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ABSTRACT

The s o l u b i l i t y  o f  m rou rou s lo d a t e  i n  v a r y in g  c o n c e n t r a t io n s  

o f  p o t a s s iu k  n i t r a t e ,  magnesium n i t r s t e ,  end lanthanum  n i t r a t e  was s tu d ie d  

in  an e f f o r t  t o  o o n f ir n  th e  stan d ard  e l e s t r o d e  p o t e n t i a l  f o r  th e  n e r o u r c u s  

i o d s t o  m ercury e l e c t r o d e  a s  m easured b y  B a r in g  and Zapponl ( 1 ) .

The n aan  a o t l v l t y  p r o d u c t , 9 * 9 6  x  10“* ^ , a s  e x tr a p o la te d  from  

f i g u r e s  1 ,  ? ,  and 3 w as found t o  bo som ewhat d i f f e r e n t  th an  t h a t  c a l c u ­

l a t e d  b y  R a r in g  and Zapponi ( 7 ,0 7  x  I f * 1**),

A c l o s e  s u r v e y  o f  f ig u r e s  1 ,  ? •  and 3 show s t h a t  t h e  p o in t  o f  

s o l u b i l i t y  o f  t h e  m erourou* lo d a t e  in  pure w a te r  i s  f a r  o f f  t h e  e x t r a ­

p o la t e d  ourve* T h is  phenomenon a p p ea rs  t o  b e  r e a l  ntkd n o t  a e e i d e a t a l , 

s in c e  r e p e a te d  t r i a l s  on  th r o e  d i f f e r e n t  o o o a s lo n s  showed a  s im i la r  

t i t r a t i o n  v a lu e*

The naan  a c t i v i t y  p ro d u ct a s  e x t r a p o la t e d  from f i g u r e s  1 ,  ? ,  and 

3 w as found t o  b e 3*96  x  1C * ^ *

The s o l u b i l i t y  o f  m erourous lo d a t e  in  w a ter  was c a l c u la t e d  t o  be  

5?* 15  x  1 0 * 5  njoia j*»r l i t e r *

The s ta n d a r d  e l e c t r o d e  p o t e n t i a l  o f  th e  w ereuroue lo d a t e  e l e c t r o d e  

w as c a l c u la t e d  t o  bo C*40?? v o lt*

The a c t i v i t y  c o e f f i c i e n t s  o f  t h e  n ere u r o u s  lo d a te  i n  th e  v a r io u s  

s a l t  s o l u t i o n s  w ere c a lc u la t e d *  T hese v a lu e s  a r e  found on t a b l e s  T, I I ,  

and I I I .
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itrrseon cT io ir

The im p ort anoe o f  s o l u b i l i t y  d a ta  a s  •  obeek  on  sta n d a rd  

o le o tr o d e  p o t e n t i a l s  i s  b e in g  r e a l i s e d  tod ay*  The f i e l d  i s  c o m p a r a t iv e ly  

near and v e r y  l i t t l e  l i t e r a t u r e  i s  a v a i l a b l e  a t  t h e  p r e s e n t  t in e *

However K o lt h o f f  and L in gan e ( ? )  e a r r le d  o u t  a v e r y  in t e r e s t in g ,  

p i e c e  o f  work i n  w hloh  t h e y  ch eek ed  th e  IG ^ '/A g lO , ( s ) /A g  s ta n d a rd  e ln o tr o d e  

p o t e n t i a l  by s o l u b i l i t y  d a ta*  The r e s u l t s  appeared  t o  b e s u c c e s s f u l  in  

t h a t  th e  s ta n d a rd  p o t e n t i a l  o f  th e  IO# *’/A gIC # ( s ) /A g  e l e e t r o d e  a s  com puted  

from  t h e  a o t i v i t y  p ro d u et o f  AgIC# w as found  t o  b e  €■•'’551 i  0*C<X? v o l t s  

a t  ? 5 °  C* T h is  r e s u l t  i s  1*0 a v s*  l e s s  th a n  t h e  v a lu e  C .T569 v o l t  o b ta in e d  

by F e« r ee  and * l r t h .  (*9) H ow ever, due t o  a l i q u i d  j u n c t io n  p o t e n t i a l  

u n c e r t a in t i e s  w ere in v o lv e d  in  t h e  m easurem ents o f  F ea r ee  and f i r t h ,  and 

i t  i s  b e l i e v e d  t h a t  th e  v a lu e  0 . 5 S$ 1  v o l t  i s  t h e  more r e l i a b l e  f o r  E°*

