e l e c t r o p o s i t i v e  th a n  th e  ammonium g roup  o f  g ly c in e .  

Thus, t h e  g ly co c y a m in e  m o le c u le  w i l l  be  more s t r o n g l y  a t t r a c t e d  by th e  

s i l i c a  th a n  th e  g ly c in e  m o le c u le , and  th e  g r e a t e r  r a t e  o f  a d s o r p t io n  o f  

g lycocyam ine i s  to  be  e x p e c te d . However, b e c a u se  o f  th e  s t r o n g e r  e l e c t r o ­

p o s i t i v e  n a tu r e  o f  t h e  g u a n id in iu m  g ro u p , th e  f o r c e  o f  i n t e r a c t i o n  b e tw e en  

in d iv id u a l  m o le c u le s  i n  th e  g lycocyam ine  s o lu t i o n  w i l l  be  g r e a t e r  th a n  t h a t  

ih  th e  g ly c in e  s o l u t i o n .  T h is  e f f e c t  te n d s  t o  oppose th e  in c r e a s e d  f o r c e  

o f a t t r a c t i o n  f o r  th e  s i l i c a  and  r e s u l t s  i n  th e  lo w er e x te n t  o f  a d s o r p t io n  

f o r  g ly co cy am in e .

I t  h a s  a l r e a d y  b e e n  r e p o r te d  t h a t  h y d a n to ic  a c id  i s  n o t  a d s o rb e d , 

f o r  r e a s o n s  s i m i l a r  t o  th o s e  g iv e n  f o r  u r e a  i t s e l f .  However, i n  c i t r u l l i n e  

( ta b le  2 b ) ,  th e  w eak ly  b a s i c  c h a r a c te r  o f  th e  u re a  g roup  a p p e a rs  to  e x e r t  

a s l i g h t  i n f lu e n c e  on th e  a d s o r p t io n  b e h a v io u r  o f  th e  m o le c u le .

The a d s o r p t io n  d a t a  f o r  th e  s e m ic a rb a z id e  io n  ( t a b l e  7 ) ,  

^N.CO.NH.NH^+j w ere o b ta in e d  from  an aqueous s o lu t i o n  o f  th e  h y d r o c h lo r id e  

o f pH 2 .2 ,  i n  w h ich  th e  io n  c o n c e n t r a t io n  was 0 .1  M» S im i la r ly ,  th e  d a t a  

fo r  th e  gnan-irHnjnin io n  w ere o b ta in e d  fro m  a n  aqueous s o lu t i o n  o f  th e
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c a rb o n a te  o f  pH 11 a p p r o x . ,  where th e  io n  c o n c e n t r a t io n  was 0 .1  M. A 

com parison  o f  th e  d a ta  f o r  th e  r e s p e c t i v e  io n s  shows t h a t  th e  g u a n id in iu m  

io n  i s  more r a p i d l y  a d s o rb e d  and to  a  g r e a t e r  e x te n t  th a n  th e  sem icarbazide  

io n . T hese r e s u l t s  show t h a t  th e  g u an id in iu m  io n  i s  th e  more s t r o n g l y  

e l e c t r o p o s i t i v e  an d  f u r t h e r  th e  s e m ic a rb a z id e  io n  c o n ta in s  th e  e l e c t r o ­

n e g a tiv e  c a rb o n y l  g roup  w hich  te n d s  to  be  r e p e l l e d  by th e  s i l i c a .  I t  

should  be n o te d ,  how ever, t h a t  th e s e  s t r u c t u r e s  a r e  t r u e  i o n s ,  a s  d i s t i n c t  

from z w i t t e r i o n s , an d  c o n s e q u e n tly  t h e r e  i s  no i n t e r a c t i o n  b e tw e en  

in d iv id u a l  io n s  i n  s o l u t i o n  w hich w ould r e t a r d  a d s o r p t io n .

Summary o f  S e c t io n  1.

I n  t h e  p re c e d in g  s e c t i o n  th e  a d s o r p t io n  c h a r a c t e r i s t i c s  o f  a  

number o f  am ino a c id s  and r e l a t e d  s u b s ta n c e s  have  b e e n  d is c u s s e d  i n  d e t a i l .  

In  a d d i t io n  to  th e  ammonium and c a rb o x y la te  g ro u p s , th e  in f lu e n c e  o f  o th e r  

secondary  s u b s t i t u e n t s  c o n ta in e d  i n  th e  m o le c u le , on th e  a d s o r p t io n  

b eh av io u r o f  th e  am ino a c id  have  a ls o  b e e n  s tu d i e d .  I t  i s  now c o n v e n ie n t 

to  sum m arise th e  p r e c e d in g  d a ta  i n  th e  fo rm  o f  g e n e ra l  c o n c lu s io n s .

(A) G e n e ra l C o n c lu s io n s .

(1 )  I n  aqueous s u s p e n s io n , th e  s i l i c a  a d s o rb e n t  i s  n e g a t iv e ly  

charged . A d s o rp tio n  o f  th e  am ino a c id s  from  aqueous s o lu t i o n  o c c u rs  

p r im a r i ly  by m u tu a l  a t t r a c t i o n  o f  th e  p o s i t i v e l y  c h a rg e d  ammonium group 

of th e s e  m o le c u le s  an d  th e  n e g a t iv e ly  c h a rg e d  s i l i c a .  The s e m ic a rb a z id e  

and g u a n id in iu m  io n s  a r e  a l s o  a d so rb e d  by v i r t u e  o f  t h e i r  p o s i t i v e  c h a rg e .

(2 )  The r a t e  an d  e x te n t  o f  a d s o r p t io n  o f  th e  am ino a c id  a r e  

de te rm ined  by  th e  fo llo w in g  c o n s id e r a t io n s  : -

(a) th e  i n t e r a c t i o n  o f  th e  m o le c u le s  w i th  one a n o th e r  i n  aqueous s o lu t i o n ;
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(b) th e  n a tu r e  an d  p o s i t i o n  o f  se c o n d a ry  s u b s t i t u e n t  g ro u p s  w i th in  th e  

m o le c u le ;

(c) th e  in f lu e n c e  o f  th e s e  se co n d a ry  s u b s t i t u e n t s  on th e  i n t e r a c t i o n  

be tw een  th e  arnino a c id  m o le c u le s  i n  s o lu t i o n ;

(d) b u lk  o f  th e  s e c o n d a ry  s u b s t i t u e n t  i n  th e  a d so rb e d  m o le c u le s ,  w h ich , 

f o r  l a r g e  s u b s t i t u e n t s  w i l l  h in d e r  f u r t h e r  a d s o r p t io n .

(B) I n f lu e n c e  o f  s e c o n d a ry  s u b s t i t u e n t  g ro u p s .

(1) A lk y l g ro u p s . ( I n  R. CH(HH2 ) w h e r e  R = a lk y l  g ro u p .)

I n  g e n e r a l ,  r a t e s  o f  a d s o r p t io n  a r e  h ig h  f o r  am ino a c id s  con ­

form ing  to  th e  fo rm u la , R.CE^RHpJ'CO.H, w here R i s  an  a l k y l  g ro u p . As R
2

in c r e a s e s  i n  b u lk ,  t h e r e  i s  a  s l i g h t  d e c re a s e  i n  th e  r a t e  and  a  p ro n o u n ced  

d e c re a se  i n  e x te n t  o f  a d s o r p t io n .

(2) F u r th e r  s u b s t i t u t i o n  i n  th e  a lk y l  g ro u p . (R. (CH2 )n .CH(KH2 ) .

The p o l a r i t y  o f  R i s  v e ry  im p o r ta n t .  I f  s t r o n g l y  e l e c t r o n e g a t i v e ,

as i s  th e  h y d ro x y l  g roup  o f  s e r i n e ,  th e  r a t e  o f  a d s o r p t io n  o f  th e  amino

a c id  i s  e x tre m e ly  low , an d  th e  e x te n t  v e ry  s m a ll .  I n  th e  c a se  o f  g lu ta m ic  

a c id , w here R i s  t h e  s t r o n g l y  e le c t r o n e g a t i v e  c a rb o x y l  g ro u p , a d s o r p t io n  

i s  c o m p le te ly  i n h i b i t e d .  "When l e s s  s t r o n g ly  p o l a r ,  R in f lu e n c e s  b o th  th e  

e l e c t r o p o s i t i v e  s t r e n g t h  o f  th e  m o le c u le  and th e  e x te n t  o f  i n t e r a c t i o n  

betw een i n d i v i d u a l  m o le c u le s  i n  s o l u t i o n .  F o r h ig h ly  p o l a r ,  e l e c t r o ­

p o s i t iv e  am ino a c id s  (n  = 1 ) ,  t h i s  i n t e r a c t i o n  i n  s o l u t i o n  i s  c o n s id e r a b le  

and r e s u l t s  i n  r a t e s  and  e x te n t s  o f  a d s o r p t io n  w hich a r e  b o th  lo w er th a n  

fo r  o C -a la n in e . H ow ever, when R i s  s t r o n g ly  e l e c t r o p o s i t i v e ,  a s  in  h i s t i d i n e ,  

th is  a d v e rs e  e f f e c t  i n  s o lu t i o n  may be  m o d if ie d  by th e  in c r e a s e d  f o r c e  o f
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a t t r a c t i o n  o f  th e  s i l i c a  f o r  th e  more s t r o n g ly  e l e c t r o p o s i t i v e  amino 

a c id  m o le c u le . As th e  v a lu e  o f  n  i n c r e a s e s ,  th e  e x te n t  o f  a d s o r p t io n  

d e c re a s e s  ow ing to  th e  b u lk  o f  th e  m o le c u le  i n  th e  a d s o rb e d  s t a t e .

(3 ) S e p a ra t io n  o f  th e  ammonium and  c a rb o x y la te  g ro u p s .

H2N.(CH2 )n . Co2Hi

The r a t e  and  e x te n t  o f  a d s o r p t io n  o f  /?•- a l a n in e  (n  = 2 . )  a r e  

b o th  g r e a t e r  th a n  f o r  g ly c in e ,  i n d i c a t i n g  t h a t  th e  c a rb o x y la te  g ro u p  

e x e r ts  a n  i n f lu e n c e  on th e  a d ja c e n t  ammonium g roup  i n  g ly c in e  w hich te n d s  

to  r e t a r d  o r  p r e v e n t  a d s o r p t io n .  On i n c r e a s in g  s e p a r a t io n  (n  }  2 ) ,  th e

r a t e  o f  a d s o r p t io n  o f  th e  m o le c u le  becom es i n c r e a s i n g ly  r a p id  b u t  th e  

e x te n t  d e c re a s e s  s h a r p ly .

(4 ) S u b s t i t u t i o n  i n  th e  ammonium g ro u p .

N - a c e ty lg ly c in e  i s  n o t  a d s o rb e d , b e c a u se  o f  th e  e l e c t r o n e g a t i v e  

a c e ty l  g ro u p  a d ja c e n t  t o  th e  im in o  g ro u p . The r e s u l t  shows t h a t  amino 

a c id s  and  p e p t id e s  a r e  n o t  a d s o rb e d  th ro u g h  th e  p e p t id e  l in k a g e .  I n c r e a s ­

ing  s u b s t i t u t i o n  o f  th e  ammonium g roup  o f  g ly c in e  by th e  m e th y l g roup  g iv e s  

r i s e  to  an  i n c r e a s e  i n  r a t e  and  d e c re a s e  i n  e x te n t  o f  a d s o r p t io n ,  from  

s a rc o s in e  to  b e t a i n e .

N o tes.

(1 )  The b e n z en e  r i n g  o f  (b - p h e n y la la n in e  ( t a b l e  2 a )  d e c re a s e s  

in  a  p ro n o u n ced  m anner th e  r a t e  an d  e x te n t  o f  a d s o r p t io n  o f  th e  m o le c u le  

when com pared w i th  c< - a l a n i n e .

(2 )  The r a t e  o f  a d s o r p t io n  o f  t ry p to p h a n e , c o n ta in in g  th e  in d o le

group , i s  c o n s id e r a b ly  g r e a t e r  th a n  t h a t  o f  fb - p h e n y la la n in e .
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(3 )  L y s in e  i s  a d s o rb e d  th ro u g h  th e  £ -ammonium g ro u p , w hich 

i s  more e l e c t r o p o s i t i v e  th a n  th e  -a. - ammonium g roup .

(4 )  P r o l i n e  and  h y d ro x y p ro l in e ,  w hich a re  b o th  a d so rb e d  th ro u g h  

an im ino g ro u p , show b e s t  co m p ariso n  t o  s a r c o s in e  and b e t a i n e .

(3 )  N e i th e r  u r e a  n o r  h y d a n to ic  a c id  i s  a d s o rb e d , w hich s u g g e s ts  

th a t  n e i t h e r  g lu ta m in e  n o r  a s p a r a g in e  can  b e  a d so rb e d  th ro u g h  t h e i r  am ide 

g roups.

(6 )  T a u r in e  i s  n o t  a d s o rb e d , w hich  em p h asise s  th e  a d v e rs e  

e f f e c t  o f  th e  l a r g e  e l e c t r o n e g a t i v e  g ro u p .



Section 2.

E f fe c t  o f  pH on a d s o r p t io n .

2 .1 . The e f f e c t  o f  pH i n  th e  s e r i e s  R.CH(;NH2)*C02H

(w here R = a l k y l  g ro u p ) .

A l l  e x p e r im e n ts  to  d e te rm in e  th e  e f f e c t  o f  pH on a d s o r p t io n  

were c a r r i e d  o u t  from  0 .0 1  M aqueous s o lu t i o n s  o f  th e  amino a c id s  a t  25°C.

These s o l u t i o n s  w ere u n b u f fe re d  s in c e  i t  i s  known t h a t  in o rg a n ic  s a l t s
(V7'\

a l t e r  th e  s o l u b i l i t i e s  o f  th e  amino a c id s  i n  w a t e r '  '  and  a l s o  i n f lu e n c e  

the  i n t e r a c t i o n  b e tw e en  th e  m o le c u le s  i n  s o lu t i o n .

The fu n d a m e n ta l f a c t o r  in v o lv e d  when th e  pH o f  th e  amino a c id  

s o lu t io n  i s  a l t e r e d  i s  th e  change i n  e x te n t  o f  d i s s o c i a t i o n  o f  th e  amino 

and c a rb o x y l  g ro u p s ;  c o n s e q u e n tly  th e  e f f e c t  o f  pH on th e  a d s o rp t io n  o f  

the  amino a c id  may be  d i s c u s s e d  from  t h i s  p o i n t  o f  v iew .

The e f f e c t  o f  pH on th e  e x te n t  o f  a d s o r p t io n  o f  g ly c in e  and th e  

c < -a lk y l  s u b s t i t u t e d  am ino a c id s  i s  shown in  g ra p h  19 , and th e  e s s e n t i a l  

e x p e rim e n ta l d a t a  h av e  b e e n  sum m arised and  a r e  r e p o r te d  i n  t a b l e  8 .

Of th e s e  am ino a c i d s ,  on ly  g ly c in e  i s  n o t  a d so rb e d  to  th e  

maximum e x te n t  a t  i t s  i s o e l e c t r i c  pH. However, as  th e  pH o f  th e  s o lu t i o n  

d e c re a se s  from  th e  i s o e l e c t r i c  pH o f  th e  amino a c id ,  th e  e x te n t  o f  

d i s s o c i a t io n  o f  th e  c a rb o x y l  g roup  (-CG0H) i n to  th e  n e g a t iv e ly  c h a rg e d  

c a rb o x y la te  g roup  (-C0C”"} a ls o  d e c r e a s e s .  S im u lta n e o u s ly , w i th  d e c re a s e  

in  pH o f  th e  s o l u t i o n ,  i t  i s  o b se rv e d  from  g ra p h  19 t h a t  th e  e x te n t  o f  

a d s o rp t io n  o f  g ly c in e  i n c r e a s e s  to  a  maximum ( t a b l e  w hich i s  a t t a i n e d  

over th e  pH ra n g e  4 .3  ~ 5 .5 .  C o n se q u e n tly , i t  may b e  co n c lu d ed  t h a t  th e
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T a b l e  8.

T enp. = 2 5 °c .

Amino Acid amax. P^max.

Glycine 1 2 .2 4*3 -  5*5

c<-Alanine 1 1 .3 4*0 -  6 .3

<X -Aminobutyric Acid 5*2 4 .1 5 -  7*5.

Norvaline 3*7 4 .2  -  8 .2

Norleucine 2 .1 4 .2  -  8 .3

amax = ma3° JBBm a d s o r p t io n  i n  m oles x  10”^ / s ta n d a r d  s u r f a c e  a r e a  1*

pH^ax. = pH r a n g e  w i t h in  w h ich  maximum a d s o r p t io n  i s  a t t a i n e d .
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n e g a tiv e ly  c h a rg e d  c a r b o x y la te  g ro u p , e x e r t s  an i n f lu e n c e  te n d in g  to  

r e t a r d  o r  p r e v e n t  th e  a d s o r p t io n  o f  th e  amino a c id .  T h is  c o n c lu s io n  

i s  to  be e x p e c te d , s in c e  t h e r e  w i l l  b e  a  f o r c e  o f  r e p u l s io n  be tw een  th e  

c a rb o x y la te  g ro u p  and  th e  n e g a t iv e ly  c h a rg e d  s i l i c a .

In  s t r o n g l y  a c i d i c  s o l u t i o n s ,  o f  pH 2 -  3  a p p ro x . ,  low a d s o rp ­

t io n s  a r e  o b ta in e d  f o r  a l l  amino a c id s ,  i r r e s p e c t i v e  o f  s t r u c t u r e .  

V e rw e y (^ )  h a s  shown t h a t  th e  z e t a - p o t e n t i a l  o f  s i l i c a  p a r t i c l e s  i n  

aqueous m edia  o f  i n c r e a s in g  (H+) / s y s t e m a t i c a l l y  i n  th e  p o s i t i v e  d i r e c t i o n .

The f o l lo w in g  d a t a  i s  g iv e n  by V erw ay: -

Z e t a - p o te n t i a l  o f  s i l i c a  i n  HD1 ( i n  m i l l i v o l t s )

Z e ta - p o te n t i a l  o f  s i l i c a  i n  10 “-^n HC1 ( u n )

Z e t a - p o te n t i a l  o f  s i l i c a  i n  10~^n HC1 ( " ” )

Z e t a - p o te n t ia l  o f  s i l i c a  i n  0 . 1n HC1 ( M n )

(N ot to  be m e a su red ).

C o n s id e r in g  th e  above d a t a ,  i t  becom es c l e a r  t h a t  th e  low 

a d s o rp t io n s  o f  th e  am ino a c id s  i n  s t r o n g ly  a c id i c  s o lu t io n s  a r e  due to  

the  change i n  z e t a - p o t e n t i a l  o f  th e  s i l i c a  p a r t i c l e s .

As th e  pH o f  th e  s o lu t i o n  in c r e a s e s  beyond th e  i s o e l e c t r i c  pH 

o f  th e  am ino a c i d ,  t h e  e x te n t  o f  d i s s o c i a t i o n  o f  th e  p o s i t i v e l y  c h a rg ed  

ammonium g ro u p , i n t o  i t s  u n c h a rg e d  amino fo rm , a ls o  i n c r e a s e s .  S im u lta n e ­

o u s ly , t h e  e x te n t  o f  a d s o r p t io n  o f  g ly c in e ,  and o f  a l l  amino a c id s  s tu d i e d ,  

d e c re a se s  r a p i d l y  and  f i n a l l y  c e a s e s  a t  a  pH w here th e  ammonium group  i s  

v i r t u a l l y  c o m p le te ly  i n  i t s  u n c h a rg ed  amino fo rm . T hese o b s e rv a t io n s  show 

th a t  a d s o r p t io n  o f  th e s e  amino a c id s  t a k e 3 p la c e  th ro u g h  th e  ammonium group

= -5 6 .

= -3 7 .

= - 20.

= w eakly p o s i t i v e



by v i r t u e  o f  i t s  p o s i t i v e  c h a rg e .

From t a b l e  8 i t  i s  o b se rv e d  t h a t  th e  pH ra n g e  f o r  maximum 

a d s o rp t io n  o f  < x -a la n in e  i s  g r e a t e r  th a n  t h a t  f o r  g ly c in e .  F u r th e r ,  

oK -alanine an d  th e  o th e r  o C -a lk y l amino a c id s  a t t a i n  maximum a d s o r p t io n  

a t  t h e i r  i s o e l e c t r i c  p o i n t s ,  These r e s u l t s  i n d i c a t e  t h a t  th e  n o n - p o la r  

m ethyl g ro u p  e x e r t s  an  in f lu e n c e  w hich  m o d if ie s  th e  a d v e rs e  e f f e c t s  o f  

the  c a r b o x y la te  g ro u p . The rem a in in g  - a l k y l  amino a c id s  i n  t a b l e  8 

show t h a t ,  a s  th e  a l k y l  g roup  in c r e a s e s  i n  s i z e ,  th e r e  i s  a  m ost p ro n o u n ce d  

d e c re a se  i n  e x te n t  o f  maximum a d s o r p t io n ,  a l th o u g h  t h e r e  i s  an  i n c r e a s e  i n  

th e  pH ra n g e  w i th in  w h ich  i t  t a k e s  p l a c e .  T h is  in c r e a s e  i n  pH ra n g e  f o r  

maximum a d s o r p t io n  i n d i c a t e s  t h a t  th e  in f lu e n c e  o f  th e  a lk y l  g roup  i n ­

c re a s e s  w i th  i t s  l e n g t h ,  and  from  t a b l e  8 i s  o b s e rv e d  to  a t t a i n  i t s  

maximum e f f e c t  w i th  n o r  v a l in e  and  rem a in s  c o n s ta n t  w ith  n o r le u c in e .  The 

ob se rv ed  d e c re a s e  i n  e x te n t  o f  a d s o r p t io n  o f  th e  amino a c i d ,  accom panying  

th e  I n c r e a s e  i n  l e n g th  o f  th e  a lk y l  g ro u p , has  a lr e a d y  been  o b se rv e d  in  

s e c t io n  1 when d i s c u s s in g  th e  r a t e s  o f  a d s o r p t io n  o f  th e s e  same amino a c id s .

2 .2 . The e f f e c t  o f  pH i n  th e  s e r i e s  HpN. (CHp^.COpH.

The e f f e c t  o f  pH on th e  e x te n t  o f  a d s o r p t io n  o f  th e  am ino a c id s  

in  t h i s  s e r i e s  i s  shown in  g ra p h  20 . The e s s e n t i a l  e x p e r im e n ta l  d a ta  have

been sum m arised  and  a r e  shown i n  t a b l e  9*

The g e n e r a l  b e h a v io u r  o f  th e s e  amino a c id s  re se m b le s  t h a t  shown 

by th e  c < -a lk y l  amino a c id s  o f  t h e  p r e c e d in g  s e r i e s .  A t a l k a l i n e  pH v a lu e s ,  

th e  e x te n t  o f  a d s o r p t io n  o f  t h e  p r e s e n t  s e r i e s  a g a in  d e c re a s e s  r a p id ly  w ith  

in c r e a s in g  d i s s o c i a t i o n  o f  t h e  ammonium group  and f i n a l l y  c e a s e s  when th e
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T a b l e  9.

Ten$>. = 2 5 °c .

Amino A oia  V z .  pIW x .

G lycine 1 2 ,2  4o3 -  5*5

/ $ -A la n in e  1 2 ,4 5  4 * 4  -  7*7

K -A m inobutyric A cid  1 1 ,6  4* 5 “ 8* 5

5 -  A m in ova ler ic  A cid  5*1 4*3 -  9*1

£ -A m inocaproic A cid  1 ,49  4*5 -  9*4
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ammonium g roup  i s  c o m p le te ly  i n  i t s  u n ch a rg ed  amino form . I n  s t r o n g l y  

a c id ic  s o lu t i o n s  low a d s o r p t io n s  a r e  a g a in  o b ta in e d .

Prom t a b l e  9 i t  i s  o b s e rv e d  t h a t  th e  pH ra n g e  o f  maximum 

a d s o rp t io n  f o r  g ly c in e  i s  l e s s  th a n  t h a t  f o r  / 3 - a l a n i n e ,  i n  w hich th e r e  

i s  a g r e a t e r  s e p a r a t i o n  o f  th e  two p o la r  g ro u p s . F u r th e r ,  i n  t h i s  s e r i e s  

o f amino a c id s  o n ly  g ly c in e  i s  n o t  a d so rb e d  to  th e  maximum e x te n t  a t  i t s  

i s o e l e c t r i c  pH. T hese r e s u l t s  em phasise  th e  a d v e rs e  i n f lu e n c e  o f  th e  

n e g a tiv e  c a r b o x y la te  g ro u p , when a d ja c e n t  to  th e  ammonium group a s  i n  

g ly c in e  o r  o th e r  -am ino  a c id s .

The re m a in in g  am ino a c id s  o f  t a b l e  9 show t h a t ,  on i n c r e a s in g  

s e p a ra tio n  o f  th e  two p o l a r  g ro u p s , t h e r e  i s  a n  in c r e a s e  i n  th e  pH ra n g e  

fo r  maximum a d s o r p t io n  and a  p ro n o u n ced  d e c re a s e  i n  e x te n t .  A co m p ariso n  

o f th e  d i s s o c i a t i o n  c o n s ta n t s  o f  th e  ammonium g ro u p s o f  th e  r e s p e c t iv e

(3 4 )amino a c id s  shows l i t t l e  change  i n  t h e i r  e l e c t r o p o s i t i v e  s t r e n g th ,  and 

co n seq u e n tly  th e s e  ch an g es  i n  th e  a d s o r p t io n  b e h a v io u r  o f  th e  amino a c id s  

a re  th e  d i r e c t  r e s u l t  o f  t h e  in c r e a s e d  c h a in  le n g th  s e p a r a t i n g  th e  two 

p o la r  g ro u p s . S in c e  t h e  pH ran g e  o f  maximum a d s o r p t io n  i s  th e  same f o r  

d - a m in o v a le r ic  a c i d  a s  f o r  i; -a m in o c a p ro ic  a c id ,  i t  may be deduced  t h a t  

the a d v e rse  e f f e c t  o f  th e  c a rb o x y la te  group on  th e  a d s o r p t io n  o f  th e s e  

# > le c u le s  i s  n e g l i g i b l e .  A p r o g r e s s iv e  d e c re a s e  i n  e x te n t  o f  maximum 

a d so rp tio n  w i th  i n c r e a s i n g  l e n g th  o f  t h e  m o le c u le  a g a in  ta k e s  p la c e .

I t  i s  now c l e a r  t h a t  /3 ” a l an in e  i s  u n iq u e  i n  t n i s  s e r i e s  ( t a b l e  S) ,  

s in ce  th e  i n c r e a s e  i n  pH ra n g e  o f  maximum a d s o r p t io n  p ro d u ce d  by th e  i n ­

c reased  s e p a r a t i o n  o f  th e  two p o l a r  g roups i s  n o t  accom pan ied  by a  d e c re a s e  

in  e x te n t  ow ing to  th e  b u lk  o f  th e  a d so rb e d  m o le c u le s .
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2. j5* The e f f e c t  o f  pH on th e  a d s o r p t io n  o f  l y s i n e .

When th e  am ino a c id  m o le c u le  c o n ta in s  two e l e c t r o p o s i t i v e  g roups 

a study  o f  th e  e f f e c t  o f  pH on th e  a d s o rp t io n  o f  th e  m o le c u le  i s  o f  con­

s id e ra b le  a s s i s t a n c e  i n  d e te rm in in g  th e  g roup th ro u g h  w hich a d s o r p t io n  

takes p la c e .  S e v e ra l  exam ples in v o lv in g  t h i s  m ethod o f  ap p ro a c h  w i l l  be 

g iven in  th e  re m a in d e r  o f  t h i s  s e c t i o n .

B e fo re  ex am in in g  th e  e x p e r im e n ta l  a d s o r p t io n  d a ta  f o r  l y s i n e  i t

i s  c o n v e n ie n t t o  s tu d y  f i r s t  o f  a l l  th e  n a tu r e  o f  th e  m o le c u le  i n  s o l u t i o n .

