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Abstract:
In this investigation, the distribution of ions in a Dowex-50-Water System, was considered. Within the
limits of experimental error, the data support the ’’bound-water theory" as it relates to ion distribution.

The actual distribution of Cl as determined with Cl36 was compared with the apparent distribution as
determined potentiometrically with a Ag,AgCl-reference electrode pair. The discrepancy
(corresponding to as much as 93 millivolts) was attributed to a liquid junction potential at the resin-salt
bridge interface. The data are shown to provide qualitative, and to some extent quantitative, support to
a theory proposed by Overbeek.

Any potentiometric measurement made in an exchanger-water system and employing reference
electrode with salt bridge is considered to be subject to error from this source. 
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ABSTRACT

In  th i s  in v e s t ig a t io n ,  th e  d i s t r i b u t i o n  o f  io n s  in  a Dowex-SG-Water 
System , was c o n s id e re d . W ith in  th e  l i m i t s  o f  e x p e rim e n ta l e r r o r ,  th e  
d a ta  su p p o r t th e  ’’b o und-w ater th e o ry "  as i t  r e l a t e s  to  io n  d i s t r i b u t i o n .

The a c tu a l  d i s t r i b u t i o n  o f  C l as d e te rm in ed  w ith  C l ^  was compared 
w ith  th e  a p p a re n t d i s t r i b u t i o n  as  de te rm in ed  p o te n t io m e tr ic a l ly  w ith  a 
Ag1A g C l- r e f e r e n c e  e le c t r o d e  p a i r .  The d isc re p a n c y  (c o rre sp o n d in g  to  
a s  much as 93 m i l l i v o l t s )  was a t t r i b u t e d  to  a l i q u id . j u n c t i o n  p o te n t i a l  
a t  th e  r e s i n - s a l t  b r id g e  i n t e r f a c e .  The d a ta  a r e  shown to  p ro v id e  
q u a l i t a t i v e ,  and to  some e x te n t  q u a n t i t a t i v e ,  su p p o r t to  a th e o ry  p ro ­
posed  by O verbeek.

Any p o te n t io m e tr ic  m easurem ent made in  an  ex ch a n g e r-w a te r system  
and em ploying r e f e r e n c e  e le c t r o d e  w ith  s a l t  b r id g e  i s  c o n s id e re d  to  be 
s u b je c t  to  e r r o r  from  t h i s  so u rc e .
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INTRODUCTION

The c o n v e n ie n c e ' and acc u racy  o f  th e  e le c t r o m e tr ic  method has le d  to  

i t s  w id esp read  u se  f o r  d e te rm in a tio n  o f  pH o f aqueous s o lu t io n s .  For th i s  

p u rp o se , th e  g la s s  e le c t r o d e  i s  commonly u sed  w ith  a r e f e r e n c e  calom el 

e l e c t r o d e .  The p o t e n t i a l  d i f f e r e n c e  betw een t h i s  e le c t r o d e  p a i r  i s  

r e l a t e d  to  th e  pH by fh e  e x p re s s io n  Eg l  -  Er e f  = 0 .0591  pH, E l e c t r i c a l  

c o n ta c t  betw een th e  ca lom el e le c t r o d e  and s o lu t io n  i s  commonly made by 

means o f  a KCl s a l t  b r id g e .  Inasmuch as th e  e q u iv a le n t  condu c tan ce  o f  

K+ and C l" a r e  n e a r ly  th e  same (76 vs 79 mho), th e  l i q u id  ju n c t io n  p o te n t 

t i a l  (E j )  a t  th e  c a lo m e l- s o lu t io n  in t e r f a c e  i s  c o n s id e re d  to  be n e g l ig ib ly  

sm a ll (< 2m v.). The o b serv ed  p o t e n t i a l  d i f f e r e n c e  i s  th e r e f o r e  c o n s id e re d  

to  be a r e l i a b l e  q u a n t i t a t iv e  m easure o f  th e  pH o f  th e  s o lu t io n .

The q u e s tio n  o f  a p p l i c a b i l i t y  o f  th e  e le c t ro m e tr ic  method to  ex - 

c h a n g e r-w a te r  system s has r e c e iv e d  a t t e n t i o n  in  r e c e n t  y e a r s ,  A d i f f e r ­

ence o f  o p in io n  s t i l l  p e r s is ts - r s o m e  co n te n d in g  t h a t  E 1 in  th e s e  system s 

i s  n e g l ig ib ly  sm a ll as  i t  i s  in  t r u e  s o lu t i o n s —o th e rs  c o n ten d in g  th a t  

th e  E j may be so la rg e  as  to  co m p le te ly  i n v a l id a t e  th e  d e te rm in a tio n . The 

i s s u e  may be b r i e f l y  o u t l in e d  as fo llo w s : I f  th e  pH o f  an  a l iq u o t  o f

th e  e q u i l ib r iu m  aqueous ph ase  o f  an exchanger i s  d e term ined  e le c t r o m e t r i -  

c a l l y ,  i t  i s  commonly found to  d i f f e r  from  th e  pH o f  th e  s l u r r y .  The 

phenomenon has been  term ed th e  " su sp e n s io n  e f f e c t " .  In  m ag n itu d e , i t 'm a y  

ra n g e  from z e ro  to  as  h ig h  as 4 pH u n i t s ,  depending  upon th e  type  o f  ex ­

ch an g e r, e l e c t r o l y t e  c o n te n t  and o th e r  chem ica l p r o p e r t i e s  o f  th e  system . 

W ith r e s p e c t  to  th e  aqueous p h ase , th e  pH o f  th e  r e s in  may be low er ( p o s i ­

t i v e  su sp e n s io n  e f f e c t )  o r  may be h ig h e r  (n e g a t iv e  su sp e n s io n  e f f e c t ) .
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The o r i g i n a l ,  and s t i l l  p o p u la r , e x p la n a tio n  fo r  th e  p o s i t i v e  suspend 

s io n  e f f e c t  a t t r i b u t e s  th e  low er pH o f  th e  r e s i n  to  th e  e x is te n c e  o f  H+ 

io n  "swarm s" a t  th e  s u r f a c e  o f  th e  p a r t i c l e s .  Being c o n s tr a in e d  fro m ' 

f r e e  d i f f u s io n  th ro u g h o u t th e  e n t i r e  sy stem  by th e  o p p o s i te ly  charged  

exchange s i t e s ,  th e y  a r e  n e v e r th e le s s  c o n s id e re d  to  be e f f e c t i v e  in  i n ­

c r e a s in g  th e  a c t i v i t y  o f  th e  H+ io n  n e a r  th e  p a r t i c l e  s u r f a c e .  A g la s s  

e l e c t r o d e  p la c e d  n e a r  th e  s u r f a c e  o f  th e  p a r t i c l e  a c c o rd in g ly  i s  exposed 

to  s o lu t io n  o f  low er pH.
• ■ y

R e c e n tly , ev id en ce  has been p u b lish e d  w hich i s  i n t e r p r e te d  to  mean 

th a t  th e  su sp e n s io n  e f f e c t  may be due to  an  e r r o r  in h e re n t  i n  th e  e l e c t r o ­

m e tr ic  m ethod. A ccord ing  to  t h i s  v ie w p o in t, an a p p re c ia b le  Ej a r i s e s  a t  

th e  c a lo m e l-su sp e n s io n  in t e r f a c e  upon b r in g in g  th e  ca lom el in  c lo s e  

p ro x im ity  to  th e  ch arg ed  p a r t i c l e s .  Er e £ a c c o rd in g ly  c a n n o t be c o n s id e re d  

a  c o n s ta n t  and E gi -  Er e f  i s  a c c o rd in g ly  n o t a  r e l i a b l e  m easure o f  th e  pH 

in  ex ch a n g e r-w a te r sy stem s.

As i s  r e a d i ly  a p p a re n t ,  th e .m a t te r  o f  d e te rm in in g  th e  o rd e r  o f  

m agnitude o f  E j i s  a  c r u c i a l  p rob lem . I f  i t  acc o u n ts  f o r  a l l  o f  th e  s u s ­

p e n s io n  e f f e c t ,  i t  may be la rg e  enough in  som e-system s to  co m p le te ly  i n ­

v a l id a te  any e le c t r o m e tr ic  m easurem ents r e q u i r in g  th e  u se  o f  a  s a l t  b r id g e .  

I f  Ej i s  low (o f  th e  o rd e r  o f  m agnitude o f  s e v e r a l  m i l l i v o l t s  o r  le s s )  i t  

w i l l  n o t be o b je c t io n a b le  i n  m ost e l e c t r o m e tr ic  d e te rm in a tio n s .  The p r i ­

mary o b je c t iv e s  o f  th e  p r e s e n t  i n v e s t ig a t io n  w ere to  (a )  q u a n t i t a t iv e ly  

d e te rm in e  Ej i n  a p a r t i c u l a r  system  and (b ) to  s tu d y  th e  e f f e c t  o f  

s e v e r a l  ch em ica l p r o p e r t i e s  o f  th e  sy stem  upon i t s  m agn itude.



LITERATURE REVIEW

The su sp e n s io n  e f f e c t  was f i r s t  r e p o r te d  in d e p e n d e n tly  by B ra d f ie ld

(9) and W iegner (28) in  1931. B ra d f ie ld  o b serv ed  th a t  th e  po ten tio m etri* ?
.

c a I Iy  m easured pH o f  a Hr -C lay  su sp e n s io n  was as much as 3 pH u n i t s  low er 

th a n  th e  pH o f  th e  e q u i l ib r iu m  s u p e rn a ta n t  s o lu t io n .  The su sp e n s io n  

e f f e c t  was o b serv ed  r e g a r d le s s  o f  w hether a g la s s ,  a hydrogen  o r  a 

qu inhydrone e le c t r o d e  was u sed ,

B ra d f ie ld  su g g e s te d  th a t  th e  ch em ica l p r o p e r t i e s  o f  th e  H+-Cla y  w ere 

s im i la r  to  th o se  o f  a weak a c id .  Inasm uch as th e  n e g a t iv e ly  ch arged  c la y  

p a r t i c l e s  s e t t l e d  o u t ,  th e  a s s o c ia te d  H+ io n s  a ls o  s e t t l e d  o u t in  o rd e r  

to  m a in ta in  e l e c t r i c a l  n e u t r a l i t y  th ro u g h o u t th e  system . The c la y s ,  b e in g  

weak a c id s ,  a llow ed  some d is s o c ia t io n  o f  H+ io n s  and e f f e c t i v e l y  low ered 

th e  pH o f  th e  su sp e n s io n .

The e x p la n a tio n  by B ra d f ie ld  was w id e ly  ac c e p te d  w ith  l i t t l e  m o d if i­

c a t io n  u n t i l  ab o u t 1950. D uring  t h i s  tim e  i n t e r v a l ,  Ej was c o n s id e re d  to  

b e  n e g l ig ib ly  s m a ll ,  as i t  r e p o r te d ly  i s ,  i n  t r u e  s o lu t io n s  (1 9 ) .  In  195.0, 

Jenny  e t  a l ,  ( 20) p u b lish e d  ev id en ce  w hich was in t e r p r e te d  to  mean th a t  

th e  su sp e n s io n  e f f e c t  i s  s o le ly  due to  E j . They in t e r p r e t e d  t h e i r  r e s u l t s  

to  mean t h a t  th e  m o b i l i t i e s  o f  K+ and C l"  a r e  changed ( in c r e a s e d  and d e­

c re a se d  r e s p e c t iv e ly )  by th e  p re se n c e  o f  th e  n e g a t iv e ly  ch a rg ed  exchanger 

p a r t i c l e s .  As. a  r e s u l t ,  an  a p p re c ia b le  d i f f u s io n  p o t e n t i a l  a ro s e  a t  

th e  s u s p e n s io n - s a l t  b r id g e  i n t e r f a c e .