O th er  work in v o lv in g  s o l u b i l i t y  d a ta  was o a r r ie d  o u t  b y  f e a r e e  

and O elke ( i s )  who m easured  th e  s o l u b i l i t y  e f  lanthanum  lo d a t e  in  v a r y in g  

o o n o e n tr a t io n s  o f  p o ta ss iu m  c h l o r i d e ,  magnesium c h lo r id e ,  m agnesium  s u l ­

f a t e .  and p o ta ss iu m  s u l f a t e  s o lu t io n s *

r e o e n t ly  H aring  and Zappool ( l o o .  a l t . )  e s t a b l i s h e d  t h e  et& nderd  

o l e o t  red e p o t e n t i a l  o f  th e  lCs ~^ g*(X O s  ) , ( i ) / R |  e l e c t r o d e  a t  

0 *COl v o l t *  I t  was th e  o b j e c t  o f  th e  w r i t e r  t o  co n firm  th e  above stan d ard  

p o t e n t i a l  in  a  manner s i m i l a r  t o  th e  work co m p leted  by k o l t h o f f  and 

l in g a n e *
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THECPfcTJCAL C-tSCGfiSirv

Tbs s o l u b i l i t y  o f  d i f f i c u l t l y  s o lu b le  s a l t s  o*n  bo m easured  

by s e v e r s 1  a e tb o d s .

C gnduotaaoe t'ea su rey .en ts

Tho s o l u b i l i t i e s  o f  s l i g h t l y  s o lu b le  s u i t s  o t n ,  i n  meny  e s s e s *  

be o b ta in e d  fro®  d e te r m in a t io n s  o f  th e  s p e c i f i c  c o n d u c ta n c e , L» o f  t h e i r  

s a t u r a t e d  s o lu t io n s *  T h ese  s o l u t i o n s  e r e  s o  d i l u t e  t h a t  th e  e q u iv a le n t  

c o n d u c ta n c e  i s  p r a o t l o s l l y  th e  c e s s  a s  th e  e q u iv a le n t  c o n d u cta n ce  a t  

i n f i n i t e  d i lu t io n *  t h a t  i s

y u  -  - A ©  -

o r  C -  I S ^ k  
- A ^ o

w hore C d e n o te s  th e  s o l u b i l i t y  o f  t h e  s u b s ta n c e  in  e q u iv a le n t s  p e r  l i t e r  

end 7 V. 0  in  t h e  e q u iv a le n t  co n d u cta n ce  a t  i n f i n i t e  d i l u t i o n .  The s p e c i f i c  

c o n d u c ta n c e  o f  th e  w a te r  i s  no lo n g e r  n e g l i g i b l e *  and th e  fo llo w in g ,  

e q u a t io n  o u s t  be c o n s id e r e d

v

w here 1 A i s  t h e  a p e o l f i o  o o n d u eten o e  o f  t h e  s o l u t i o n .  

f c le o t r o a o t lv e  JPoroe Method

The d e t e r a in a t io n  o f  th e  s o l u b i l i t i e s  o f  s p a r in g ly  s o lu b le  s a l t s  

o en  a l s o  be c a r r ie d  o u t  b y  e .  * •  f .  a e e e u r e a e n t s .  T h is  m ethod can  b e s t  be 

d e s c r ib e d  by a  s p e c i f i c  exam ple <5 ) .  Suppose t h a t  t w  s i l v e r  e l e c t r o d e *  

a r e  arran ged  In a c o n c e n tr a t io n  c e l l  u s in g  p o ta ss iu m  n i t r a t e  » t  th e  s a l t  

b r id g e .  In  one p a r t  a r e  s i l v e r  io n s  o f  kno-fo  c o n c e n t r a t io n ,  and in  th e  

o t h e r  p a r t  a r e  s i l v e r  io n s  in  e q u i l i b r i a *  w ith  s o l i d  s i l v e r  c h lo r id e .