(3 9 )This h a s  b e e n  done b y  Cohnv , whose r e s u l t s  and c o n c lu s io n s  a r e  b r i e f l y  

summarised i n  th e  f o l lo w in g  d i s c u s s io n .

l y s i n e ,  a s  a  d i b a s i c  amino a c id ,  may e x i s t  i n  s o lu t i o n  i n  th e  

th re e  i s o e l e c t r i c  fo rm s

m 2 hh*+ m 2

f *  f *  f *
CH.HH^+ (A) CH.HH2 (B). CH.BH2 (c )

COO” COO" COOH

Any one o f  t h e s e  s t r u c t u r e s  may l o s e  a  h y d rogen  io n  to  fo im  th e  a n io n  (d )  

H (Ch2 V cH(HH2 ).C 00" .

The t h r e e  d i s s o c i a t i o n  c o n s ta n t s  in v o lv e d  a r e  th e n ,

(H+) (D )/(A ) = Ka  J (H+) (D ) /(B )  = %  ; (H+) ( d ) / ( C )  = Kq

hence, KA ( a ) = %  (B ) = %  ( C )   eq u ation  ( 1 ) .

I n  e s t i m a t in g  pK^ an d  pKg i t  i s  p ro h a b ly  b e s t  t o  ig n o r e  th e

e f f e c t  o f  t h e  d i s t a n t  -NK2 g roup  on th e  d i s s o c i a t i o n  o f  th e  c h a rg e d  ~NH^ 

group; th e  e f f e c t  i s  p r o b a b ly  v e ry  s m a ll  an d  w i l l  b e  ab o u t th e  same f o r
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"both th e  fo rm s A and  B. To o b t a i n  v a lu e s  f o r  pKA an d  pKg we may employ 

G r e e n s te in 's  e q u a t io n

pK (NH'5+) =  1 0 .7 2  -  ( 0 .9  /  d ) .........................................  e q u a t io n  (2)

where d = num ber o f  c a rb o n  atom s s e p a r a t in g  th e  ammonium g roup  from  th e  

c a rb o x y la te  (-C 00~ ) g ro u p .

Hence fro m  t h i s  e q u a t io n  (2 )  we c a l c u l a t e ,

pKA = 9 .8  and  pKB = 1 0 .5 4 .

While pK may b e  ta k e n  a s  e q u a l  to  pK^, a s  h a s  b e e n  deduced  f o r  th e
(3 9 )

m onoam ino-m onocarboxylic  a c id s  pK ,̂ = 4 * 3 *  5kom e q u a tio n  (1 )  th e

4  5r a t i o  o f  A:B:C i n  s o l u t i o n  i s  th e n  32 x  10 : 18 x  10 : 1.

H e re , th e n ,  th e  v e ry  h ig h ly  p o l a r  form  (b ) i s  p re d o m in a n t.

W ith  t h i s  c o n c lu s io n  i n  m ind th e  e f f e c t  o f  pH on th e  a d s o rp t io n  

o f  l y s i n e ,  shown i n  g ra p h  21 , may now be  s tu d ie d .  The e s s e n t i a l  e x p e r im e n t­

a l  d a ta  a r e  r e p o r t e d  i n  t a b l e  10.

As th e  pH o f  th e  s o l u t i o n  d e c re a s e s  from  th e  i s o e l e c t r i c  pH o f  

ly s in e ,  th e  n e g a t iv e  c a r b o x y la te  g roup (-C 00~) w i l l  e x i s t  to  an  in c r e a s in g  

e x te n t a s  th e  u n c h a rg e d  c a rb o x y l  group (-C 00H ), an d  s im u lta n e o u s ly  t h e r e  

w il l  be  an  i n c r e a s e  i n  th e  num ber o f  m o le c u le s  c o n ta in in g  a  p o s i t i v e  c h a rg e  

on b o th  th e  £ -  an d  -ammonium g ro u p . C o n se q u e n tly , th e  e l e c t r o - p o s i t i v e  

c h a ra c te r  o f  th e  m o le c u le  a s  a  whole becom es i n c r e a s i n g ly  s t r o n g ;  and  t h i s  

r e s u l t s  i n  th e  o b s e rv e d  in c r e a s e  i n  e x te n t  o f  a d s o r p t io n  w ith  d e c re a s e  in  

pH o f  th e  s o l u t i o n .

I n  a l k a l i n e  s o l u t i o n s ,  o f  pH g r e a t e r  th a n  th e  i s o e l e c t r i c  pH o f  

ly s in e ,  th e  «< -ammonium g roup  i s  c o m p le te ly  d i s s o c i a t e d  i n t o  i t s  u n ch a rg ed  

amino fo n n  and  d i s s o c i a t i o n  o f  th e  £ -ammonium g roup  a l s o  ta k e s  p l a c e .
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T a b l e  10,

Temp. = 25°C.

ly s in e

amax. P^max.

9 .1  4  -  6 .2

T a b l e 11a.

A r g in in e . Temp. = 25°C.

pH 3 .1  4 .3  5 .0  5 .4  

Adspn . 4 .0 2  4 .7 1  4 .0  2 .41

6 .9  9 .2  11.1  

0 4 .0 2  7 .1 2 .

The a d so r p tio n  i s  m easured i n  m oles x  10_:y  stan d ard  s u r fa c e  area  1 .

T a b l e 11b.

G lycocyam ine . Temp. = 25°C.

pH 2 .2  4 .0  6 .4  8 .4  1 0 .5

Adsp11. 8 .9 2  10 .1  10 .1  10.1  8 .9 2

A dso rp tion  i n  m o les  x  10” ^ / s ta n d a r d  s u r f a c e  a r e a  1
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S im u lta n e o u s ly , u n c h a rg e d  c a rb o x y l  g ro u p s  d i s s o c i a t e  i n t o  th e  n e g a t iv e  

c a rb o x y la te  g ro u p s . U nder th e s e  c o n d i t io n s  th e  e x te n t  o f  a d s o r p t io n  o f  

ly s in e  d e c re a s e s  r a p i d l y  and f i n a l l y  c e a s e s  a t  a  pH w here th e  g-aam onium  

group i s  v i r t u a l l y  c o m p le te ly  i n  i t s  u n c h a rg e d  amino fo rm .

How ever, a l th o u g h  th e  i<-ammonium g roup  i s  u n c h a rg e d  a t  th e  

i s o e l e c t r i c  pH o f  l y s i n e ,  a d s o r p t io n  s t i l l  ta k e s  p l a c e ;  an d  we may 

co n seq u e n tly  ded u ce  t h a t  t h e  £ -ammonium g roup  i s  th e  c e n t r e  o f  a d s o r p t io n ,  

no t th e  a . - g r o u p .  T h is  c o n c lu s io n  a ls o  fo llo w s  from  th e  i n i t i a l  d i s c u s s io n  

which h a s  shown t h a t  th e  p o l a r  fo rm  (B ), H ^% . (CHp)^. CH(HH2 ).C 0C ~, i s  

p redom inan t i n  s o l u t i o n .

2 .i f  The e f f e c t  o f  pH on th e  a d s o r p t io n  o f  a r g in in e  and g ly co c y  am ine .

B e fo re  ex am in in g  th e  e x p e r im e n ta l  a d s o rp t io n  d a t a  i t  i s  a g a in  

co n v en ien t t o  s tu d y  f i r s t  o f  a l l  th e  n a tu r e  o f  a r g in in e  i n  s o l u t i o n .  As 

a d ib a s ic  am ino a c i d ,  a r g i n i n e  may a l s o  e x i s t  i n  s o lu t i o n  i n  t h r e e  i s o ­

e l e c t r i c  fo rm s to  th o s e  shown f o r  l y s i n e .

NH2
I

hh2
I

nh2
f
C=NH
I

1
c=m
j

1
C=NHn+

1
Mi
1

(CHj,) (A)
i 7

1
m
1

(ch 2 )3  (b )  
1

I
m

(CEg},
11

t
CH. NBA 
|

CH.HHp
J

I _
co o COO” COGH

As f o r  l y s i n e ,  a  s i m i l a r  c a l c u l a t i o n  o f  th e  t h r e e  d i s s o c i a t i o n  c o n s ta n t s  

may b e  made f o r  a r g i n i n e ; and  th e  same c o n c lu s io n  i s  o b ta in e d .  In de e d ,  

the e x tre m e ly  p o l a r  fo rm , i n  w h ich  a  p o s i t i v e  c h a rg e  r e s i d e s  on  th e
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g u an id in e  r a d i c a l  an d  a  n e g a t iv e  c h a rg e  on th e  c a rb o x y la te  g ro u p , p r e ­

dom inates even  more th a n  i n  th e  c o rre s p o n d in g  form  in  l y s i n e .  T h is  i s  

to  be e x p e c te d  s in c e  re s o n a n c e  can  ta k e  p la c e  i n  th e  g u a n id in e  r a d i c a l  

i t s e l f  and  th e  re s o n a n c e  e n e rg y  w i l l  a s s i s t  i n  s t a b i l i s i n g  fo rm  B.

The e f f e c t  o f  pH on th e  a d s o r p t io n  o f  a r g i n i n e  from  an 0.01M 

aqueous u n b u f fe r e d  s o l u t i o n  a t  25°C i s  shown i n  g rap h  22. The e x p e r im e n t­

a l  d a ta  a r e  a l s o  r e p o r t e d  i n  t a b l e  11a (p ag e  5 1 ) .

The a r g i n i n e  was o b ta in e d  a s  t h e  m o n o -h y d ro c h lo r id e , an d  th e  pH 

o f an  o .o l  M aqu eo u s s o l u t i o n  o f  t h i s  m a te r i a l  was 6 .9 .  I n  t h i s  s o l u t i o n ,  

th e re  i s  a  p o s i t i v e  c h a rg e  on th e  ammonium g roup  o f  e a c h  m o le c u le . However, 

no a d s o r p t io n  was o b s e rv e d  a t  t h i s  pH. As th e  pH o f  th e  a r g in in e  s o l u t i o n  

becomes l e s s  th a n  6 .9 ,  th e  e x te n t  o f  a d s o r p t io n  i n c r e a s e s  i n  a  m anner 

p re v io u s ly  e n c o u n te re d  w ith  g ly c in e  and th e  o t h e r  am ino a c id s .  F u r th e r ,

as th e  pH o f  t h e  a r g i n i n e  s o l u t i o n  in c r e a s e s  beyond 6 .9 ,  a d s o rp t io n  a ls o
*

in c re a s e s  and r i s e s  t o  a  v a lu e  g r e a t e r  th a n  th e  maximum a d s o rp t io n  i n  

a c id ic  s o l u t i o n s .  C o n c u r re n t ly  w ith  th e s e  e x p e r im e n ts , th e  e f f e c t  o f  pH 

on th e  a d s o r p t io n  o f  g ly co cy am in e  was s tu d ie d .  The e x p e r im e n ta l  d a ta  f o r  

g lycocyam ine a r e  shown i n  t a b l e  l i b  (p ag e  5 i ) ,  sj^d i n  g ra p h  22.

G lycocyam ine i s  s i m i l a r  to  a r g in in e  b u t  p o s s e s s e s  no ck-am ino g ro u p , and  

was found  t o  b e  a d s o rb e d  to  an e x te n t  w hich  rem a in ed  f a i r l y  c o n s ta n t  o v e r  

a very  w ide  pH r a n g e ,  2 .2  -  1 0 .5 . The a d s o r p t io n  o f  g lycocyam ine  h a s  a l ­

ready b e e n  d i s c u s s e d  and  i s  known to  ta k e  p la c e  by v i r t u e  o f  th e  p o s i t i v e ­

ly  c h a rg e d  g u an d in iu m  r a d i c a l .

T hese f a c t s  s u g g e s t ,  t h e r e f o r e ,  t h a t  a t  pH o*9, c o r re s p o n d in g  

to a r g in in e  mono—h y d r o c h lo r id e ,  th e  e f f e c t i v e  b a s i c i t y  o f  th e  ^-am m onium
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group i s  e q u iv a le n t  to  t h a t  o f  th e  te r m in a l  g u a n id in iu m  r a d i c a l .  Thus 

the a r g in in e  m o le c u le  re se m b le s  a  ca rb o n  c h a in  w ith  a  p o s i t i v e  p o le  o f  

e q u iv a le n t s t r e n g t h  a t  each  e n d , and i t  i s  p o s s ib l e  t h a t  th e  i n t e r a c t i o n  

between th e s e  m o le c u le s  i n  s o lu t i o n  i s  su c h  a s  to  p r e v e n t  a d s o r p t io n  

tak in g  p l a c e .

How ever, a s  th e  pH o f  th e  a r g in in e  s o lu t i o n  becom es l e s s  th a n  

6 .9 ? th e  d i s s o c i a t i o n  o f  th e  u n c h a rg e d  c a rb o x y l group a ls o  d e c re a s e s  and 

co n seq u e n tly  th e  e l e c t r o n e g a t i v e  in f lu e n c e  a d ja c e n t  to  th e  «<-ammonium 

group i s  d e c r e a s e d ,  r e s u l t i n g  i n  a n  in c r e a s e  i n  th e  e f f e c t i v e  e l e c t r o ­

p o s i t iv e  c h a r a c t e r  o f  th e  c<-ammonium g ro u p . The m o le c u le  has now one 

po le  o f  g r e a t e r  p o s i t i v e  s t r e n g t h  th a n  th e  o th e r ,  a d s o rp t io n  ta lc in g  p la c e  

a t  th e  fo rm e r , i . e . ,  a t  th e  c<-ammonium g ro u p . S im i la r ly ,  as  th e  pH i n ­

c re a se s  beyond  6 . 9 ,  a  tw o - fo ld  e f f e c t  t a k e s  p l a c e .  The d i s s o c i a t i o n  o f  

the c a rb o x y l g ro u p  i n c r e a s e s ,  th e r e b y  in c r e a s in g  th e  e le c t r o n e g a t iv e  

in f lu e n c e  a d ja c e n t  to  th e  c/-ammonium g ro u p , and s im u lta n e o u s ly  th e  

ammonium g roup  i t s e l f  d i s s o c i a t e s  i n t o  i t s  u n c h a rg ed  amino form . A dsorp­

tio n  now ta k e s  p l a c e  a t  th e  g u a n id in iu m  g ro u p , w hich i s  now th e  more 

e l e c t r o p o s i t i v e  p o l e .

S in c e  g ly co cy am in e  i s  a d so rb e d  to  a  f a i r l y  c o n s ta n t  e x te n t  o v e r 

a wide pH ra n g e  i t  may b e  deduced  t h a t  th e  a d ja c e n t  n e g a t iv e  c a rb o x y la te  

group does n o t  e x e r t  any  a p p r e c ia b le  in f lu e n c e  on a d s o rp t io n  th ro u g h  th e  

guan id in ium  g ro u p .

2*5. The e f f e c t  o f  pH on th e  a d s o r p t io n  o f  h i s t i d i n e  and  t ry p to p h a n e .

The e f f e c t s  o f  pH on th e  a d s o rp t io n  o f  h i s t i d i n e  and  try p to p h a n e  

are  shown i n  g ra p h  23* The e s s e n t i a l  e x p e r im e n ta l  d a ta  have b een  sum m arised
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T a b l e  12.

Temp. = 25°G.

Amino Acid ataax.

H istid ine 8 .2 4 .1  -  7 .6

Tryptophane 7 .4 4 .2  -  7 .7

T a b l e  13.

Tenp. = 25°C.

Amino Acid amax. P^max.

Proline 9 .0 4 .3  -  7 .3

Ifrdroxyproline / 5 .5 4 .3  -  5 .8

T a b l e 14.

Temp. = 25°0 .

B eta in e .

pH 2 .1 4  5 .1 8 .0 10.2  11 .9

Adsorption 1 .8  4*74 6 .7 2 7 .6  • 7 .9
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and a re  r e p o r te d  in  t a b le  12.

iia^imum a d s o r p t io n  o f  h i s  cidxne i s  a t t a i n e d  o v e r  th e  pH ra n g e  

4.1 -  7 .6 ,  w h ich  in c lu d e s ,  th e  i s o e l e c t r i c  pH o f  th e  m o le c u le . A t th e  

i s o e l e c t r i c  pH o f  h i s t i d i n e  th e  im id a z o le  group i s  no lo n g e r  p o s i t i v e l y  

charged ; and  i t  may b e  co n c lu d e d  t h a t  a d s o rp t io n  o f  h i s t i d i n e ,  a t  any  

pH, a lw ays t a k e s  p la c e  th ro u g h  th e  -ammonium g ro u p . F u r th e r ,  a s  th e  

pH o f  th e  s o l u t i o n  in c r e a s e s  beyond th e  i s o e l e c t r i c  pH o f  h i s t i d i n e ,  th e  

e x te n t o f  a d s o r p t io n  d e c r e a s e s  r a p i d l y  and  f i n a l l y  c e a s e s  when th e  

c<-ammonium g roup  h a s  v i r t u a l l y  c o m p le te ly  d i s s o c i a t e d  i n to  i t s  u n c h a rg ed  

amino form . T h is  r e s u l t  a l s o  em p h asise s  th e  p re c e d in g  c o n c lu s io n .

Maximum a d s o r p t io n  o f  t ry p to p h a n e  t a k e s  p la c e  o v e r  a  s im i l a r  pH 

range, 4*2  -  7 * 7 3 w h ich  a g a in  in c lu d e s  th e  i s o e l e c t r i c  pH o f  th e  m o le c u le . 

C o n s id e ra tio n  o f  t h e i r  r e s p e c t i v e  s t r u c t u r e s  s u g g e s ts  t h a t  th e  in d o le  

group i s  l e s s  s t r o n g ly  e l e c t r o p o s i t i v e  th a n  th e  im id a z o le  g roup , and i t  i s ,  

t h e r e fo r e ,  u n l i k e l y  t h a t  t h e r e  i s  a  p o s i t i v e  c h a rg e  on  th e  in d o le  -WH- 

group a t  th e  i s o e l e c t r i c  pH o f  t ry p to p h a n e . T h is  c o n c lu s io n  i s  em phasized  

s in ce  maximum a d s o r p t io n  i s  s t i l l  o b ta in e d  a t  a lm o s t 2 pH u n i t s  beyond th e  

i s o e l e c t r i c  pH o f  t ry p to p h a n e ,  5 * 8 9 b u t  r a p id ly  d e c re a s e s  beyond  pH 

7 .7  and f i n a l l y  c e a s e s  when th e  ammonium group i s  i n  i t s  u n ch arg ed  amino 

form. The low  e x te n t  o f  maximum a d s o r p t io n  i s  due to  b u lk  o f  th e  l a r g e  

indo le  g roup  in  th e  a d s o rb e d  s t a t e .

2 .6 . The e f f e c t  o f  pH on th e  a d s o r p t io n  o f  p ro  l i n e , h y d r o x y p ro l in e , 

and b e t a i n e .

The e f f e c t  o f  pH on th e  a d s o r p t io n  o f  p r o l i n e  and h y d ro x y p ro lin e  

are shown i n  g ra p h  24 . The e s s e n t i a l  e x p e r im e n ta l  d a ta  a r e  r e p o r te d  i n
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ta b le  13 (page 5 5 ).

Maximum a d s o r p t io n  o f  p r o l i n e  tables p la c e  o v e r  th e  pH ran g e  

A* 3 -  7*3 , w hich in c lu d e s  th e  i s o e l e c t r i c  pH o f  th e  m o le c u le , 6 .3  

Since g ly c in e  d id  n o t  a t t a i n  maximum a d s o rp t io n  a t  i t s  i s o e l e c t r i c  pH, 

i t  may b e  deduced  t h a t  th e  h e te r o c y c l i c  r in g  o f  p ro  l i n e  e x e r t s  an i n ­

f lu e n c e , s i m i l a r  to  t h a t  o f  a  s t r a i g h t  c a rb o n  c h a in ,  w hich m o d if ie s  th e  

ad v erse  e f f e c t s  o f  th e  n e g a t iv e  c a rb o x y la te  group a d ja c e n t  to  th e  im ino  

group. As th e  pH o f  t h e  p r o l i n e  s o lu t i o n  in c r e a s e s  beyond 7*3 , th e  ex ­

te n t  o f  a d s o r p t io n  d e c r e a s e s  r a p i d l y  and f i n a l l y  c e a s e s  when th e  im ino  

group i s  v i r t u a l l y  u n c h a rg e d . T h is  r e s u l t  shows t h a t  th e  a d s o r p t io n  

mechanism f o r  p r o l i n e  i s  s i m i l a r  to  t h a t  f o r  g ly c in e  and th e  o th e r  

oC -am ino a c i d s ,  a d s o r p t io n  o f  p r o l i n e  ta k in g  p la c e  th ro u g h  th e  im ino  

group by v i r t u e  o f  i t s  p o s i t i v e  c h a rg e .

Maximum a d s o r p t io n  o f  h y d ro x y p ro lin e  ta k e s  p la c e  o v e r  th e  pH 

range k»3  -  5 * 8 , w h ich  a l s o  in c lu d e s  th e  i s o e l e c t r i c  pH o f  th e  m o le c u le . 

Again th e  h e t e r o c y c l i c  r i n g  a p p e a rs  to  m odify  th e  a d v e rs e  e f f e c t s  o f  th e  

n e g a tiv e  c a r b o x y la te  g ro u p , a s  i s  shown b y  co m p ariso n  w ith  g ly c in e *

However, b o th  th e  e x te n t  o f  maximum a d s o r p t io n  o f  h y d ro x y p ro l in e , and  th e  

pH ran g e  w i t h in  w h ich  i t  ta k e s  p l a c e  a r e  c o n s id e ra b ly  s m a l le r  th a n  f o r  

p ro l in e .  T hese r e s u l t s  a r e  to  b e  e x p e c te d  s in c e  t h e r e  a r e  two e l e c t r o ­

n e g a tiv e  g ro u p s  i n  th e  h y d ro x y p ro l in e  m o le c u le , w hich w i l l  r e s u l t  i n  a  

s tro n g e r  f o r c e  o f  r e p u l s io n  b e tw een  th e  m o le c u le  and th e  n e g a t iv e ly  

charged s i l i c a .  I n  a d d i t i o n ,  th e  g r e a t e r  p o l a r i t y  o f  th e  m o lecu le  i n ­

c re a se s  s l i g h t l y  th e  i n t e r a c t i o n  betw een  th e  m o le c u le s  i n  s o l u t i o n ,  a s  

(3 3 )was shown b y  S m ith  .



As th e  pH o f  th e  s o lu t i o n  in c r e a s e s  beyond th e  i s o e l e c t r i c  pH 

of h y d ro x y p ro l in e , th e  e x te n t  o f  a d s o r p t io n  d e c re a s e s  r a p i d l y  and  f i n a l l y  

oeases when th e  im in o  g roup  i s  v i r t u a l l y  u n ch a rg e d .

The e f f e c t  o f  pH on th e  a d s o r p t io n  o f  b e ta i n e  i s  shown i n  g rap h  

2k and a l s o  in  t a b l e  Ik* The e x p e r im e n ta l  c o n d i t io n s  a r e  th e  same a s  f o r  

the p re c e d in g  am ino a c i d s ,  th e  e x te n t  o f  a d s o r p t io n  a l s o  b e in g  m easu red  

in  m oles x  10” -* p e r  s ta n d a r d  s u r f a c e  a r e a  1 .

The b e ta i n e  sy s te m  i n  s o lu t i o n  may b e  r e p r e s e n te d  a s  f o l lo w s

+  -  +
( in  a c i d i c  s o l u t i o n s )  M e ^ . CH2 * COO H

— + *"
( in  a lk a l i n e  s o l u t i o n s )  HO IM e^. CH2 COO

The e x is t e n c e  o f  th e  d i p o l a r  i o n i c  fo rm s h a s  b e e n  v e r i f i e d  from  d i e l e c t r i c

(4 2 )  (43 )
c o n s ta n t m easu rem en ts  by  D evoto and  by B i s a l l  and «yman'

Erom t a b l e  14 (p ag e  5 5 ) 3 i t  i s  o b se rv e d  t h a t  th e  e f f e c t  o f  pH on

the a d s o rp t io n  b e h a v io u r  o f  b e t a i n e  does n o t  show a  c lo s e  r e l a t i o n s h i p  to

th a t  o f  any. o th e r  am ino a c i d .  However, t h e r e  i s  a  d i s t i n c t  s i m i l a r i t y  to

the pH d a ta  f o r  g ly c o c y a m in e , w hich  i s  a d so rb e d  to  a  f a i r l y  c o n s ta n t  e x te n t

over a  w ide pH r a n g e ,  2 .2  -  10.5* The e x te n t  o f  a d s o r p t io n  of betaine is

low in  a c i d i c  s o l u t i o n s ,  b u t  r i s e s  g r a d u a l ly  to  a  maximum adsorption in the

pH ra n g e  1 0 .2  -  1 1 . 9 .  E U rth e r , t h e r e  i s  a l s o  an  a p p r e c ia b le  i n t e r a c t i o n
,f t x

between th e  m o le c u le s  th e m s e lv e s  i n  s o lu t i o n ,  a s  nas b e e n  shewn b y  Ss 

and i t  i s  p r o b a b le  t h a t  th e  e x te n t  o f  t h i s  i n t e r a c t i o n  w i l l  also be influ­

enced by  th e  pH o f  t h e  s o l u t i o n .  T hese e f f e c t s  will com bine to vary the 

e x te n t o f  a d s o r p t io n  with. pH o f  th e  s o lu t i o n .  S in c e  adsorption increases 

w ith i n c r e a s e  in pH, i t  may be' deduced  that the1 in f lu e n c e  of the n e g a t iv e
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c a rb o x y la te  g roup  on th e  p o s i t i v e l y  c h a rg e d  n i t r o g e n  i s  o f  m inor im p o r t­

ance i n  d e te rm in in g  th e  a d s o r p t io n  b e h a v io u r  o f  th e  m o le c u le , and a g a in  

th is  i s  i n  a g re e m e n t w ith  th e  p re c e d in g  c o n c lu s io n s .

Summary o f  S e c t io n  2 .

I n  t h i s  s e c t i o n ,  th e  e f f e c t  o f  pH on th e  a d s o r p t io n  o f  a  num ber 

of amino a c id s  h a s  b e e n  s tu d i e d  and  i t  i s  now c o n v e n ie n t to  sum m arise th e  

main c o n c lu s io n s  d ed u ced . F u r th e r ,  when th e  amino a c id  m o le c u le  c o n ta in s  

two e l e c t r o p o s i t i v e  g ro u p s a  s tu d y  o f  th e  e f f e c t  o f  pH on th e  a d s o r p t io n  

of th e  m o le c u le  p r o v id e s  a  means o f  i d e n t i f y i n g  th e  g roup  th ro u g h  w hich 

a d s o rp tio n  t a k e s  p l a c e .

( j )  G e n e ra l C o n c lu s io n s .

A d s o rp tio n  o f  th e s e  am ino a c id s  and r e l a t e d  s u b s ta n c e s  ta k e s  

p lace  by v i r t u e  o f  th e  p o s i t i v e  c h a rg e  on th e  ammonium o r  s im i l a r  g ro u p , 

and c e a se s  when th e  g roup  h a s  d i s s o c i a t e d  i n to  i t s  u n ch a rg ed  fo rm .

(2) The e f f e c t  o f  pH i n  th e  s e r i e s  R.CH(HH2).C02H

(w here R = a l k y l  g ro u p ) .

I n  t h i s  s e r i e s  o n ly  g ly c in e  i s  n o t  a d so rb e d  to  th e  maximum

ex ten t a t  i t s  i s o e l e c t r i c  pH and  i t  may, t h e r e f o r e ,  be deduced  t h a t ,

(a) th e  n e g a t iv e  c a r b o x y la te  g ro u p , e s p e c i a l l y  when a d ja c e n t  to  th e  

p o s i t iv e  ammonium g ro u p , e x e r t s  an  in f lu e n c e  te n d in g  to  r e t a r d  o r  p re v e n t  

a d s o rp tio n , a n d

(b) t h a t  th e  a l k y l  g roup  m o d if ie s  t h i s  a d v e rs e  e f f e c t  o f  th e  c a rb o x y la te  

group.

As th e  a l k y l  g roup  in c r e a s e s  i n  l e n g th  th e  pH ra n g e  f o r  maximum 

a d so rp tio n  i n c r e a s e s ,  b u t  t h e r e  i s  a  p ronounced  d e c re a s e  i n  e x te n t  b e c a u se



of th e  h u lk  o f  th e  l a r g e  a l k y l  g roups i n  th e  a d so rb e d  s t a t e .

(3) The e f f e c t  o f  pH i n  th e  s e r i e s  HgN. (CHp^.COpH.