D avis (32) arid’ Du R e itz  (33) have shown th a t  th e  o b se rv ed  pH o f com par­

a b le  su sp e n s io n s  does n o t depend upon th e  p o s i t i o n  o f  th e  g la s s  e le c t r o d e  

b u t  r a th e r  upon th e  p o s i t i o n  o f  th e  ca lo m el e le c t r o d e .  T h e ir  o b se rv a tio n s
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a r e  d e p ic te d  in  F ig u re  I .  C o n firm a to ry  o b s e rv a tio n s  w ere made in  th e  p r e ­

s e n t  i n v e s t ig a t io n .  F o llo w in g  th e  p u b l ic a t io n s  o f  D avis (32) and DujReijte 

(3 3 ) ,  how ever, a  c o n tro v e rsy  a ro se  re g a rd in g , th e  i n t e r p r e t a t i o n  o f  th e se  

o b s e rv a t io n s .  The i n t e r p r e t a t i o n  o f  Jenny  e t  a l .  ap p ea rs  to  be as fo llo w s :

(1) I f  a g la s s -c a lo m e l e le c t r o d e  p a i r  i s  immersed in  th e  s u p e r­

n a ta n t  l i q u id  as in  ( a ) ,  th e  Ej a t  th e  c a lo m e l- s o lu t io n  in t e r f a c e  i s  

n e g l ig ib ly  sm a ll ,(<2 m i l l i v o l t )  and th e  o b se rv ed  pH i s  a v a l id  in d ic a t io n  

o f  th e  ajj+ in  th e  medium. ,

(2) As shown in  ( c ) ,  th e  ajj+ in  b o th  p h ases  i s  e q u a l ,  assum ing th a t

Em = 0 . (Em,. th e  membrane p o t e n t i a l ,  r e p r e s e n ts  th e  p o t e n t i a l  d if f e r e n c e

a c ro s s  th e  i n t e r f a c e  betw een s lu r r y  and s u p e rn a ta n t  s o lu t io n .  (See Appen­

d ix  page ..49 .)

(3) I f  Em = 0 th e n , as shown in  ( d ) , am. Ej o f 240 m i l l i v o l t s  a r i s e s  

a t  th e  c a lo m e l-su sp e n s io n  in t e r f a c e  upon im m ersing th e  ca lo m el in to  th e  

su sp e n s io n .

(4 ) The o b se rv ed  pH sh o u ld  th e r e f o r e  depend o n ly  upon th e  p o s i t i o n  , 

o f  th e  ca lo m el e le c t r o d e  and i s  u n a f f e c te d  by th e  p o s i t i o n  o f  th e  g la s s  

e l e c t r o d e .  T h is i s  shown to  be t r u e  by o b s e rv a tio n s  ( a ) ,  (b)»  (e ) and 

( f ) .  A ccord ing  to  t h i s  v ie w p o in t, th e  o b serv ed  EMF. fo r  each  c e l l  would 

be g iv en  by th e  fo llo w in g :

E(a) = -  E°a l  + 0 .0591 lo g

E(W -  EI l  "  Ec a l  + 0 .0591  lo g  4 +  + E j '

E(o ) = Eg l  ‘  0 .0 5 9 1  lo g  a^+ -  E °! + 0 .0591  lo g  a " + = 0

E(d) “  Ec a l  -  Ec a l  + Ej  = Ej
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f

O mv

D.

t

Ui

240 mv

pH 2 .0 pH 6 .0

pH = 4 .0  240 mv.

Key; | I e q u i l ib r iu m  s o lu t io n  g la s s  e le c tro d e

su sp e n s io n  ( c o l l o id a l  p a r t i c l e s )  IiJ ca lom el e le c tro d e

F ig u re  I .  E le c tro m e tr ic  o b s e rv a tio n s  made by D avis
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E(e) = Eg l  - Ec a l  + 0 '0591 log
Il I

aH+

E( f ) = Eg l ’  Ec a l  + 0 .0591 log Il
aH+

III If
aH+ = aH+ .

E r ik sso n  (17) and o th e rs  have su g g e s te d  an  a l t e r n a t i v e  e x p la n a tio n  o f

th e  o b s e rv a tio n s  d e p ic te d  p re v io u s ly .  From th e  Donnan (15) th e o ry , (s e e
/

V

1 A ppendix, page 4 9 ) , one can  o b ta in  th e  r e l a t io n s h ip :
If m

Em = 0.0591, lo g  aH+ /  a^+ .

In c lu d in g  th i s  te rm  in  th e  e x p re s s io n s  fo r .  th e  c e l l  p o t e n t i a l s  where 

n e c e s s a ry , we o b ta in  f o r  c e l l s  a ,  b , c ,  d , e ,  and f  th e  fo llo w in g :

E(a) e I i " Ec a l + 0 .0591 log. aH+

V ) E: i " Ec a l + 0 .0591 lo g  a " + + Ej

E(c) =
EBl - Eg l

+ 0 .0591 lo g  a^+ /  -  Em

E(d) = Ec a l “ Ec a l + Ej  + E m

E(e) Eg l " Ec a l
III

+ 0 .0591 log  a H+ + E . + E m

E( f ) Eg l " Ec a l , + 0 .0591 lo g  a^+ -  Em

Now i f  we- s u b s t i t u t e  in to  th e  above e x p re s s io n s  th e  v a lu e  o f  Em, and 

m aking th e  assum ption  th e  E j = 0 w e'have:

E(a) Eg l
-  E° c a l

+ 0.0591 lo g  a™+

E(b) = Egl Ec a l + 0.0591 !og

E(c) = 0

E(d) -  Em

E(e) = Eg l -  Ec a l + 0.0591 lo g  aH+

E( f ) = Eg l “ Ec a l + 0.0591
III

lo g  aH+
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T his tre a tm e n t p ro v id e s  an a l t e r n a t i v e  e x p la n a tio n  fo r  th e  o b se rv a tio n s  

made by Jenny e t  a l . , D avis (32) and Du R e itz  (3 3 ) . They p o in t  o u t t h a t  

th e  o b s e rv a tio n s  can be e x p la in e d  s a t i s f a c t o r i l y  by assum ing th a t  Ej i s  

n e g l ig ib ly  sm a ll and Em c o rre sp o n d in g ly  la rg e .  The o b s e rv a tio n s  may be 

e x p la in e d  e q u a l ly  w e ll  by th e  e x is te n c e  o f  an Em o r a l t e r n a t i v e l y  by th e  

e x is te n c e  o f  an  E 1.

In  1952, M. Peech , G. H. B o lt and R. A. O lsen  (27) re p o r te d  some 

anom alies  t h a t  th e y  a t t r i b u t e d  to  a l i q u id  ju n c t io n  p o t e n t i a l  betw een 

th e  s a tu r a t e d  KCl and c la y  su sp e n sio n  i n t e r f a c e .  They m easured th e  

membrane p o t e n t i a l  o f  s e v e r a l  c la y  su sp e n sio n s  by u se  o f  two s a tu r a te d  

ca lo m el e le c t r o d e s  u s in g  th e  Donnan (14) e q u i l ib r iu m  method fo r  m easuring  

io n  a c t i v i t i e s  in  su sp e n s io n s . & Ec a ^ was g iv e n  a p o s i t i v e  s ig n  when th e  

e l e c t r o d e  in  th e  d ia ly z a te  was p o s i t i v e  w ith  r e s p e c t  to  th e  e le c t ro d e  in  

su sp e n s io n . T h is  i s  i n  acco rd an ce  f o r  a membrane p o t e n t i a l  o f a n eg a­

t i v e l y  charged  c o l lo id .

A ^ car ="%n + E j.

The s ig n  o f  A E ^ ^  was found to  be p o s i t i v e  f o r  su sp e n s io n s  o f  many 

d i f f e r e n t  c la y s  s a tu r a te d  w ith  H+ , Na+ and K+. However, when c e r t a in  

c la y s  w ere s a tu r a te d  w ith  Ca"!"*", th e  AEc a ^ was n e g a t iv e .  One p o s s ib le  ex ­

p la n a t io n s  fo r  t h i s  o b s e rv a tio n  would be th e  r e v e r s a l  o f  s ig n  on th e  col"? 

Io id  p a r t i c l e .  ' T h is  p o s s i b i l i t y  was checked  in d e p e n d e n tly  by z e ta  p o te n ­

t i a l  m easurem ents. I t  was found th a t  th e  s ig n  o f  th e  ch a rg e  on th e  p a r ­

t i c l e s  had n o t been  r e v e r s e d .  The r e v e r s a l  o f  s ig n  was th e r e f o r e  a t t r i ­

b u te d  to  a n e g a t iv e  Ej..

In  c o n ju n c tio n  w ith  th e  above work, th e  osm otic  p r e s s u r e  o f  th e  c la y



- 1 5 -

su sp e n s io n  was de te rm in ed  by e x p e r im e n ta l m easurem ents and a ls o  by 

c a l c u la t io n .  The a c t i v i t i e s  d e te rm in ed  th e  Dohnan method w ere used  in  

c a l c u la t in g  o sm otic  p r e s s u r e ,  Tf , by th e  e q u a tio n :

V  = RT (Z + 2Y -  2X) '

Z = Na+ c o n c e n tr a t io n  ( d i s s o c ia te d  from  c la y )

Y = NaA s a l t  c o n c e n tr a t io n  i s  th e  su sp e n sio n

X = NaA c o n c e n tra t io n  in  th e  d ia ly z a te .

These v a lu e s  w ere c a lc u la te d  from th e  fo llo w in g  r e l a t i o n  to  AEc a p

A Ec a l  = RT In  X = RT In  Z + Y 
F Y F X

The osm otic  p r e s s u re  t h a t  was c a lc u la te d  showed s e r io u s  d e v ia t io n  from 

th e  o sm otic  p r e s s u re  t h a t  was m easured . The d isc re p a n c y  was a t t r i b u t e d  

to  th e  e r r o r  in tro d u c e d  in  th e  e x p e rim e n ta l e v a lu a t io n  o f  Em, and th e  

r e s u l t a n t  e r r o r  in  c a l c u la t io n  o f  o sm otic  p r e s s u re .

In  1953, O verbeek (26) p u b lish e d  a t h e o r e t i c a l  tre a tm e n t o f  th e  

su sp e n s io n  e f f e c t .  He c o n s id e re d  th e  su sp e n s io n  e f f e c t  and th e  Donnan 

p o t e n t i a l  to  be i d e n t i c a l  and made up o f  th e  sum o f  E j and Em. A ttem pts 

a t  s e p a r a te ly  e v a lu a t in g  Ej and E ^ w ere c o n s id e re d  to  ,be u n s a t i s f a c to r y  

b ecau se  o f  th e  n e c e s s i ty  o f  a r b i t r a r y  a ssu m p tio n s . He showed th a t  th e  

su sp e n s io n  e f f e c t  ( r e f e r r e d  to  as Eq) can  be c a lc u la te d  ap p ro x im ate ly  

from  th e  co m p o sitio n  o f  th e  system  by th e  r e l a t io n s h ip :

Eq = RTi In  conductance  o f  exchanger
F condu c tan ce  o f  e q u i l ib r iu m  l iq u id

O v erb eek 's t r e a tm e n t was te s t e d  e x p e r im e n ta lly  by Bloksma ( 2 ) ,  u s in g  

m o b i l i t i e s  o f  th e  ad so rb ed  io n s .  He co n cluded  th a t  th e  agreem ent was 

s u f f i c i e n t l y  good to  be c o n f irm a tiv e .
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R e c e n tly , Bower ( 5 ) ( 6) s tu d ie d  th e  su sp e n s io n  e f f e c t  w ith  a  g la s s  

e le c t r o d e  w hich i s  s e l e c t i v e  fo r  Na+ . Bower found good su p p o r t f o r  O ver- 

b e e k ’s th e o ry . He a ls o  checked th e  e f f e c t  o f  th e  c o n c e n tr a t io n  o f  th e  

s a l t  b r id g e  on th e  m agnitude o f  th e  su sp e n s io n  h f f e c t .  I t  was found 

t h a t  th e  su sp e n s io n  e f f e c t  became n e g l ig ib l e  when th e  c o n c e n tra t io n s  

o f  s a l t  in  th e  s a l t  b r id g e  and e q u i l ib r iu m  l iq u id  a r e  th e  same.