Ag, A g C lte a t .  )TC1, ( C . l  * } //s g !I C # CC.l * ) .A g  

The v o l t e f *  * can  th e n  be m easu red , and by p ro p er  s u b s t i t u t i o n  

i n  th e  f o l lo w in g  e q u a t io n ,  t h e  * b e  c a l c u la t e d .
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The v o lta g e  £ o f  t h i s  c e l l  i s  C.45C v o l t  a t  ? 5 °  th e

a c t i v i t y  c o e f f i c i e n t ,  Y »  o f  t h e  C . l  m o la i A|f3Cs  i e  0 .3 ? .  f rco. th e  above  

e q u a t io n

0 .4 5 c  *  - 0 .0 5 9 1 5  l o t  ■ i V i
c . l  * o .a ?

* , Y t “  1 .9 4  *  1C* 9  

T h is  s o lu t io n  o f  s i l v e r  c h lo r id e  1& e i u l l l t r l u o  w ith  s o l i d  

s i l v e r  c h lo r id e  i s  v e r y  d i l u t e  and th e  a o t i v i t y  c o e f f i c i e n t  o f  th e  c h lo r id e  

io n  i s  p r a c t i c a l l y  t h e  s&ase a s  t h a t  o f  t h e  C . l  m o la l s o l u t i o n  o f  p o ta e s iu a  

o h lo r id e ,  n am ely , 0 .7 6 .  The a c t i v l t y  p ro d u ct i s  th e n

* A g fl *  *  *C1"  *  *  1C" 9 )  *  *C#1 x  C ,7 6 )

*AgC 1  *  1 .4 3  X l o ' l c  

'■•hen s i l v e r  c h lo r id e  i s  d i s s o lv e d  i n  w ater*  t h e  c o n c e n tr a t io n s  

o f  t h e  s i l v e r  io n s  and c h lo r id e  io n s  a r e  t h e  sane* and th u s  t h e  s o l u b i l i t y  

o f  t h e  s i l v e r  c h lo r id e  13 x  1 C“1 '~ * 1 . ? ?  x  1 C*5 (a ssu m in g  t h e  e c t i -

v i t y  c o e f f i c i e n t  t o  be o n e ) .

D ir e c t

▼he method in v o lv e :  th e  m easurem ent o f  t h e  s o l u b i l i t y  o f  a 

s p a r in g ly  s o lu b le  s a l t  in  v a r y in g  c o n c e n t r a t io n s  o f  a  s a l t  s o l u t i o n ,  w ith  

o r  w ith o u t  a ooawon io n .  One o r  b o th  i o c s  may be d e term in e d  ( t h e  l a t t e r  

i f  t h e r e  i s  a common i o n ) .

The s o l u b i l i t y  p r o d u c ts  a r e  c a l c u la t e d  and p lo t t e d  a g a in s t  th e  

sq u a r e  r o o t o f  th e  i o n i c  s t r e n g th #  o f  t h e  s o l u t i o n s .  B y  e x t r a p o la t io n  

o f  t h e  o u rv e  t o  s e r o  i o n i c  s t r e n g th  th e  a c t i v i t y  p ro d u ct o on b e  o b ta in e d  

from  w hich th e  s o l u b i l i t y  can b e com puted .

I t  i s  etssuated t h a t  in  e x c e e d in g ly  d i l u t e  s o l u t i o n s  th e  I o n s  are  

p r a c t i c a l l y  id e a l  s o l u t e s ,  and I t  i s  found t h a t  th e  a o t i v i t y  p io d u e t  e q u a ls



t h e  s o l u b i l i t y  p r o d u c t ,  1 b a h io h  c a s e  th e  a c t i v i t y  c o e f f i c i e n t  i i  assumed  

t o  be o n e .

T h lc  m ethod *** u sed  by th e  w r i t e r  end th e  m ethod o f  c a l c u la t io n  

w i l l  b e  rev iew ed  b r i e f l y *

A c t i v i t y  P roduct

Tho B o l u b i l l t y  p r o d u c t .  L* woe o b ta in e d  b y  th e  f o l lo w in g

e q u a t io n

L *  ■ * „ * *  1  " I C , -  ( 1 )

w here a  r e p r e se n t#  th e  m o l a l i t i e s  o f  th e  r e s p e c t i v e  Ions*

The i o n i c  s t r e n g t h  was c a l c u la t e d  la  t h e  f o l l o w i n g  manner

y U -  *  1/ ?  (?)

w h e r e /A 'ls  th e  I o n ic  s tr e n g th *  i s  th e  m o l a l i t y  o f  th e  Ion  In  q u e s t io n

end ?.y i s  i t s  v a le n o e *  S u b s t i t u t in g  tb o  v a lu e s  o f  s a t u r a t e d  n ere u r o u s

lo d a t e  i n  p o ta ss iu m  n i t r a t e  s o l u t i o n s ,  t h e  ab ove e q u a t io n  w ould be