The e x te n t  o f  maximum a d s o rp t io n  o f  .3 - a l a n in e  and  th e  pH ran g e  

w ith in  w h ich  i t  t a k e s  p l a c e  a r e  b o th  g r e a t e r  th a n  f o r  g ly c in e .  These

f a c ts  em p h asise  th e  a d v e rs e  e f f e c t  o f  th e  c a rb o x y la te  g ro u p . I n c r e a s in g

s e p a ra t io n  o f  th e  two p o l a r  g ro u p s r e s u l t s  i n  a n  in c r e a s e  i n  th e  pH ra n g e  

fo r  maximum a d s o r p t io n ,  b u t  t h e r e  i s  a  p ron o u n ced  d e c re a s e  i n  e x t e n t ,  d u e , 

as i n  th e  p r e v io u s  s e r i e s ,  to  t h e  b u lk  o f  th e  l a r g e  m o le c u le s  i n  th e  

adsorbed  s t a t e .

Notes.

(1 )  A d s o rp tio n  o f  l y s i n e  ta k e s  p la c e  th ro u g h  th e  £ -ammonium

group.

(2 )  A d s o rp tio n  o f  a r g in in e  ta k e s  p la c e  th ro u g h  th e  ,x--ammonium 

group a t  pH v a lu e s  l e s s  th a n  6 . 9 , suid th ro u g h  th e  g u a n id in iu m  group  a t  

va lues g r e a t e r  th a n  6.9*

(3 )  A d s o rp tio n  o f  h i s t i d i n e ,  a t  any  pH, a lw ays ta k e s  p la c e  

through th e  K-ammonium g roup  and  n o t  th ro u g h  th e  im id a z o le  g roup .

(4 )  S i m i l a r ly ,  a d s o r p t io n  o f  t ry p to p h a n e  a lw ays ta k e s  p la c e  

through th e  <X -ammonium g roup  an d  n o t  th ro u g h  t h e  in d o le  n i t r o g e n .

(5 )  The h e t e r o c y c l i c  r in g  o f  p r o l i n e  a n d  h y d ro x y p ro lin e  

m od ifies  th e  a d v e r s e  e f f e c t  o f  th e  c a rb o x y la te  g ro u p .

(6 )  U rea  and  h y d a n to ic  a c id  a r e  n o t  a d so rb e d  a t  an y  pH and 

co n sequen tly  c i t r u l l i n e ,  a s p a r a g in e ,  and  g lu ta m in e  c a n n o t be a d so rb e d  

through t h e i r  t e r m in a l  u r e id o  o r  c a rb a n y l  g ro u p s  r e s p e c t i v e ly .



Section 3 .

K inetics o f  a d sorp tion .

In  S e c t io n  1 th e  r a t e s  o f  a d s o r p t io n  o f  th e  amino a c id s  have 

been d i s c u s s e d  i n  a  g e n e r a l  m anner and c o n c lu s io n s  d e r iv e d  fro m  th e  ex­

p e rim e n ta l d a ta  on th e  i n f lu e n c e  o f  v a r io u s  s u b s t i t u e n t s  on th e  r a t e  o f  

a d s o rp tio n  o f  t h e  m o le c u le  i n  w hich th e y  a r e  c o n ta in e d . F u r th e r ,  i n  

th is  d i s c u s s io n  we h av e  u t i l i s e d  th e  L an g n n ir r a t e  c o n s ta n t ,  k , a t  37°G 

and th e  v a l i d i t y  o f  i t s  u se  w i l l  now be shown. O th er fu n d am en ta l p ro ­

cesses in v o lv e d  i n  many a d s o r p t io n  r e a c t io n s  w i l l  a ls o  b e  d i s c u s s e d  

the p o s s i b i l i t y  o f  t h e i r  a p p l i c a t i o n  to  th e  p r e s e n t  s tu d y  o f  th e  a d s o rp ­

tio n  o f  t h e s e  am ino a c id s  w i l l  b e  exam ined.

A cco rd in g  to  H i l l^ ^ * ’-', when a  s e m i - i n f i n i t e  s o l i d  i s  b ro u g h t 

in to  c o n ta c t  w i th  a  l a r g e  q u a n t i ty  o f  a  w e ll-m ix e d  l i q u i d  c o n ta in in g  a  

d i f f u s ib l e  s u b s ta n c e  i n  c o n c e n t r a t io n  CQ, th e  t o t a l  amount w hich d i f f u s e s  

a c ro ss  u n i t  a r e a  o f  th e  b o u n d a ry  i n  tim e t  i s : -

A = 2 CG \ /  ( k t / *  ) w here k  = d i f f u s io n  c o e f f i c i e n t .

A s im i la r  e q u a t io n  was d e r iv e d  by  7 / a s b o u r n , f o r  t h e  r a t e  o f  c a p i l l ­

ary  c o n d e n s a t io n  a n d  h e  t e s t e d  t h i s  e q u a tio n  from  d a t a  o b ta in e d  by Cude 

and B u l e t t ^ f^  f o r  t h e  p e n e t r a t i o n  o f  w a te r  in to  c h a r c o a l .

The a p p l i c a t i o n  o f  th e  above e q u a tio n s  to  th e  e x p e r im e n ta l  d a ta  

o b ta ined  f o r  th e  a d s o r p t io n  o f  th e s e  amino a c id s  on s i l i c a ,  was t e s t e d  oy 

9 p lo t  o f  a d s o r p t io n  v s .  t im e , an d  i n  no  in s ta n c e  w ere  th e  e q u a tio n s  

s a ti s f ie d *  C o n s e q u e n tly , i t  w ould  a p p e a r  t h a t  th e  a d s o r p t io n  o f  th e s e  

amino a c id s  on s i l i c a  i s  n o t  fu n d a m e n ta lly  a  p r o c e s s  o f  d i f f u s i o n  o f  th e
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m olecu les i n  s o lu t i o n  to  th e  s u r f a c e  o f  th e  a d s o rb e n t ,  o r  o f  c a p i l l a r y  

c o n d e n sa tio n .

The th e o r y  o f  th e  r a t e  o f  a d s o r p t io n  on a  f r e e  s u r f a c e  was
/ 1 ■7 \

f i r s t  d e r iv e d  by  L angm uirv an d  h i s  t h e o r e t i c a l  e q u a t io n  may be 

ex p ressed  i n  th e  f o rm :-

l*1* "  a -fc) = w here = a d s o rp t io n  a t  e q u i l ib r iu m ,

a^. = a d s o r p t io n  a t  tim e  t .

The a p p l i c a t i o n  o f  th e  Langm uir th e o r y  o f  a d s o rp t io n  to  th e  e x p e r im e n ta l  

d a ta  f o r  th e  a d s o r p t io n  o f  e a ch  amino a c id  on s i l i c a  a t  37°C, was t e s t e d  

by a p l o t  o f  I n .  a j / ( a g  ~ a t )  v s » t .

T y p ic a l  p l o t s  a r e  shown i n  g rap h  25 , f o r  g ly c in e ,  o c - a la n in e ,  

v a lin e  an d  /3  - a l a n i n e .  I t  h as  b een  found  t h a t  th e  e x p e r im e n ta l  d a ta  f o r  

each amino a c i d ,  i r r e s p e c t i v e  o f  i t s  m o le c u la r  s t r u c t u r e ,  a r e  i n  good 

agreem ent w i th  th e  Langm uir e q u a t io n ,  and v a lu e s  o f  k , th e  r a t e  c o n s ta n t ,  

at  37°C have b e e n  d e te rm in e d  an d  d i s c u s s e d  in  S e c t io n  1. I t  i s  i n t e r e s t ­

ing to  n o te  t h a t  th e  a d s o r p t io n  d a ta  f o r  th e  s e m ic a rb a z id e  and g u an id in iu m  

ions a ls o  a g r e e  w i th  th e  Langm uir e q u a tio n . The r a t e s  o f  a d s o r p t io n  o f  

s e v e ra l  am ino a c id s  h av e  a l s o  b e e n  s tu d ie d  a t  d i f f e r e n t  te m p e ra tu re s  and  

the e x p e r im e n ta l  d a t a  a t  e a ch  te m p e ra tu re  a ls o  a g re e  w ith  th e  Langm uir 

eq u a tio n .

C o n s e q u e n tly , t h e  e m p ir ic a l  a ssu m p tio n s  in h e r e n t  in  th e  Langm uir 

theory  may p o s s i b l y  b e  a p p l i e d  to  th e  a d s o rp t io n  o f  th e s e  amino a c id s  by 

s i l i c a .  T hus, i t  i s  p r o b a b le  t h a t  th e  amino a c id  m o le c u le s  a r e  a d so rb e d  

to d e f i n i t e  p o i n t s  o f  a t ta c h m e n t  on th e  s u r f a c e  o f  th e  s i l i c a  an d  t h a t  

each p o in t  o f  a t ta c h m e n t  can  accommodate o n ly  one a d so rb e d  m o le c u le .
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F u rth e r, th e  Langmuir th e o ry  o f  a d s o rp tio n  p re c lu d e s  a mechanism in v o lv in g  

d if fu s io n  o r  c a p i l l a r y  co n d en sa tio n .

T hese  r e s u l t s ,  t h e r e f o r e ,  s u g g e s t  t h a t  th e  ammonium g ro u p , th e  

a c t iv e  c e n t r e  o f  th e  am ino a c id  m o le c u le , i s  a t t a c h e d  to  th e  oxygen atom  

of th e  s i l i c a ,  an d  th e  p r im a ry  f o r c e  o f  a d s o rp t io n  i s  th e  m u tua l a t t r a c t ­

ion  o f  th e  p o s i t i v e l y  c h a rg e d  ammonium group and  th e  n e g a t iv e ly  c h a rg e d  

oxygen atom  o f  th e  s i l i c a .  However, to  exam ine in  g r e a t e r  d e t a i l  th e  

n a tu re  o f  th e  a d s o r p t io n  m echanism , some therm odynam ic d a ta  m ust h e  ob­

ta in e d . I n  th e  f o l lo w in g  s e c t io n  th e  en e rg y  o f  a c t i v a t i o n  and  h e a t  o f  

a d s o rp tio n  w i l l  h e  s tu d i e d  and  fro m  th e s e  d a ta  a  more co m p le te  u n d e r­

s ta n d in g  o f  th e  a d s o r p t io n  hond may he d e r iv e d .



S e c tio n  4*

Thermodynamic d a ta .

if. 1. E nergy  o f  A c t iv a t io n .

The r a t e s  o f  a d s o r p t io n  o f  s e v e r a l  amino a c id s  have b e e n  s tu d ie d  

a t  th r e e  d i f f e r e n t  te m p e ra tu re s  and i n  e a c h  c a s e  i t  i s  o b se rv e d  t h a t  a s  

the te m p e ra tu re  r i s e s  t h e r e  i s  an in c r e a s e  in  th e  r a t e  o f  a d s o r p t io n ,  

a lth o u g h  th e  e x te n t  d e c r e a s e s .  These f a c t s  i n d i c a t e  a  d i s t i n c t  te m p e ra tu re  

c o e f f i c i e n t ,  a d s o r p t io n  t a k in g  p la c e  w ith  a  c h a r a c t e r i s t i c  v e lo c i ty .

T a y l o r h a s  c a l l e d  a d s o r p t io n  o c c u r r in g  u n d er th e s e  c o n d i t io n s  ’a c t i v a t e d  

a d s o rp t io n ’ . C o n s e q u e n tly , a  d e f i n i t e  en erg y  o f  a c t i v a t i o n  i s  n e c e s s a ry  

fo r th e  fo rm a tio n  o f  t h e  a d s o rb e d  sy stem  and  t h i s  e n e rg y  may be c a lc u la t e d  

in  th e  f o l lo w in g  m anner.

A c c o rd in g  to  th e  lan g m u ir  th e o ry  o f  th e  r a t e  o f  a d s o r p t io n  on a 

fre e  s u r f a c e ,  th e  e x p e r im e n ta l ly  m easu red  r a t e  i s  th e  d i f f e r e n c e  be tw een  

the r a t e  a t  w h ich  th e  m o le c u le s  a r e  bound on th e  s u r f a c e  and th e  r a t e  a t  

which th e y  le a v e  th e  s u r f a c e .  The e x p e r im e n ta l  r a t e  d e te rm in e d  a t  c o n s ta n t  

s o lu tio n  c o n c e n t r a t io n  i s  g iv e n  by

(1) -  d 0 / d t  = ^ ( 1 - 0 ) -  k2 ^  •

where & i s  t h e  f r a c t i o n  o f  th e  s u r f a c e  co v e red  w ith  a d so rb e d  m o le c u le s , 

and and  k 2 a r e  c o n s t a n t s .  I n t e g r a t i n g  w ith  th e  boundary  c o n d i t io n  

th a t 0 = 0  when t  = 0 ,  we o b ta in

<!>- S ’ - ”' <kl* 2>‘)
when t  = oc , 0 = 6 -,, w here 9  i s  th e  f r a c t i o n  o f  th e  s u r f a c e  c o v e re d

when e q u i l ib r iu m  i s  r e a c h e d . T h is  g iv e s  th e  r e l a t i o n
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U ) ~ / (k ^ + k g )

from w hich  i t  fo l lo w s  t h a t

(4) -  0 = 0 S (1  -  e~k t ) where k  = k 1+k2 .

Since 0  = a/ am, e q u a t io n  (4 )  can  h e  w r i t t e n  in  th e  fo rm

(5) a  = a E (1  -  e~k t )

where a  and a g  a r e  th e  am ounts a d so rb e d  a f t e r  tim e  t  and a t  e q u i l ib r iu m

r e s p e c t iv e ly  and  a ^  i s  th e  am ount a d so rb e d  when th e  s u r f a c e  i s  c o m p le te ly  

covered . E q u a tio n  (5 )  may be  r e - w r i t t e n

(6) "  I n .  a ]g/(a-g -  a )  = k t .

By a p p ly in g  e q u a t io n  (6 )  to  th e  e x p e r im e n ta l  d a ta  f o r  each amino a c id ,  

values o f  k  a t  th e  t h r e e  te m p e ra tu re s  may be o b ta in e d .

S in c e  = a ]j/am> ^ d  v a lu e s  o f  a ^  may be o b ta in e d  fro m  th e

iso therm s o f  e a c h  am ino a c id ,  th e n  v a lu e s  o f  £? g  may be  c a lc u la t e d  a t

each te m p e ra tu re .

Erom e q u a tio n  ( 3 ) ,

k^ = k . an d

k2 ^

C onsequently  v a lu e s  o f  k^ an d  k g , th e  v e lo c i ty  c o n s ta n ts  o f  th e  a d s o rp t io n  

and d e s o rp t io n  p r o c e s s  r e s p e c t i v e l y ,  may b e  c a lc u la t e d  f o r  th e  th r e e  

tenapera tu res.

U sin g  th e  A r rh e n iu s  e q u a t io n  w hich r e l a t e s  th e  v a r i a t i o n  o f  th e  

v e lo c ity  c o n s ta n t  w ith  te m p e ra tu re ,  th e  e n e rg y  o f  a c t i v a t i o n  o f  th e  a d s o rp ­

tion  p ro c e s s  (E ^ ) and o f  th e  d e s o r p t io n  p ro c e s s  (E2 ) may b e  c a l c u la t e d  and 

are shown i n  t a b l e  15*
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b in c o  "bne r  r  h o n i u s e q u a tio n  may "be e x p re s  sed  in  th e  form  

In  k-j = In  B-j -  E ^ / r t  (A d so rp tio n )
o r

I n  k 2 = i n  B2 -  Ep/RT (D e s o rp tio n )

then v a lu e s  o f  B^ and  Bg, th e  f re q u e n c y  f a c t o r s  o f  th e  a d s o r p t io n  and  

d e s o rp t io n  p r o c e s s  r e s p e c t i v e l y ,  may he  c a lc u la t e d  and a r e  a l s o  shown 

in  t a b l e  15*

C on c lu sio n s fro m  S e c t io n  4 * 1 *

(1) Group 1 .

G ly c in e , e ^ ~ a la n in e ,  and  p r o l i n e  show a  c lo s e  r e l a t i o n s h i p  

betw een t h e i r  r e s p e c t i v e  v a lu e s  o f  E-), B-j, E£, and  Bp*

(2) Group 2 .

A r e l a t i o n s h i p  i s  a l s o  o b se rv e d  be tw een  th e  r e s p e c t iv e  v a lu e s  

fo r  /S - a l a n i n e ,  Y -a m in o b u ty r ic  a c id ,  d -am in o -v a le r ic  a c id  and  l y s i n e .

I t  i s  s i g n i f i c a n t  t h a t  th e  amino a c id s  i n  g roup  1 a r e  a l l  

-am ino a c id s  w h ereas  th o s e  i n  group 2 a r e  a d so rb e d  th ro u g h  an  ammonium 

group w hich  i s  n o t  a d ja c e n t  to  th e  c a rb o x y la te  g roup . However, th e  d a ta  

in  t a b le  15 may be more c o n v e n ie n t ly  d is c u s s e d  i n  a  l a t e r  s e c t i o n  ( s e c t io n  

4*4-) a f t e r  m ore c o n c lu s iv e  e v id e n c e  on th e  n a tu r e  o f  th e  a d s o r p t io n  bond 

has b een  o b ta in e d  from  h e a t  o f  a d s o rp t io n  d a ta .

Note.

V a lu e s  o f  E-j and  Eg f o r  £ -a m in o c a p ro ic  a c id  c o u ld  n o t  be  

determ ined  e x p e r im e n ta l ly  s in c e  th e  e x te n t s  o f  a d s o rp t io n  from  an  0 .01  M 

aqueous s o lu t i o n  o v e r  th e  te m p e ra tu re  r a n g e , 25°C -  50°C , w ere so  s m a ll  

as to  p r e v e n t  t h e  d e te r m in a t io n  o f  com p le te  and  a c c u r a te  r a t e  c u rv e s .

Values o f  E-j an d  Eg f o r  b e ta in e  c o u ld  n o t  b e  d e te rm in e d  s in c e  no a p p r e c ia b le
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T a b 1 e 15.

Amino A cid Graph S1 B1 E2 b 2

Group 1* 

G ly c in e %& 8 .7 2 .8 2 x 1 02 15*5 2 .4 5 x 1 0 7

o t-A la n in e n 9*4 4 . 22x 10^ 15*5 1. 4 9 x 109

P r o l in e 28 8 .5 9 1 . 4 0 x 10^ 17*8 2 , 78x 10 9

Group 2.

f t  -A la n in e Z9 15*6 6 . 34x 107 27*1 4 .1 8 x1017

-A m in o b u ty ric  A cid 1 0 15*25 1• 65x 108 - -

 ̂-A m in o v a le r ic  A cid 5* 1 6 ,0 7 . 92x 10 8 2 9 .O 4 .4 3 x 1 0 18

l y s in e 33 1 6 .4 8 . 27x 108 3 0 .5 1 . 4 1 x 1019

E1 and  E2 = k g* o a ls . /m o le .

B-j an d  B2 = m o l e s / l i t r e / s e c .



d ii f sTQiicG i n  e x te n t  o f  a d s o r p t io n  iron i 'die 0 .01  Ji aqueous s o lu t io n  

could be d e te c te d  a t  th e  t h r e e  te m p e ra tu re s ,  25 °c , 37°C and  50°G.

A ccurate v a lu e s  o f  Ep f o r  Jf - a m in o b u ty r ic  a c id  c o u ld  n o t  he  c a l c u l a t e d .

In t h i s  c a s e ,  i s  g r e a t e r  th an  ( l - t g )  and  s in c e  th e  e r r o r  i n  d e t e r ­

m ina tion  o f  &s  i s  m a g n if ie d  in  th e  c a l c u l a t i o n  o f  (1 -  6 ^ ) ,  th e  r e s u l t ­

ing v a lu e  o f  kg i s  o n ly  a p p ro x im a te .

4 .2 . I s o th e rm s .

I s o th e rm s  f o r  th r e e  te m p e ra tu re s  have b e e n  o b ta in e d  f o r  g ly c in e ,  

o t - a l a n in e ,  p r o l i n e ,  f t  - a l a n in e ,  ^ a m in o b u ty r ic  a c id ,  ^ - a m in o v a le r i c  

a c id , £  -a tn in o o a p ro ic  a c id  and  l y s i n e ,  and a r e  shovrn. i n  g rap h s  26-33 

r e s p e c t iv e ly .

The is o th e rm s  o f  each  am ino a c id  show t h a t  a  c o n s ta n t  maximum 

a d s o rp tio n  i s  a t t a i n e d  r e p r e s e n t in g  com plete  c o v e r in g  o f th e  t o t a l  a v a i l ­

ab le  s u r f a c e  an d  a l s o  t h a t  th e  v a lu e  o f  t h i s  maximum a d s o rp t io n  i s  i d e n t i ­

ca l a t  e a c h  te m p e ra tu re .  These f a c t s  su g g e s t  t h a t  th e r e  i s  a  f i n i t e  

number o f  a d s o r p t io n  s i t e s  f o r  th e  s ta n d a r d  s u r f a c e  a re a  o f  a d s o rb e n t .

These is o th e rm s  p o s s e s s  a  l i n e a r  p o r t i o n ,  in  w hich th e  a d s o r p t io n  i s

(kS ̂p ro p o r t io n a l  t o  th e  e q u i l ib r iu m  c o n c e n t r a t io n .  Sheppard  J, when 

s tu d y in g  th e  a d s o r p t io n  o f  dy es  on AgBr, ( th e  a d s o rp t io n  o f  th e  dye i s  

a t t r i b u t e d  p r im a r i ly  to  th e  e l e c t r o s t a t i c  a t t r a c t i o n  o f  th e  dye c a t io n  

fo r  th e  h a l i d e  3 r~  io n  in  th e  AgBr l a t t i c e ) ,  a ls o  o b ta in e d  iso th e rm s  in  

which th e  a d s o r p t io n  r i s e s  l i n e a r l y  w ith  e q u i l ib r iu m  c o n c e n t r a t io n  and 

f i n a l l y  a t t a i n s  a  c o n s ta n t  maximum v a lu e  e q u iv a le n t  to  a  m onom olecular 

adsorbed l a y e r .  S heppard  r e p o r t s  th e  a d s o rp t io n  o f  th e  dye c a t io n s  to  

he i r r e v e r s i b l e  and  re m a rk s , " I t  a p p e a rs  p ro b a b le  t h a t  th e  ag reem en t o f
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CALCULATION OF AREA OCCUPIED PEE MOLECULE FROM ISOTHERM DATA0

The su rface area  o f  th e  s i l i c a  used in  th e  p rep aration  o f  

th ese  iso th erm s, as determined by th e  Lea and Nurse method, i s  41 ,400  

sq.cms* Assuming th a t th e  maximum adsorption  o f  each amino a c id ,  shown 

in  graphs 26-33  rep resen ts  com plete cover in g  o f  th e  s i l i c a  su r fa c e , then  

th e  area occupied  by each amino a c id  m olecule on th e  su r fa ce  o f  th e  

s i l i c a  may be calculated*, The area  per m olecule so c a lc u la te d  fo r  th e  

amino a c id s  in  graphs 26-33 are w ith in  th e  range 3-5  sq .A ,°  ( f o r  p r o lin e ,  

8 sq*A°)
s

These va lu es are o b v io u sly  too sm all t o  rep resen t a monolayer, 

and indeed would su ggest approxim ately 4 -5  monolayers on th e  su r fa c e  o f  

th e  s i l i c a .  However, a study o f  each iso th erm , fo r  each amino a c id ,  

shows a continuous r i s e  in  a d sorp tion  to  a con stan t sa tu r a tio n  v a lu e .

This smooth r i s e  in  ad sorp tion  i s  in  co n tra d ic tio n  t o  th e  p o s s ib i l i t y  

o f  4—5 la y e r s  on th e s i l i c a  su r fa c e . C onsequently , th e  value fo r  the  

su rfa ce  area o f  th e  s i l i c a  determ ined by th e Lea and Nurse method must 

be g r o s s ly  in  erro r . The a ir -p e r r a e a b ility  method i s  by nature much l e s s  

s e n s i t iv e  and accurate than a method based on ad sorp tion  on th e  su rface  

o f  th e  powder.



a p p a re n t, a d s o r p t io n  - is o th e rm s  w ith  a 's im p le  la n ’p u i r " 'e q u a t i o a  i s  

c o in c id e n ta l  and  n o t  o f  r e a l  s ig n i f i c a n c e ,
"'7    ' '
L indau  and  R h o d iu sv ' ^ , ■when s tu d y in g  th e  a d s o r p t io n  o f  g e l a t i n  

and eg g -a lb u m in  on q u a r t s ,  a l s o  o b ta in e d  iso th e rm s  w hich show a  f a i r l y  

l i n e a r  r i s e  i n  a d s o r p t io n  w ith  e q u i l ib r iu m  c o n c e n t r a t io n ,  an d  r e p o r t  th e  

m onom olecular l a y e r  o f  p r o t e i n  to  b e  i r r e v e r s i b l y  a d so rb e d .

The p o s s i b i l i t y  t h a t  th e  amino a c id s  may be a p p a r e n t ly  

i r r e v e r s i b l y  a d s o rb e d  on th e  s i l i c a ,  o r  a t  l e a s t  d i f f i c u l t  to  d e s o rb ,  

i s  p a r t i a l l y  s u p p o r te d  by  th e  v e ry  h ig h  v a lu e s  c a lc u la t e d  f o r  S2> th e  

energy  r e q u i r e d  to  d e s o rb  th e  amino a c id  m o le c u le .

I t  s h o u ld  be n o te d  h e re  t h a t  th e  r a t e  c u rv e s  f o r  th e  a d s o r p t io n  

o f  th e s e  am ino a c id s  a p p e a r  to  obey  th e  Langm uir a d s o r p t io n  e q u a t io n ,  b u t  

th i s  b e h a v io u r  may be c o in c id e n ta l  and  o f  no r e a l  s i g n i f i c a n c e .

4.3» H eat o f  a d s o r p t io n .

from  th e  e x p e r im e n ta l  d a ta  o f  th e s e  i s o th e rm s , v a lu e s  o f  th e  

h e a t o f  a d s o r p t io n  ( a h °  ) w ere c a l c u la t e d  in  th e  fo llo w in g  m anner, d e r iv e d  

and a p p l i e d  by V ic k e rs  t a f f ^ 0  ̂ to  d e te rm in e  h e a t s  o f  d y e in g .

The a b s o lu te  te m p e ra tu re ,  th e  s ta n d a r d  a f f i n i t y ,  and  th e  s ta n d a r d  

h e a t o f  a d s o r p t io n ,  a r e  r e l a t e d  by  th e  e q u a tio n

(9) d (  A  u ° / T ) / a ( l / T )  = A  H°

The s ta n d a r d  h e a t  o f  a d s o r p t io n  so c a lc u la t e d  may be d e f in e d  a s  th e  h e a t

a d so rb e d  p e r  m ole o f  am ino a c id ,  when a  s m a ll  q u a n t i ty  ox th e  amino a c id

i s  t r a n s f e r r e d  from  a  l a r g e  volume o f  th e  s o lu t i o n  in  i t s  s ta n d a r d  s t a t e .  

The change o f  A  H° w ith  te m p e ra tu re  i s  c o m p a ra tiv e ly  s m a ll ,  e s p e c i a l l y  

over th e  n a rro w  te m p e ra tu re  ra n g e  in v o lv e d  in  th e  a d s o r p t io n  e x p e r im e n ts ,
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so th a t  as a x i r s t  app ro x im atio n  i s  may be reg a rd ed  as co nstan t*

On in t e g r a t i o n ,  eq u a tio n  (9 ) may be ex p ressed  in  th e  foim

(10) A u°/T = A H °/T  + C c = a  c o n s ta n t ,

which can  b e  r e - w r i t t e n  a s

( 11) AH°  = ( A u ° i / T 1 -  A.u^ / t 2 ) / ( 1 / T 1 -  1 /T 2 )

where £  u° and A u°2 are va lu es o f  A u° a t the two tem peratures T-j 

and Tp r e s p e c t iv e ly .  In  c a lc u la t in g  a f f i n i t i e s  there i s  d i f f i c u l t y  in  

fin d in g  a s a t is fa c to r y  exp ression  fo r  the a c t iv i t y  or e f f e c t iv e  concen­

tra tio n  o f  the amino a c id  on the adsorbent in  terms o f  the measurable 

concentration  (a )a . I f  th e  a c t iv i t y  be represented  a s  an unknown fu n ctio n  

of the con cen tra tion  o f  the amino acid  on the adsorbent, independent o f  

temperature to  a f i r s t  approxim ation, and w r itten  f n . ( a )a ? then , n e g le c t ­

ing the a c t iv i t y  c o e f f i c ie n t s  in  s o lu t io n ,

(12) -  A u° = ST In . fn . (a )a/ ( o ) s

where ( c ) g = con cen tra tion  o f  amino a c id  in  so lu tio n  in  equ ilibrium  

with (a )a adsorbed.