At th e  p r e s e n t  tim e , th e r e  seems to  b e , ju d g in g  from  th e  p u b lish e d  

in fo rm a tio n , two sc h o o ls  o f  th o u g h t re g a rd in g  Ej in  c o l lo id a l  sy stem s.
I

One sch o o l (24) i s  a p p a re n tly  o f  th e  o p in io n  th e  Ej i s  n e g l ig ib l e .  The 

o th e r  ( 2 0 ) , i s  a p p a re n t ly  o f  th e  o p in io n  th e  Ej i s  o f  s u f f i c i e n t  m agni­

tu d e  to  e n t i r e l y  acc o u n t f o r  th e  su sp e n s io n  e f f e c t .  In  t h i s  in v e s t ig a ­

t i o n ,  an a t te m p t has been  made to  o b ta in  a more r e l i a b l e  e s t im a te  o f  

E j th a n  i s  c u r r e n t ly  a v a i la b l e  and th e re b y  c o n t r ib u te  to  ou r u n d e r­

s ta n d in g  o f  th e  su sp e n s io n  e f f e c t .
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EXPERIMENTAL

C h a r a c te r i s t i c  S u sp en sio n  E f f e c ts  o f  S e le c te d  Io n  Exchange R esins

The i n i t i a l  o b je c t iv e  was to  s e l e c t  an  exchanger w hich e x h ib i te d  a 

la rg e  su sp e n s io n  e f f je c t .  I t  was rea so n ed  th a t  i f  th e  exchanger ex ­

h ib i t e d  o n ly  a sm a ll su sp e n s io n  e f f e c t ,  th e  acc u racy  w ith  w hich Ej co u ld  

■ be m easured would be c o rre sp o n d in g ly  low. So f a r  as i s  knowny th e  

l a r g e s t  su sp e n s io n  e f f e c t  r e p o r te d  in  th e  l i t e r a t u r e  i s  th e  v a lu e  o f  4 pH 

u n i t s  r e p o r te d  by Jenny  (20) fo r  a Dow p ro d u c t c a l le d  lon-X . A cco rd in g ly , 

s e v e r a l  s y n th e t ic  c a t io n  and an io n  ex changers  w ere s e le c te d  fo r  com pari­

son .

A ll  r e s in s  w ere t r e a t e d  in  th e  fo llo w in g  way:

(1) A sam ple o f  ap p ro x im a te ly  20 g . was p la c e d  in  a Buchner fu n n e l 

un d er s u c t io n .

(2) C a tio n  exchangers  w ere washed w ith  0 .1  N HCl and th e  an io n  ex ­

ch an g e rs  w ere washed w ith  0 .1  N NaOH.

(3) The r e s in s  w ere t r a n s f e r r e d  to  500 m l. E rlenm eyer f la s k s  and 

w ere e q u i l ib r a t e d  w ith  ex cess  a c id  o r  b a se  f o r  one h a l f  hour on a w r i s t  

a c t io n  sh a k e r .

(4) The sam ples w ere th e n  washed in  th e  Buchner fu n n e l w ith o u t su c ­

t io n  u n t i l  in d i c a to r  p a p e r in d ic a te d  t h a t  th e  e f f l u e n t  had  become a p p ro x i­

m a te ly  n e u t r a l .  P r io r  to  th e  d e te rm in a tio n  o f  th e  su sp e n s io n  e f f e c t ,  te n  

m i l l i l i t e r s  o f  w a te r w ere added to  ap p ro x im a te ly  two grams o f  r e s in .  The 

f l a s k  was shaken  p e r io d i c a l ly  fo r  th r e e  ho u rs  and th e n  a llow ed  to  s ta n d  

o v er n ig h t .  The su sp e n s io n  e f f e c t  was m easured w ith  a g la s s  e le c t r o d e  and 

a s a tu r a t e d  ca lo m el e le c t r o d e .  V a lu es , o b ta in e d  fo r  th e  su sp e n s io n  e f f e c t
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f o r  th e  v a r io u s  r e s i n s ,  a re  shown in  T ab le  I  (page 1 9 ) .  O ther c h a ra c ­

t e r i s t i c s  a re  a ls o  l i s t e d  in  th e  ta b le .  These w i l l  be d is c u s se d  l a t e r ,  

As a r e s u l t  o f  th e  f in d in g s  h e re ,  Dowex-50 was s e le c te d  as th e  r e s in  to  

be used  in  th e  i n v e s t ig a t io n .  T his p a r t i c u l a r  r e s in  i s  c h a r a c te r iz e d  by 

th e  fo llo w in g ; 8% c r o s s - l in k a g e ;  p a r t i c l e  s iz e  100-200 mesh. In  th e  H+ 

form , i t  was found to  e x h ib i t  a su sp e n s io n  e f f e c t  o f  a p p ro x im a te ly  3 pH 

u n i t s ;  w hich was b e l ie v e d  s a t i s f a c t o r y  fo r  th e  pu rp o ses  o f  t h i s  i n v e s t i ­

g a t io n .  A com parison  o f  th e  su sp e n s io n  e f f e c t  f o r  a weak a c id  and a 

s tro n g  a c id  and o f  a weak b ase  and s tro n g  b ase  i s  d e p ic te d  in  f ig u re  2 .

Acid

0

Base

F ig u re  2: Com parison o f th e  S u spension  E f f e c t  betw een S tro n g  Acid
and Base R esin s  and Weak A cid and Base R esin s
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C h a r a c te r i s t i c s  o f  Io n  Exchange R esin s

TABLE I

E xchangers
. Wet R esin  

C ap ac ity *
S u sp en sio n  E f f e c t  . 

A queous-R esin
A cid  o r  Base 

S tre n g th

C a tio n

Dowex-50 1 .7  meq/ml 3 .2 6  pH u n i t s s tro n g

Dowex-SOM 1.7  meq/ml 2.6A pH u n i t s s tro n g

A m b erlite  IR-120 1 .9  meq/ml . 3 .0 5  pH u n i t s s tro n g

A m b erlite  IRC-SO 3 .5  meq/ml 0 .8 1  pH u n i t s weak

Mixed bed

IR MB-3 0 .5 5  meq/ml 2 .8 8  pH u n i t s

Anion

Dowex-I •1^33 meq/ml -2 .7 9  pH u n i t s s tro n g

Dowex-2 1 .33  meq/ml -2 .0 5  pH u n i t s s tro n g

IR-45 . 2 .0 0  meq/ml - 0 .7 0 ,pH u n i t s weak

!ER-400 1 .00  meq/ml -3 ,0 7  pH u n i t s s tro n g

IRr-410 1 .20  meq/ml -2 .A 6 p H  u n i t s s tro n g

D u o lite  A-AO I . AO meq/ml -3 .3 0  pH u n i t s s tro n g

D u o li te  A2 1 .30  meq/ml -2 ,5 3  pH u n i t s s tro n g

*A11 exchange c a p a c i t i e s  a re  re p o r te d  as  m i l l i e q u iv a le n ts  p e r  m i l l i  
l i t e r  o f  w et r e s i n ,  w ith  th e  c a t io n  exchanger in  th e  H+ form ; th e  an io n  
ex ch an g ers  in  th e  C l” form . F or th e  su sp e n s io n  e f f e c t ,  th e  H+ and OH” 
form s w ere u sed .
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Ion  D is t r ib u t io n  in  a Dowex-50 - W ater System  

A. Donnan Theory v e rsu s  "Bound W ater" Theory

In  a r e c e n t ly  p u b lish e d  t h e s i s ,  Moreno (34) has c o n s id e re d  th e  r e l a ­

t i v e  m e r i ts  o f  th e  Donnan th e o ry  and o f  th e  "bound w a te r"  th e o ry  (15) f o r  

d e s c r ib in g  io n  d i s t r i b u t i o n  in  an e x ch a n g e r-w a te r  system . The fo llo w in g  

i s  based  upon h i s  tre a tm e n t o f  th e  two th e o r i e s .  In  th e  "bound w a te r"  - 

th e o ry , i t  i s  p o s tu la te d  t h a t  a c e r t a i n  volume o f  w a te r , V^ 1 i s  t i g h t l y  

adso rb ed  a t  th e  s u r f a c e  o f  an  exchanger so  t h a t  i t  does n o t fu n c tio n  as 

a  s o lv e n t  f o r  an e l e c t r o l y t e .  By making t h i s  assu m p tio n , one can  formu­

l a t e  th e  fo llo w in g :

L e t X = amount o f  C l" *

[C l- - )  = c o n c e n tr a t io n  o f  C l"

Vb , Vr j Vt  = volume o f  bound w a te r , volume o f  rem ain d er o f  w a te r , 

and th e  t o t a l  volume o f  w a te r  r e s p e c t iv e ly .

Then Xr  Xt
V [ = Vt  -  Vb :

. and m u lt ip ly in g  by Vt  we o b ta in ,

^ t v t  _ , t h i s  may a ls o  be w r i t t e n  a s f c l  T . = (Vt -V^) [ c l  \ j
Vt (Vt -Vb) ™ v r  — ^

Thus, by k eep in g  Vt , Vr , Vb c o n s ta n t  and v a ry in g  Xt , we shou ld  g e t 

a p lo t  o f  Xt /Vt  v e rsu s  Xr /Vr  as a s t r a i g h t  l i n e  w hich p a s se s  th rough  th e  . 

o r ig in  and has a s lo p e  o f  (Vt  -  Vb) /V fc. S in c e  Vfc i s  known, Vb can be 

d e te rm in ed  from  th e  s lo p e . (See f ig u r e  3, page 26 ) .

*Cl was chosen  b ecau se  i t  can be an a ly zed  fo r  by p o te n t io m e tr ic ,  
r a d io m e tr ic ,  and v o lu m e tr ic  m ethods.
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I f  th e  Dohnan th e o ry  p ro v id e s  th e  m ost s a t i s f a c t o r y  - ■

tre a tm e n t o f  c h lo r id e  d i s t r i b u t i o n  in  ah e x ch a n g e r-w a te r  system , then  

th e re  i s  n o t a d e f i n i t e  re g io n  in  w hich Cl™ i s  ex c lu d ed , b u t  r a th e r  an 

e x p o n e n tia l  r e l a t i o n s h ip  betw een th e  e l e c t r i c a l  p o t e n t i a l  and Cl™. (Sec 

A ppendix C, page 4 9 ) . The n e a re r  one app roaches th e ^ r e s in  s u r f a c e ,  th e  

low er th e  (^ClwJ  becom es. The one th e o ry  r e q u i r e s  a d i f f u s e  doub le  la y e r  

th e  o th e r  a d i s t i n c t  doub le  la y e r .  i ,

A ccord ing  to  th e  Donnan tre a tm e n t f o r  u n i - u n iv a le n t  e l e c t r o l y t e

a '  x a' = a" x a"  ,
M+ G l­ M+ C l"

and a l s o  ( a ' + a ' . ) ( a ' )
X Cl C l" (a c i - y

(1)

( 2)

Where a" i s  th e  a c t i v i t y  o f  an  io n  in  th e  s u p e rn a ta n t  and a ' r e f e r s  to  th e  

s lu r r y  and where a x i s  th e  a c t i v i t y  o f  th e  adso rb ed  c a t io n .  T hat th e  

t o t a l  c h lo r id e  in  th e  system  eq u a ls  th e  sum o f  th e  c h lo r id e  in  th e  p a r t s  

r e q u i r e s  t h a t ,

Xt = LCl"l' v ' £ c i ~ ]  " V"

M t [ c r j . V' + qf c r l "

S in c e  V1

y ' [ c r n  ' _ f c i "  I . -  F c r l  " V"
Vt  L Vfc

and [C l" ] ’ = [cl^ l' -  [c l" ]  " V" Vt
^  (V ^V nT

• = Fc l I t v t  -  [ C l ' ] - " ' 7 "
(vt - v")

(3)

(4)

(5)



- 2 2 ”

A ccord ing  to  (2) ( a ^ - X a ^ . )  + ( a ^ J 2 = (a ^ . ) 2 (7)

(»6 i - ) 2 ♦ (= C l-) ( V  + 4=x = (= S i- ) 2 + « = * ) 2 ( 8)

and (%ax + aC l- ) 2 = (= S l- ) 2 + %(=x) 2 (9)

th u s (%ax + = S i - ) "  (= S i- ) 2 + K = x ) 2 ( 10)

and
(= c i- )  = (a "  ) 2 + %(a ) 2 - %a

C l x x ( 11)

I f  we assume th a t  a ^ „  = C l" ' th e n  we e q u a te  (11) and ( 6) .