/ C t -  x  77 ) ♦ ?  (» IC#-  x  1? ) * («*«■ x 1? ) ♦ (m noz  *

i n  sagn eslu rn  n i t r a t e ,  t h e  above e q u a t io n  would be

x h  [ Cmrn***  * 9 * )  + ?  X I ? )  + 9  f« R0-  * l ? ) j

in  lenthanum  n i t r a t e ,  t h e  ab ove  e q u a t io n  would be  

y C L *  l A  x ? ? > ♦ ?  £»IC-  *  1 ? > ♦ *  I 9 ) ♦ 3 0 » * c -  *  1 ? ) J

/-s s t a t e d  a b o v e , e x t r a p o la t io n  o f  th e  cu rv e  y i e l d s  th e  a c t i v i t y  

p ro d u ct K w hich  i e  r^ p b eaen ted  a s

* *  W *  *  m
w hore A i s  th e  a c t i v i t y *

A o t iv i t y

The t o r s  a o t i v i t y  « * y  be d e f in e d  as t h a t  q u a n t ity  w h ich , when 

s u b s t i t u t e d  f o r  t h e  c o n c e n tr a t io n  in  th e  birss a c t io n  e q u a t io n ,  * * illf  e x p r e s s  

i t s  e f f e c t  i n  d e te r m in in g  th e  e q u i l ib r iu m , b-ore s lw p ly ,  a o t i v i t y  h a s  t e e n

d e f in e d  a s  an *as i f  c o n c e n tr a t io n *  o r  th e  r a t io
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A * fO

b etw een  t b s  f u g a o i t y  f  o f  •  su b s ta n c o  In  some g iv e n  s t a t e ,  and i t s  

f u g u e i t y  f °  in  so * #  s t a t e  w h ich , f o r  tem p orary  co B W B ien o e , i e  oh o sen  a s  

I t s  s ta n d a r d  s t a t e *

Tbe a o t i v i t y  o f  a u n i - u n iv a le n t  e l e c t r o l y t e  may b e d e f in e d  a s  

t h e  p r o d u c t  o f  t h e  l a n lo  a c t i v i t i e s .

*♦ X A . -  A,

The mean a c t i v i t y ,  A £  *  (A+ x

’h en  we t r e a t  more c o m p lic a te d  ty p e s  su oh  a s  p o ta a siu st  s u l f a t e ,  p o ta ss iu m

f e r r o o y a n id e ,  e t o .  o u r  e q u a t io n s  becom e a  b i t  s o r e  c o m p lic a te d  ( 6 )* I f

an e l e c t r o l y t e  d l c s o o i a t e s  i n t o  l /  (m I /*  +1/ ~ ' io n s  a c c o r d in g  t o  th e

e q u a t io n  X ♦ y - X "  we w r i t e  f o r  th e  e q u il ib r iu m
i /  *  V -  A,

A+ A_ •  ^ 5  ( * , ) ✓ »  A+

F u rth erm o re , i f  we d e f in e  th e  steam m o l a l i t y  o f  t h e  i o n s ,  a s  we have t h e i r  

mean a c t i v i t y ,  th e n  i t  i s  s e e n  t h a t
^ “ i

n  ♦ »  *  ( ( / .  ) y

From t h e  same an alogy,'Y * ,  th e  a o t i v i t y  e o e f f i e l e n t  i s

A lso

Y *  -

aZ.
Y * «  — - - - - 2/ V - — —

» ( j / *  ;* /

From w hich

A*

at*

In  d i l u t e  s o lu t io n s  o f  sy m m etr ica l s l e e t r o l y t e s  i t  may be c o n s id e r e d  t h a t

A+ » A . * A+

and t h e  i o n i c  a c t i v i t i e s  stay be a p p rox im ated  b y  th e  r e l a t i o n

A* *  (* )
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At s t a t e d  In  th e  e a r l y  p a r t  o f  t h i s  peper* th o  o b j e c t  o f  t h i s  

r e s e a r c h  was t o  e a l o a l o t o  th o  sta n d a rd  e l e c t r o d e  p o t e n t i a l  o f  th e  o e r o a r o u s  

lo d a t e  e l e c t r o d e  by s o l u b i l i t y  m easu rem en ts.