From the a f f i n i t y  a t  two tem peratures T.j and T2

(13) AH° = -R.Tr T2./(T2-T1)[ln»(^-(a)a.(o)s1-/fti.

(a>aM°)s) j
I f  t h e  c o n d i t io n s  a r e  so a d ju s t e d  t h a t  th e  c o n c e n t r a t io n  o f  am ino a c id  on

-j
th e  a d s o rb e n t  i s  th e  same a t  b o th  te m p e ra tu re s ,  f h .  ( a ) a  = f n .  ( a ) a  > so  t h a t

(14) A H 0 = -R.T1.T2 . / ( T 2-T1) ( ln*(°)B1/(o)aj
C o n se q u e n tly , i t  i s  p o s s ib l e  to  c a l c u l a t e  th e  h e a t  o f  a d s o r p t io n  from  a  

’Knowledge o f  t h e  c o n c e n t r a t io n s  o f  amino a c id  i n  s o lu t io n  w h ich  a r e  i n  

e q u il ib r iu m  w i th  th e  same amount o f  am ino a c id  on th e  a d s o rb e n t  a t  two



d i f f e r e n t  te m p e ra tu re s .

I n  t a b l e  16 a r e  shown th e  e x p e r im e n ta l  d a t a ,  f o r  each  am ino 

a c id ,  from  w hich  mean v a lu e s  o f  A  g° (o b se rv e d )  o v e r  th e  te m p e ra tu re  

ran g e  s tu d ie d  (25°C  -  50°C) w ere o b ta in e d  by u s in g  e q u a tio n  ( 1 4 ) .

An in d e p e n d e n t c a l c u l a t i o n  o f  th e  v a lu e s  o f  A 13° may b e  made 

from  th e  r e l a t i o n s h i p ,

El -  S2 = AH° 

and th e  v a lu e s  so  o b ta in e d  a r e  shown i n  t a b l e  16 a s  A H ° ( c a l c . ) .

C o n c lu s io n s  from  S e c t io n  4 * 3 *

(1 )  The v a lu e s  o f  A h0 ( c a l c . )  a r e  i n  good ag reem en t w i th  

th o s e  o f  A H °  ( o b s . ) .

( 2 )  F o r e a c h  am ino a c id  i n  g roup  1 , th e  v a lu e s  o f  .A 13° i s  

6 .0 0  k g . c a l s . / m o l e  a p p ro x im a te ly .

(3 )  F o r  each  am ino a c id  i n  group 2 , th e  v a lu e  o f  A H ° i s  1 1 .6  

kg. c a ls o /m o le  a p p ro x im a te ly .

(4 )  A l l  v a lu e s  o f  A H° a r e  n e g a t iv e  i n  s ig n  i n d i c a t i n g  t h a t  

th e  a d s o r p t io n  p r o c e s s  i s  e x o th e rm ic .

I t  i s  now d e s i r a b l e  to  exam ine in  d e t a i l  th e  v a lu e s  o f  E-j and 

E2 ( t a b l e  15) and  th o s e  o f  A H° an d  to  d e r iv e  fro m  them  some c o n c lu s io n s  

on th e  n a tu r e  o f  th e  a d s o r p t io n  bonds betw een  th e  am ino a c id s  and s i l i c a .

4 .4*  N a tu re  o f  th e  a d s o r p t io n  b o n d s .

The s ig n i f i c a n c e  o f  h y d rogen  b r id g in g  i n  amino a c id  an d  p r o t e i n  

s t r u c t u r e s  i s  now w e ll  known. A lb re c h t  and C o r e y ^   ̂ have  e s t a b l i s h e d  th e  

s t r u c t u r e  o f  th e  g ly c in e  c r y s t a l  by X -ray  m eth o d s , and  hav e  c o n c lu d e d  t h a t
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T a b l e  16.

Amino A cid ( ° ) s 1 /T x105 -A H ° -A H °
( ° k ) ( o b s . ) ( c a l c . )

Group 1.

G ly c in e 0 . 5 7 3 .3 6
0 .8 6 3 .2 3 3 .9 3 6 . 6 0
1o 24 3 .1 0

OC-Alanine 1 .3 0 3 .3 6
1 .9 0 3 .2 3 5 .8 7 6 .1 0
2 .8 0  - 3*10

P r o l in e 0o 68 3 .3 6
1 .0 0 3 .2 3 6 .0 0 9 .2 0
1 .4 9 3 .1 0

Group 2 .

/$  -A la n in e 0 .4 0 3 .3 6
O. 8 3 3 .2 3 1 1 .5 7 1 1 .5 0
1 .8 2 3 .1 0

if -A m in o b u ty ric O. 4 6 3 .3 6
1 1 .6 1a c id . 0 .9 9 3 .2 3 X

2 .1 3 3 .1 0

-A m in o v a le r ic 0 .9 3 3 .3 6
a c id . 1 .9 8 3 .2 3 1 1 .5 5 1 3 .0 0

4 .2 2 3 .1 0 *

£  -A m in o cap ro ic 1 .4 0 3 .3 6
a c id . 2 .9 8 3 .2 3 1 1 .5 4 X

6 .1 9 3 .10

l y s i n e 0 .7 7 3 .3 6
1 1 .6 01 .6 8 3 .2 3 1 3 .9 0

3 .5 3 3 .1 0

(o )  = c o n c e n t r a t io n  o f  am ino a c id  i n  s o lu t i o n  in  m oles x  10“  / l i t r e
s  w h ich  i s  i n  e q u i l ib r iu m  w ith  th e  same am ount o f  am ino a c id  

a d s o rb e d  a t  t h e  th r e e  te m p e ra tu re s .
A H° ( o b s . )  = kg . c a l s . /m o le  
A  B° Cc a l c * ) = -E 2 = k g .c a . ls . /m o le .

X See n o te  i n  c o n c lu s io n s  o f  S e c t io n  4*1*
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i n  t h e  c r y s t a l  th e  m o lecu le  h a s  t h e  z w i t t e r io n  s t r u c t u r e  w ith  two o f  th e  

t h r e e  h y d ro g en  a to m s a t ta c h e d  t o  th e  n i t r o g e n ,  fo rm in g  s t r o n g  h y d ro g en  

bonds to  oxygen atom s i n  th e  same l a y e r  and th e  t h i r d  s h a r in g  i t s  bond- 

fo rm in g  c a p a c i ty  n e a r ly  e q u a l ly  betw een  two n e a r e s t  oxygen atom s i n  th e  

a d ja c e n t  l a y e r .  I n  v iew  o f  th e s e  f a c t s ,  i t  i s  p o s s ib l e  t h a t  s im i la r  

h y d ro g en  bonds may be  fo rm ed  betw een  th e  ammonium g ro u p  o f  th e  a d so rb e d  

amino a c id  and  th e  oxygen atom s o f  th e ? .,s i l ic a  a d s o rb e n t .  S im i la r  

h y d ro g en  bonds have b een  found  i n  th e  c r y s t a l  s t r u c t u r e s  o f  <A -alanine

. (53)and d ik e to p ip e r a z in e  , and th e  im p o rta n c e  o f  hy d ro g en  b r id g in g  i n
(54)

p r o t e i n s  h a s  been  d is c u s s e d  by A s tb u ry  . The e n e rg y  o f  fo rm a tio n
(55)

o f  th e  h y d ro g en  bond i s  r e p o r te d  by P a u l in g  to  b e o f  th e  o r d e r  o f

5 k g . c a l s . / m o l e .
o

Prom a s tu d y  o f  th e  n u m e ric a l v a lu e s  o f  o b ta in e d  f o r  th e

amino a c i d s ,  th e  fo llo w in g ; d i s c u s s io n  may be advanced  on th e  p o s s ib l e  

n a tu r e  o f  a d s o r p t io n  bonds fo rm e d . The ag reem en t be tw een  th e  klH0 

v a lu e s  f o r  th e s e  amino a c id s  and  th e  v a lu e s  o f P a u l in g  f o r  hydrogen
o

b onds may be c o i n c i d e n t a l , I t  i s  n o te d , how ever, t h a t  f o r  b e ta in e  <dH 

i s  a p p ro x im a te ly  1 -2  k g . C a l s . /m o le .  ( s e e  p .7^»} I t  i s  s i g n i f i c a n t  

t h a t  b e ta i n e  h a s  no hyd rogen  atom s a t ta c h e d  to  th e  q u a te r n a r y  n i t r o g e n  

and can th u s  fo rm  no hydrogen  bonds w ith  t h e  oxygen atom s o f  th e  s i l i c a .  

The m echanism  o f  a d s o rp t io n  deduced  i n  th e  fo llo w in g  d i s c u s s io n  i s  n o t 

c o n s id e r e d  a s  s u p e rs e d in g  th e  e a r l i e r  th e o r y  o f  e l e c t r o s t a t i c  a t t r a c t i o n  

betw een  t h e  s i l i c a  and th e  ammonium g ro u p  o f  th e  amino and m o le c u le , b u t 

i s  th o u g h t  o f  a s  a  se co n d a ry  b o n d in g  m echanism  o p e r a t in g  i n  c o n ju n c t io n  

w ith  th e  e l e c t r o s t a t i c  a t t r a c t i o n .  A d so rp tio n  t a k e s  p la c e  p r im a r i ly  by 

e l e c t r o s t a t i c  a t t r a c t i o n  and when th e  hydrogen  a to m s o f  t h e  ammonium



g ro u p  come w i th in  th e  sp h e re  o f  in f lu e n c e  o f  th e  oxygen atom s o f  th e  

s i l i c a ,  t h e n  hyd rogen  bonds may be fo rm ed  th u s  c o n s t i t u t i n g  se c o n d a ry  

a d s o r p t io n  b o n d s .

The r e l a t i o n s h i p  b e tw een  E-j_, E2 > and  A H ° may be e x p re s s e d  

d ia g ra ra m a tic a l ly  a s  f o l l o w s : -

T r a n s i t io n  s t a t e

p..
f r e e  m o le c u le  ^

i n  s o lu t i o n7 ..
f

Ati1
VO ;: 5

J ic q o 'i s t a t e .

' c-'j-jc HA. To z e e  Size i ?ei-J 10 yfoi 'ls b v l

: :.v. v gh.t no v .  • • •; v ; i i c - ie c c o s lb  ee l iN v l± o i  ;v l  . c  >!?:•:■ o

■/I  ̂ n ' o :.Vwf-:l *.■ 9 .-V .D aV iO l s.br-od n o i J - \coai: ’ l : i  -:n
i*

r ' l o  z c d i e r  e f j  bfui- d h lo .s  cnxiv.s ':r, : v o l  oo

ic", j -id-o g iev ew o ri . o s l o a  .1. j I  . 1b j n e h i e © ; ; ■© r q.,:r v 
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The v a lu e s  o f  &  H° r e f l e c t  th e  d i f f e r e n c e  betw een  th e  num ber o f  bonds 

form ed i n  th e  a d s o rb e d  s t a t e  ( in d i c a t e d  by E2 ) and th e  num ber b ro k en  i n  

s o lu t io n  ( i n d i c a t e d  by  E ^ ).

F or Group 1 , th e  v a lu e s  o f  A H°, 6 k g . c a l s . / m o l e ,  (w h ich  i s  

com parab le  to  th e  bond s t r e n g t h  o f  one h y d ro g en  bond) i n d i c a t e  t h a t  th e  

number o f  bonds fo rm ed  i n  th e  a d so rb e d  s t a t e  i s  g r e a t e r  by one th a n  th e  

number w h ich  may be b ro k e n  i n  s o lu t i o n .  I t  i s ,  t h e r e f o r e ,  p o s s ib l e  t h a t  

each  am ino a c id  m o le c u le  o f  group 1 fo rm s one hyd rogen  bond i n  th e  

a d so rb e d  s t a t e .

C om parison  o f  th e  E-j v a lu e s  o f  g ro u p s 1 an d  2 show th a n  an 

a d d i t i o n a l  q u a n t i ty  o f  e n e rg y , 6 k g . c a ls . /m o le  a p p r o x . , i s  r e q u i r e d  to  

a c t i v a t e  th e  m o le c u le s  o f  g roup  2 and  c o n s e q u e n tly  th e s e  l a t t e r  m o le c u le s  

may fo rm  one h y d ro g en  bond in  s o lu t i o n .  The ^ H °  v a lu e s  o f  g roup 2 

i n d ic a te  t h a t  i n  th e  a d so rb e d  s t a t e  th e  number o f  bonds form ed i s  g r e a t e r  

by two (e a c h  o f  s t r e n g t h  6 kg . c a l s . / m o l e  a p p ro x .)  th a n  th e  num ber b ro k en  

in  s o lu t i o n .  S in c e  i n  th e  fo rm a tio n  o f  th e  t r a n s i t i o n  s t a t e  i n  s o lu t i o n  

one h y d ro g en  bond  i s  b ro k e n , i t  i s ,  t h e r e f o r e ,  p o s s ib le  t h a t  group  2 

m o lecu le s  fo rm  t h r e e  h y d ro g en  bonds i n  th e  a d so rb e d  s t a t e .

I f ,  i n  g roup  1 , one h y d ro g en  bond i s  form ed i n  th e  a d so rb e d  

s t a t e ,  th e n  t h e r e  rem a in  (E2 -  6 ) = 1 0  kg . c a l s . /m o le  a p p ro x . t o  be 

e v o lv ed  i n  th e  fo rm a tio n  o f  o th e r  a d s o rp t io n  b o n d s . S im i la r ly ,  i n  group 

2 , i f  t h r e e  h y d ro g en  bonds a r e  form ed i n  th e  a d so rb e d  s t a t e ,  th e n  

(E2- I 8 ) = 10-11  k g . c a l s . / m o l e  ap p ro x . rem ain  w hich a l s o  r e f l e c t  th e  

fo rm a tio n  o f  o t h e r  a d s o r p t io n  b o n d s . A s i m i l a r i t y  i s  th u s  o b s e rv e d  be tw een  

groups 1 an d  2 .
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T h is  e n e rg y , 1 0 - 1 1  kg . c a l s . / m o l e ,  i s  p ro b a b ly  e v o lv e d  i n  

the  fo rm a tio n  o f  th e  p o la r  bond b e tw een  th e  p o s i t i v e l y  c h a rg e d  ammonium 

group o f  th e  am ino a c id  m o le c u le  and th e  n e g a t iv e ly  c h a rg e d  s i l i c a ,  w hich 

i s  th e  fu n d a m e n ta l m echanism  o f  th e  a d s o r p t io n  p ro c e s s  a s  h a s  been  shown 

in  p r e v io u s  s e c t i o n s .  A d d i t io n a l  d a ta  s u p p o r t in g  t h i s  h y p o th e s is  may be 

d e r iv e d  from  th e  v a lu e s  o f  an d  B2 ( t a b l e  1 5 ), th e  f re q u e n c y  f a c t o r s ,  

o f  b o th  g ro u p s  1 and  2.

The i n t e r p r e t a t i o n  o f  th e  f re q u e n c y  f a c t o r  i n  r e a c t i o n  k i n e t i c s

in  s o lu t i o n  h a s  b e e n  d i s c u s s e d  i n  d e t a i l  by B e l l ^ ^ ,  who r e p o r t s  t h a t  

15 19v a lu e s  o f  B o f  1 0 ^ ~  10 a r e  o n ly  o b se rv e d  i n  r e a c t i o n s  b e tw een  two 

o p p o s i te ly  c h a rg e d  p o l a r  m o le c u le s . The v e ry  h ig h  v a lu e s  o f  Bp o f  1 0 ^  -  

1 0 ^  f o r  g ro u p  2 m o le c u le s  m ust mean p a r t i a l  c h a rg e  n e u t r a l i s a t i o n  i n  th e  

r e v e r s e  p r o c e s s  from  th e  a d so rb e d  to  th e  t r a n s i t i o n  s t a t e .  C o n v e rs e ly , 

i n  th e  fo rw a rd  a d s o r p t io n  p ro c e s s  th e  g e n e ra l  t r e n d  o f  B-j v a lu e s  o f  b o th  

groups 1 a n d  2 i s  one  o f  c o n tin u o u s  s e p a r a t io n  o f  c h a rg e s  in  th e  amino 

a c id  m o le c u le  from  th e  f r e e  to  th e  a d so rb e d  s t a t e .  These f a c t s  s u g g e s t ,  

t h e r e f o r e ,  t h a t  i n  s o l u t i o n  a t  i t s  i s o e l e c t r i c  pH, th e  d i p o la r  amino a c id  

m o le c u le , w hich  h a s  a  n e t  c h a rg e  o f  z e ro ,  a b s o rb s  e n e rg y , th e  e f f e c t  b e in g  

to  i n c r e a s e  th e  s e p a r a t i o n  o f  i t s  o p p o s i te  c h a rg e s .  F i n a l l y ,  beyond th e  

t r a n s i t i o n  s t a t e  a d s o r p t io n  ta k e s  p l a c e ,  and th e  c h a rg e  s e p a r a t io n  i s  

g r e a t e s t  i n  th e  a d s o rb e d  s t a t e .  Thus th e  v a lu e s  o f  B-) &nd B2 o f  b o th  

g roups 1 a n d  2 s u p p o r t  th e  p o l a r  m echanism  o f  a d s o r p t io n  be tw een  th e  

amino a c id  a n d  s i l i c a .

I n  g roup  1 th e  v a lu e s  o f  E-j, th e  e n e rg y  o f  a c t i v a t i o n ,  a r e  8 -9  

kg. c a l s . / m o l e .  I f ,  i n  group 2 , 6 kg . c a l s . /m o le  a r e  r e q u i r e d  to  b re a k
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one h y d ro g en  bond i n  s o l u t i o n ,  th e n  a  f u r t h e r  9 kg . c a l s . /m o le  a p p ro x . 

a re  a l s o  r e q u i r e d  to  a c t i v a t e  th e  m o le c u le . T h is  q u a n t i ty  o f  e n e rg y , 

common to  b o th  g ro u p s  1 and 2 , a r i s e s  owing to  th e  fo llo w in g  f a c t o r s .

(1 ) E nergy  i s  a d s o rb e d  t>y th e  amino a c id  m o le c u le s  th e  e f f e c t  b e in g  

to  in o e a s e  th e  s e p a r a t i o n  o f  t h e i r  o p p o s i te  c h a rg e s .

(2 ) The a d s o r p t io n  s i t e  on th e  s u r f a c e  o f  t h e  s i l i c a  w i l l  b e  s o lv a te d

a n d  e n e rg y  i s ,  t h e r e f o r e ,  r e q u i r e d  to  d e s o lv a te  th e  s i t e  b e f o r e

a d s o r p t io n  w i l l  t a k e  p l a c e .

(3 ) S im i la r ly ,  th e  p o s i t i v e  ammonium group o f  th e  amino a c id  m o lecu le

i n  th e  t r a n s i t i o n  s t a t e  m ust b e  d e s o lv a te d  b e f o r e  a d s o r p t io n  ta k e s  

p l a c e .

S in c e  e a c h  amino a c id  i n  group 1 form s o n ly  one hyd rogen  bond 

in  th e  a d s o rb e d  s t a t e ,  and th o s e  in  group 2 form th re e  su ch  b o n d s , i t  i s  

e v id e n t  t h a t  th e  c a rb o x y la te  g ro u p , when a d ja c e n t  to  th e  ammonium g ro u p , 

a s  i n  g roup  1 , e x e r t s  a  s t e r i c  " b lo c k in g " e f f e c t  i n  th e  a d so rb e d  s t a t e .

T h is  s t e r i c  e f f e c t  i s  r e f l e c t e d  i n  th e  v e ry  low v a lu e s  o f  B-j o f  group  1. 

S ince  th e  g e o m e tr ic a l  r e q u ire m e n ts  f o r  a d s o r p t io n  a r e  h ig h ly  s p e c i f i c  

f o r  m o le c u le s  o f  g roup  1, t h e i r  v a lu e s  o f  E-j and  E2 rau$ t  be c o r re s p o n d in g ly  

s m a l le r  th a n  th o s e  f o r  m o le c u le s  o f  g roup 2 , i n  o r d e r  t h a t  t h e i r  r a t e s  o f  

a d s o rp t io n  and  d e s o r p t io n  s h a l l  be  co m p arab le .

As h as  b e e n  r e p o r te d  (page  6 6 ) ,  no a p p r e c ia b le  change i n  e x te n t  

o f  a d s o r p t io n  o f  b e ta in e  c o u ld  be d e te c te d  a t  th e  te m p e ra tu re s  25°C , 37°C 

and 3 0 °G. C o n se q u e n tly  th e  h e a t  o f  a d s o rp t io n  f o r  b e ta in e  m ust be  v e ry  

low, and i s  p ro b a b ly  1 -2  kg . c a l s . /m o le .  B e ta in e  p o s s e s s e s  no h y d ro g en  

atoms d i r e c t l y  a t t a c h e d  to  th e  p o s i t i v e l y  c h a rg e d  n i t r o g e n  and th u s  c a n n o t



form  h y d ro g en  "bonds w ith  th e  s i l i c a *  The a d s o r p t io n  bond b e tw een  b e ta in e  

and s i l i c a  i s  p ro b a b ly  p u r e ly  e l e c t r o s t a t i c  and th u s  th e  bond betw een  

s i l i c a  and g ly c in e  ( A  H° = 6  kg . c a l s . / m o l e . ) i s  s t r o n g e r  th an  a  o u re ly  

e l e c t r o s t a t i c  bond  and i s  t h e r e f o r e  p o s s ib ly  a  h y d rogen  bond a s  h a s  b een  

su g g e s te d .

Thus th e  m echanism  o f  a d s o r p t io n  o f  th e  amino a c id s  on s i l i c a  

i s  p r im a r i ly  one o f  e l e c t r o s t a t i c  a t t r a c t i o n  and  when th e  ammonium g roup  

ap p ro a c h e s  th e  oxygen atom  o f  th e  s i l i c a ,  th e n  hydrogen  bonds may b e  

form ed w hich  c o n s t i t u t e  se c o n d a ry  b o n d in g  f o r c e s .
(5 7 , 58)

T i s e l i u s  , h a s  i n v e s t i g a t e d  th e  a d s o r p t io n  o f  w a te r  and

ammonia on th e  z e o l i t e  c r y s t a l s ,  h e u la n d i te  and  a n a l c i t e ,  and  c o n s id e r s  

t h a t  su c h  a d s o r p t io n ,  w hich  ta k e s  p la c e  be tw een  m o le c u le s  w i th  s t r o n g  

perm anen t d i p o le s  and io n i c  c r y s t a l s ,  c o n s t i t u t e s  th e  b o r d e r l in e  b e tw een  

p h y s ic a l  an d  c h e m ic a l a d s o r p t io n .  The h e a t  o f  a d s o r p t io n  o f  w a te r  on 

h e u la n d i te  was 14.1 k g . c a l s . / m o l e ,  and  t h a t  o f  arimonia on a n a l c i t e  was 

16 .6  kg . c a l s . / m o l e .  T hus, th e s e  a d s o r p t io n  s tu d i e s  by  T i s e l i u s  a r e  

s im i la r  i n  c e r t a i n  r e s p e c t s  to  th e  p r e s e n t  s tu d y  o f  th e  a d s o r p t io n  o f  

amino a c id s  on s i l i c a .

C o n c lu s io n s  from  S e c t io n  4 - 4 *

From th e  p r e c e d in g  d i s c u s s io n  we may d e r iv e  th e  f o l lo w in g  g e n e r a l  

c o n c lu s io n s  c o n c e rn in g  th e  m echanism  o f  a d s o r p t io n  o f  th e s e  am ino a c id s  on 

s i l i c a .

(1 )  The p r im a ry  m echanism  o f  a d s o rp t io n  i s  th e  m u tu a l a t t r a c t i o n  

o f  th e  p o s i t i v e l y  c h a rg e d  ammonium o r  im ino  g roup  o f  th e  amino a c id  m o le c u l 

and th e  n e g a t iv e ly  c h a rg e d  oxygen a torn o f  th e  s i l i c a .



j -hi tn e  ad so rbed  s t a t e , the  arjaioniuai group may a ls o  form 

hydrogen bonds w ith  th e  e le c tro n e g a t iv e  oxygen atoms o f  th e  s i l i c a .

(3 )  -Amino a c id s ,  in  c o n t r a s t  to  /3  ) ( - ,  and h ig h e r  a c id s ,

form o n ly  one hydrogen bond in  th e  adso rbed  s t a t e  due to  a s t e r i c  

’’blocking*’ e f f e c t  o f  th e  c a rb o x y la te  group.

(4 )  The v a lu e s  o f  33 ,̂ E2 an<T A H° f o r  l y s in e  c o n firm  th e  co n ­

c lu s io n  d e r iv e d  in  s e c t i o n  2 t h a t  ly s in e  i s  a d so rb e d  th ro u g h  th e

(  -ammonium g ro u p . C o n se q u e n tly , we may o b s e rv e  t h a t  i f  th e  am ino a c id  

m o lecu le  c o n ta in s  two r e a c t i v e  ammonium g ro u p s , th e  d e te r a i ln a t io n  o f  th e  

energy  o f  a c t i v a t i o n  and  h e a t  o f  a d s o rp t io n  o f  th e  m o lecu le  may i d e n t i f y  

the  g roup  th ro u g h  w hich  a d s o r p t io n  ta k e s  p lac e *

(5 )  The v a lu e s  o f  B-j and  Bp* th e  f re q u e n c y  f a c t o r s  o f  th e  

a d s o rp t io n  and  d e s o r p t io n  p r o c e s s  r e s p e c t i v e ly ,  a r e  o f  fu n d a m e n ta l im p o r t­

ance i n  e l u c i d a t i n g  th e  m echanism  o f  a d s o r p t io n  and  d i s t i n g u i s h  b e tw een  a 

p o la r  and  a  n o n - p o la r  m echanism .
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PEPTIDES.
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S e c t ion 1.

The in f lu e n c e  o f  th e  c o m p o s i t ion o f  th e  p e p t id e  on i t s  a d so r p t i o n .

N o te . The e x te n t  o f  a d s o rp t io n  o f  th e  d ip e p t id e s  exam ined 

i s  e x tre m e ly  s m a ll  and  i t  was fo u n d  n e c e s s a ry  to  c a r r y  o u t  th e s e  a d s o rp -  

t io n  e x p e rim e n ts  from  0 .0 2  M a queous s o lu t i o n s  o f  th e  d ip e p t id e s  on a  

s u r f a c e  a r e a  o f  a d s o rb e n t  o f  8 2 ,3 0 0  s q . e ra s ., r e f e r r e d  to  a s  s ta n d a r d  

s u r f a c e  a r e a  2 . ( s e e  E x p e r im e n ta l s e c t i o n ) .  T h is  c o n c e n t r a t io n  o f  

s o lu t i o n  i s  tw ic e  t h a t  u se d  in  th e  amino a c id  e x p e r im e n ts ;  s i m i l a r l y ,  

th e  new s u r f a c e  a r e a  i s  a l s o  tw ic e  t h a t  u se d  f o r  th e  amino a c id s .  T hese 

e x p e r im e n ta l  c o n d i t io n s  we r e  k e p t  c o n s ta n t  f o r  a l l  d ip e p t id e s ;  th e  e x te n t  

o f  a d s o r p t io n  i s  now r e p o r t e d  as m oles x  10” ^ /s t a n d a r d  s u r f a c e  a r e a  2.

S in c e  u r e a ,  h y d a n to ic  a c id ,  and  E - a c e ty lg ] y c in e  a r e  n o t  a d s o rb e d , 

i t  may b e  ded u ced  t h a t  p e p t id e s  a r e  n o t  a d so rb e d  on th e  s i l i c a  th ro u g h  th e  

p e p t id e  l i n k .

The e x p e r im e n ta l  d a ta  f o r  th e  r a t e s  o f  a d s o r p t io n  o f  f o u r  

d ip e p t id e s ,  o f  c lo s e ly  r e l a t e d  s t r u c t u r e s ,  a r e  sum m arised in  t a b l e  17.