( aC l- ) 2 + X ax>2 -  %ax = [ C l- J t Vfc -  |c iJ " V "
(Vt  -  V")

Ca" r  + -  %a + J i "V"
(Vt  -  V") P 1"]

( Cag1- ) 2 + %(axr  -  %ax)(V t  -  V") + C l- InV"

V")

fi t  t

f 31" !  = ( ( aC i- ) 2 + %(*x) 2 “ %&J>(y t  ~ vM) + Lc l ~ l "V"

WJ'
( ( aC I- ) 2 + t ( a , ) 2 -  %ax)(V fc - V") V"

F T

(13)

(14)

(15)

(16)

As shown by e q u a tio n  (16) one would n o t e x p e c t a l i n e a r  r e l a t io n s h ip  b e­

tw een [ C l J t  and [ c r j "  i f  th e  Donnan th e o ry  i s  a p p l ic a b le  to  th e  system . ■ 

To check  th e  a p p l i c a b i l i t y  o f  th e s e  two th e o r ie s  to  c h lo r id e  d i s t r i ­

b u tio n  in  a Dowex r e s in - w a te r  system , a s e r i e s  o f  sam ples w ere e q u i l i ­

b ra te d  f o r  tw e n ty -fo u r  h o u rs , w ith  c o n c e n tr a t io n  o f  H C l^  b e in g  th e  in d e ­

p en d en t v a r i a b le .  A one m i l l i l i t e r  sam ple o f  th e  s u p e rn a ta n t  s o lu t io n  was 

p ip e t t e d  o u t ,  n e u t r a l iz e d  w ith  sodium h y d ro x id e , e v a p o ra te d  to  d ry n ess  and
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co u n ted  w ith  a G e ig e r-M u e lle r  c o u n te r .  S o lu tio n s  o f  eq u a l volumes o f  w a te r  

and e q u a l amounts o f  c h lo r id e  b u t w ith  no r e s in  w ere p re p a re d  fo r  each  

c o n c e n tr a t io n  and co u n ted  in  th e  same m anner. The form er m easurem ents 

w ere used  as  a m easure o f  (X"/V") and th e  l a t t e r  as  (XfcZVfc) .  A p lo t  o f  

th e s e  two v a lu e s  was th e n  made; ( s e e  f ig u r e  3 , p a g e £ 6 ) .  The l i n e a r i t y  

o b serv ed  betw een (X11ZVm) and (XfcZVfc) i s  c o n s id e re d  to  c o n s t i t u t e  ev id en ce  

o f  th e  a p p l i c a b i l i t y  o f  th e  "bound w a te r"  th e o ry .

A nother su p p o r tin g  p ie c e  o f  ev id en ce  fo r  th e  "bound w a te r"  th e o ry  

was p u b lish e d  r e c e n t ly  by A nderson and Low ( I ) .  T h e ir  s tu d ie s  d e a l w ith  

th e  d e n s i ty  o f  w a te r  n e a r  th e  s u r fa c e  o f  c la y  p a r t i c l e s .  They found th a t  

w ith in  10£  o f  th e  s u r fa c e  o f  a c la y  p a r t i c l e  t h a t  th e  d e n s i ty  d ec reased  

c o n tin u o u s ly . The d e n s i t i e s  approached  0 .9 7  gZcc. as a low er l i m i t .  T h is 

would su g g e s t t h a t  th e  w a te r  m o lecu le s  a r e  ta k in g  on some ty p e  o f  o rd e red  

a rrangem en t presum ably  s im i la r  to  w a te r o f  h y d ra tio n . T h is  volume o f 

w a te r  would p ro b a b ly  c e a se  to  fu n c tio n  as  a s o lv e n t .  The p r e s e n t  i n ­

v e s t i g a to r s  f e e l  t h a t  t h i s  i s  th e  same volume elem en t t h a t  i s  occup ied  by

th e  "bound w a te r" .
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TABLE I I a  

Bound W ater D ata

• • \ Volume Volume T o ta l
Sample W eight o fH C l36 . o f H2O Volume

•la 1.0000  g. 5 ml. ' 5 m l. 10 ml.

lb 0 .9999 g. 5 m l. 5 m l. 10 ml.

b la n k - 5 m l . . 5 ml. 10 ml.

2a 0 .9996  g. 4 m l. 6 m l. 10 ml.

2b 1.0003 g . . 4 m l. 6 m l. 10 m l ."

b la n k 4 m l. 6 ml. 10 m l.

3a 1.0001  g. 2 m l. 8 ml. 10 ml.

3b 0 .9999 g. 2 m l. 8 m l. 10 ml.

b la n k 2 m l. 8 m l. 10 ml.

4a 0 .9997 g. I  m l. 9 m l. 10 m l.

4b 0 .9997 g. I m l. 9 m l. 10 m l.

b la n k I  m l. 9 ml. 10 ml.

-5a* * 1.0000  g . .5 m l. 5 ml. 10 ml.

5b 1.0000  g. 5 m l. 5 ml. 10 ml.

b la n k 5 m l. 5 m l. 10 ml.

Of:
*The HCl u sed  in  th e  f i r s t  fo u r  sam ples was a 0 .00769 N s o lu t io n  

w hereas th e  H C l^  u sed  fo r  th e  l a s t  sam ple was a te n fo ld  d i l u t i o n  o f 
t h i s  a c id .

z
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TABLE I Ib
I

"Bound W ater" D ata (c o u n tin g  d a ta  from C l ^ )

Xt Zvt  Xt Zvt , Xr Zvr  Xr Zv
Sample c o u n ts Zmin. meqZml. x 1(H c o u n ts Zmin. , meqZmin

la 13,677 4 .10

lb 13,674 4 .1 1

b lan k 12,795 3 .8 4

2a 10,848 3 .35

2b 10,615 3 .2 8

b la n k 9 ,967  3 .0 8

3a 5,865 1.78

3b 5,719 1.74

b la n k 5 ,084  1 .54

4a 2,719 0 .83

4b 2,584 0 .78

b lan k 2,-529 0 .77

5a 1,452 0 .44

5b 1,432 0.43

b lan k 1,345 0 .4 0

A ll  co u n ts a r e  c o r r e c te d  f o r  background.

Sample c a l c u la t io n :  Xt ZVt  = 5 .x 0.00769Z10 = 0.00384 meqZml

Xr ZVr  = 13,667 £  x 0 .3001  meq min x ' 1 0 =  0 .0041 meqZml; 
min "m l co u n ts

C a lc u la t io n s  fo r  V^ from th e  s lo p e  in  f ig u r e  3

= 0 .927  = — k \and Vt  = 10 ml.

s o lv in g  fo r  V^

Vb = 0 .7 3  m l.

X 
H
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C I 2 3 4

x 10+3

F ig u re  3: Bound W ater Theory



-2 7

D is t r ib u t io n  o f  C 6 in  a Dowex-50 -  W ater System.

The o b je c t iv e  o f  t h i s  s e c t io n  was to  d e te rm in e  th e  a c tu a l  d i s t r i ­

b u tio n  o f  C l" in  th e  r e s in - w a te r  system . The v a lu e s  o b ta in e d  a r e  l a t e r  

compared w ith  th e  a p p a re n t d i s t r i b u t i o n  o f  C l" as d e term ined  p o te n t io -  

m e t r i c a l ly .  Any d isc re p a n c y  betw een th e  a p p a re n t and a c tu a l  d i s t r i b u ­

t io n  w i l l  be a t t r i b u t e d  to  an Ej a t  th e  c a lo m e l- re s in  in t e r f a c e .

The r e s in - w a te r  system  i s  d iv id e d  in to  th re e  a r b i t r a r y  d iv is io n s  

w hich w i l l  be r e f e r r e d  to  as  p h a se s . P h a se 1" r e f e r s  to  th e  e q u i l ib r iu m  

s o lu t io n .  Phase" r e f e r s  to  th e  i n t e r s t i t i a l  s o lu t io n ,  i . e . ,  th e  s o lu ­

t i o n  betw een th e  p a r t i c l e s .  P h a se 1 r e f e r s  to  th e  s o lu t io n  in  th e  i n ­

t e r i o r  o f  th e  r e s i n  p a r t i c l e s .

H+ r e s i n  sam ples w ere e q u i l ib r a t e d  w ith  a l iq u o ts  o f  d i l u t e  HCl 

,tagged  w ith  C l ^ .  A f te r  e q u i l ib r iu m  was a t t a in e d ,  th e  th r e e  phases 

w ere p h y s ic a l ly  s e p a ra te d  u s in g  th e  te c h n iq u e  su g g es ted  by G rego r- 

e t  a l .  (18) as s t a t e d  in  A ppendix D, page 5 1 .  The c o n c e n tr a t io n  o f C l" 

in  th e  th r e e  p h ases  was d e te rm in ed  by means o f  s ta n d a rd  c o u n tin g  te c h ­

n iq u e s .  R e s u lts  o b ta in e d  fo r  a s e r i e s  o f  1.000 gram sam ples a r e  l i s t ­

ed  in  T ab le  I I I .

The mean v a lu e  o b ta in e d  fo r  J jC l" ]" ' /  [ c l^ ]  " was 1 .32  and 1 .34  fo r  

th e  1.0000 gm. and 2 .0000 gm. sam ples r e s p e c t iv e ly .  The c o rre sp o n d in g  

v a lu e s  o f  [ c l 3 " ' [ 7 c l 3  ' w ere 6 .7  and 6 .4 .

An a tte m p t was made to  double check th e s e  v a lu e s  in  th e  fo llo w in g  

way: u s in g  a lambda p i p e t t e  and c o v e rin g  th e  t i p  w ith  a t i s s u e  (sw ipe)

w hich was im perm eable to  th e  r e s i n  p a r t i c l e s ,  a sam ple o f  p h a s e ’" was 

w ithdraw n from  th r e e  d i f f e r e n t  sam ples. P h a se " 1 was e x t r a c te d  w ith  a
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p i p e t t e .  T hese w ere co u n ted  and th e  r a t i o s  com pared. The mean v a lu e  fo r  

[ C l ] '"  / [ C l ] "  was 1 .1 7 , in d ic a t in g  a r e l a t i v e l y  sm a ll d i f f e r e n c e  in  c h lo ­

r i d e  c o n c e n tr a t io n  betw een th e se  two p h a se s . W hether o r  n o t  th e  la ck  o f  

agreem ent (1 .3 2  and 1 .34  vs 1 .17 ) i s  a t t r i b u t a b l e  to  e x p e rim e n ta l e r r o r  

i s  n o t known.

A ccord ing  to  th e  "bound w a te r"  th e o ry , c h lo r id e  i s  ex c lu d ed  from  th e  

"bound w a te r"  a t  th e  p a r t i c l e  s u r f a c e ;  th e  [c l" " ]  th ro u g h o u t th e  r e ­

m ainder o f  th e  sy stem  i s  c o n s ta n t .  I f  we now th in k  o f  t h i s  d i s t r i b u t i o n  

a p p lie d  to  th e  system  d e p ic te d  in  A ppendix B, page 49 , th e n  i t  would

seem as though ' = I C l" ]  " = ^ C l f l  ' p ro v id ed  p h ase"  and p h a se '

a r e  c o r r e c te d  f o r  th e  lo s s  o f  s o lv e n t  to  "bound w a te r" . We have seen  th a t  

[ c l ]  _ | ] l ] N " a c c o rd in g  to  th e  r a d io m e tr ic  d a ta .  T h e re fo re  one

m ight e x p e c t th e  "bound w a te r"  to  a f f e c t  th e  amount o f  w a te r a v a i la b le ,  as 

s o lv e n t  in  p h a se ' to  th e  g r e a t e s t  e x te n t .  'A  c o r r e c t io n  can  be made fo r  

th e  volume o f  w a te r a c t in g  as a s o lv e n t fo r  C l" in  p h a s e 1 i f  we assume a l l  

th e  "bound w a te r"  volum e, V^, to  be c o n ta in e d  in  t h i s  p h ase . The a c tu a l  

[ c l ]  1 would be c a lc u la te d  by s u b t r a c t in g  V^, as d e te rm in ed  from  f ig u r e  

3 , p a g e f r o m  th e  t o t a l  volume of. p h a s e 1.