Tho p ro ced u re  i s  o s  f o l l o w s  i 

C o n s id e r  th e  c e l l  ( 7 ) .

( 1 }  ' f t )

* * » (X O » > o X ^ . Hf a ++ ♦ 9 1 0 ,

*  « W  x  . I 0  ->  « >
9 ■

K *  x  AT„  -

« C ^ « o  (IO s ) * ( s ) / K u V / W ^ / ^ S

A ^ e o  X A10>-  ( 6 )

*1 * Y*i*i U)

S a b o t l t a t l a g  (4 )  in  ( 6 )

Hence

I  ■ V » g .» *  y , ^ -  I  -  Y i *  L (8 )

Tho o lo o tr o d o  r e a c t io n s  o f  t h e  c e l l  a r o i

(loft) ?tt&° ♦ 910,* • *£ • Hg.(io#)a(s)
C l)

( r i £ h t )  * & * * ( ? )  ♦ ? £  •  9H*°

( n e t )  H g * ^  ♦  » I C ,* ( 1 )  * <•>

Tho o < iu t l t b r l t t »  e o s s t a n t  K1 i s  th e *  t

K1  » AH £ ,(IC s ) ,
mrr -  rrtir - mrii p

” * * ( ? )  * A]CC* C l)

S in c e  H&q(1C# ) 9  i s  in  i t s  s ta n d a r d  s t a t e  ^ ^ ( j q  )# { s )  *  i ‘



Hence

K1  a  -  '■ ■ -mm . . .■ - . .. ■ 4  (a t  • tu i l l b r iu ® )

V V V t u

Eo e i i  *  E°  •  2&S521S .

* Ssjsism  i«* »l  -  £ i£ 5 m  1 <»)
? ? R

*0 . u  -  £ i & 5 2 i i !««; i  -  % __
? 1 ?  * » * / * ( ? >  *  A10b - ( 1 )

W i  * a s ^ a a  lo e ^ 5 f e ^ 2 l i S i l i l l  u o

S u b a t i t u t ia n  (it) in  (1C)

E c e l !  * S a S S m  ! • »  ***  Hg» ; <g) < Y IC« »0 > } m  ( 1 1  >
9 K

I f  b o th  A^j j  end «  1 ,  th e n  e q u a t io n  (1 1 )  b e o o a e s  e q u a t io n  ( 9 )

E ° f o r  IOs ~ ^ g # (lG B )*/k !c  (H a rin g  and 7 a p p o n i)  l o o .  o l t .  *  ♦ 0 .9 9 ^ 9  v o l t .

E° f o r  HgB++/ S g ( 3 )  •  ♦ 0 .7 9 6 6  v o l t .

Ko e l l  "  Bl e f t  * g r lg * it

Eo e l l  * - c * ^ 9 9  ♦ 0 .7 9 6 6  «  * 0 . ^ 7  (1 * )

S u b s t i t u t in g  (1 7 )  In  (9 )

♦C.*C* 7  «  g . 05915  lofc 1  
?  *

vb en oe

E ♦ ? .C 7 0  x  1 0 - U

An a l t e r n a t e  m ethod f o r  t h e  o w lo u le t io n  o f  t h e  a o t i v i t y  p r e d u e t  

way b e  approached  in  th e  f o l l o w i n g  a a n s e r .

l a  1 0 * - ( a  *  l ) / / h g , * * 4 *  *  D A f c
(1 )  (7 )

e  -  s . o a a s  I . *  ( i o )

V , * + < i >
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Am r e a g e n ts

1 .  M ercury

As o r d in a r y  fo o d  grad •  o f  m ercury was p a s se d  th rou gh  a lo n g  

colum n o f  norm al n i t r l o  s o ld  and a e r e u r o u s  a i t r n t s  In  th e  fo r n  o f  a  

f l n a  sp r a y  s e v e r a l  t im e s .  T h is  was d r ie d  and d i s t i l l e d  i s  a c u r r e n t  o f  

a i r  under reduced  p r e s s u r e  I s  a  s p e c i a l  pjrrax a p p a r a tu s . T h is  m ethod  

w et- u sed  by R u le t t  and W lnohin ( 9 ) .