The d ip e p t id e s  a r e  com pared a t  25°G, s in c e  th e  a d s o r p t io n s  o f  a l a n y l -  

g ly c in e  an d  l e u c y lg ly c in e  a t  37°C a r e  so  r a p id  t h a t  a c c u r a te  r a t e  c u rv e s  

c o u ld  n o t  be o b ta in e d .  The a d s o r p t io n  c h a r a c t e r i s t i c s  o f  th e  s im p le  amino 

a c id s  g ly c in e ,  ^ - a l a n i n e , and  le u c in e  have  b e e n  d is c u s s e d  in  P a r t  1 . The 

r a t e  o f  a d s o r p t io n  o f  g ly c y lg ly c in e  i s  c o n s id e r a b ly  low er th a n  t h a t  o f  

a l a n y lg ly c in e , g ly c y l i e u c in e ,  o r  l e u c y lg ly c in e .  The b e h a v io u r  o f  th e  

s im p le  c<-am ino a c id s  and t h e i r  r e l a t e d  d ip e p t id e s  a r e  i n  t h i s  I n s ta n c e
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T a b l e  17*

P e p tid e Graph ( a E) ( k 1 )25°C

G ly c y lg ly c in e 34 8 . 6 4 8 . 90x 10~3

A la n y lg ly c in e 35 6 .2 9 1 . 4 1 x 10“ 1

G ly c y lle u c in e 36 6 .3 4 1 . 25x 10“ 1

L e u c y lg ly c in e 37 3 .31 6 . 10x 10” 2

(a ^ )  = e q u i l ib r iu m  a d s o r p t io n  in  m oles x  1 0 ~ ^ /s ta n d a rd  s u r f a c e

a r e a  2 from  0 .0 2  M aqueous s o lu t io n s  a t  i t s  i s o e l e c t r i c  pH.

(k-j) 25°C = v e l o c i t y  c o n s ta n t  o f  th e  a d s o rp t io n  p r o c e s s  a t  25°C.
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v e ry  s i m i l a r .

In  P a r t  1, th e  in f lu e n c e  o f  o th e r  f u n c t i o n a l  s u b s t i t u e n t s  on 

th e  a d s o r p t io n  o f  an  amino a c id  h a s  b een  d i s c u s s e d ,  and  i t  i s  p ro b a b le  

t h a t  th e s e  g roups w i l l  e x e r t  a  s im i l a r  i n f lu e n c e  on th e  a d s o r p t io n  o f  a  

d ip e p t id e .  However, two d i s s i m i l a r  ^  -am ino a c id s ,  NHp.CHR.CGOH a n d  

1^2* @HR •CGOH, may com bine in  two d i s t i n c t  ways to  y i e l d  two is o m e r ic  

b u t d i s s i m i l a r  d i p e p t id e s ,  d i f f e r i n g  in  th e  p o s i t i o n s  o f  R an d  R1 

r e l a t i v e  to  th e  te r m in a l  ammonium and c a rb o x y la te  g ro u p s . The f o l lo w in g  

d i s c u s s io n  on th e  e x p e r im e n ta l  d a ta  f o r  g ly c y l le u c in e  and  l e u c y lg ly c in e  

i l l u s t r a t e s  t h a t  i n  a d d i t io n  to  th e  n a tu r e  o f  t h e  se co n d a ry  f u n c t i o n a l  

g ro u p , i t s  l o c a t i o n , w i th  r e s p e c t  to  th e  ammonium and c a rb o x y la te  g ro u p s 

in  th e  d i p e p t id e ,  i s  o f  c o n s id e r a b le  im p o rta n c e  i n  d e te rm in in g  th e  

a d s o r p t io n  b e h a v io u r  o f  th e  m o le c u le .

U nder th e  same e x p e r im e n ta l  c o n d i t io n s ,  th e  e x te n t  o f  a d s o r p t io n  

o f  g ly c y l l e u c in e  i s  a p p ro x im a te ly  tw ic e  t h a t  o f  l e u c y lg ly c in e .  The amount 

o f  g ly c y l l e u c in e  a d so rb e d  ( 6 .3 4  x  10"'5 m o le s )  r e p r e s e n t s  a  l i m i t i n g  v a lu e  

o f  a d s o r p t io n  and  c o rre s p o n d s  to  a p p ro x im a te ly  a  u n im o le c u la r  l a y e r .  T h is  

may b e  s e e n  more c l e a r l y  i n  th e  is o th e rm s  o f  t h i s  d ip e p t id e  (g ra p h  4 1 ) and 

w i l l  be  d i s c u s s e d  in  g r e a t e r  d e t a i l  i n  a  l a t e r  s e c t i o n ,  ( s e c t io n  4 * 2 ) .

The v a lu e  f o r  l e u c y lg ly c in e  3 .31  x  10” ^ m oles does n o t  r e p r e s e n t  a  

u n im o le c u la r  l a y e r ,  a s  may b e  se e n  from  th e  is o th e rm s  o f  t h i s  d ip e p t id e  

(g ra p h  4 2 ) .  I t  i s  a ls o  o b s e rv e d  t h a t  th e  v e l o c i t y  c o n s ta n t  ( k 1 )25°C f o r  

th e  a d s o r p t io n  o f  g ly c y l le u c in e  i s  c o n s id e r a b ly  g r e a t e r  th a n  t h a t  f o r  

l e u c y lg ly c in e  •

S in c e  th e s e  two is o m e r ic  d ip e p t id e s  c o n ta in  th e  same c o n s t i t u e n t



g ro u p s , t h e i r  m o le c u la r  volum es w i l l  be a p p ro x im a te ly  e q u a l ,  and  i t  i s  

a ls o  p r o b a b le  t h a t  i n  t h e i r  r e s p e c t iv e  s o lu t i o n s ,  th e  m o le c u le s  o f  ea ch  

d ip e p t id e  i n t e r a c t  w i th  one a n o th e r  i n  a  s im i l a r  m anner. I t  i s  c l e a r ,  

t h e r e f o r e ,  t h a t  th e  l e u c y l  g roup when a d ja c e n t  to  th e  ammonium g ro u p , h as  

a c o n s id e r a b ly  g r e a t e r  i n f l u sace  on th e  r a t e  and  e x te n t  o f  a d s o r p t io n  o f  

th e  m o le c u le  th a n  when in  th e  te r m in a l  p o s i t i o n  a d ja c e n t  to  th e  c a rb o x y la te  

g roup . The in f lu e n c e  o f  th e  l e u c y l  group i n  b o th  p o s i t i o n s  i s  a l s o  

r e f l e c t e d  i n  t h e  v a lu e s  o f  B-j, th e  f re q u e n c y  f a c t o r s  f o r  th e  a d s o r p t io n  o f  

each d i p e p t id e ;  and  th e s e  w i l l  be  d i s c u s s e d  in  g r e a t e r  d e t a i l  i n  a  l a t e r  

s e c t io n  (4 * 4 * ). I n t e r p r e t i n g  th e  p r e s e n t  d a ta ,  i t  i s  p ro b a b le  t h a t  th e  

le u c y l  g roup  o f  l e u c y lg ly c in e  i s  i n  c o n ta c t  w i th  t h e  s i l i c a  s u r f a c e ,  and  

p o s s e s s in g  a  l i m i t e d  freedom  o f  movement w i l l  th u s  s h i e l d  p o t e n t i a l  

a d s o rp t io n  s i t e s  from  o th e r  a p p ro a c h in g  m o le c u le s .

C om parison  o f  th e  e x p e r im e n ta l  d a ta  f o r  g ly c y lg ly c in e ,  

a l a n y lg ly c in e ,  a n d  le u c y lg ly c in e  shows a  m arked d e c re a s e  b o th  i n  r a t e  

and e x te n t  o f  a d s o r p t io n  w ith  in c r e a s e  i n  s i z e  o f  th e  c a rb o n  s id e  c h a in  

a d ja c e n t  to  th e  ammonium g roup  and  to  th e  s i l i c a  s u r f a c e .  S in c e  th e s e  

v a lu e s  o f  a d s o r p t io n  do n o t  r e p r e s e n t  co m p le te  c o v e r in g  o f  th e  a v a i l a b l e  

s i l i c a  s u r f a c e ,  a s  may b e  s e e n  from  th e  is o th e rm s  o f  th e  r e s p e c t i v e  

d ip e p t id e s  (g ra p h s  3 9 , 4 0 , 4 2 ) ,  t h e  d e c re a s e  i n  e x te n t  o f  a d s o r p t io n  

c a n n o t b e  e n t i r e l y  due to  th e  i n c r e a s e  i n  m o le c u la r  volum e o f  th e  d i ­

p e p t id e .  F u r th e r ,  u n d e r  th e  same e x p e r im e n ta l  c o n d i t io n s ,  b o th  t h e  r a t e  

and e x te n t  o f  a d s o r p t io n  f o r  g ly c y l le u c in e  a r e  a lm o s t i d e n t i c a l  w i th  th o s e  

f o r  a l a n y l g ly c i n e ,  th e re b y  i n d i c a t i n g  t h a t  th e  in f lu e n c e  o f  th e  m e th y l 

group a d ja c e n t  to  t h e  ammonium group i s  v i r t u a l l y  e q u iv a le n t  to  t h a t  o f



c a r  coxy l a t e  g ro u p . These f a c t s  a g a in  em phasise  th e  g r e a t e r  in f lu e n c e  

o f  th e  a l k y l  g roup when a d ja c e n t  to  th e  ammonium g roup  and  to  th e  s i l i c a  

s u r f a c e .

G o n c lu s io n s  f rom S e c t io n  1.

(1 )  As f o r  th e  s im p le  amino a c id s ,  th e  i n t r o d u c t i o n  o f  an 

a lk y l  g roup  i n to  th e  d ip e p t id e  m o lecu le  i n c r e a s e s  i t s  r a t e  o f  a d s o r p t io n .

As th e  a l k y l  g ro u p  in c r e a s e s  i n  s i z e  "both th e  r a t e  and  e x te n t  o f  a d s o r p t io n  

o f  th e  d ip e p t id e  d e c re a s e .  T h is  phenomenon was a l s o  o b se rv e d  i n  th e  s im p le  

amino a c id s .

(2 )  I t  i s  p ro b a b le  t h a t  o th e r  se c o n d a ry  s u b s t i t u e n t  g ro u p s  

w i l l  e x e r t  on th e  a d s o r p t io n  o f  th e  d ip e p t id e s  i n f lu e n c e s  s im i l a r  to  

th o se  o b s e rv e d  f o r  th e  s im p le  amino a c id s .

(3 )  However, th e  p o s i t i o n  o f  th e  se co n d a ry  s u b s t i t u e n t  i n  th e  

d ip e p t id e  m o le c u le  w i th  r e s p e c t  to  th e  ammonium and c a rb o x y la te  g roups

i s  v e ry  im p o r ta n t .  I t  i s  o b s e rv e d  t h a t  th e  i s o b u t y l  group, d e c re a s e s  b o th  

th e  r a t e  and  e x te n t  o f  a d s o r p t io n  o f  th e  d ip e p t id e  i n  a  more p ronounced  

m anner when a d ja c e n t  t o  th e  ammonium group th a n  when in  th e  te r m in a l  

p o s i t i o n  a d ja c e n t  to  th e  c a rb o x y la te  g roup .

(4 )  When a d ja c e n t  to  th e  ammonium g ro u p , th e  i s o b u t y l  s id e  

c h a in  may c o v e r  p o t e n t i a l  a d s o r p t io n  s i t e s  on th e  s i l i c a  s u r f a c e .
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S e c t ion 2.

The e f f e c t  o f  pH on th e  a d s o r p t io n  o f  th e  d ip e p t id e .

As i n  P a r t  1 , th e s e  e:xperim ents to  d e te rm in e  th e  e f f e c t  o f  pH 

on a d s o r p t io n  w ere c a r r i e d  o u t  from  aqueous u n b u f fe re d  s o lu t i o n s  o f  th e  

d ip e p t id e s  a t  25°C. The d ip e p t id e s  r e a d i l y  c o a g u la te d  from  s o lu t i o n s  o f  

pH g r e a t e r  th a n  7 j c o n s e q u e n tly , a d s o r p t io n  v a lu e s  c o u ld  n o t  be d e te rm in e d  

in  t h i s  pH r a n g e .

In  t a b l e  18 a r e  r e p o r te d  th e  maximum a d s o r p t io n  and th e  pH ra n g e  

o v er w h ich  i t  i s  a t t a i n e d  f o r  each  d ip e p t id e  ( s e e  a ls o  g ra p h  3 8 ) .  I n  

g e n e ra l  t h e  a d s o r p t io n  b e h a v io u r  o f  e a ch  d ip e p t id e  o v e r  th e  pH ra n g e  

s tu d ie d  i n  s i m i l a r  to  t h a t  shown by th e  s im p le  am ino a c id s .  I n  s t r o n g l y  

a c id i c  s o l u t i o n s ,  w here th e  s o lv e n t  i s  now d i l u t e  m in e ra l  a c id ,  low 

a d s o rp t io n s  a r e  a g a in  o b s e rv e d . S im i la r ly ,  on a p p ro a c h in g  n e u t r a l  o r  

a lk a l in e  pH v a lu e s ,  w here t h e r e  i s  d i s s o c i a t i o n  o f  th e  p o s i t i v e l y  c h a rg e d  

ammonium g roup  i n t o  t h e  u n c h a rg ed  amino g ro u p , th e  e x te n t  o f  a d s o r p t io n  

a g a in  d e c re a s e s  r a p i d l y .  T h is  f a c t  a ls o  c o n firm s  t h a t  a d s o r p t io n  o f  th e s e  

d ip e p t id e s  ta k e s  p la c e  th ro u g h  t h e i r  p o s i t i v e l y  c h a rg e d  ammonium g ro u p s .

Of th e  f o u r  d i p e p t id e s ,  o n ly  g ly c y lg ly c in e  and g ly c y l le u c in e  a t t a i n  

maximum a d s o r p t io n  a t  t h e i r  i s o e l e c t r i c  pH v a lu e s ,  and i t  i s  n o t ic e a b le  

t h a t  n e i t h e r  p o s s e s s e s  a  c a rb o n  s id e  c h a in  a d ja c e n t  to  th e  ammonium g ro u p , 

as do b o th  a la n y lg ly c in e  and l e u c y lg ly c in e .  C om parison o f  g ly c y lg ly c in e ,  

a l a n y lg ly c in e , and  l e u c y lg ly c in e  shows t h a t  th e  pH ran g e  f o r  maximum 

a d s o rp t io n  h a s  d e c re a s e d  w ith  in c r e a s e  i n  s i z e  o f  th e  c a rb o n  s id e  c h a in  

a d ja c e n t  t o  th e  ammonium g ro u p . T hese f a c t s  a g a in  em phasise  th e  c o n c lu s io n s
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T a b l e  18.

Temp. = 25°C.

Peptide amax. ^ n a * . I s o e l  eo t r  i c  p̂H

G lycy lg lycin e 8 .8 6 3*4 -  6 .0 5 .6 0

A lan y lg lyc in e 9 .0 3 .5  -  4-o7 5 .6 4

L eucylg lycine 6 .4 0 3 .2  -  4 .2 5 .7 0

G lyoy lleu cin e 6 .4 0 3 .2  -  6 .5 5 .7 3

a[nax  ̂ = maximum ad sorption  in  m oles x  10~^/standard su rface  area 2.

P*Wx. = PH range over which ^  i s  a tta in ed .
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deduced in  th e  p re v io u s  s e c t io n  co n ce rn in g  th e  g r e a te r  in f lu e n c e  o f  th e  

secondary  carbon  ch a in  when a d ja c e n t to  th e  ammonium group.

The d e c re a se  in  e x te n t  o f  maximum a d s o rp tio n  from  x  10“ -*

moles ( f o r  g ly c y lg ly c in e  and a la n y lg ly c in e )  to  6 .40 x 10“ -* m oles ( fo r  

le u c y lg ly c in e  and g ly c y lle u c in e )  i s  due to  th e  in c re a s e  in  m o lecu la r 

volume. The maximum a d s o rp tio n  shown h e re  f o r  g ly c y lle u c in e  and 

le u c y lg ly c in e  co rresp o n d s  to  a  u n im o lecu la r la y e r  as may be seen  from  

th e  iso th e rm s  o f  th e se  two d ip e p tid e s  (g raphs 41 and 42) .

The pH ran g e  f o r  maximum a d so rp tio n  o f  g ly c y lle u c in e  i s  

s l i g h t l y  g r e a te r  th an  fo r  g ly c y lg ly c in e , and i t  may co n seq u en tly  be 

deduced t h a t  th e  le u c y l  carbon  ch a in  a d ja c e n t to  th e  c a rb o x y la te  group 

has m o d ified  th e  a d v e rse  in f lu e n c e  o f  t h i s  e le c tro n e g a t iv e  group. This 

e f f e c t  s t r o n g ly  resem bles t h a t  shown by th e  a lk y l  group in  th e  s in p le  

amino a c id s .



K in e t ic s  o f  a d s o r p t io n *

The e q u a tio n s  o f  and  W a s h b u r n (^ 5 ) w ere a g a in  t e s t e d

w ith  th e  r a t e  d a ta  f o r  th e  a d s o rp t io n  o f  th e  fo u r  d ip e p t id e s  by  a  p l o t  

o f  a d s o r p t io n  v s  t im e , and  i n  each  c a se  a  n e g a t iv e  r e s u l t  was o b ta in e d *  

C o n se q u e n tly , th e  d ip e p t id e s  a r e  n o t  a d so rb e d  by  a  p r o c e s s  in v o lv in g  

e i t h e r  th e  d i f f u s i o n  o f  th e  m o le c u le s  i n  s o lu t i o n  to  th e  s i l i c a  s u r f a c e  

o r  o f  c a p i l l a r y  c o n d e n sa tio n *  The Langm uir th e o ry  o f  a d s o rp t io n  was 

t e s t e d  by  a p p ly in g  th e  Langm uir r a t e  e q u a tio n  to  th e  e x p e r im e n ta l  r a t e  

d a ta  f o r  th e s e  d i p e p t id e s ,  p l o t t i n g

lo g 10*a e^a e ~ a t )  22. 6 >

w here a g = a d s o r p t io n  a t  e q u i l ib r iu m

an d  a^  = a d s o r p t io n  a t  tim e  t .

In  e a c h  c a s e  t h e  e x p e r im e n ta l  d a ta  a r e  i n  good ag reem en t w i th  th e  e q u a t io n .

From th e  v a lu e s  o f  th e  Langm uir r a t e  c o n s ta n t  (k ) a t  25°C, c a lc u l a t e d  from

th e  above e q u a t io n ,  v a lu e s  o f  th e  v e l o c i t y  c o n s ta n t  (k-j)25°C  f o r  th e

a d s o r p t io n  o f  each  d ip e p t id e  w ere c a lc u la t e d  ( s e e  P a r t  1 , s e c t i o n  3)> and

have b e e n  d i s c u s s e d  i n  s e c t i o n  1.

I t  i s  th u s  c l e a r  t h a t  th e  k i n e t i c s  o f  a d s o r p t io n  f o r  th e  d ip e p ­

t i d e s  a r e  e s s e n t i a l l y  s i m i l a r  to  th o s e  f o r  th e  s im p le  am ino a c id s .  

C o n se q u e n tly , th e  e m p ir ic a l  a s su m p tio n s  o f  th e  Langm uir th e o ry  may a l s o  

be a p p l i e d  t o  th e  a d s o r p t io n  o f  th e  d ip e p t id e s  by s i l i c a .  T hus, th e  

d ip e p tid e -  m o le c u le s  a r e  a d so rb e d  to  d e f i n i t e  p o in ts  o f  a t ta c h m e n t  on th e

s i l i c a  s u r f a c e  and  e a c h  su c h  p o in t  can  accom modate o n ly  one  a d so rb e d



a d s o r p t iv e  c e n t r e  o f  th e  d ip e p t id e  m o le c u le , th e  ammonium g ro u p , i s  

a t t a c h e d  to  th e  oxygen atom  o f  th e  s i l i c a ,  and th e  p r im a ry  f o r c e  o f  

a d s o rp t io n  i s  th e  m u tu a l a t t r a c t i o n  be tw een  th e  p o s i t i v e l y  c h a rg e d  

ammonium g roup  and  th e  n e g a t iv e ly  c h a rg e d  oxygen atom  o f  th e  s i l i c a .



Thermo dynam ic d a ta .

4 .1 .  E nergy  of  Act i v a t i o n .

A s tu d y  o f  th e  r a t e s  o f  a d s o rp t io n  o f  th e  f o u r  d i p eg t i d e s  a t  

d i f f e r e n t  t e m p e ra tu re s ,  shown in  g rap h s 3 4 -3 7 , i n d i c a t e s  a  d i s t i n c t  

te m p e ra tu re  c o e f f i c i e n t ;  a d s o r p t io n  t a k in g  p l a c e  w ith  a  c h a r a c t e r i s t i c  

v e l o c i t y .  F o r each  d ip e p t id e ,  and a t  each  te m p e ra tu re ,  th e  v e l o c i t y  

c o n s ta n t  o f  th e  a d s o r p t io n  p r o c e s s  (k -j) and o f  th e  d & so rp tio n  p r o c e s s  

(kg ) may be  c a lc u l a t e d  in  th e  m anner d e s c r ib e d  f o r  th e  amino a c id s  i n  

P a r t  1 , s e c t i o n  4*1« A p p ly in g  th e  A rrh e n iu s  e q u a t io n  to  th e s e  v e l o c i t y  

c o n s ta n t s ,  th e  e n e rg ie s  o f  a c t i v a t i o n  f o r  th e  a d s o r p t io n  (E ^) and  th e  

d e s o r p t io n  (E2 ) o f  each  d ip e p t id e  may b e  c a l c u la t e d  and a r e  shown in
i

t a b l e  1 9 . F o r ea ch  d i p e p t id e ,  th e  fre q u e n c y  f a c t o r s  B-j and  Bp, f o r  th e  

a d s o r p t io n  an d  d e s o r p t io n  p r o c e s s  r e s p e c t i v e l y ,  have  a ls o  b e e n  c a l c u l a t e d  

a s  d e s c r ib e d  f o r  th e  amino a c id s  and  a r e  shown i n  t a b l e  19* A c c u ra te  

v a lu e s  o f  Ep and Bp f o r  g ly c y l le u c in e  c o u ld  n o t  b e  c a l c u l a t e d  s in c e  th e  

v a lu e s  o f  (1 -  a t  25°C and  30°0  a r e  v e ry  sm a ll an d  a r e ,  t h e r e f o r e ,  

i n a c c u r a t e •

C o n c lu s io n s  from  S e c t io n  A«1»

(1 )  A cco rd in g  to  t h e i r  v a lu e s  o f  E-j» B^, E2 , and  Bp, t h e  f o u r  

d ip e p t id e s  may be d iv id e d  i n to  two groups a s  shown i n  t a b l e  19»

(2 )  The v a lu e s  o f  E-|, B ^, E2, and  B2 f o r  l e u c y lg ly c in e  a r e

com parab le  to  th o s e  f o r  th e  group  1 -am ino a c id s  ( P a r t  1 , s e c t i o n  4 ,1 ,  

t a b l e  15)*

( 3 ) S im i la r ly ,  th e  v a lu e s  f o r  g ly c y lg ly c in e ,  a l a n y lg ly c in e ,  and



T a b 1 e 19.

P e p t id e E1 B1 e 2 b 2

Group 1 .

L e u c y lg ly c in e 9® 57 5 *68x 10^ 1 7 .0 0 1 .4 1 x 1 0 9

Group 2 . 

G ly c y lg ly c in e 1 6 .3 6 . 66x 10 7 3 0 .0 0 1 . 94x 1 0 17

A la n y lg ly c in e 1 7 .0 7 ®03x 10 8 2 9 .5 4 .3 4 x 1 0 17

■LcM cylglycino’ 1 3 .0 3 . 1x 108 — —

E1 an d  E2 = k g . c a l s . /m o le .

B1 an d  B2 = m o l e s / l i t r e / s e c .



l y s i n e ,  e t c . ) .

T hese  d a ta  i n  t a b l e  19 w i l l  h e  d is c u s s e d  i n  g r e a t e r  d e t a i l  i n  

s e c t io n  4 ,4  in  c o n ju n c t io n  w ith  h e a t  o f  a d s o rp t io n  d a ta .

4® 2. I s o th e rm s .

Is o th e rm s  a t  th r e e  t e n p e r a tu r e s  h av e  b e e n  d e te rm in e d  f o r

g ly c y lg ly c in e ,  a l a n y l g ly c i n e , and  g ly c y l le u c in e ,  and a r e  shown in  g ra p h s

39 ” 41 r e s p e c t i v e l y .

F or e a ch  d i p e p t id e ,  a  s h a rp ly  d e f in e d  maximum a d s o r p t io n  i s

o b se rv e d  w h ich  i s  c o n s ta n t  a t  each  te m p e ra tu re  and  r e p r e s e n t s  co m p le te

c o v e r in g  o f  th e  a v a i l a b l e  s i l i c a  s u r f a c e .  The shape  o f  each  is o th e rm

s u g g e s ts  t h a t  th e s e  th r e e  d ip e p t id e s  do n o t  form  m u l t i l a y e r s  on th e

s i l i c a  s u r f a c e .  In  each  is o th e rm , a d s o rp t io n  i n c r e a s e s  l i n e a r l y  w ith

e q u i l ib r iu m  c o n c e n t r a t io n ,  a  b e h a v io u r  i d e n t i c a l  to  t h a t  shewn by th e

amino a c id s .  C o n se q u e n tly , th e  d i s c u s s io n  a p p l ie d  to  th e  is o th e rm s  o f

th e  am ino a c id s  may a l s o  b e  a p p l ie d  to  th e  is o th e rm s  o f  th e s e  d i p e p t id e s .

I n  a d d i t i o n  to  ;th e  abo v e , iso th e rm s  a t  fo u r  te m p e ra tu re s  f o r

le u c y lg ly c in e  a r e  shown i n  g ra p h  4 2 . The is o th e rm s  a t  25°C and 37°C

(59 )p o s s e s s  a  s ig m o id  sh ap e  c h a r a c t e r i s t i c  o f  m u l t i l a y e r  fo rm a tio n  .

However, b e f o r e  th e  f i r s t  b r e a k - p o in t ,  a d s o rp t io n  s t i l l  v a r i e s  l i n e a r l y  

w ith  e q u i l ib r iu m  c o n c e n t r a t io n  o f  s o lu t io n  and t h i s  f a c t  i s  o b s e rv e d  more 

c l e a r l y  i n  th e  is o th e rm s  a t  50°C and 65°C. The e x te n t  o f  a d s o r p t io n  a t  

th e  f i r s t  b r e a k - p o in t ,  b o th  a t  25°C and 37°C, i s  6 .2 x 1 0 ~ 5 m oles a p p ro x im a te ­

l y .  F u r th e r  a d s o r p t io n  th e n  ta k e s  p la c e  and a c o n s ta n t  maximum i s  l i n a l l y  

a t t a i n e d  a t  1 2 .0 0  x  10~5 m oles a t  b o th  te m p e ra tu re s .  From th e  s im p le
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n u m e ric a l  r a t i o  o f  th e s e  two a d s o r p t io n  v a lu e s  i t  may be deduced  t h a t  

o .2  x  10 J m o les r e p r e s e n t  a  u n im o le c u la r  l a y e r  an d  1 2 .0  x  ICT^ m oles 

a b i rn o le c u la r  l a y e r .  From g ra p h  41 i t  i s  o b s e rv e d  t h a t  a  u n im o le c u la r  

l a y e r  o f  g ly c y l le u c in e  i s  a l s o  a t t a i n e d  a t  6 .4  x  10 “ ^ m o les , w hich 

em p h asise s  th e  p r e c e d in g  h y p o th e s is  f o r  l e u c y lg ly c in e .  The a d s o r p t io n  

b e h a v io u r  o f  l e u c y lg ly c in e  c o u ld  n o t  be s tu d ie d  o v e r  a  w id e r  ra n g e  th an  

t h a t  shown in  g ra p h  4 2 , s in c e  more c o n c e n t r a te d  s o lu t i o n s  o f  th e  d ip e p t id e  

c o u ld  n o t  b e  o b ta in e d .