A c tu a l [ c l ]  1 = a p p a re n t f c l~ J ]  1 x  volume o f  phase*
volume o f  phase" - V j3. ,

U sing th e  v a lu e s  from  T ab le  I I I  th e  a c tu a l  [ c l ]  1 was c a lc u la te d  fo r  

each  sam ple. These v a lu e s  a re  l i s t e d  in  T ab le  IV a lo n g  w ith  th e  concen­

t r a t i o n s  fo r  p h a s e 1" .  S t a t i s t i c a l  tre a tm e n t o f  th e  d a ta  in d ic a te s  no 

s i g n i f i c a n t  d i f f e r e n c e  a t  th e  5% le v e l  betw een ^ C l ]  '"  and j j l l " ]  ' 

when c o r r e c te d  fo r  "bound w a te r" .  The r e s u l t s ,  th e r e f o r e ,  p ro v id e
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su p p o r tin g  ev id en ce  fo r  th e  a p p l i c a b i l i t y  o f  th e  bound w a te r  th e o ry  to  th e  

r e s in -w a te r  system  under c o n s id e ra t io n .

S tudy  o f  a^.+ By E s te r  H y d ro ly s is  R a tes  

The r a t e  o f  h y d ro ly s is  o f an e s t e r  i s  r e p o r te d ly  a fu n c tio n  o f  th e

a^ + in  th e  medium (2 2 ) . Presum ably th e  m easured r a t e  o f  h y d ro ly s is  o f

an e s t e r  co u ld  th e r e f o r e  be u sed  to  d e te rm in e  a^,+. The pu rp o se  o f  th e

s tu d y  re p o r te d  h e re  was to  d e te rm in e  a^+ in  Dowex-50 r e s i n  in  th i s  way.

The v a lu e  o b ta in e d  co u ld  th e n  be compared w ith  th e  a p p a re n t a + as  d e t e r -
H X

mined p o te n t io m e t r ic a l ly .  Any d isc re p a n c y  co u ld  be a t t r i b u t e d  to  th e  E .
• J

in v o lv e d  in  th e  pH d e te rm in a tio n .

W ith t h i s  o b je c t iv e  in  m ind, a s e r i e s  o f  h y d ro c h lo r ic  a c id  s o lu t io n s  

o f  v a ry in g  pH w ere u sed  to  s tu d y  th e  r e l a t i o n  betw een pH and r a t e  o f  hy ­

d r o ly s i s .  F o r a  more d e ta i le d  acco u n t o f  th e  e x p e rim e n ta l p ro ced u re  see  

A ppendix D, page 57. The r e s u l t s  from t h i s  s tu d y  a re  p lo t t e d  in  f ig u r e  4 , 

page 30. R esin  sam ples w ere e q u i l ib r a t e d  w ith  enough w a te r  to  make th e  

volum es o f  th e  s o lu t io n s  com parab le . Then th e  r a t e  o f  h y d ro ly s is  fo r  

th e s e  sam ples was m easured . The t r i a n g u la r  p o in t  on th e  g raph  in  f ig u r e  

4 shows th e  r e s t i l t s ,  o f  th e se  d e te rm in a tio n s .  A second s e t  o f  d e te rm in a ­

t io n s  was made u s in g  HCl s o lu t io n s  and Dowex-50 o f  com parable  e q u iv a le n ts  

o f  H+ p e r  u n i t  volume o f  s o lu t io n .  These d e te rm in a tio n s  in d ic a te d  th a t  

th e  H+ r e s in  was s l i g h t l y  more e f f e c t iv e  th a n  HCl c o n ta in in g  eq u a l meq H+ 

p e r  u n i t  volume in  c a ta ly z in g  th e  h y d ro ly s is  r e a c t io n .  The r e s u l t s  a re  

l i s t e d v i n  T ab le  V, page 32. From th e s e  o b se rv a tio n s  i t  seems as  though th e

r a t e  o f  h y d ro ly s is  i s  in f lu e n c e d  by o th e r  f a c to r s ,  p o s s ib ly  th e  a b s o rp tio n  

o f  th e  e s t e r  by th e  r e s i n .  I t  was concluded  t h a t . t h e  r a t e  b f . h y d ro ly s is
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co u Id n o t be used  ps a r e l i a b l e  m easure o f a^+ in  th e  r e s in - w a te r  system . 

The r e s u l t s  o f  M cA uliffe and Coleman (22) a ls o  h e lp  s u b s t a n t i a t e  t h i s  con ­

c lu s io n .

R e s i n

R ate (m eq/m in) x 10*

F ig u re  4: H y d ro ly s is  o f M e th y l-a c e ta te  H+ c a ta ly z e d
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TABLE I I I

W eight
Sample (gram s) Phase

D is t r ib u t io n  o f  C l ^
.

c/m in
(Corr« fo r  B ,G .) c /m in /m l

C o n c e n tra tio n  
meq/ml x IO^

la 1.0002 I f t 1260 1260 7.84
I t 810 900 5 .60
I 132 152 0 .95

2a 1.0006 I  I  I 1219 1219 7 .5 8
r t 853 948 5 .90

■ I  ■ 180 206 1.28
3a 1 . 0 0 0 0

M  I 1352 1352 8.43
Tl 914 1013 6.30
I  ‘ 184 212 1.33

4a 1.0003 I I l
'  1269 1269 7.80

, I f 857 956 5.87
I 165 190 1.17

5a 1.0004 I I  I 1305 1305 8 ; 02
M 851 946 5 .8 3
I 174 201 1 .2 3

B lank 1123 6 .9 9

lb 2.0011 I  1 1 1410 1410 8 .34
f t 1846 1085 6.43
I 367 211 1.26

2b 2.0006 f  I  I 1350 1350 8.00
M 1808 1060 6 .28
I  ‘ 391 225 1.33

3b 2.0001 T f t 1341 1341 7.92
- I l 1679 978 5 .7 8

I 376 216 1 .2 8 ,
4b ' 2 .0004 I  I  I 1401 1401 8 .12

I f 1787 1021 5 .9 0
I 355 204 1.18

5b 2.0001 I I I 1392 1392 8.06
f t 1809 1063 6.17
I 367 211 1.22

6b 2.0003 M l 1 1419 1419 8.21
I l 1688 993 5 .75
I 400 230 1.33

Blank f o r  sam ples l"i3 1188 6.99

Blank f o r  sam ples 4 -6 1207 6.99
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TABLE IV

C o n c e n tra tio n  o f  C l ' C o rre c te d f o r  "Bound W ater"

Sample

[crj
as

x IO4 in  p h a s e '"  
d e te rm in ed  from 
Cl^G d a ta

[ C l - ]  ' x 10^ in  p h a s e 1 as 
c a lc u la te d  by c o r r e c t in g  

fo r  "bound w ate r"

la 7 .84  meq/ml 5 .9 0  meq/ml

2a 7 .58 7.95

3a 8 .4 3 8 .26

4a 7 .80 7 .30

5a 8.02 7.77

lb  . ' 8 .3 4 7 .84

2b 8.00 8 .26

3b 7 .92
*

7.97

4b 8 .12 7 .3 4

5b 8 .06 7.59

6b 8 .21 8 .26

mean 7 .90* 7.68*

*No s i g n i f i c a n t  d i f f e r e n c e  a t  5% le v e l .

-
TABLE V

C om parative R ates o f  E s te r  H y d ro ly s is
o f

E q u iv a le n t amounts o f H* Per U n it Volume

HCl Dowex-50

1.028 x lO '^rneq/m in. 1.263 x IC ^rneq/m in .

1.113 x 10"^meq/min. 1.233 x IO- ^meqZmin.
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P o te n t io m e tr ic  D e te rm in a tio n  in  E xchanger-W ater System  t 

Some o f  th e  c e l l s  to  be c o n s id e re d  in  t h i s  s e c t io n  a r e  d e p ic te d  below 

C e l l  #1 . g la s s  e l .  / H C l ^ / K C l ^ ^  ^ H g 2C l2 , Hg 

C e l l  #2 . g la s s  e l .  / H C l ^  and r e s i n / / K C l ( s a t . ) /  Hg2C lg , Hg 

C e l l  #3 . Ag, AgCI / H G I / /NH4NO3 (10%)//K CI ( s a t . )  A g C l( s a t . ) /  AgCI ,  Ag 

C e l l  # 4 . Ag, AgCI/H G I^  and r e s i n / /NH^NO^CIO?.) / /K C l( s a t .)  A g C l(s a t.)  / /

AgCI ,  Ag
/

C e ll  #5 . Hg, H ggC lg /K C lC sat.)/ / H C l ^ /  HCl and r e s i n / /  K C l ( s a t . ) /
/

Hg2C l2 , Hg

See f ig u r e  I .  D, page 12.
/

C e ll  # 6 . g la s s  e l ./H C l(m )/  HCl(m), r e s i n / g l a s s  e l .
J  -

See f ig u r e  I .  C, p a g e ,12. Where / /  in d ic a te s  a l i q u id  ju n c t io n ,
/  ‘ . 

and /  in d ic a te s  a membrane o r  o th e r  m ech an ica l means o f  s e p a r a t io n .  The
/  - 

p o t e n t i a l s  o f  th e  c e l l s ,  a s  d e p ic te d ,  w i l l  be r e f e r r e d  to  as  E^.
\

E2 , Eg e t c .  These p o t e n t i a l s  may be e x p re sse d  by th e  fo llo w in g ;

E1 = E°1 -  e C=I - e JX1KCD -  ° - 0591 l ° s  ='%

E2 -  EgX '  Ec a l -  e JCKCD '  ° - 0591 loE
' l l .

E3 = EAg9AgCl “ Er e f  ‘  Ej (NH4NO3) + 0 .0591  lo g  a ^ .

E- = E. -  E"
4 "A g,AgCI “ r e f  ^j(NH4NO3)

EL = E , + E " '  -  E__! + E'! *  E„

+ 0 .0591  log  a 1' 
Cl

E = E01 -  0 .0591  lo g  a ' 
6 g i  . I

Et
S

1 + 0 .0591  log  a"+ -  E11

As r e p o r te d  in  m ost p h y s ic a l  c h e m is try  t e x t s ,  Ej a t  a r e f e r e n c e
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e le c  tr o d e - s o  l u t io n  in t e r f a c e  i s  n e g l ig ib ly ,  sm a ll ( x ( 2 m i l l i v o l t s ) .  Be­

cau se  o f  t h i s ,  and E j^nh  ̂ w i l l  be n e g le c te d  and we s h a l l  r e ­

f e r  to  EY as E1.
J j

The su sp e n s io n  e f f e c t , i s  d e f in e d  by th e  d if f e r e n c e  betw een E1 and 

Eg. E1 -  Eg = E j(K c l)  “ 0 .0591  lo g  a ”^ /  a "+ . Now i f  th e

. e J(NH4NO3) ,  Ej(KQ1) '  th e n  El , "  E2 = E3 ‘  E4 ‘

E3 " E4 = e J(NH4NO3) * 0 .0591  lo g  a ^ „  /  a ^ .

E5 r e p r e s e n ts  Efia l = Ej (KQ1) + Em

E, = -0 .0 5 9 1  lo g -a "  -  E 6 H+ m

I f  a " '  x a M _ = a " ,  x a" _ , as ex p ec ted  from  t h e iDonnan th e o ry  (14) and 
H+ C l HT Cl

s in c e ,  Em = 0 .0591  lo g  a^'+ = 0 .0591  lo g  a j ^ _ /  a ^ _  , th e . above e x p re s s io n s  

become

e I  " e 2 “  e J(KCI) + Em 

E3 " E4 = e J(NH4NO3) * Em

E5 = e J(KCI) + Em 

E6 = 0
The e x i s t in g  l i t e r a t u r e  in d ic a te s  t h a t  th e re  a re  two sc h o o ls  o f 

th o u g h t on th e  e x p la n a tio n  o f  th e  su sp e n s io n  e f f e c t .  One sc h o o l i s  o f 

th e  o p in io n  t h a t  Ej  i s  n e g l ig ib ly  sm a ll ( ^  2 mv.) (4 ) (2 3 ) (2 4 ) (2 5 )  and 

th e  o th e r  i s  o f  th e  o p in io n  th a t  Ej  may be la rg e  enough to. c o n s t i t u t e  a 

s e r io u s  e r r o r  (a s  g r e a t  as  240 m v.) ( 2 ) ( 3 ) ( 5 ) ( 6 ) ( 2 6 ) ( 2 7 ) .  Some f e e l  

t h a t  Ej  a c c o u n ts  fo r  th e  e n t i r e  su sp e n s io n  e f f e c t  (2 0 ) .