* •  ^ e r c u r o u s  t i t r a t e

In  a o r y s t a l l i s l n e ,  d i s h  ware p la c e d  5® 0 8 ■ o f  w a te r  and 7?  e o .  

o f  n i t r i c  a o id  ( 6 9 £ ) ,  and P d .  g ra n s  o f  a e r c u r y .  The r a a e t lo n  was p e r m itte d  

t o  /©  t o  c o m p le t io n , o a r s  being, ta k en  t o  m a in ta in  m ix tu r e  a t  t h e  tem pera*  

tu r e  o f  i c e .  S in c e  m ercury was a lw a y s  p r e s e n t  in  e x o a s s ,  f r e q u e n t  s t i r ­

r in g  was n e c e s s a r y  t o  p r e v e n t  l o e e l  fo r m a tio n  o f  y e l lo w  b& slo  n i t r a t e .

The e r y s t a l s  o f  Hg}fCs .H 9 C’ w hich  s e p a r a t e  a re  su ck ed  dry a s  p o s s i b l e  on a 

B uchner fu n n e l .  A n a ly s is  by M u rray's (1 0 )  a e th o d  p roved  t h e  ex tre m e  

p u r i t y  o f  t h e  c r y s t a l s .

3 .  tterou rou s X odete

To a w e l l  s t i r r e d  p u d d le  o f  a e r c u r y ,  whioh w as c o v e r e d  w ith  

400  ©o. o f  d i s t i l l e d  w a te r ,  was r a p id ly  added d r o p w lse  from tw o dropping, 

f u n n e ls  tw o s o l u t i o n s  o f  e q u iv a le n t  c o n c e n t r a t io n s .  One o f  t h e s e  was 

C.C5 S i n  m erourous n i t r a t e  and C.C5 R in  n i t r l o  a c i d ,  w h ile  t h e  o th e r  

was a 0 .C 5  $  p o ta ss iu m  lo d a t e  s o l u t i o n .

The ra p id  a d d it io n  p ro ced u re  was c a r r ie d  o u t  i n  o r d e r  t o  e l im in ­

a t e  th e  p r e s e n c e  o f  o o l l e i d s .  The t im e  f o r  th e  a d d it io n  o f  15C ««• o f  each  

s o lu t io n  was f i f t e e n  m in u tes  a s  com pared w ith  a t h i r t y  m in u te  a d d it io n  as  

u se d  by B a r in g  and K r a y b i l l  ( 1 1 ) .  The w orker o i t e d  le a r n e d  t h * a  ohsn*-.e



o f  o n ly  C ,? 4  ffll 111 v o l t  * e«  o b se r v e d  when th e  tw o p r o ced u res  w ere com pared . 

A f t e r  th e  a d d it io n  o f  150  c o .  o f  e a c h  s o l u t i o n ,  th e  s t i r r e r  w»s 

• to p p e d )  th e  a e r e u r o a a  lo d n tc  p e r m itte d  t o  s e t t l e ;  end $QC- © o. o f  th e  

s u p e r n a ta n t  s o lu t io n  s ip h o n e d  o f f ,  end r e p la c e d  w ith  40© o e .  o f  d i s t i l l e d  

w a te r .  A f t e r  a d d it io n *  o f  15C , ICC,and ICG o o .  o f  th e  e q u iv a le n t  s o l u ­

t i o n s ,  1 ,  e*  u n t i l  5 CG o e ,  o f  ea ch  s o l u t i o n  had b een  u s e d , th e  f i n a l  

s u p e r n a ta n t  s o lu t io n  we* r e p la c e d  w ith  50C e o .  o f  C,CC$ S p o ta ss iu m  lo d a t e ,  

and t h e  m ix tu r e  s t i r r e d  f o r  one h o u r . T h is  was r e p e a te d  u n t i l  ?  l i t e r s

o f  C.CC5 X p o ta ss iu m  lo d a t e  had b een  u se d  in  p o r t io n s  o f  5©0 o e ,  ea o h .

The p rep a red  s a l t  was th e n  s to r e d  in  C,C£>5 # p o ta ss iu m  lo d a t e  f o r  s i x  

m onths*

4> Sodium T h lo s u lp h a te

f . 5 0  grams o f  B aker and Adamson r e s p e n t  sodium  t h lo s u lp h a t e  

w as d i s s o lv e d  in  a l i t e r  o f  f r e s h l y  d i s t i l l e d  c o n d u c t iv i t y  w a te r ,  and 

C ,C l gram o f  sod ium  e a r b o n a te  was added t o  th e  s o l u t i o n ,  "he s o lu t io n  

w as th e n  a llo w e d  t o  s ta n d  t h r e e  w eek s b e fo r e  s t a n d a r d is in g .