An is o th e rm , s i m i l a r  i n  form  to  t h a t  o b se rv e d  f o r  l e u c y lg ly c in e ,  

h a s  b e e n  o b ta in e d  by S heppard  f o r  th e  a d s o r p t io n  o f  a  dye c a t i o n  on 

s i l v e r  b ro m id e . T h is  i s o t h e m  a l s o  shows two c l e a r l y  d e f in e d  p l a t e a u s ,  

c o rre s p o n d in g  to  m onom olecu lar and b irn o le c u la r  l a y e r s  r e s p e c t i v e l y .  

S heppard  h a s  found  t h a t  th e  b irn o le c u la r  l a y e r  i s  r e v e r s i b l y  a d s o rb e d  a l ­

th o u g h  th e  m onom olecu lar l a y e r  i s  i r r e v e r s i b l y  a d s o rb e d .

F o r  l e u c y lg ly c in e  t h e  e x te n t  o f  a d s o r p t io n  a t  37°C i s  g r e a t e r  

th a n  a t  2 5 °0 . T h is  phenomenon i s  u n p re c e d e n te d  and i r r e g u l a r  s in c e  th e  

a d s o r p t io n  a t  th e  h ig h e r  te m p e ra tu re s ,  50°C and  65°C, i s  c o n s id e r a b ly  

lo w er th a n  t h a t  a t  25°G. A lth o u g h  th e s e  is o th e rm s  have b e e n  d u p l i c a te d ,  

f u r t h e r  w ork w i l l  be  c a r r i e d  o u t  on th e  a d s o r p t io n  o f  l e u c y lg ly c in e  w i th in  

th e  te m p e ra tu re  r a n g e  25°C -  50°C b e fo r e  an  i n t e r p r e t a t i o n  o f  t h i s  

phenomenon i s  a t te m p te d .

I t  i s  d i f f i c u l t  to  u n d e rs ta n d  why l e u c y lg ly c in e  s h o u ld  fo rm  

m u lt im o le c u la r  l a y e r s  and  n o t  g ly c y lg ly c in e ,  a l th o u g h  from  th e  o b s e rv e d  

g r e a t e r  s o l u b i l i t y  o f  th e  l a t t e r  i t  i s  p o s s ib l e  t h a t  th e  g r e a t e r  i n t e r — 

a c t io n  b e tw een  th e s e  m o le c u le s  i n  s o lu t i o n  r e t a r d s  su ch  m u l t i l a y e r
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form ation*  In  th e  ca se  o f  g ly c y l le u c in e ,  th e  "bulk o f  th e  la rg e  is o b u ty l  

s id e ~ c h a in  a d ja c e n t to  th e  carboxylat©  group w i l l  h in d e r  m u l t i la y e r  

fo rm a tio n  th ro u g h  th e  c a rb o x y la te  grour).

3 * H eat o f  a d s o r p t io n .

As f o r  th e  amino a c id s  ( p a r t  1 , s e c t i o n  4*3* ) i t  i s  p o s s ib l e  

to  d e te rm in e  th e  h e a t  o f  a d s o r p t io n  ( A H ? )  f o r  each  d ip e p t id e  from  a

know ledge o f  th e  c o n c e n t r a t io n s  o f  d ip e p t id e  i n  s o lu t i o n  (C )g  w h ich  a r e

in  e q u i l ib r iu m  w i th  th e  same amount o f  d ip e p t id e  a d so rb e d  a t  two d i f f e r e n t  

te m p e ra tu re s  by  a p p ly in g  th e  e q u a t io n

A  H° = - R . T ^ . / C ^ - T . , )  [ l n . ( C ) s1 / ( C ) s . |

I n  t a b l e  20 a r e  shown th e  e x p e r im e n ta l  d a ta  f o r  each  d ip e p t id e  

from  w hich mean v a lu e s  o f  A H° ( o b s . ) ,  o v e r  th e  te m p e ra tu re  ra n g e  s tu d i e d ,  

w ere o b ta in e d  by  u s in g  th e  above e q u a tio n *

Prom th e  r e l a t i o n s h i p ,

E-j -  E2 = AH°

and u s in g  th e  d a ta  i n  t a b l e  1 9 , v a lu e s  o f  A  H° w ere c a l c u l a t e d  and  a r e

shown i n  t a b l e  20 a s  H° ( c a l c . ) .

C o n c lu s io n s  from  S e c t io n  4 * 3 *

(1 )  The v a lu e s  o f  A H° ( c a l c . )  a r e  i n  good ag reem en t w i th

th o s e  o f  A H° ( o b s . ) .

(2 )  The v a lu e  o f  A H ° f o r  l e u c y lg ly c in e  i s  c lo s e ly  r e l a t e d  to  

th o s e  f o r  th e  g roup  1 pC -am ino a c id s .  ( P a r t  1, s e c t i o n  4 * 3 , t a b l e  1 3 ) .

(3 )  The v a lu e s  o f  A. H° f o r  g ly c y lg ly c in e ,  a la n y lg ly c in e  and  

g ly c y l le u c in e  a r e  c lo s e ly  r e l a t e d  to  th o s e  f o r  th e  g roup 2 amino a c id s

( - a l a n i n e ,  l y s i n e ,  e t c . ) .



T a b l e  20 .

P e p t id e  (C )s  l /T  x  10^ -  4 h°  - 4 H °
(°K ) ( o b s . )  ( c a l c . )

Group 1 .
1 .5 0  3 .3 6

L e u c y lg ly c in e  3*20 3 .2 3  5 .7 8  7 .5
4* 7 6  2 .9 6

Group 2 .

0 .8 3  3 .3 6
G ly c y lg ly c in e  1 .8 0  3 .2 3  1 1 .5 5  13*7

3 .7 7  3 .1 0

1 .1 4  3*36
A la n y lg ly c in e  2 .4 6  3*23 11 .68  12*5

5 .2 6  3*10

1 .0 8  3 .3 6
G ly c y lle u c in e  2*30 3*23 1 1 .5 0

4 .8 5  3 .1 0

( c ) g  = c o n c e n t r a t io n  o f  d ip e p t id e  i n  s o l u t i o n  i n  m o les x  10~2/ l i t r e  

w h ich  i s  i n  e q u i l ib r iu m  w i th  th e  same am ount o f  d ip e p t id e  

a d s o rb e d  a t  th e  t h r e e  te m p e ra tu re s .

*  1,0 ( o b s .   ̂ k g . c a l s . / m o l e .

h  H° ( c a l c . )  = E1 -  B2 = k g . c a l s . / m o l e .



95.

(4 /  The v a lu e  o f  /Aid0 f o r  e a ch  d ip e p t id e  i s  n e g a t iv e  in  s ig n  

i n d i c a t i n g  t h a t  th e  a d s o r p t io n  p ro c e s s  i s  e x o th e rm ic .

4 .4  N a tu re  o f  t h e  a d s o r p t io n  bond .

I t  h a s  b een  shown t h a t  th e  c e n t r e  o f  a d s o r p t io n  i n  ea ch  

d ip e p t id e  m o le c u le  i s  th e  p o s i t i v e l y  c h a rg e d  ammonium g roup  and n o t  th e  

p e p t id e  l i n k ,  Ifrom th e  c o n c lu s io n s  o f  s e c t io n s  4 .1  and 4*3* i t  i s  e v id e n t  

t h a t  we may i n t e r p r e t  th e  therm odynam ic d a ta  f o r  th e  d ip e p t id e s  ( t a b l e s  19  

and  20) i n  th e  m anner d e s c r ib e d  f o r  th e  amino a c id s .  ( P a r t  1 , s e c t i o n  

4 * 4 .)

C o n seq u en tly *  th e  g roup  2 d ip e p t id e s  ( g ly c y lg ly c in e ,  a l a n y l ­

g ly c in e ,  a n d  g ly c y l le u c in e )  fo rm  i n  th e  a d so rb e d  s t a t e  t h r e e  hyd rogen  

bonds i n  a d d i t io n  to  th e  fu n d am e n ta l p o l a r  bond be tw een  th e  p o s i t i v e l y  

c h a rg e d  ammonium g roup  and  th e  n e g a t iv e ly  c h a rg e d  s i l i c a .  I n  s o l u t i o n ,  

th e  g ro u p  2 d ip e p t id e s  fo rm  one hyd rogen  bond. S im i la r ly ,  l e u c y lg ly c in e  

(g ro u p  1) f o r n s  one  h y d ro g en  bon d , i n  a d d i t io n  to  th e  p o l a r  b o n d , i n  th e  

a d s o rb e d  s t a t e .

The e x is t e n c e  o f  th e  t r u e  p o l a r  bond be tw een  th e  ammonium g roup  

and  th e  s i l i c a  i s  a g a in  r e f l e c t e d  i n  th e  h ig h  Bg v a lu e s  f o r  th e  group 2 

d i p e p t id e s ;  th e  v a lu e s  o f  101^ f o r  th e  f re q u e n c y  f a c t o r s  i n d i c a t e  p a r t i a l  

c h a rg e  n e u t r a l i s a t i o n  i n  th e  r e v e r s e  p r o c e s s  from  th e  a d so rb e d  t o  th e  

t r a n s i t i o n  s t a t e .  C o n v e rse ly  i n  th e  fo rw a rd  a d s o r p t io n  p r o c e s s  t h e  g e n e ra l  

t r e n d  o f  B-j v a lu e s  f o r  b o th  g ro u p s  1 and  2 d ip e p t id e s  i s  one o f  c o n tin u o u s  

s e p a r a t i o n  o f  c h a rg e s  i n  th e  d ip e p t id e  m o le c u le  from  th e  f r e e  to  th e  

a d s o rb e d  s t a t e .

The v a lu e  o f  9 .5 7  kg . c a l s . / m o l e ,  e q u iv a le n t  to  th e  en erg y  o f



a c t iv a t io n  (s^  ) f o r  le u c y lg ly c in e  and w hich i s  p a r t  o f  E-j f o r  th e  group 

2 d i p e p t id e s ,  a r i s e s  ow ing to  th e  fo llo w in g  f a c t o r s .

(1 )  E nergy  i s  a b so rb e d  by  th e  d ip e p t id e  m o le c u le , th e  e f f e c t  b e in g  to  

i n c r e a s e  th e  s e p a r a t i o n  o f  i t s  c h a rg e s .

(2 )  The a d s o r p t io n  s i t e  on th e  s i l i c a  s u r f a c e  w i l l  b e  s o lv a t e d  and  

e n e rg y  i s ,  t h e r e f o r e ,  r e q u i r e d  to  d e s o lv a te  th e  s i t e  b e f o r e  

a d s o r p t io n  w i l l  ta k e  p la c e .

(3 )  S i m i l a r ly ,  th e  ammonium g roup  o f  th e  d ip e p t id e  m o le c u le  m ust be 

d e s o lv a te d  b e f o r e  a d s o r p t io n  ta k e s  p l a c e .

S in c e  l e u c y lg ly c in e  fo rm s o n ly  one h y d ro g en  bond i n  th e  a d s o rb e d  

s t a t e  and  th e  d ip e p t id e s  o f  g roup 2 form  t h r e e  su ch  b o n d s , i t  i s  e v id e n t  

t h a t  th e  i s o b u t y l  s id e - c h a i n ,  when a d ja c e n t  to  th e  ammonium g ro u p , a s  i n  

l e u c y l g ly c i n e , e x e r t s  a  s t e r i c  ’’b lo c k in g ” e f f e c t  i n  t h e  a d s o rb e d  s t a t e .

The r e s u l t s  o f  t h i s  s t e r i c  e f f e c t  have  a l r e a d y  b e e n  r e p o r te d  an d  d i s c u s s e d  

i n  s e c t i o n  1 .

T h is  s t e r i c  e f f e c t  i s  r e f l e c t e d  in  th e  v e ry  low v a lu e  f o r  

l e u c y lg ly c in e .  S in c e  th e  g e o m e tr ic a l  r e q u ire m e n ts  f o r  th e  a d s o r p t io n  o f  

l e u c y lg ly c in e  a r e  l a r g e ,  i t s  v a lu e s  o f  E-j and E2 Inus't  c o r re s p o n d in g ly  

s m a l le r  th a n  th o s e  f o r  group 2 d ip e p t id e s  i n  o r d e r  t h a t  t h e i r  r a t e s  o f  

a d s o r p t io n  and  d e s o r p t io n  s h a l l  b e  co m p arab le .

C o n c lu s io n s  from  S e c t io n  4 . 4 .

(1 )  The fu n d a m e n ta l m echanism  o f  a d s o r p t io n  i s  th e  m u tu a l 

a t t r a c t i o n  b e tw een  th e  p o s i t i v e l y  c h a rg e d  ammonium g roup  o f  th e  d ip e p t id e  

m o le c u le  and  th e  n e g a t iv e ly  c h a rg e d  s i l i c a .

(2 )  The hy d ro g en  atom s o f  th e  ammonium g roup  may a l s o  form



hydrogen bonds w ith  th e  e le c tro n e g a t iv e  oxygen atoms o f  th e  s i l i c a .

(3) I f  th e  d ip e p tid e  m olecule c o n ta in s  a s id e -c b a in  o f  la r g e  

s i z e  a d ja c e n t  to  th e  ammonium g ro u p , th e  b u lk  o f  t h i s  s id e - c h a i n  p ro d u c e s  

a  s t e r i c  ’’b lo c k in g ’1 e f f e c t  and  p e rm its  th e  fo rm a tio n  o f  o n ly  one h y d ro g en  

bond i n  t h e  a d s o rb e d  s t a t e .



Amino A o id s : A d s o rp tio n  on p u re  q u a r t z .



The s i l i c a  ad so rb en t used i n  th e  experim en ts d e sc r ib e d  in

P a r t s  1 and  2 was ch o sen  b e c a u se  o f  i t s  v e ry  l a r g e  s u r f a c e  a r e a ,  w h ich

i s  im p e r a t iv e  i n  th e s e  a d s o rp t io n  e x p e r im e n ts , and th e  f a c t  t h a t  a  l a r g e

i n i t i a l  s u p p ly  c o u ld  b e  o b ta in e d .  F u r th e r ,  a  s im i la r  pow der from  th e

( 2 2 )
same s o u rc e  h a s  b e e n  shown to  b e  p a th o l o g ia l l y  a c t i v e  . However, th e  

s i l i c a  a d s o rb e n t  c o n ta in e d  a  t o t a l  im p u r i ty  o f  7965%, composed o f  i r o n  

and  a lu m in iu m , an d  i t  w as, t h e r e f o r e ,  c o n s id e re d  d e s i r a b l e  t h a t  a d s o rp ­

t i o n  i s o th e rm s  o f  two t y p i c a l  amino a c id s  sh o u ld  a ls o  b e  o b ta in e d  f o r  

p u re  q u a r t z  to  s e e  i f  th e s e  im p u r i t i e s  in f lu e n c e  th e  bond  f o rm a tio n  

b e tw e en  th e  am ino a c id s  and th e  s i l i c a 0

S e c t io n  1.

E x p e r im e n ta l  M ethods.

1 1 • A d so rb e n t.

The new a d s o rb e n t  was p r e p a r e d  in  th e  f o l lo w in g  m anner.

Rock c r y s t a l ,  th e  p u r e s t  o b ta in a b le  fo rm  o f  q u a r t z ,  was f i r s t  

c ru s h e d  i n  a  ja w -c ru s h e r  i n to  s m a ll  lurnps, and  th e n  g round  i n  a  r o l l e r -  

m i l l .  The f i n e  q u a r tz  below  a  90 mesh B .S . s ie v e  was s e p a r a te d  o f f  an d  

th e n  e x t r a c t e d  w ith  c o n c e n t r a te d  h y d ro c h lo r ic , a c id .  A f te r  s e v e r a l  a c id  

t r e a tm e n ts  th e  p r e s e n c e  o f  i r o n  in  th e  a c id  e x t r a c t s  c o u ld  no lo n g e r  b e  

d e t e c te d .  The p u re  q u a r tz  was th e n  ground i n  a  m e c h a n ic a l a g a te  m o r ta r ,  

i n  5 g171- p o r t i o n s  f o r  13 h o u rs . A p p ro x im a te ly  50 gms* o f  f i n e  q u a r tz  o f  

h ig h  p u r i t y  was p r e p a r e d  i n  t h i s  m anner and a f t e r  d ry in g  in  an  a i r  oven 

a t  110°G, th e  m a t e r i a l  was s to r e d  u n t i l  u se  i n  a  vacuum d e s i c c a t o r .

The p u r i t y  o f  t h i s  f in e  q u a r tz  was d e te rm in e d  b y  e v a p o ra t io n  

o f  w eighed  sam p les  w i th  h y d r o f lu o r ic  a c id  and r o a s t i n g  th e  r e s i d u e s .  On



t h i s  b a s i s  t h e  q u a r tz  was fo u n d  to  c o n ta in  99»95; SiCV,. y u e  s u r f a c e

a r e a  o f  th e  a d s o rb e n t ,  a s  m easu red  by th e  Lea and N urse  a i r  p e r m e a b i l i ty  

m ethod , was 3 ,6 0 0  sq .c m s , p e r  gram . 7/hen i n  s u s p e n s io n  i n  d i s t i l l e d  w a te r ,  

th e  f i n e  q u a r tz  p a r t i c l e s  w ere o b se rv e d  to  b e  n e g a t iv e ly  c h a rg e d  an d  u n d e r 

th e  in f lu e n c e  o f  a  d i r e c t  e l e c t r i c  c u r r e n t  (250 v . D .O .) th e y  f lo w e d  

to w ard s  t h e  p o s i t i v e l y  c h a rg e d  e le c t r o d e .

1*2. .Amino A c id s .

The amino a c id s  c h o sen  f o r  th e s e  a d s o rp t io n  e x p e rim e n ts  on th e  

p u re  q u a r tz  a r e  c * -a la n in e  and  - a l a n in e ,  so  t h a t  two d i s t i n c t  v a lu e s  

o f  A H °  may be o b ta in e d  w hich  can b e  com pared w ith  th o se  o b s e rv e d  f o r  

th e  same am ino a c id s  on th e  im pure  s i l i c a .  The p u r i t y  o f  t h e s e  amino 

a c id s  h a s  a l r e a d y  b e e n  r e p o r te d  i n  th e  g e n e ra l  E x p e r im e n ta l s e c t i o n  

p r e c e d in g  P a r t  1 .

1 . 3 . A d s o rp tio n  P ro c e d u re .

The p ro c e d u re  fo llo w e d  i n  th e  d e te rm in a t io n  o f  th e  is o th e rm s  

o f  t h e s e  two am ino a c id s  on t h i s  p u re  q u a r tz  i s  e x a c t ly  a s  d e s c r ib e d  f o r  

th e  p r e v io u s  a d s o rb e n t  i n  th e  g e n e ra l  E x p e r im e n ta l s e c t i o n ;  th e  a d s o rp ­

t i o n s  b e in g  d e te rm in e d  from  aqueous s o lu t io n s  o f  th e  am ino a c id s  a t  t h e i r

i s o e l e c t r i c  pH v a lu e s .

H ere , how ever, 4  gra. sam ples o f  th e  p u re  q u a r tz  w ere r e q u i r e d  

f o r  each  a d s o r p t io n  t e s t ,  an d  t h i s  q u a n t i ty  o f  a d s o rb e n t  i s  e q u iv a le n t  

to  a  s u r f a c e  a r e a  o f  14 ,400  s q . c m s ., a s  m easu red  by  th e  Lea and  N urse  

m ethod , w h ich  f o r  r e a s o n s  g iv e n  in  G e n e ra l E x p e r im e n ta l S e c t io n  i s  p r o b a b ly  

i n a c c u r a t e .  C o n s e q u e n tly , i n  t h i s  P a r t  3 th e  e x te n t  o f  a d s o r p t io n  i s



-2i s  m easu red  and r e p o r t e d ,  a s  i n  P a r t s  1 an d  2 , i n  m oles x  10 / l i t r e .

1 .4 .  A n a ly s is .

To d e te rm in e  th e  e x te n t  o f  a d s o rp t io n  o f  th e s e  amino a c i d s ,  

n i t r o g e n  a n a ly s e s  w ere  c a r r i e d  o u t on th e  s ta n d a r d  s o lu t i o n s  b e f o r e  and  

a f t e r  a d s o r p t io n  a c c o rd in g  to  th e  se m i-m ic ro  K je ld a h l  m ethod d e s c r ib e d  

i n  t h e  g e n e ra l  E x p e r im e n ta l s e c t i o n .



D isc u ss io n  o f  r e s u i t s .

2„1. I s o th e rm s .

The is o th e rm s  f o r  <X - a l a n in e  and A  - a l a n in e  a t  th r e e  

te m p e ra tu re s  a r e  shown i n  g rap h s  43 and  4 4  r e s p e c t i v e l y ,  and a r e  o b s e rv e d  

to  b e  s i m i l a r  i n  fo rm  to  th e  is o th e rm s  o f  th e s e  same am ino a c id s  u s in g  

th e  im pure  s i l i c a  a s  a d s o rb e n t ,  (g ra p h s  27 and  2 9 . ) .

F or b o th  amino a c id s  a  s h a rp  maximum a d s o r p t io n  i s  a t t a i n e d  

w h ich  i s  b o n s ta n t  a t  e a c h  te m p e ra tu re  and r e p r e s e n t s  a  u n i -m o le c u la r  

l a y e r .

S in c e  th e  q u a r t z ,  l i k e  th e  s i l i c a ,  i s  a l s o  n e g a t i v e l y  c h a rg e d , 

we may a g a in  c o n c lu d e  t h a t  th e  ammonium g ro u p , th e  a c t i v e  c e n t r e  o f  th e  

am ino a c id  m o le c u le , i s  a t t a c h e d  to  th e  oxygen atom  on th e  s u r f a c e  o f  t h e  

/ q u a r t z  and  th e  p r im a ry  f o r o e  o f  a d s o r p t io n  i s  t h e  m u tu a l a t t r a c t i o n  o f  

th e  p o s i t i v e l y  c h a rg e d  ammonium g roup  and th e  n e g a t i v e l y  c h a rg e d  q u a r t z .  

C o n s e q u e n tly , i t  i s  o b s e rv e d  t h a t  th e  p r im a ry  m echanism  o f  a d s o r p t io n  o f  

th e  am ino a c id s  on th e  p u re  q u a r tz  i s  e x a c t ly  th e  same a s  t h a t  on th e  

im pure  s i l i c a .

2 02 . H ea t o f  a d s o r p t io n .

As i n  P a r t s  1 and  2 , th e  h e a t  o f  a d s o r p t io n  f o r  e a ch  am ino a c id  

on th e  p u re  q u a r tz  may b e  c a l c u l a t e d  fro m  a  know ledge o f  th e  c o n c e n t r a t io n s  

o f  am ino a c i d  i n  s o lu t i o n  i n  e q u i l ib r iu m  w i th  th e  same am ount a d s o rb e d  a t  

two d i f f e r e n t  te m p e ra tu re s .

A p p ly in g  th e  e x p e r im e n ta l  d a ta  f o r  th e  is o th e rm s  a t  d i f f e r e n t  

te m p e ra tu re s  to  e q u a tio n  14 ( P a r t  1 , s e c t i o n  4 .3 ,  P*70) mean v a lu e s  o f
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were o b ta in e d  and. a re  r e p o r te d  in  t a b le  21.

C o n c lu s io n s  from  S e c t io n  2 .2 .

(1 )  The v a lu e  o f  ZU l° f o r  th e  a d s o r p t io n  o f  oC- a l a n in e  on th e  

p u re  q u a r tz  i s  5*75 k g . c a l s . / m o l e  w hich i s  com parab le  w ith  t h a t  o f  5*73 kg . 

c a l s . /m o le  on th e  s i l i c a .  ( P a r t  1 , s e c t i o n  4*3)*

(2 )  The v a lu e  o f  A H° f o r  /$  - a l a n i n e  on th e  p u re  q u a r tz  i s

1 1 .5  kg . c a l s . /m o le  w hich  i s  a l s o  co m p arab le  w i th  t h a t  o f  1 1 .^ 5  k g . c a l s . /  

m ole on th e  s i l i c a .

(3 )  B o th  v a lu e s  o f  2VH° on p u re  q u a r t z  a r e  n e g a t iv e  in  s ig n ,  

i n d i c a t i n g  t h a t  th e  a d s o r p t io n  p ro c e s s  i s  e x o th e rm ic  a s  i s  th e  c a s e  f o r  

th e  s i l i c a .

2 .3* A d s o rp tio n  bond fo rm a tio n .

Prom th e s e  p r e c e d in g  c o n c lu s io n s  i t  i s  e v id e n t  t h a t  th e  r e l a t i o n ­

s h ip  b e tw een  th e  num ber o f  bonds b ro k e n  i n  s o l u t i o n  and  th o s e  fo rm ed  i n  th e  

a d s o rb e d  s t a t e  d u r in g  th e  a d s o r p t io n  o f  e a c h  amino a c id  i s  v i r t u a l l y  

i d e n t i c a l  f o r  b o th  a d s o r b e n ts ,  th e  p u re  q u a r tz  and th e  s i l i c a .  S in c e  th e  

num ber o f  bonds b ro k e n  i n  ea ch  amino a c id  s o lu t i o n  i s  th e  same f o r  

e x p e r im e n ts  w i th  b o th  a d s o r b e n ts ,  i t  may b e  c o n c lu d e d  t h a t  s i m i l a r  bonds 

a r e  fo rm ed  by  th e  amino a c id s  on b o th  a d s o r b e n ts .

Thus we may c o n c lu d e  t h a t  th e  i m p u r i t i e s  c o n ta in e d  i n  th e  s i l i c a  

a d s o rb e n t  u se d  i n  P a r t s  1 and  2 do n o t  in f lu e n c e  th e  m echanism  o f  a d s o r p t io n  

o r  th e  s t r e n g t h  and  n a tu r e  o f  th e  a d s o r p t io n  bonds fo rm ed  be tw een  th e  am ino 

a c id  m o le c u le s  and th e  s i l i c a .



T a b l e  21.

Amino A cid
t ( ° k )

-  A H°

0 .5 3 .3 6
o i -A la n in e 0 .7 3 3 .2 3 5 .7 5

1 .0 6 3 .31

0 .5 3 .3 6
/2  -A la n in e 1 .0 5 3 .2 3 1 1 .5

2 .26 3 .1 0

(C )s  = e q u i l ib r iu m  c o n c e n t r a t io n  o f  amino a c id  i n  s o l u t i o n  i n

m oles x  1 0 ~ V s ’tan<3-ar<3- s u r f a c e  a r e a  3 , i n  e q u il ib r iu m  w ith  

th e  same amount o f  am ino a c id  a d s o rb e d  a t  t h e  t h r e e  

te m p e ra tu re s  25°C, 37°C and  50°C.

H° = c a l s . / m o l e .



P a r t  4 .  

M is c e lla n e o u s  A d s o rp tio n  E x p e r im e n ts .



A dsorption experim ents w ith  o p t ic a l ly  a c t iv e  p - and L -quartz.

w ( 6 0 , 6 1 )
KoC)r , has p o stu la ted  a chem ical theory o f  cancer based

on h is  work on the h y d ro ly s is  o f  cancer tumours in  which he d e tec ted  the

presence o f  amino ac id s o f  the D -se r ie s  whereas in' normal t i s s u e  the amino

a c id s  are a l l  o f  th e  L -s e r ie s .  In a d if f e r e n t  f i e l d  o f  research  th e

ad sorp tion  o f  assym etric  complex s a l t s  o f  co b a lt  on the o p t ic a l ly  a c t iv e
(£>2 )forms o f  quartz has been stu d ied  by Kuroyav ' who has found that there  

i s  a c lo s e  r e la t io n s h ip  between adsorption  and s p a t ia l  co n fig u ra tio n  o f  

the co b a lt  complex. A fter  d ipping a f in e  powder o f  D- or L-quartz in to  

a racem ic complex s a l t  s o lu t io n  Xuroya found th a t an o p t ic a l  r o ta t io n  

had been developed in  the so lu t io n  in d ic a tin g  th a t one o p t ic a l  isomer 

o f  the complex s a l t  had been p r e fe r e n t ia lly  adsorbed.

With th ese  r e s u lt s  in  mind the fo llo w in g  adsorption  experim ents 

were ca rr ied  out to in v e s t ig a te  th e p o s s i b i l i t y  th a t s e le c t iv e  ad sorp tion  

o f  one o p t ic a l  isomer o f  an amino a c id  could  take p lace  on each o f  the  

o p t ic a l ly  a c t iv e  forms o f  quartz. This In v e s t ig a t io n  was approached in  

two d is t in c t  ways.