In  t h i s  s e c t io n  o f  th e  t h e s i s ,  i t  was p roposed  th a t  th e  s i z e  o f  Ej
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b e  q u a n t i t a t i v e l y  d e te rm in ed  fo r  Dowex-50 -  w a te r  sy stem s . To do th i s , ' 

a s  p r e v io u s ly  m en tio n ed , we have s tu d ie d  th e  d i s t r i b u t i o n  o f  HCl-30 

th ro u g h o u t th e  sy stem  by two in d e p en d en t m eans. The a c tu a l  d i s t r i b u t i o n  

i s  c o n s id e re d  to  be th e  d i s t r i b u t i o n  as d e te rm in ed  by C l* ^ . The p o te n t i -  

o m e tric  m easurem ents a r e  ta k e n  as m easures o f  th e  a p p a re n t d i s t r i b u t i o n .

The d i f f e r e n c e  betw een th e  a p p a re n t and th e  a c tu a l  d i s t r i b u t i o n  makes 

p o s s ib le  a c a l c u la t io n  o f  Ej .  In  o rd e r  to  c o n s id e r  th e  r a d io lo g ic a l  

d a ta  as th e  a c tu a l  d i s t r i b u t i o n ,  th e  a ssu m p tio n  i s  made t h a t  th e  a c t i v i t y  

c o e f f i c i e n t  f o r  C l"  i s  th e  same in  a l l  p h a se s . The assum ption  th a t  th e  

a c t i v i t y  c o e f f i c i e n t  o f  th e  adso rbed  c a t io n  and th a t  o f  th e  c a t io n  in  

s o lu t io n  w ere th e  same has p r e v io u s ly  been  su g g e s te d  as b e in g  v a l id  (13)
' ' . i

( 3 ) .  The assu m p tio n  made f o r  th e  C l a c t i v i t y  c o e f f i c i e n t s  i s  e q u a lly  

re a s o n a b le .  The assu m p tio n  t h a t  th e  r a d io lo g ic a l  d a ta  r e p r e s e n ts  th e  

a c tu a l  d i s t r i b u t i o n  e n a b le s  us to  c a l c u l a t e  a v a lu e  f o r  Em.

The assu m p tio n  o f  a c t i v i t y  c o e f f i c i e n t  o f  C l b e in g  th e  same in  a l l  

p h ases  means th a t  th e  a c t i v i t y  c o e f f i c i e n t  i s  one fo r  d i l u t e  s o lu t io n s ,  

i . e ,  i n  th e  o rd e r  o f  10“% .  T h is  assu m p tio n  ap p ea rs  to  be  c o n s i s te n t  

w ith  th e  "bound w a te r"  th e o ry . I f  th e  "bound w a te r"  d i s t r i b u t i o n  h o ld s ,  

th e n  Q c r ]  ,M = ^ C l ]  "  = Q C l^ J  1. i f  th e  s o lu t io n s  a r e  d i l u t e ,  th e n  

[ C l - ]  = ac l - .  T h e re fo re  a'** -  . = a ^  = a ^ «  and s in c e  ag ^ - = )f„^p l ] j  

th e n  = & V .

U sing th e  above e x p re s s io n  g iv e n  f o r  Em, th e se  assum ptions in d ic a te
I

t h a t  Em = 0 , From th e  r a d io l o g ic a l  d a ta  i t  i s  seen  th a t  Em as c a lc u la te d  

has a maximum v a lu e  o f  a p p ro x im a te ly  7 m i l l i v o l t s .
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O verbeek1s T rea tm en t (26)

O verbeek t h e o r e t i c a l l y  t r e a te d  th e  fo llo w in g  c e l l ;
I  I I  /  I I I

Hg, HggClg /  K C l(sa t)  /  e q u i l ib r iu m  s o lu t io n  /  c o l lo id  s lu r r y  /
/  2

K CL(sat) /  HggCIg, Hg.

The e .m .f . ,  E, o f  th e  c e l l  i s  g iv en  by

-EF = d^ i (17)

By m a n ip u la tio n  o f t h i s  e q u a tio n  in  o rd e r  to  av o id  s in g le  io n  a c t i v i t i e s

and in c lu d in g  th e  membrane p o t e n t i a l ,  O verbeek o b ta in e d  th e  e q u a tio n

E = i C -->■
(18)

S  t i
4 £ i  + ^ r11- zY r 111 Z l

^  V:______ R______ V

f i  -
V

B
■~v
C

J

E q u a tio n  (18) now in c lu d e s

E = Ej ( l )  + E^(2) + R j( 3 ) ’ an<  ̂ as  shown by O verbeek1 th e  p o te n t i a l  

may be ex p re sse d  ap p ro x im a te ly  by th e  fo llo w in g  e q u a tio n :

E_ = RT In  condu c tan ce  o f  su sp e n sio n
S — ----------------------------------------- (19)

cond u c tan ce  o f  e q u i l ib r iu m  s o lu t io n  

T ab le  I  p ro v id e s  some i n t e r e s t i n g  f a c t s  th a t,sh o w  m e r i t  in  e q u a tio n  

(1 9 ) .  The s tro n g  a c id  exchangers  have a muph g r e a te r  su sp e n s io n  e f f e c t  

th a n  weak a c id  ex ch a n g e rs . The s tro n g  b a se  exchangers have a much g r e a te r  

n e g a t iv e  su sp e n s io n  e f f e c t  th a n  th e  weak b ase  ex ch an g ers . T h is  i s  as 

ex p ec ted  a c c o rd in g  to  e q u a tio n  (1 9 ) , s in c e  th e  conductance o f  th e  double 

la y e r  o f  a s tro n g  a c id  o r  b ase  exchanger is. much g r e a te r  th a n  th a t  o f

th e  weak a c id  o r  b ase  exchanger (s e e  T ab le  I ,  page 19 and f ig u r e  2, 

page 1 8 ) .
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The condu c tan ce  o f  th e  doub le  la y e r  o f  th e  c o l lo id  p a r t i c l e s  does 

n o t  in c re a s e  s i g n i f i c a n t l y  w ith  in c re a s in g  c o n c e n tra t io n  o f  e q u i l ib r iu m  

e l e c t r o l y t e .  Thus one would e x p e c t from e q u a tio n  (19) t h a t  th e  conduct= 

ance o f  th e  e q u i l ib r iu m  e l e c t r o l y t e ,  as i t s  c o n c e n tra t io n  was in c re a s e d , 

would become e q u a l to  t h a t  o f  th e  s lu r r y .  T h is  o b s e rv a tio n  was made by 

Peech e t  a l .  (2 7 ) ,  Bower (5) ( 6) f o r  c la y -w a te r  system s and by th e  p r e ­

s e n t  i n v e s t ig a to r s  f o r  Dowex-50 -  w a te r  sy stem s. (See F ig u re  5 , page5 / )  

A number o f  r e s i n  sam ples w ere e q u i l ib r a t e d  w ith  s o lu t io n s  o f  NaCl 

f o r . tw e n ty -fo u r  h o u rs . The c o n c e n tr a t io n  o f  th e  s o lu t io n s  v a r ie d  from

0.0005 N to  0 .2  N, The ApH o r AEc a  ̂ o f  each  sam ple was d e term ined  and 

th e  v a lu e  p l o t t e d  v e rs u s  c o n c e n tr a t io n  o f  NaCI .  Some condu c tan ce  s tu d ­

ie s  made on c la y -w a te r  system s (35) a r e  a l s o  in c lu d e d . These

4uchranbe4vai^|§/Lw.e^e'':iised^to;;ca !d ela te  J%^n]i^n '^f-6qua:tidh)

-lBfoese.-Yalu£sv@ 'fi% 0-^ a ^ ; :a n 4 j - ^ E e a dgmpa r e ^ . . T hese com parisons 

a r e  d e p ic te d  by F ig u re s  6 , 7 , 8 , and 9. A s im i la r  s tu d y  was made by th e  

p r e s e n t  i n v e s t ig a to r s  f o r  Dowex-50, Dowex-SOW and Dowex-I .  These r e ­

s u l t s  a r e  l i s t e d  in  T ab le  V I. Tmi f-*; I" „ ,I-. ", .

TABLE VI

Com parison o f  ^ E c a l  and EDonnan

E 1c a l ./•®Donnan -

Dowex-50 125 mv. 80

Dowex-SOW 160 mv. 79

D ow ex-I 74 mv. 68



C o n c e n t ra t io n  NaCI .  e q / l i t e r  o f  s o lu t i o n

0.01  0 .02  0 .0 3  0 .0 4 0 .0 5  0 .0 6  0 .07  0 .0 8  0 .0 9  0 .1

F ig u re  5. S a l t  C o n c e n tra tio n  v s . pH
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The r e s u l t s  o b ta in e d  q u a l i t a t i v e l y  su p p o r t O verbeek ' s th e o ry  a l ­

though th e  v a lu e s  a r e  n o t  in  good q u a n t i t a t iv e  ag reem en t. The same con­

c lu s io n  was reac h ed  by Bloksma (2) and more q u a n t i t a t iv e  s u b s t a n t i a t i o n  

was. o b ta in e d  by Bower ( 6) ,

I t  i s  i n t e r e s t i n g  to  n o te  th e  v a lu e s  o b ta in e d  fo r  th e  Ca++-Mont- 

m ori I  I o n i t e  and th e  Ca-̂ + - F o r t  C o ll in s  c l a y s .  A n e g a t iv e  AEc a ^ (27) 

i s  o b serv ed  and a n e g a t iv e  Donnah i s  c a lc u la te d  by e q u a tio n  (1 9 ) . Com­

p a r is o n  o f  th e  m o b i l i t i e s  and th e  co n d u c tan ces  o f  H"1", K+ , Na+ and Ca++ 

r e v e a ls  no a p p a re n t re a so n  fo r  th e  change in  s ig n  o f  th e  p o t e n t i a l .  The 

su sp e n s io n  e f f e c t  a p p a re n tly  can n o t be a fu n c t io n  o f  co n d u c tan ce  a lo n e , 

b u t o th e r  f a c to r s  m ust be in v o lv e d .

C a lc u la t io n  o f  Ej

To c a l c u l a t e  Ej th e  fo llo w in g  e q u a t io n  was u sed ;

■ E; + E_1C a l -  - J

w here Ejn = ,5 9 .1  lo g  a ^ _ /a " ^ _  and AEc a ^ was de te rm in ed  as  in  c e l l s  

No. I  and No. 2. The d a ta  fo r  Em w ere ta k e n  from  T ab le  I I I .  I t  was 

p o in te d  o u t p re v io u s ly  t h a t  i f  th e  "bound w a te r"  th e o ry  h e ld  th e n  Em 

would e q u a l z e ro . Thus th e  v a lu e s  c a lc u la te d  fo r  Em would be a

maximum v a lu e  and th e r e f o r e  th e  v a lu e  o b ta in e d  fo r  E . by th e  above
' J ■

e x p re s s io n  would be a minimum. A Ere j  ̂ was a l s o  u se d . The v a lu e s  were 

d e te rm in ed  by c e l l s  l i k e  No. 3 and No. 4 . A no ther e l e c t r o d e  com bination  

u sed  was an A g,AgCI in  c o n ju n c tio n  w ith  a s a tu r a te d  ca lo m el e le c t ro d e .  

The Ag9AgCl e le c t r o d e  was p re p a re d  by th e  method o f  Brown (1 1 ) . A ll  o f  

th e s e  d a ta  a r e  l i s t e d  in  T ab le  V I I9 page 4 4 , se e  a l s o  f ig u r e  IO9 page 45.

! I ' .  i o  ■, I". ■  ̂ L ' ' v. . : •; j.  •'>. ; „•
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I t  sh o u ld  be n o te d  th a t  AEr g f  and th e  p o t e n t i a l  as m easured by 

th e  A g ,A g C l-sa tu ra te d  ca lo m el p a i r  d i f f e r  in  th a t  th e  r e f e r e n c e  e l e c ­

tro d e s  a r e  d i f f e r e n t  and th e  s a l t  b r id g e  s o lu t io n s  a r e  d i f f e r e n t  con-
A

c e n t r a t i o n s .  The form er h av in g  a more d i l u t e  b r id g e  s o lu t io n .  The

d i f f e r e n c e  o b ta in e d  in  E . i s  a t t r i b u t e d  to  two f a c to r s :  (a )  th e
J .

m o b i l i t i e s  o f  th e  NH^+ and NO^" a r e  more n e a r ly  eq u a l th a n  th o se  o f 

K+ and Cl"", and (b) th e  d i f f e r e n t  c o n c e n tra t io n s  o f  s a l t  b r id g e  

s o lu t io n  (3 ) .

TABLE V II

Com parison o f  V alues fo r  Ej w ith  D if f e r e n t  E le c tro d e  P a ir s

Sample ' AEc a l Em f j A Er e f f j (EAg1AgCl Ec a l ) ! i

la 98 .0* 8 .6 8 9 .4 102 93 .4

2a 100.0 6 .1 93 .9 103 96.9

3a 112.0 7 .4 105.6 108 100.6

4a 9 5 .8 7 .3 88 .5 82 74 .7

5a 88 .6 8 .0  • 80 .6 77 69 .0

lb
i  :

77 .5 6 .6 70 .9 82 75 .4 r.

2b . 8 4 .0 6 .2 77 .8 81 7 5 .8

3b
I

97 .5 8 .0 89 .5 79 71 .0

4b 118.2 8 .0 110.2 80 72 .0

5b 124.0 6 .8 117.2 83 76 .2

6b 101.5 9 .1 9 2 .4

*A11 re a d in g s  a re in  m i l l i v o l t s
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SUMMARY and conclusions

The d i s t r i b u t i o n  o f  HCl in  a Dowex-50 -  w a te r  sy stem  re c e iv e d  a t t e n ­

t i o n  in  t h i s  i n v e s t i g a t io n .  The d i s t r i b u t i o n  co u ld  be  a d e q u a te ly  d i s -  

c r ib e d ,  w i th in  l i m i t s  o f  e x p e rim e n ta l e r r o r ,  by th e  s o - c a l l e d  "bound 

w a te r"  th e o ry .  A ccord ing  to  t h i s  th e o ry , th e  r e s i n  p a r t i c l e s  a r e  c o a te d  

w ith  a th in  f i lm  o f  "bound w a te r"  ( I ) .  T h is  w a te r  has a  c h a r a c t e r i s e :1 -  ...Lj 

t i c a l l y  low d e n s i ty  and i s  presum ed to  have s t r u c t u r a l  c h a r a c t e r i s t i c s  

s im i la r  to  i c e .  T h is  th e o ry  demands th a t  f r e e  io n s  be  ex c lu d ed  from 

t h i s  "bound w a te r " ,  w hich a cc o u n ts  f o r  n e g a t iv e  a d s o rp tio n  o f  an io n s (1 5 ) .  

D ata  o b ta in e d  in  t h i s  i n v e s t i g a t io n  i s  c o n s i s t e n t  w ith ,  and p ro v id e s  some 

s u p p o r tin g  e v id en ce  f o r  th e  "bound w a te r"  th e o ry . The e l e c t r i c a l  double 

la y e r  a t  th e  r e s i n  s u r f a c e  i s  th e r e f o r e  v i s u a l i s e d  as a d i s t i n c t  r a th e r  

th a n  a d i f f u s e  l a y e r .  The s o lu t io n  in  th e  Dowex-50 -  w a te r  sy stem  b e ­

yond th e  "bound w a te r"  f i lm  i s  a c c o rd in g ly  c o n s id e re d  to  b e  homogeneous.

I n  an e q u i l i b r a t e d  Dowex-50 -  w a te r  sy stem , th e  p o te n t io m e tr ic a l ly  

m easured  pH o f  th e  s l u r r y  was found td  d i f f e r  from  th e  c o rre sp o n d in g  

pH o f  th e  s u p e rn a ta n t  s o lu t io n  by as much as 3 .2 6  pH u n i t s .  T h is  s o -  

c a l l e d  su sp e n s io n  e f f e c t  i s  commonly a t t r i b u t e d  e i t h e r  to  an  a c tu a l  

d i f f e r e n c e  i n  Sg+ in  th e  system  o r to  th e  e x is te n c e  o f  a l i q u id  ju n c t io n

p o t e n t i a l  (E 4) a t  th e  r e f e r e n c e  e le c t r o d e  -  r e s i n  i n t e r f a c e .  In  th i s  i n -J ’ '

v e s t i g a t i o n ,  a com parison ,w as made betw een  th e  a c tu a l  d i s t r i b u t i o n  o f  

C l” in  th e  sy stem , as d e te rm in ed  by C l ^ ,  and th e  a p p a re n t d i s t r i b u t i o n  

o f  C l” i n  th e  sy stem  as d e te rm in ed  p o te n t io m e t r ic a l ly .  The r e s u l t s  i n d i ­

c a te d  an  E j w hich c o u ld  be  as h ig h  as 93 m i l l i v o l t s ,  depend ing  upon
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c e r t a i n  ch em ica l c h a r a c t e r i s t i c s  o f  th e  system . T his E . c o n s t i tu te s  a 

p o t e n t i a l  so u rc e  o f  e r r o r  in  p o te n t io m e tr ic  d e te rm in a tio n s  made in  ex ­

ch an g er -w a te r  system s w hich may be la rg e  enough to  c o m p le te ly  i n v a l i d a t e ,  

th e  r e s u l t s .

D ata o b ta in e d  r e l a t i v e  to  Ej a re  q u a l i t a t i v e l y  c o n s i s t e n t  w ith  th 6 

t h e o r e t i c a l  t r e a tm e n t o f  O verbeek (2 6 ) . B oth  c a t io n  and an io n  exchange 

r e s in s  ,e x h ib i t  th e  su sp e n s io n  e f f e c t :  th e  form er b e in g  p o s i t i v e  in  s ig n  

and th e  l a t t e r  b e in g  n e g a t iv e  i n  s ig n .  The Ej was a s e n s i t i v e  fu n c tio n  

o f  e l e c t r o l y t e  c o n te n t ,  ap p ro ach in g  z e ro  a p p a re n tly  as  a l i m i t  as th e  

e l e c t r o l y t e  c o n te n t  approached  0 .2  N.

SUGGESTION FOR FUTURE RESEARCH

I t  seems t h a t  in fo rm a tio n  re g a rd in g  th e  fundam ental c a u s e (s )  o f
' " ■ /

l i q u id  ju n c t io n  p o te n t i a l s  in  c o l lo id a l - w a te r  system s would be d e s i r a b le .

I f  th e  c a u s e (s )  w ere known, th e n  one would p resum ably  be a b le  to  p r e d ic t  

w hich system  would g iv e  r i s e  to  l i q u id  ju n c t io n  p o te n t i a l s .

S tu d ie s  co u ld  be made com paring th e  e f f e c t  on th e  m agnitude o f  Ej 

r e s u l t i n g  from  r e s i n  s a tu r a t e d  w ith  d i f f e r e n t  c a t io n s .  From th e se  

s tu d ie s  p o s s ib ly  c o r r e l a t i o n s  co u ld  be made co n ce rn in g  th e  m agnitude o f 

Ej as/, a '.,fu n c tio n '.o f  su^.'^aK tor# '''& A , i o n i e ^ a d i i ^ h y d r a t i o n  r a d i i  and 

v a le n c e .
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APPENDIX A

I .  D e f in i t io n s  and Symbolism

1. S u sp en sio n  E f f e c t— th e  observ ed  d i f f e r e n c e  betw een th e  

d ia ly z a te  pH and th e  su sp e n sio n  pH.

2 . E j— l iq u id  ju n c t io n  p o t e n t i a l - - t h e  p o t e n t i a l  c r e a te d  a t  th e  

d i f f u s io n  boundary o f  a r e f e r e n c e  e le c t r o d e .

3. Em—membrane p o te n t ia l - - w o r k  r e q u ir e d  to  b r in g  a p o in t  charge  

from  one s id e  o f  th e  membrane to  th e  o th e r .  E = ( ^ f m -  ^

4 . .  yV - - e l e c t r i c a l  p o t e n t i a l

5 . —chem ica l p o t e n t i a l

6 . —th e  e l e c t r o  chem ica l p o t e n t i a l .  T h is i s  th e  sum o f  th e  

e l e c t r i c a l  and chem ica l p o t e n t i a l s .

-Y i = + RTjn a . '  + ZF v

where R—u n iv e r s a l  gas c o n s ta n t  

! - - te m p e r a tu r e  a b s o lu te  

—a c t i v i t y

Z—v a le n c e  o f  io n  s p e c ie s  

F—F aradays
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APPENDIX B

P h ase"

Phase"

P hase '

P h a se '"  i s  th e  d ia ly z a te .

Phase" i s  th e  i n t e r s t i t i a l  e l e c t r o l y t e .

P h ase ' i s  th e  s o lv e n t  o r  s o lu t io n  tak en  up by th e  c o l lo id  p a r t i c l e s .

F ig u re  11: T hree Phase System
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Membrane P o te n t ia l  and Donnan E q u ilib r iu m

APPENDIX C

S uspension  (p h ase") 

D ia ly z a te  (p h a s e " ')  

Sem iperm eable Membrane

F ig u re  12: Donnan System

At e q u il ib r iu m  A /±" = X ^ '"  fo r  a u n iv a le n t  c a t io n  

I .  y y 0 + RTlnaJJ+ + ZF Ijt" + R T ln a '^  + Z F ^ '"

upon re a r ra n g in g

2. RTlna^ = ZF ( " 1 -V^") and by d e f in i t i o n  E^ = ( ^  - y/")
a+

3.
"m *  B  ln

go ing  back now to  e q u a tio n  I .  

and r e a r ra n g in g

and w r i t in g  th e  e x p re s s io n  fo r  an an ion

4 . y</Q + RT In  a" -  ZF =XJq + RT In  a I" - Z F ^ " '

5. -RT In  
ZF

a-: =
am ( Y " - Y '" ) o r

6 . RT In  
ZF

a l"  =
a "

( f " - y ) Now e q u a tin g  2. and 6

In  a l "  _ in  a V 
aT~ a " '

T h is i s  th e  e x p re s s io n  d e r iv e d  by Donnan (14) which r e l a t e s  the  

a c t i v i t i e s  o f  u n iv a le n t  io n s  in  th e  two p h a se s .
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W ater C o n ten t D e te rm in a tio n

The m ethod ,o f  G regor e t  a l .  (17) was u sed  to  d e te rm in e  th e  w ate r 

c o n te n t  o f  th e  r e s i n s .  The r e s i n  was e q u i l ib r a t e d  w ith  ex cess  w ater 

f i r s t ,  th en  p la c e d  in  a  s in te r e d  g la s s  f i l t e r  fu n n e l, un d er s u c t io n ,  

f o r  l i t t l e  more th a n  th r e e  m in u te s . As was shown by G regor e t  a l . ,

a f t e r  th r e e  m in u te s , th e  r e s i n  m a in ta in e d  a  r e l a t i v e  c o n s ta n t  w e ig h t.
> . ■

T h is  i s  b e l i e v e d . to  in d i c a te  t h a t  th e  i n t e r s t i t i a l  w a te r had been r e ­

moved, and th a t  any a d d i t io n a l  lo s s  o f  w e ig h t, a f t e r  t h i s  tim e , would 

be due to  a i r  d ry in g .

The r e s i n  was p la c e d  in  w eigh ing  b o t t l e s ,  w eighed and p la c e d  in  a 

vacuum d e s s ic a tp r .  The sam ples w ere w eighed p e r io d i c a l ly  u n t i l  no f u r th e r  

lo s s  in  w e ig h t was shown. T h is  was ta k en  as th e  dry  w eig h t o f  th e  r e s in .  