(a ) Experiments were ca rr ied  out in  an endeavour to develop o p t ic a l  

r o ta t io n  in  a racemic amino a c id  so lu t io n  by tr e a t in g  i t  w ith  each 

o f  th e o p t ic a l ly  a c t iv e  forms o f  quartz.

(b) The e x te n ts  o f  adsorption  o f  both D (- ) -v a l in e  and L(+)~ v a lin e  on 

each o f  the two forms o f  quartz were determined to observe i f  e ith e r  

isom er o f  the amino a c id  was adsorbed to a g rea ter  ex ten t oq e ith e r
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form  o f  q u a r tz .

1o 1. A d s o rp tio n  e x p e rim e n ts  w ith  o p t i c a l l y  a c t i v e  q u a r tz  and  PL- - a l a n i n e . 

A d so rb e n t.

Sam ples o f  o p t i c a l l y  a c t i v e  q u a r t z ,  b o th  th e  D- a n d  L~ fo rm s ,

■were g round  in  s e p a r a t e  p o r c e l a in  b a l l - m i l l s  w i th  p e b b le  b a l l s ,  an d  th e  

pow der' fro m  ea ch  b a l l - m i l l  w hich  p a s s e d  th ro u g h  a  300 m esh B .S . s ie v e  

was c o l l e c t e d .

The p u r i t y  o f  each  q u a r tz  pow der was d e te rm in e d  by e v a p o ra t io n  

o f  w eighed  sam p les  w i th  h y d r o f lu o r ic  a c id  an d  r o a s t i n g  th e  r e s i d u e s .  On 

t h i s  b a s i s ,  t h e  D ~ q u artz  pow der was fo u n d  to  c o n ta in  99*79% SiOp an d  th e  

L - q u a r tz  pow der 99*71% SiOp*

S ta n d a rd  DL- PC - a l a n in e  s o l u t i o n .

A m o la r  s o lu t i o n  o f  DL- < X -a lan in e  in  d i s t i l l e d  w a te r  was p r e p a r e d  

an d  t h e  pH was a d ju s te d  w ith  d i l u t e  h y d r o c h lo r ic  a c id  to  pH 4 , s in c e  a t  

t h i s  pH maximum a d s o r p t io n  o f  D L - - a l a n i n e  o c c u r s .  (S ee  P a r t  1 , s e c t i o n

2 . 1 . ) .  T h is  s o l u t i o n  was u sed  in  th e s e  a d s o r p t io n  e x p e r im e n ts .

(The p u r i t y  o f  th e  D L -o ^ -a la n in e  i s  r e p o r t e d  i n  t a b l e  A o f  th e  

A ppend ix , s e c t i o n  1 . )

A d s o rp tio n  P ro c e d u re .

( a )  A s u s p e n s io n  o f  15 gms. o f  th e  D -q u a r tz  pow der and  100 m l. 

o f  th e  s ta n d a r d  DL-0( - a l a n in e  s o lu t i o n  was made up and p la c e d  i n  th e  

th e r m o s ta t  a t  37°G.

(b )  A s i m i l a r  s u s p e n s io n  o f  15 gms. o f  th e  D -q u a r tz  pow der and  

100 m l. o f  th e  s ta n d a r d  DL- oL - a l a n in e  s o l u t i o n  was p r e p a re d  and  p la c e d  

i n  th e  same th e r m o s ta t .



B oth su sp e n sio n s  were c o n t in u a l ly  a g i t a t e d  by a m echanical

s t i r r e r .

A f te r  70 h o u rs  in  th e  th e r m o s ta t ,  25 m l. sam p les o f  b o th  

s u s p e n s io n s  w ere f i l t e r e d  th ro u g h  5 b rd  S te r im a t  f i l t e r s  and th e  f i l t r a t e s  

t e s t e d  f o r  o p t i c a l  a c t i v i t y  i n  a  p o l a r im e te r  u s in g  a  sodium  v ap o u r lam p 

a s  a  l i g h t  s o u rc e .  The p o l a r i m e t r i c  r e a d in g s  w ere o b s e rv e d  th ro u g h  a  two 

d e c im e te r  tu b e .

C o n c lu s io n .

No d i f f e r e n c e  was o b s e rv e d  i n  th e  p o l a r i m e t r i c  r e a d in g s  o f  th e  

s ta n d a r d  DL~<X~alanine s o lu t i o n s  b e f o r e  and  a f t e r  c o n ta c t  w i th  t h e  D- an d  

L - q u a r tz  p o w d ers . C o n s e q u e n tly , we may c o n c lu d e  t h a t  no p r e f e r e n t i a l  

a d s o r p t io n  o f  e i t h e r  o p t i c a l  iso m e r o f  iX -a la n in e  a p p e a rs  to  t a k e  p l a c e  

on e i t h e r  D- o r  L - q u a r tz  pow d ers .

I t  i s  u n f o r tu n a te  t h a t  th e  s p e c i f i c  r o t a t i o n  o f  ea ch  o p t i c a l  

iso m e r  o f  o C - a la n in e ,  and  in d e e d  o f  th e  &L -am ino  a c id s  i n  g e n e r a l ,  i s  

v e ry  s m a l l ;  and i f ,  a s  seems l i k e l y ,  any  p r e f e r e n t i a l  a d s o r p t io n  i s  

a l s o  s m a l l ,  th e  r e s u l t i n g  o p t i c a l  a c t i v i t y  may b e  below  th e  e x p e r im e n ta l ly  

o b s e rv a b le  l i m i t .  T h is  c o n c lu s io n  i s  a ls o  s u p p o r te d  b y  th e  f a c t  t h a t  a l ­

th o u g h  th e  com plex s a l t s  u se d  b y  K u r o y a ^ 2  ̂ i n  h i s  a d s o r p t io n  e x p e rim e n ts  

on  o p t i c a l l y  a c t i v e  q u a r tz  have a  h ig h  s p e c i f i c  r o t a t i o n ,  th e  o b s e rv e d  

o p t i c a l  r o t a t i o n  d e v e lo p e d  i n  ra c e m ic  s o lu t io n s  o f  th e  s a l t s  by  p r e f e r e n t ­

i a l  a d s o r p t io n  o f  one o p t i c a l  iso m e r  was so  s m a ll  a s  to  b e  j u s t  o u t  w i th  

t h e  e x p e r im e n ta l  e r r o r .

S in c e  th e  s p e c i f i c  r o t a t i o n s  o f  D- and  L - p y s t in e  a r e  f a i r l y  h ig h ,  

a d s o r p t io n  e x p e r im e n ts  on th e  D- and L - q u a r tz  pow ders w ere c a r r i e d  o u t



u s in g  a s o lu t io n  o f  D L -cy stin e .

1 .2 ,  A d s o rp tio n  e x p e rim e n ts  w ith  o p t i c a l l y  a c t i v e  q u a r tz  a n d  D L -c y s t in e . 

A d so rb e n t.

The D- and  L - q u a r tz  pow ders u se d  i n  th e  f o l lo w in g  e x p e r im e n ts  

have a l r e a d y  b e e n  d e s c r ib e d  in  s e c t i o n  1 .1 .

S ta n d a rd  D L -c y s tin e  s o l u t i o n .

An a p p ro x im a te ly  M/5 s o lu t i o n  o f  D L -c y s tin e  i n  N.HCl was p r e p a r e d  

an d  u se d  i n  th e s e  a d s o r p t io n  e x p e r im e n ts . The a c id  s o lv e n t  was r e q u i r e d  

b e c a u s e  o f  th e  low  s o l u b i l i t y  o f  th e  D L -c y s tin e  i n  w a te r .  (The p u r i t y  o f  

th e  am ino a c id  i s  r e p o r te d  i n  t a b l e  A o f  th e  A ppend ix , s e c t i o n  1 . )

A d s o rp tio n  p ro c e d u r e .

( a )  A s u s p e n s io n  o f  5 gpis. o f  th e  D -q u a r tz  pow der and  15 m l. o f  

th e  s ta n d a r d  D L -c y s tin e  s o lu t i o n  was p r e p a r e d  and  p la c e d  i n  th e  th e r m o s ta t  

a t  25°C.

(b )  A s im i l a r  s u s p e n s io n  u s in g  5 gms. o f  th e  L - q u a r tz  pow der 

was p la c e d  i n  th e  same th e r m o s ta t .

B o th  s u s p e n s io n s  w ere  c o n t in u a l ly  a g i t a t e d ;  th e  te m p e ra tu re  

25°C was s e l e c t e d  to  o b t a in  h ig h  a d s o r p t io n  v a lu e s .

A f t e r  10 d ay s  i n  th e  t h e r m o s ta t ,  th e  two s u s p e n s io n s  w ere  f i l t e r e d  

th ro u g h  F o rd  S te r im a t  f i l t e r s  and  th e  f i l t r a t e s  t e s t e d  f o r  o p t i c a l  a c t i v i t y  

i n  t h e  p o l a r im e te r .  The p o l a r i m e t r i c  r e a d in g s  w ere o b s e rv e d  th ro u g h  a  two 

d e c im e te r  tu b e .

C o n c lu s io n .

No d i f f e r e n c e  was o b se rv e d  i n  th e  p o l a r i m e t r i c  r e a d in g s  o f  th e  

s ta n d a r d  D L -c y s tin e  s o lu t io n s  b e f o r e  and  a f t e r  c o n ta c t  w ith  t h e  D- and  L - 

q u a r tz  po w d ers . C o n s e q u e n tly  we may a g a in  c o n c lu d e  t h a t  no p r e f e r e n t i a l
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a d s o rp tio n  o f  e i t h e r  o p t i c a l  isom er o f  c y s t in e  ta k e s  p la c e  on e i t h e r  D- 

o r  L - q u a r tz  p o w d ers .

To th e  f i l t r a t e s  from  th e  above s u s p e n s io n s  ( a )  and  (b )  w ere  

added  a  f u r t h e r  10 gras, o f  D- and  L -q u a r tz  pow der r e s p e c t i v e l y  an d  th e  

f r e s h  s u s p e n s io n s  w ere r e t u r n e d  to  th e  th e r m o s ta t  a t  25°C. A f t e r  a  

f u r t h e r  p e r io d  o f  10 d a y s , no o p t i c a l  a c t i v i t y  was d e v e lo p e d  i n  e i t h e r  

D L -c y s tin e  s o lu t i o n .

a.Ju A dsorption experim ents w ith  o p t ic a l ly  a c t iv e  quartz and 

P ( —) — and L (+ )-v a lin e .

Adsorbent.

The D- and  L - q u a r tz  pow ders u se d  i n  th e  f o l lo w in g  e x p e r im e n ts  

have  a l r e a d y  b e e n  d is c u s s e d  i n  s e c t i o n  1 .1 .

Standard v a lin e  s o lu t io n s .

An 0 .0 2  M s o lu t i o n  o f  b o th  D ( - ) - v a l i n e  an d  L ( + ) - v a l in e  i n  

d i s t i l l e d  w a te r  was p r e p a r e d  and u se d  i n  th e s e  a d s o r p t io n  e x p e r im e n ts .

B o th  s o lu t i o n s  h ad  a  pH v a lu e  o f  6 .0 0  u n i t s .

The p u r i t y  o f  t h e s e  amino a c id s  i s  r e p o r t e d ^ in  t a b l e  A o f  th e  

A ppend ix , s e c t i o n  1.

A dsorption Procedure.

( a )  To e a c h  o f  two 10 gm. sam p les o f  t h e  D -q u a r tz  pow der w ere 

ad d ed  25 m l. o f  th e  s ta n d a r d  D ( - ) - v a l i n e  and  L(+) - v a l i n e  s o lu t io n s  

r e s p e c t i v e l y ,  a n d  th e  s u s p e n s io n s  w ere th e n  a llo w e d  to  r e v o lv e  s lo w ly  i n  

th e  th e r m o s ta t  a t  25°C.

o o  Two s i m i l a r  s u s p e n s io n s ,  each  c o n ta in in g  10 gms. o f  th e  

L—q u a r tz  pow der, w ere a l s o  made up an d  p la c e d  i n  th e  th e r m o s ta t .
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T hese e x p e rim e n ts  w ere c a r r i e d  o u t  a t  25°C s in c e  a t  t h i s  

te m p e ra tu re  th e  e x te n t  o f  a d s o r p t io n  i s  g r e a t e r  th a n  a t  37°C. A f te r  

48 h o u rs  i n  th e  th e r m o s ta t ,  e a ch  s u s p e n s io n  was c e n t r i f u g e d  an d  t h e  

s u p e r n a ta n t  l i q u i d s  a n a ly s e d  to  d e te rm in e  th e  e x te n t  o f  a d s o r p t io n .

A n a ly s is .

The v a l i n e  s o lu t io n s  b e f o r e  an d  a f t e r  a d s o r p t io n  w ere a n a ly s e d  

to  d e te rm in e  t h e i r  n i t r o g e n  c o n te n t  a c c o rd in g  t o  th e  s e n a -m ic ro  K je ld a h l  

p ro c e d u re  d e s c r ib e d  i n  th e  g e n e ra l  S x p e r im e n ta l  s e c t i o n  p r e c e d in g  P a r t  1. 

‘Prom th e  n i t r o g e n  d e te r m in a t io n s  th e  e x te n t  o f  a d s o r p t io n  i n  e a c h  s u s p e n s io n  

was c a l c u l a t e d .

R e s u l t s .

( a )  a d s o r p t io n  o f  D ( - ) - v a l i n e  on D -q u a r tz  = 3 .5 9  

x  10-5  m o les .

a d s o r p t io n  o f  L ( + ) - v a l in e  on D -q u a r tz  = 3 * 5 9  

x  10 5 moi e s .

(b )  a d s o r p t io n  o f  D ( - ) - v a l i n e  on L - q u a r tz  =

4 .2 6  x  10~5 m o le s .

a d s o r p t io n  o f  L ( + ) - v a l in e  on L - q u a r tz  =

4 *26  x  10"5 m o les .

The d i f f e r e n t  e x te n t  o f  a d s o r p t io n  i n  ( a )  and  (b )  i s  due to  th e  d i f f e r e n t  

s u r f a c e  a r e a s  o f  th e  D- and  L - q u a r tz  p o w d ers .

C o n c lu s io n .

Prom th e s e  r e s u l t s  i t  i s  e v id e n t  t h a t  b o th  o p t i c a l  iso m e rs  o f  

v a l i n e  a r e  a d s o rb e d  to  th e  same e x te n t  on  b o th  th e  D- a i d  th e  L - q u a r tz  

p o w d ers .
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C o n c lu s io n s  from S e c tio n  1.

The e x p e rim e n ts  d e s c r ib e d  in  t h i s  s e c t i o n  i n d i c a t e  t h a t  n e i t h e r  

D- n o r  L - q u a r tz  p r e f e r e n t i a l l y  a d s o rb  e i t h e r  o p t i c a l  iso m e r  o f  t h e  amino 

a c i d s ,  oC - a l a n i n e ,  c y s t i n e ,  a n d  valine®  S in c e  b o th  s p e c i f i c  r o t a t i o n  and  

e x te n t  o f  a d s o r p t io n  a r e  low f o r  each  o f  th e  above  am ino a c i d s ,  th e n  any  

s m a l l  p r e f e r e n t i a l  a d s o r p t io n  may b e  im p o s s ib le  to  d e t e c t .

/



S e c t io n  2 .

A d s o rp tio n  o f  c y s t i n e  on s i l i c a .

D u rin g  th e  e x p e r im e n ts  to  d e te rm in e  th e  r a t e s  o f  a d s o r p t io n  

o f  th e  s e r i e s  o f  am ino a c id s  d is c u s s e d  i n  P a r t  1 , th e  r a t e  o f  a d s o r p t io n  

o f  c y s t i n e  on th e  same s i l i c a  a d s o rb e n t  was a ls o  s tu d i e d .  The e x p e r im e n t­

a l  p ro c e d u re  f o r  c y s t in e  was e x a c t ly  a s  d e s c r ib e d  f o r  th e  o th e r  am ino 

a c id s  i n  t h e  G e n e ra l E x p e r im e n ta l S e c t io n  3 ° -i»1> th e  s i l i c a  a d s o rb e n t  

was t h a t  u se d  f o r  th e  o th e r  amino a c id s  in  p a r t s  1 and  2 , th e  s u r f a c e  

a r e a  o f  th e  s i l i c a  b e in g  t h a t  r e f e r r e d  to  a s  s ta n d a r d  s u r f a c e  a r e a  1.

The c y s t in e  s o lu t i o n  u se d  was a n  0 .01  M s o l u t i o n  i n  N EDI, s in c e  c y s t i n e  

i s  v i r t u a l l y  i n s o lu b le  i n  d i s t i l l e d  w a te r .

However, i r r e g u l a r  r e s u l t s  a r e  o b ta in e d  f o r  c y s t i n e ;  th e  e x te n t  

o f  e q u i l ib r iu m  a d s o r p t io n  from  th e  0 .01  M s o lu t i o n  ( e q u iv a le n t  t o  1 2 .2  x  

10 -5  jno ies Qf  c y s t i n e / s t a n d a r d  s u r f a c e  a r e a  1 . )  i s  c o n s id e r a b ly  h ig h e r  

th a n  was e x p e c te d  in  view  o f  th e  v a lu e s  shown f o r  th e  o th e r  amino a c id s  

( P a r t  1 , s e c t i o n  1 .2 ,  t a b l e s  1 an d  2 a . ) ,  an d  th e  e x te n t s  o f  a d s o r p t io n  

o f  c y s t i n e  a t  i n c r e a s in g  tim e  i n t e r v a l s  a r e  e r r a t i c  an d  c a n n o t be 

r e p ro d u c e d .

A f te r  c o n s id e r in g  p o s s ib l e  e x p la n a t io n s  f o r  th e s e  i r r e g u l a r i t i e s ,  

i t  was f i n a l l y  c o n c lu d e d  t h a t  t h e  c y s t i n e  s o l u t i o n  h a d  d e t e r i o r a t e d  and  

p o s s ib ly  h y d r o ly s i s  o f  c y s t i n e  had  ta k e n  p l a c e ,  s in c e  th e  c y s t i n e  s o l u t i o n  

was p r e p a r e d  some weeks p r e v io u s  to  u se  i n  th e s e  a d s o r p t io n  e x p e r im e n ts .

To t e s t  t h i s  c o n c lu s io n ,  a d s o r p t io n  e x p e r im e n ts  w ere c a r r i e d  o u t  u n d e r  th e  

same c o n d i t io n s  w ith  a  ' f r e s h '  0 .0 1  Ivi s o lu t i o n  o f  c y s t i n e  in  N HC1 and  th e



s ta n d a r d  s u r f a c e  a r e a  1. T his r e s u l t  p ro v e s  t h a t  some change has ta k e n  

p la c e  i n  th e  'o ld *  c y s t i n e  s o lu t i o n  and t h a t  th e  compound w hich  i s  s t r o n g ly  

a d so rb e d  i s  n o t  c y s t i n e .

The s t a b i l i t y  o f  c y s t i n e  i n  h y d r o c h lo r ic  a c id  h a s  b e e n  s tu d i e d

(63)
by  S h in o h a ra  and  K i l p a t r i c k  who c o n c lu d e d  t h a t  t h i s  s o l u t i o n  i s  un ­

s t a b l e  an d  h y d ro ly s e s  to  p ro d u c e  a  re d u c in g  s u b s ta n c e  w hich i s  m a in ly  

c y s t e i n e .  T hese w o rk e rs  e x p la in  th e  h y d r o ly s i s  o f  c y s t in e  by th e  fo l lo w in g  

e q u a t io n s .

(1 )  R -S -S -R  + HpO = in te r m e d ia te  compounds = R-SH + R-S-OH

( l i k e  R -3-0H 2- S - R .)

(2 )  2R-S-CH = R-SH + R-3C-0H

(3 )  R-S-OH + R-3C-0H s  R-3H + R -  S02~OH

I t  i s  p r o b a b le ,  t h e r e f o r e ,  t h a t  i n  th e  a d s o r p t io n  e x p e rim e n ts  

w i th  th e  'o ld *  s o l u t i o n ,  th e  c y s t i n e  had  h y d ro ly s e d  a c c o rd in g  to  th e  above 

e q u a t io n s .  I n  o r d e r  to  d e te rm in e  m ore e x a c t ly  w h ich  o f  th e  above compounds 

was so s t r o n g l y  a d s o rb e d , u l t r a - v i o l e t  a d s o r p t io n  c u rv e s  o f  th e  f o l lo w in g  

s o lu t i o n s  w ere d e te rm in e d  u s in g  a  Unicam u l t r a - v i o l e t  s p e c tro p h o to m e te r .

(a )  th e  ’old* c y s t in e  s o lu t io n ,  (g rap h  45)

(b )  th e  ' f r e s h 1 c y s t i n e  s o l u t i o n ,  (g ra p h  4 5 )

( c )  th e  'o l d '  c y s t i n e  s o lu t i o n  a f t e r  a d s o r p t io n  (g ra p h  4 5 )

(d )  a  ' f r e s h '  c y s te in e  s o l u t i o n ,  (g ra p h  4 6 )

( e )  a  'f r e s h *  c y s t e i n e / c y s t i n e  m ix tu re  ( g r a p h e d )

S o lu t io n s  ( a )  -  (d )  w ere p re p a re d  from  th e  r e s p e c t i v e

0 .01  M s ta n d a r d  s o lu t i o n s  i n  II 1101 by d i l u t i n g  to  0 .001  M w ith  II HCl.



«qu.o.j. \roiutues o i  C .O i h i  c y s t in e  i n  li iiC l and 0*01 m c y s te in e  in  2m HCjl*

Graph 45 shows t h a t  th e  ‘o ld* c y s t in e  s o lu t i o n  c o n ta in s  some 

unknown compound, w hich  p ro d u c e s  a n  i n f l e c t i o n  i n  th e  r e g io n  2 3 6 -2 5 6  m.jju 

T h is  compound i s  s t r o n g ly  a d s o rb e d  on th e  s i l i c a ,  s in c e  th e  u l t r a - v i o l e t  

a d s o r p t io n  c u rv e  o f  th e  ’o l d 1 c y s t in e  s o lu t i o n  a f t e r  a d s o r p t io n  (g ra p h  45 ) 

e x h ib i t s  o n ly  a  s l i g h t  i n f l e c t i o n  and i s  v i r t u a l l y  i d e n t i c a l  to  th e  c u rv e  

f o r  t h e  ’f re s h *  c y s t i n e  s o l u t i o n .  The a d s o r p t io n  c u rv e s  f o r  th e  ’f r e s h ’ 

c y s t i n e  s o l u t i o n ,  th e  ’ f re s h *  c y s te in e  s o lu t i o n  and t h e  ’ f r e s h ’ c y s t i n e /  

c y s te in e  m ix tu re  (g ra p h  4 6 ) a r e  a l l  sm ooth  c u rv e s  w i th  no i n f  l e c t i o n s  a n d  

c o n s e q u e n tly  th e  unknown compound w hich i s  s t r o n g l y  a d s o rb e d  on th e  s i l i c a  

i s  n o t  c y s t e i n e ,  a l th o u g h  a d s o r p t io n  o f  c y s te in e  on th e  s i l i c a  u n d o u b ted ly  

do es  ta k e  p l a c e ,  a s  h as  been  shown i n  P a r t  1 , s e c t i o n  1*2*2.

Exam ining e q u a tio n s  (1 )  -  (3 ) f o r  p o s s ib l e  compounds w hich  m igh t 

be  th e  unknown, th e  fo l lo w in g  compounds R-S-OH, R-SG-OH, and R-SO2 -OH m ust 

b e  e l im in a te d  s in c e  th e s e  a r e  a l l  h ig h ly  e l e c t r o n e g a t i v e  and a c c o rd in g  to  

th e  c o n c lu s io n s  d e r iv e d  in  P a r t  1 , such  compounds a re  n o t  s t r o n g ly  a d s o rb e d  

on th e  s i l i c a .

Yfe m ust c o n c lu d e , t h e r e f o r e ,  t h a t  th e  unknown compound, w hich i s  

s t r o n g ly  a d s o rb e d  on th e  s i l i c a ,  i s  n o t  shown i n  e q u a t io n s  (1 )  -  ( 3 ) an d  

t h a t  i t s  n a tu r e  i s  p ro b a b ly  much l e s s  p o l a r  o r  e l e c t r o n e g a t i v e  th a n  th o s e  

shown i n  e q u a tio n s  (1 )  -  (3 )  2n d  f u r t h e r  t h a t  i t  i s  p ro b a b ly  a  s m a ll  

m o le c u le  s in c e  c y s t i n e  i t s e l f  i s  a d so rb e d  to  a  vezy  s m a ll  e x t e n t .
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A d s o rp tio n  e x p e rim e n ts  w i th  c h o l e s t e r o l  on s i l i c a .
- - --- , Ilf*' -  --T- ir ■■ 1 T IT . ■ I ■■ n-r.. Ml. . M u. i.ruwi. m Ti»n« nr--- it - r ir i. i ■ .11 ,_r n  -  .n - - — ~ I I ' ' '

The p re s e n c e  o f  th e  s i l i c i c  a c id  e s t e r s  o f  c h o l e s t e r o l  and
(64)

a n a lo g o u s  s u b s ta n c e s  i n  s i l i c o t i c  lu n g s  h a s  b e e n  r e p o r t e d  by  H o lz a p fe l  >

who h a s  a ls o  d i s c u s s e d  th e  im p o r ta n c e  o f  su c h  ’o r g a n o - s i l i c a t e s 1 i n

s i l i c o s i s  H o lz a p fe l  h a s  p o s t u l a t e d  t h a t  when s i l i c i c  a c id  i s  d i s s o lv e d

from  th e  s u r f a c e  o f  a  q u a r tz  p a r t i c l e ,  f r e e  v a le n c ie s  a r e  l e f t  on  th e  q u a r tz

s u r f a c e  w h ich  may b e  n e u t r a l i s e d  by  o rg a n ic  r a d i c a l s .  T h is  w o rk er a l s o

r e f e r s  to  B e g e r^ ^ *  67)^ wJlo r e p o r te d  t h a t  a lb u m in o u s c o v e r in g s  a r e

form ed  ro u n d  a s b e s to s  n e e d le s  i n  s i l i c o t i c  lu n g s .  However, th e s e  f in d in g s
(68)

o f  B eger have b e e n  d i s p u te d  b y  K bppenhofer

W ith th e s e  v iew s i n  m ind , th e  fo l lo w in g  e x p e rim e n ts  w ere c a r r i e d  

o u t to  i n v e s t i g a t e  th e  p o s s i b i l i t y  o f  a d s o r p t io n  o f  c h o l e s t e r o l  from  

aqueous m edia on s i l i c a .

E x p e r im e n ta l .

A d so rb e n t.

I n  th e s e  c h o l e s t e r o l  e x p e r im e n ts , th e  s i l i c a  a d s o rb e n t  was t h a t  

u se d  f o r  th e  am ino a c id s  in  P a r t  1 ,* th e  s u r f a c e  a r e a  o f  th e  s i l i c a  b e in g  

t h a t  r e f e r r e d  to  a s  s ta n d a r d  s u r f a c e  a r e a  1.

A d s o rb a te .

The c h o l e s t e r o l  was o b ta in e d  from  M e ss rs . B r i t i s h  D rug H ouses L td .

( a )  S in c e  c h o l e s t e r o l  h a s  a  v e ry  low  s o l u b i l i t y  i n  w a te r ,  an 

a lm o s t s a t u r a t e d  s o lu t i o n  o f  c h o l e s t e r o l  i n  a lc o h o l  c o n ta in in g  10>v o f  w a te r  

was p r e p a r e d  and u sed  i n  th e s e  a d s o r p t io n  ex p e rim en ts*



(’b) A f in e  su sp e n sio n  o f  c h o le s t e r o l  i n  d i s t i l l e d  w a te r  was 

a l s o  p r e p a r e d  in  th e  m anner descx -ibea  by  B erg s tro m  and W i n t e r s t e i n e r ^ 7^. 

T h is  s u s p e n s io n  was a b le  to  v d th s ta n d ,  w i th o u t  l o s s  o f  c h o l e s t e r o l ,  th e  

c e n t r i f u g in g  n e c e s s a ry  to  s e p a r a te  t h e  s i l i c a  fro m  th e  c h o l e s t e r o l  

s u s p e n s io n . A d s o rp tio n  e x p e rim e n ts  w ere a l s o  c a r r i e d  o u t  u s in g  t h i s  

c h o l e s t e r o l  s u s p e n s io n .

A d s o rp tio n  p ro c e d u re .

The a d s o r p t io n  p ro c e d u re  fo llo w e d  i n  th e s e  c h o l e s t e r o l  e x p e r im e n ts  

was e x a c t ly  a s  d e s c r ib e d  f o r  th e  amino a c id s  o f  P a r t  1 . The s i l i c a /  

c h o l e s t e r o l  s o lu t i o n  (o r  s u s p e n s io n )  r a t i o  was a s  f o r  th e  amino a c id s  and  

th e  te m p e ra tu re  a t  w hich a d s o r p t io n  was s tu d i e d  was a ls o  37°C .

A n a ly s is .

The c o n c e n t r a t io n s  o f  c h o l e s t e r o l  i n  b o th  th e  c h o l e s t e r o l

s o lu t i o n  and s u s p e n s io n  b e f o r e  and  a f t e r  c o n ta c t  \>vith t h e  s i l i c a  w ere
(7 0 , 71)

d e te rm in e d  c o l o r i m e t r i c a l l y  u s in g  th e  L e ib e n n a n n -B u rc h a rd t r e a c t i o n  

The b a s i s  o f  t h i s  r e a c t i o n  i s  t h a t  a  g re e n  c o lo u r  i s  p ro d u ce d  when a c e t i c  

a n h y d rid e  an d  c o n c e n t r a te d  s u lp h u r ic  a c id  a r e  added  to  an an h y d ro u s  

s o l u t i o n  o f  c h o l e s t e r o l  i n  c h lo r o f o m .  The i n t e n s i t y  o f  t h e  c o lo u r  was 

d e te rm in e d  in  a  S pekker p h o t o e l e c t r i c  a b s o ip t io m e te r .  S in c e  t r a c e s  o f  

w a te r  i n  th e  c h lo ro fo rm  s o l u t i o n  o f  c h o l e s t e r o l  in f lu e n c e  th e  r a t e  o f  

d eve lopm en t and  d e s t r u c t i o n  o f  th e  c o lo u r ,  th e  sam p les  o f  th e  c h o l e s t e r o l  

s o lu t i o n  and s u s p e n s io n  to  b e  a n a ly s e d  w ere f i r s t  c a r e f u l l y  e v a p o ra te d  to  

d ry n e s s  an d  th e n  r e - d i s s o l v e d  i n  an h y d ro u s c h lo ro fo rm  b e f o r e  a d d in g  th e  

a c e t i c  a n h y d r id e  and c o n c e n t r a te d  s u lp h u r ic  a c id .



C on clu sio n .

I t  has been found th a t  c h o le s te r o l  was n o t ad so rbed  on th e  

s i l i c a  from  e i t h e r  th e  aqueous/E tQ H  s o l u t i o n  o r  th e  aqueous s u s p e n s io n  

a f t e r  80 h o u rs  a t  37°C. T h is  r e s u l t  i s  to  b e  e x p e c te d  s in c e  th e  

c h o l e s t e r o l  m o le c u le  do es  n o t  c o n ta in  a  s t r o n g  p o s i t i v e l y  c h a rg e d  c e n t r e  

th ro u g h  w h ich  a d s o r p t io n  c o u ld  ta k e  p la c e .



G E N E  R A L  S U M M A R Y .
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Summary o f  c o n c lu s io n s  from  P a r t  1 ~ Amino A c id s .

P a r t  1 , S e c t io n  1.

In  t h i s  s e c t i o n  th e  a d s o r p t io n  c h a r a c t e r i s t i c s  o f  a  num ber o f  

amino a c id s  and r e l a t e d  s u b s ta n c e s  hav e  b e e n  d i s c u s s e d  i n  d e t a i l .  I n  

a d d i t i o n  to  th e  ammonium and c a rb o x y la te  g ro u p s , th e  in f lu e n c e  o f  o th e r  

s e c o n d a ry  s u b s t i t u e n t s  c o n ta in e d  i n  th e  m o le c u le  on th e  a d s o r p t io n  

b e h a v io u r  o f  th e  amino a c id  have  a ls o  b e e n  s tu d i e d .  The f o l lo w in g  g e n e ra l  

c o n c lu s io n s  have  b e e n  d e r iv e d .

(1 )  I n  aqueous s u s p e n s io n , th e  s i l i c a  a d s o rb e n t  i s  n e g a t iv e ly  c h a rg e d . 

A d s o rp tio n  o f  th e  amino a c id s  from  aqueous s o lu t i o n  o c c u rs  p r i m a r i l y  

b y  m u tu a l a t t r a c t i o n  o f  th e  p o s i t i v e l y  c h a rg e d  ammonium g roup  o f  

th e s e  m o le c u le s  and th e  n e g a t iv e ly  c h a rg e d  s i l i c a .

(2 )  The r a t e  and  e x te n t  o f  a d s o r p t io n  o f  th e  am ino a c id  a r e  d e te rm in e d  

by  th e  f o l lo w in g  c o n s id e r a t io n s

th e  i n t e r a c t i o n  o f  th e  m o le c u le s  w ith  one  a n o th e r  

i n  aqueous s o l u t i o n ;

th e  n a tu r e  and  p o s i t i o n  o f  se c o n d a ry  s u b s t i t u e n t  g ro u p s  

w i th in  th e  m o le c u le ;

t h e  i n f lu e n c e  o f  th e s e  s e c o n d a ry  s u b s t i t u e n t s  on th e  i n t e r a c t i o n  

b e tw een  th e  amino a c id  m o le c u le s  in  s o lu t i o n ;  

th e  b u lk  o f  th e  s e c o n d a ry  s u b s t i t u e n t  i n  a d s o rb e d  m o le c u le s ,  

w h ich , f o r  l a r g e  s u b s t i t u e n t s ,  w i l l  h in d e r  f u r t h e r  a d s o r p t io n .

e )  th e  d i s t a n c e  be tw een  the- ammonium and c a r b o x y la te  g ro u p s ;

f )  t h e  e x te n t  o f  s u b s t i t u t i o n  i n  th e  ammonium g ro u p .
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P a r t  1 , S e c t io n  2 .

In  t h i s  s e c t i o n  th e  e f f e c t  o f  pH on th e  a d s o r p t io n  o f  a number 

o f  am ino a c id s  h a s  b e e n  s tu d i e d  and th e  f o l lo w in g  g e n e r a l  c o n c lu s io n s  

w ere d e r iv e d .

( a )  The n e g a t iv e  c a r b o x y la te  g ro u p , e s p e c i a l l y  when a d ja c e n t  to  th e  

p o s i t i v e  ammonium g ro u p , e x e r t s  an in f lu e n c e  te n d in g  to  r e t a r d  

o r  p r e v e n t  a d s o r p t io n .

(b )  The a l k y l  g roup  m o d if ie s  t h i s  a d v e rs e  e f f e c t  o f  th e  c a r b o x y la te  

g ro u p . As th e  a l k y l  g roup  i n c r e a s e s  i n  b u lk  th e  pH ra n g e  f o r  

maximum a d s o r p t io n  i n c r e a s e s ,  b u t  t h e r e  i s  a  p ro n o u n ced  d e c re a s e  

i n  e x t e n t .

P a r t  1 , S e c t io n  3 »

The k i n e t i c s  o f  a d s o r p t io n  h av e  b e e n  s tu d i e d  i n  t h i s  s e c t i o n  

an d  i t  h a s  b e e n  found  t h a t  th e  a d s o r p t io n  o f  th e s e  am ino a c id s  on s i l i c a  

i s  n o t  fu n d a m e n ta lly  a  p r o c e s s  o f  d i f f u s i o n  o f  th e  m o le c u le s  i n  s o lu t i o n  

to  th e  s u r f a c e  o f  th e  a d s o r b e n t ,  o r  o f  c a p i l l a r y  c o n d e n s a t io n . The 

e x p e r im e n ta l  d a ta  f o r  each  amino a c id ,  i r r e s p e c t i v e  o f  i t s  m o le c u la r  

s t r u c t u r e ,  have  b e e n  fo u n d  to  show a g reem en t w i th  t h e  L angm uir th e o ry  

o f  th e  r a t e  o f  a d s o r p t io n  on a  f r e e  s u r f a c e .

P a r t  1 , S e c t io n  4 °

I n  t h i s  s e c t i o n  th e  en e rg y  o f  a c t i v a t i o n ,  h e a t  o f  a d s o r p t io n ,  

an d  th e  f re q u e n c y  f a c t o r  f o r  th e  a d s o r p t io n  o f  e a ch  o f  s e v e r a l  am ino a c id s  

have b een  c a l c u l a t e d  from  e x p e r im e n ta l  d a t a .  Prom th e  v a lu e s  o f  t h e  e n e rg y  

o f  a c t i v a t i o n  e t c . ,  th e  n a tu r e  o f  th e  a d s o r p t io n  bonds b e tw e en  th e  amino
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a c id  m olecu le  and th e  s i l i c a  has been d e r iv e d  and may be  summarised as 

f o l lo w s .

(1 )  The p r im a ry  m echanism  o f  a d s o r p t io n  i s  th e  m u tu a l a t t r a c t i o n  o f  th e

p o s i t i v e l y  c h a rg e d  ammonium o r  im ino  g roup  o f  th e  amino a c id  m o le c u le

and  th e  n e g a t iv e ly  c h a rg e d  oxygen atom  o f  t h e  s i l i c a .

(2 )  In  t h e  a d so rb e d  s t a t e ,  th e  ammonium g roup  may a ls o  fo rm  h y d ro g en  

b onds w ith  th e  e l e c t r o n e g a t i v e  oxygen  atom s o f  th e  s i l i c a .

(3 )  " The X - aniino a c id s ,  i n  c o n t r a s t  to  th e  / S - ,  and h ig h e r  a c i d s ,

fo rm  o n ly  one h y d ro g en  bond in  th e  a d so rb e d  s t a t e  due to  a  s t e r i c

" b lo c k in g 1' e f f e c t  o f  th e  c a rb o x y la te  g ro u p .

Summary o f  C o n c lu s io n s  from  P a r t  2 -  P e p t id e s .

P a r t  2 , S e c t io n  1.

I n  t h i s  s e c t io n  th e  a d s o r p t io n  c h a r a c t e r i s t i c s  o f  fo u r  d ip e p t id e s  

o f  r e l a t e d  s t r u c t u r e  have b e e n  s tu d ie d .  The d ip e p t id e s  a r e  a d so rb e d  on th e  

s i l i c a  th ro u g h  t h e i r  p o s i t i v e l y  c h a rg e d  ammonium g ro u p , and  n o t  th ro u g h  th e  

p e p t id e  l i n k ,  -CO.NH-. The r a t e  and  e x te n t  o f  a d s o r p t io n  o f  ea ch  d ip e p t id e  

a r e  d e te rm in e d  b y  th e  same c o n s id e r a t io n s  a s  w ere d e s c r ib e d  f o r  th e  amino 

a c id s .  However, i n  a d d i t io n  to  t h e  n a tu r e  o f  a  s e c o n d a ry  s u b s t i t u e n t ,  i t s  

p o s i t i o n  i n  th e  d ip e p t id e  m o le c u le  w ith  r e s p e c t  to  th e  ammonium and 

c a rb o x y la te  g ro u p s i s  o f  fu n d a m e n ta l im p o r ta n c e  i n  d e te rm in in g  t h e  r a t e  an d  

e x te n t  o f  a d s o r p t io n .

P a r t  2 , S e c t io n  2 .

The e f f e c t  o f  pH on th e  a d s o r p t io n  o f  th e  d ip e p t id e s  h a s  been  

s tu d i e d  and c o n c lu s io n s  have b e e n  d e r iv e d  w h ich  a r e  s i m i l a r  to  th o s e  

d e s c r ib e d  f o r  th e  am ino a c i d s .
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p a r t  2 , S e c t io n  3 »

The k i n e t i c s  o f  a d s o r p t io n  o f  th e  d ip e p t id e s  have  b e e n  s tu d ie d  

and th e  c o n c lu s io n s  d e r iv e d  a r e  a s  d e s c r ib e d  f o r  th e  amino a c id s .

P a r t  2 , S e c t io n  A*

The e n e rg y  o f  a c t i v a t i o n ,  h e a t  o f  a d s o r p t io n ,  and  th e  f re q u e n c y  

f a c t o r  f o r  th e  a d s o r p t io n  o f  e a ch  d ip e p t id e  w ere  c a l c u l a t e d  from  e x p e r i ­

m e n ta l  d a t a .  The n a tu r e  o f  th e  a d s o rp t io n  bonds b e tw een  th e  d ip e p t id e  

m o le c u le  an d  th e  s i l i c a  has  b e e n  d e r iv e d  and  may be  sum m arised  a s  f o l lo w s .  

( D  The p r im a ry  m echanism  o f  a d s o r p t io n  i s  th e  m u tu a l a t t r a c t i o n  b e tw een  

th e  p o s i t i v e l y  c h a rg e d  ammonium group o f  th e  d ip e p t id e  m o le c u le  and  

th e  n e g a t iv e ly  c h a rg e d  s i l i c a .

(2 )  The hy d ro g en  atom s o f  th e  ammonium group nay a ls o  form  h y d ro g en  bonds 

w i th  t h e  e l e c t r o n e g a t i v e  oxygen atom s o f  t h e  s i l i c a .

(3 )  I f  th e  d ip e p t id e  m o le c u le  c o n ta in s  a  s id e - c h a in  o f  l a r g e  s i z e  

a d ja c e n t  to  th e  ammonium g ro u p , th e  b u lk  o f  t h i s  s id e - c h a in  p ro d u c e s  

a  s t e r i c  " b lo c k in g "  e f f e c t  and p e rm its  th e  fo rm a tio n  o f  o n ly  one 

h y d ro g en  bond i n  th e  a d so rb e d  s t a t e .

Summary o f  C o n c lu s io n s  from  P a r t  3 .

I n  P a r t  3 , is o th e rm s  o f  two am ino a c id s  on v e ry  p u r e  q u a r tz  w ere 

d i s c u s s e d  and  w ere found  to  b e  fu n d a m e n ta lly  i d e n t i c a l  to  th e  i s o th e rm s  o f  

th e  same amino a c id s  o b ta in e d  on th e  im pure s i l i c a  a d s o rb e n t  u s e d  i n  P a r t s  

1 and  2 0 C o n se q u e n tly , i t  h a s  b een  c o n c lu d e d  t h a t  t h e  im p u r i t i e s  i n  th e  

s i l i c a  a d s o rb e n t  u se d  i n  p a r t s  1 an d  2 , d id  n o t  in f lu e n c e  th e  m echanism  o f  

a d s o r p t io n  o r  th e  s t r e n g t h  and  n a tu r e  o f  th e  a d s o r p t io n  bonds fo rm ed  be tw een
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th e  amino a c id  m olecu les and th e  s i l i c a .

Summary o f  C o n c lu s io n s  from  p a r t  A*

I n  P a r t  4  m is c e lla n e o u s  a d s o r p t io n  e x p e r im e n ts  w ere  d e s c r ib e d .  

The p o s s i b i l i t y  t h a t  p r e f e r e n t i a l  a d s o r p t io n  o f  one o p t i c a l  iso m e r  o f  th e  

am ino a c id  c o u ld  ta k e  p la c e  on  one o f  th e  o p t i c a l l y  a c t i v e  fo rm s o f  q u a r tz  

was exam ined and  i t  was c o n c lu d e d  t h a t  su ch  p r e f e r e n t i a l  a d s o r p t io n  e i t h e r  

d id  n o t  t a k e  p l a c e  o r  was so  s m a ll  t h a t  i t  c o u ld  n o t  be d e te c te d  e x p e r i ­

m e n ta l ly .

I t  was fo u n d  t h a t  c h o l e s t e r o l  was n o t  a d s o rb e d  on s i l i c a  from  

e i t h e r  a q u e o u s /a lc o h o l  s o lu t i o n s  o r  from  aqueous s u s p e n s io n s .

The a d s o r p t io n  on s i l i c a  o f  th e  h y d r o ly s i s  p r o d u c ts  o f  c y s t i n e  

i n  h y d r o c h lo r ic  a c id  w ere a ls o  d i s c u s s e d .
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S o u rce  o f  p u r i t y  o f  th e  amino a c id s  and r e l a t e d  s u b s ta n c e s *

The amino a c id s  and  r e l a t e d  s u b s ta n c e s  w ere p u rc h a s e d  from  

th e  fo l lo w in g  com m erc ial f irm s

M e ss rs . B r i t i s h  Drug H ouses L td ;  G ena to san  L t d . ;  L ig h t  & C o .;  

Eastm ann Kodak L td . ;  Hoffman -  La R oche; Roche P ro d u c ts  L td . :

The am ino a c i d ,  i t s  s o u rc e ,  an d  c a lc u l a t e d  and o b s e rv e d  % 

n i t r o g e n  a r e  shown in  T a b le  A. The o b s e rv e d  ^ n i t r o g e n  v a lu e s  w ere  

d e te rm in e d  b y  th e  se m i-m ic ro  K je ld a h l  p ro c e d u re  d e s c r ib e d  i n  th e  g e n e ra l  

E x p e r im e n ta l M ethods p a ra g ra p h  4 .

T a b le  A.

Amino A cid  S o u rce  % N % N
( o b s . ) ( c a l c . )

-A la n in e B.D .H . 15 .6 7 15 .7 3

-A la n in e »t 15 .6 6 15 .73

-A m in o b u ty ric  A cid »» 1 3 .5 8 13 .59

A rg in in e  (M o n o h y d ro ch lo rid e ) n 3 2 .1 5 3 2 .1 8

A sp a ra g in e n 21 .1 8

oCMOCM

B e ta in e  H y d ro c h lo r id e n 9 .0 5 9 .1 2

C i t r u l l i n e tt 2 4 .0 0 2 4 .0 0

C y s te in e n 1 1 .5 2 1 1 .5 7

C y s t in e n 1 1 .6 0 1 1 .6 6

G lu tam ic  A cid it 9 .5 2 9 -52

G ly c in e tt 18.58 18 .6 6



1 2 3 .

Amino Acid. S o u rce  70 IT % N
(o b s . ) ( c a l c . )

G lycocyam ine B.D.H. 35 .85 35*88

G ly c y lg ly c in e tt 2 1 .1 8 21.20

G u a n id in e  C a rb o n a te 4 6 .6 4 46*66

H is t id in e tt 27.09 27.10

H y d an to ic  A cid 11 23.70 23*70

L eu c in e n 10.65 10.69

N o rle u c in e n 10.62 10.69

N o rv a lin e » 11.90 11.96

^  -P h e n y l A la n in e tt 8 .4 4 8 .4 8

S e m ic a rb a z id e  h y d ro c h lo r id e ii 3 7 .64 37 .67

S e r in e ti 13*26 13.33

T a u r in e ti 11.17 11.20

T h io u re a it 36 .82 36 .85

T ry p to p h an e 11 6.79 6.86

U rea n 4 6 .6 4 46 .6 6

L (+ )-V a lin e 11 11.89 11.96

D( —) —V a lin e rt 11.89 11.96

£ -A m in o cap ro ic  A c id Eastm an Kodak 10.63 10.69

d -A m in o v a le r ic  A cid n 9.10 9 .1 2

G ly c y lle u c in e Hoffm ann-La Roche 14*88 14.89

L e u c y lg ly c in e n 14.88 14.89

A la n y lg ly c in e Roche P ro d u c ts  L td . 19.15 19.18



Amino A cid S ource % N % N
( o b s . ) ( c a l c . )

H y d ro x y p ro lin e L ig h t & Go. 10.65 10.69

l y s i n e  M ono-H ydroch lo ride n 19.16 19.18

P r o l i n e 1! 12.10 12.17

V a lin e n 11.90 11.96

G lu tam ine G en a to san  L td . 19.15 19.18

S a rc o s in e n 15.69 15.73

}( -A ja in o b u ty ric  A cid A ppendix 13.55 13.59

N -A c e ty lg ly c in e it 11.91 11.96



P re p a ra t io n  o f  N -A o e ty lg ly c in e .

The m ethod u se d  to  p r e p a r e  N ~ a c e ty lg ly c in e  i s  t h a t  d e s c r ib e d  

i n  'O rg a n ic  S y n th e s e s ' v o l .  19* p

The m ethod may be  b r i e f l y  d e s c r ib e d  a s  f o l lo w s .

I n  a  100 m l. f l a s k  w ere p la c e d  a  s o lu t i o n  o f  10 g?ns. o f  p u r e  

g ly c in e  i n  30 n il. o f  d i s t i l l e d  w a te r .  ■ To t h i s  s o lu t i o n  25 gms. o f  95/t> 

a c e t i c  a n h y d rid e  w ere added  i n  one p o r t i o n  and  t h e  m ix tu re  v ig o ro u s ly  

s t i r r e d  f o r  f i f t e e n  to  tw e n ty  m in u te s . The s o lu t i o n  w h ich  had become 

h o t  was th e n  l e f t  o v e rn ig h t  i n  a  r e f r i g e r a t o r ,  to  a llo w  th e  N - a c e ty lg ly c in e  

to  c r y s t a l l i s e  o u t .  The p ro d u c t  'was th e n  c o l l e c t e d  on a  B uchner f u n n e l ,  

w ashed w ith  i c e - c o l d  w a te r ,  and d r i e d  a t  100 -  110°C.

Y ie ld  = 8 gms. = 66$> a p p ro x . o f  th e  t h e o r e t i c a l  am ount.

M e lt in g  p o in t  ( r e p o r te d )  = 207-208°C .

M e lt in g  p o in t  (o b se rv e d )  = 207°C.

F o r  % n i t r o g e n  s e e  A ppendix  s e c t i o n  1 , t a b l e  A. .



Preparation o f b -aminobutvric Acid,

The m ethod u sed  to  p r e p a r e  j - a m in o b u ty r ic  a c id  i s  t h a t  

d e s c r ib e d  in  ’O rg an ic  S y n th e s e s ’ , v o l .  17 , p . 4 .

The p o ta s s iu m  p h th a l im id e  was p u rc h a s e d  from  M e ss rs . B r i t i s h  

D rug H ouses , L td . ,  and  th e  ) f~ b ro m o b u ty ro n itr i le  from  M e ss rs . Eastm an 

Kodak L td .

The m ethod may "be b r i e f l y  d e s c r ib e d  a s  f o l lo w s .

I n  a  500 m l. ro u n d -b o tto m e d  f l a s k  f i t t e d  w ith  an  a i r  c o n d e n se r  

w ere p la c e d  34 gms. o f  f i n e l y  pow dered p o ta s s iu m  p h th a l im id e  an d  23 gms.

a t  130 -  180°C. f o r  1 .5  h o u rs  and th e n  a llo w e d  to  c o o l .  The e x c e s s  

p o ta s s iu m  p h th a l im id e  and  th e  p o ta s s iu m  brom ide form ed w ere rem oved by  

e x t r a c t i o n  w ith  s e v e r a l  p o r t i o n s  o f  b o i l i n g  d i s t i l l e d  w a te r  u n t i l  th e  

w ash w a te r  gave  no t e s t  f o r  th e  b rom ide io n . The f l a s k  was th e n  c o o le d  

and  th e  p ro d u c t  cau se d  to  s o l i d i f y  and th e  r e m a in in g  w a te r  d e c a n te d  a s  

c o m p le te ly  a s  p o s s ib l e .  The s o l i d  was t r e a t e d  w ith  65  m l. o f  c o n c e n t r a te d  

s u lp h u r ic  a c id ,  and th e  m ix tu re  warmed g e n tly  i n  a n  o i l  b a th  u n d e r  a  r e f l u x  

c o n d e n se r  u n t i l  a l l  th e  j f - p h th a l i r n id o b u ty r o n i t r i l e  was b ro u g h t  i n t o  

s o l u t i o n .  T hrough th e  r e f l u x  c o n d e n se r  100 m l, o f  d i s t i l l e d  w a te r  was

o f  y - b r o m o b u ty r o n i t r i l e .  The f l a s k  was h e a te d  i n  a n  o i l  b a th  m a in ta in e d



The m ix tu re  was c o o le d , a llo w e d  to  s ta n d  o v e rn ig h t  and  th e  p h t h a l i c  a c id  

f i l t e r e d  o f f .  The f i l t r a t e  was t r a n s f e r r e d  to  a  l a r g e  e v a p o ra t in g  d i s h ,

700 m l. o f  d i s t i l l e d  w a te r  was added , and th e n  an  e x c e s s  o f  b a riu m  

c a rb o n a te  i n  s m a ll p o r t i o n s .  The m ix tu re  was e v a p o ra te d  n e a r ly  to  d ry n e s s  

on th e  s team  b a th  and th e  r e s id u e  s t i r r e d  th o ro u g h ly  w ith  700 m l. o f  

d i s t i l l e d  w a te r  and  a g a in  e v a p o ra te d . These t r e a tm e n ts  rem oved c o m p le te ly  

a l l  th e  ammonia e v o lv e d . F i n a l l y ,  700 m l. o f  d i s t i l l e d  w a te r  was s t i r r e d  

w ith  th e  s o l i d  and th e  m ix tu re  f i l t e r e d  on a  l a r g e  b u c b n e r  f u n n e l .  The 

p r e c i p i t a t e  was w ashed w ith  th r e e  p o r t io n s  o f  200 m l. o f  h o t  d i s t i l l e d  

w a te r  and  th e  f i l t r a t e  and  w ash in g s c o n c e n t r a te d  to  a  volume o f  100 m l. 

on th e  s team  b a th .  A f te r  a d d in g  2 gms. o f  a c t i v a t e d  c h a r c o a l ,  t h e  s o lu t i o n  

was f i l t e r e d  th ro u g h  a  No. b-2 Whatman p a p e r ,  and th e  c h a rc o a l  w ashed w ith  

s e v e r a l  s m a ll  p o r t io n s  o f  h o t  d i s t i l l e d  w a te r .  The f i l t r a t e  was c o n c e n t r a te d  

on th e  s team  b a th  to  th e  xooint o f  c r y s t a l l i s a t i o n  and 300 m l. o f  a b s o lu te  

a lc o h o l  added  to  p r e c i p i t a t e  th e  amino a c id .  The m ix tu re  was s t i r r e d  w e ll  

so t h a t  th e  y e llo w  i m p u r i t i e s  w ere r e t a i n e d  i n  th e  s o lv e n t  a n d , a f t e r  

c o o l in g ,  th e  c o l o u r l e s s ,  c r y s t a l l i n e  p ro d u c t  was c o l l e c t e d  and w ashed w ith  

a lc o h o l .

The a l c o h o l i c  f i l t r a t e  was t r e a t e d  w ith  b a riu m  h y d ro x id e  to  

c o n v e r t  th e  p y r r o l id o n e  c o n ta in e d  i n  th e  f i l t r a t e  to  th e  b a riu m  s a l t  o f  

th e  am ino a c id .  The e x c e s s  b a riu m  h y d ro x id e  was p r e c i p i t a t e d  w ith  c a rb o n  

d io x id e  and th e  b a riu m  c a rb o n a te  rem oved b y  f i l t r a t i o n .  A s l i g h t  e x c e s s  

o f  s u lp h u r ic  a c id  was added  to  l i b e r a t e  th e  am ino a c id  from  i t s  b a riu m  

s a l t  and  an e x c e s s  o f  b a riu m  c a rb o n a te  added  to  rem ove th e  s u lp h a te  i o n s .



f i l t e r e d ,  and  th e  p r e c i p i t a t e  w ashed w ith  h o t  w a te r .  The f i l t r a t e  and 

w ash in g s w ere d e c o lo u r iz e d  w ith  a c t i v a t e d  c h a rc o a l  and c o n c e n t r a te d  on 

th e  s team  b a th  t o  th e  p o in t  o f  c r y s t a l l i s a t i o n .  The amino a c id  was 

p r e c i p i t a t e d  w ith  a b s o lu te  a l c o h o l ,  f i l t e r e d  and  w ashed w ith  a b s o lu te  

a lc o h o l .  The am ino a c id  was r e c r y s t a l l i s e d  by  d i s s o lv in g  i n  d i s t i l l e d  

w a te r  and r e p r e c i p i t a t e d  w ith  a b s o lu te  a lc o h o l .

Y ie ld  = 6 gms. = k-Oyc a p p ro x . on th e  b a s i s  o f  - b ro m o b u ty r o n i t r i le

u s e d .

M elting p o i n t  (o b s e rv e d  and  r e p o r t e d )  = 193°G (decon$>.)

F o r % N s e e  A ppendix  s e c t i o n  1 , t a b l e  A.
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