By t r a n s f e r r i n g  sam ples to  th e  w eigh ing  b o t t l e s  w ith  tim in g  and c a re ,  

good p r e c i s io n  was o b ta in e d . The r e s i n  was found to  c o n ta in  46%.w a te r , 

by w e ig h t.

A nother m ethod, u sed  by G regor e t  a l . ,  was c e n t r i f u g a t io n .  The 

sam ples w ere p la c e d  in  s in te r e d  g la s s  fu n n e ls  w hich s a t  in  s p e c ia l  c e n t r i ­

fuge  f l a s k s .  They w ere c e n t r i f u g e d  fo r  t h i r t y  m inu tes a t  1500 g 's .  T h is 

was found to  be ad eq u a te  to  e x t r a c t  n e a r ly  a l l  o f  th e  i n t e r s t i t i a l  w a te r .

The E f f e c t  o f  P e rc e n t R es in  in  Suspension  
upon th e  A pparen t pH o f  th e  S uspension

A s e r i e s  o f  sam ples, c o n ta in in g  tw en ty  m i l l i l i t e r s  o f  d i s t i l l e d  

w a te r  and v a ry in g  amounts o f  r e s i n  from  1 .5  gms. to  5 .5  gms. d ry  w e ig h t, 

w ere m easured fo r  su sp e n s io n  pH. The pH o f  th e  r e s i n  was p lo t t e d  v e rsu s

APPENDIX D



th e  amount o f  d ry  w e ig h t o f  r e s i n .  (See f ig u r e  1 3 .)

I t  was found t h a t  th e  pH v a r ie d  b u t  v e ry  l i t t l e ,  go ing  from  3 .6  to  

2 .9 .  The r e l a t i v e l y  h ig h  pH v a lu e s ,  o b serv ed  h e re ,  a r e  due to  th e  f a c t  

t h a t ,  w h ile  m easu ring  th e  pH, th e  r e s i n  was s t i r r e d  c o n s ta n t ly .  Upon 

s e t t l i n g ,  th e  pH o f  th e  r e s i n  sam ples was a l l  1+0.1 pH.

D e te rm in a tio n  o f  th e  Volume O ccupied by Wet R esin  

A column o f r e s i n  was p re p a re d  in  a 50 m i l l i l i t e r  b u r e t .  The c o l ­

umn was th o ro u g h ly  w e tte d  w ith  w a te r  and th e  w a te r l e v e l  was above th e  

r e s i n  l e v e l .  Some o f  th e  w a te r  was a llo w ed  to  d r a in  down, w e ll  below th e  

r e s i n  l e v e l . , and th e n  som e.of th e  r e s i n  was scooped o u t and p la c e d  in  a 

w eighing, b o t t l e .  The amount o f  r e s i n  t h a t  was ta k e n  o u t was always 

ap p ro x im a te ly  a h a l f  in c h  la y e r .  The b u r e t  was r e f i l l e d  w ith  w a te r a f t e r  

th e  e x t r a c t io n .  The d i f f e r e n c e  in  r e s i n  le v e ls  was ta k e n , as th e  wet 

r e s i n  volum e. T his method was re p e a te d  fo r  s e v e r a l  sam p les. The r e s i n

sam ples w ere w eighed r e p e a te d ly ,  u n t i l  no f u r th e r  lo s s  o f  w ieg h t was
’

d e te c te d  w ith  a d d i t io n a l  d ry in g  '

Method- o f  S e p a ra t io n  o f  P h asem , Phase" and Phase*

Two m ethods w ere u sed  f o r  s e p a r a t io n  o f  p h a s e 1"  . B oth gave s im i la r  

r e s u l t s .  P h a se "1 may be  e f f e c t iv e l y  s e p a ra te d  e i t h e r  by d e c a n tin g  th e  

d ia ly z a t e  o r  by fo r c in g  th e  d ia ly z a te  o u t  th ro u g h  a s in te r e d  g la s s  fu n n e l. 

The r e s i n ,  p h a se " , and ,.,phase1 a r e  l e f t  b eh in d .

C o n s id e rin g  p h a s e 1 and th e  w a te r c o n te n t  o f  th e  w et r e s i n  to  be id e n ­

t i c a l ,  th e  s e p a r a t io n  o f  phase"  was s im i la r  to  th e  ex p erim en ts  f o r  d e t e r ­

m in ing  th e  w a te r  c o n te n t .  The s in te r e d  g la s s  fu n n e l was c e n t r i f u g e d  fo r  

t h i r t y  m in u tes  a t  1500 g 's  to  remove p h a se " . C h lo r id e s  in  p h a s e ’ was

- 5 2 -
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Amount o f R esin  
gram s/20  m i l l i t e r s  
o f  d i s t i l l e d  w ate r

F ig u re  13. The E f f e c t  o f  7» R esin  on S uspension  E f f e c t
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w ashed o u t o f th e  r e s i n  sam ple w ith  d i s t i l l e d  w a te r .

D e te rm in a tio n  o f  th e  Volume o f  P h ase '"  , Phase" and P h ase '

. The r e s i n  was e q u i l ib r a t e d  w ith  11 m l. o f  d i s t i l l e d  w a te r . P h a s e " ' 

was d ecan ted  and p la c e d  in  a  w eigh ing  b o t t l e  and w eighed. From th e  

d e n s i ty  o f  w a te r  a t  27°C ., th e  volume o f  p h a s e '"  was c a lc u la te d .  The 

volume o f  p h a se ' was c a lc u la te d  from th e  w a te r  c o n te n t  and th e  d e n s ity  

v a lu e . The volume o f  p hase"  was c o n s id e re d  to  be th e  d i f f e r e n c e  o f  th e  

t o t a l  volume and th e  sum o f  p h a s e '"  and p h a s e '.

Phase

m

. " 

i

TABLE V II I

Volumes o f  th e  S e p a ra te  Phases 

I  g . Samples 

9 .2 3  c c .

0 .9 0  c c .

0 .8 7  c c .

2 g . Samples 

7 .57  c c . 

1 .70  c c . 

1 .73 c c .

D e te rm in a tio n  o f  C h lo r id e  D is t r ib u t io n  
by R a d io lo g ic a l  Methods

F o r d e te rm in a tio n  o f  th e  C l ^  d i s t r i b u t i o n ,  a r e s i n  sam ple was 

e q u i l ib r a t e d  w ith  one m i l l i l i t e r  o f  0 .00769 N H C l^  and te n  m i l l i l i t e r s  

o f  d i s t i l l e d  w a te r . The sam ple was s t i r r e d  o c c a s io n a lly  and th en  a l ­

lowed to  e q u i l i b r a t e  o v er n ig h t .  The t o t a l  e q u i l ib r a t io n  p e r io d  was a t  

l e a s t  24 h o u rs . The pH o f  th e  s u p e rn a ta n t  d id  n o t change s ig n i f i c a n t l y  

a f t e r  t h i s  tim e .

The th r e e  p h ases  w ere s e p a ra te d  as  d e sc r ib e d  on page 5 2 . The s e p a r ­

a t e  p o r t io n s  w ere n e u t r a l i z e d  w ith  ex ce ss  HaOH and th e n  ev a p o ra te d  to  

d ry n ess  in  s t a i n l e s s  s t e e l  p la n c h e ts ,



The sam ples w ere co u n ted  in  a G e ig e r-M u e lle r  c o u n te r .  Each sam ple 

was co u n ted  fo r  a- f iv e  m inu te  p e r io d .

C l36 S e lf -A b s o rp tio n

A number o f  NaCl3^ s o lu t io n s  w ere e v a p o ra te d  to  d ry n ess  in  s t a i n l e s s  

s t e e l  p la n c h e ts  i n  o rd e r  to  a s c e r t a in  w hether o r  n o t any s e l f  a b s o rp tio n  

was ta k in g  p la c e  in  th e  sam ples u sed  in  th e  s tu d y  o f  C l” d i s t r i b u t i o n .

The amount o f  s a l t  was v a r ie d  from  0 .2  mg. to  90 mg. and th e  co u n t r a t e  

was d e te rm in e d . From th e s e  d a ta  a p l o t  was..made; th e  r e s u l t s  ap p ea r in  

f ig u r e  14. From th e  g raph  i t  i s  e a s i l y  seen  t h a t  s e l f  a b s o rp tio n  would 

be o f  no concern  f o r  th e  sam ples u sed  in  t h i s  in v e s t ig a t io n .  The sam ples 

u sed  in  th e  i n v e s t ig a t io n  w eigh ap p ro x im a te ly  0 .2  m illig ra m . A ccord ing  

to  f ig u r e  14 no a p p re c ia b le  a b s o rp tio n  ta k e s  p la c e  fo r  sam ples o f  th i s  

w e ig h t.

D e te rm in a tio n  o f  C h lo r id e  by P o te n io m e tr ic  M easurement

F or d e te rm in in g  th e  c h lo r id e  a c t i v i t y ,  a  Beckman s i l v e r  b i l l e t  com- 

b in a t iq n  e le c t r o d e  #39187 was u sed  as a Ag,AgCl e le c t r o d e .  T h is  e l e c ­

tro d e  i s  d es ig n ed  to  be u sed  w ith  the . Beckman Model G pH m e te r . This 

e le c t r o d e  i s  two e le c t r o d e s  i n  one u n i t ,  c o n ta in in g  an Ag,AgCI  e le c tro d e  

and an Ag,AgCI  r e f e r e n c e .e le c t r o d e  in  a s o lu t io n  th a t  i s  s a tu r a te d  w ith  

r e s p e c t  to  b o th  KCl and AgCI .

Between th e  r e f e r e n c e  e le c t r o d e  and th e  sam ple s o lu t io n ,  t h e r e . i s  .

a r e s e r v o i r  c o n ta in in g  a 10% s o lu t io n  o f  T h is  b r id g e  s o lu t io n

c o n n ec ts  th e  sam ple w ith  th e  r e fe re n c e  e le c t r o d e .  T h is  p re v e n ts  c h lo r id e

io n s  from th e  r e f e r e n c e  e le c t r o d e  from  co n ta m in a tin g  th e  sam ple. A 

l in e n  f i b e r  c o n n ec ts  th e  r e f e r e n c e  e le c t r o d e  to  th e  b r id g e  s o lu t io n .a n d
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Back S c a t te r in g  E f fe c t  
from S ta in le s s  S te e l .

M illig ram s o f  S o lid

/

F ig u re  14: C l"^  S e lf  A b so rp tio n
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th e  b r id g e  s o lu t io n  to  the, sam ple.

Some e le c t r o d e s ,  p re p a re d  by th e  method o f  Brown (1 1 ) , w ere a ls o  

u se d . These e le c t r o d e s  w ere u sed  in  c o n ju n c tio n  w ith  a S .C .E .

An A ttem pt to  D eterm ine a„*. by R ates 
o f  E s te r  H y d ro ly s is

The amount o f  r e s i n  to  be u sed  fo r  each  sam ple was w eighed in  a 

50 m i l l i l i t e r  E rlenm eyer f l a s k .  Enough w a te r  was added to  th e  system  

to  occupy a l l  o f  p h a s e 1 and ph ase” . The amount o f  a c id  was com parable 

in  volum e. The a c id  s o lu t io n s  v a r ie d  from  .0 .0  to  2 .12  in  pH. The pH 

o f  th e  r e s i n  was m easured a t  a te m p e ra tu re  o f  35°C. The r e s i n  and a c id  

sam ples w ere p la c e d  in  a c o n s ta n t  te m p e ra tu re  b a th ,  shaken  and allow ed  

to  re a c h  35° C. One m i l l i l i t e r  o f  p u re  m e th y !a c e ta te  was added to  each 

sam ple. The z e ro  tim e was ta k e n  a t  t h i s  p o in t .  The r e a c t io n  was s topped  

by add ing  j u s t  enough NaOH to  t i t r a t e  th e  t o t a l  e q u iv a le n ts  o f  H+ iin  th e  

system . The sam ples w ere im m ed ia te ly  back t i t r a t e d  w ith  a s ta n d a rd  HGl 

s o lu t io n  and p h e n o lp h th a le in .
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