5* b eta*elu m  lo d a t e

Cnoe r e o r y s t a l l l x e d  from c o n d u c t iv i t y  a s t e r  C. .'red e  r ic k  Sm ith  

s p e c i a l  a n a l y t i c a l  r e a g e n t  grad e o f  p o ta ss iu m  lo d a t e  was em ployed  th rou gh ­

o u t  t h e  r e s e a r c h .  The S a l t  was d r ie d  f o r  t h r e e  h o u rs  a t  1 1 5 °  C.

fc, P o ta ss iu m  N it r a t e

fier ck • p  r e a g e n t  s a l t  was r e c r y s t n l l i s e d  t h r e e  t im e s  from  o o n -  

d u o t l v i t y  w a te r .  The B o th er  l iq u o r  from  th e  seco n d  r e e r y s t a l l l t a t i c n  was 

f r e e  o f  e h lo r ld e .  The s a l t  was d r ie d  f o r  th r e e  h ou rs a t  I 5 t °  C.

7* Magnesium f i l t r a t e

B a k e r 's  a n a ly s e d  r e a g e n t  magnesium n i t r a t e  h a x a h y d r a te  wss u s e d .  

To t e t t  t h e  d e g r e e  o f  h y d r a t io n  an a n a ly s i s  f o r  magnesium was o a r r ie d  out 

( I ? ) ,  The a n a ly s i s  showed 9 , ’?53 p e r c e n t  *agne*>lu» a s  com pared t o  9*4d&«



th *  t h e o r e t i c a l  v a lu e .

3 .  U n t h t n w  W it r e t*

C . h . q u a l i t y  o f  E in e r  end Aam d Co. lanthanum  n i t r a t e  *r*e 

u sed  i n  t h i s  r e s e a r c h .

9 -  P o ta s s lu a  I o d id e

B aker end Adamson r e e l e c t  p o ta ss iu m  lo d ld *  was u**d  l a  th o  

t i t r a t i o n s *

1C. S ta r e h  S o lu t io n

A p a s t e  o f  ?  grama o f  pow dered c o r n  s t a r c h  and a  l l t t l *  w ater  

w as added s lo w ly  t o  a  l i t e r  o f  b o i l i n g  w ater*  I t  was a llo w e d  t o  c o o l ,  

and th *  c l e a r  s o l u t i o n  was <l*eant«d and p u t In  a  g l a s s  s to p p e r e d  b o t t le *  

F r e s h ly  d i s t i l l e d  m ercury  a s s  added t o  p r e s e r v e  t h e  s u s p e n s io n .

11* feter

C o n d u c t iv ity  w a te r  was u sed  in  t h e  p r e p a r e t io n  o f  a l l  s o l u t i o n s .

B . A p p a ra tu s , M ethod, and T ech n iq u e .
<

1* A pparatus

A l l  w e ig h ts  and g la s s w a r e  w ere c a l ib r a t e d  b e fo r e  u s e .

Cne o f  tb *  im p o rta n t prob lem s i n  th© rese& roh  was th e  e u o o e s s -  

f u l  sh a k in g  o f  th© b o t t l e s  c o n t a in in g  n ero u ro u s  lo d a t e  in  th *  v a r io u s  

s a l t  s o l u t i o n s .  T h is  was overcom e v e r y  e a s i l y  by th e  a p p a ra tu s  shown 

in  F la t *  X.

I t  o*n  be n o te d  t h a t  th *  m otor b elow  t h e  th e r m o s ta t  i s  co n n ected  

t o  a b a sk e t  15* *  9*  X 1" c o n s tr u c te d  o f  p a r a f f in e d  wood and w ire*  Th*

sh a k e r  i s  im m ersed In  th e  b a th  and I s  f i r s t ly  s e t  on a rod e x te n d e d  a c r o s s

th *  c e n t e r  o f  th e  t h e m o s t a t  by a e a n s  o f  a h in g e d  b e a r in g .  A p a r a f f in e d  

c o r d  1 * connect*'d  to  th e  b a s k e t  and I s  ex ten d ed  t o  a p o in t  o f f  c e n t e r  o f  

t h *  r o t a t i n g  w h e e l o f  th e  m otor b y  moans o f  a p u l l e y  m ounted on th e  f r o n t

s t e e l  fram e o f  t h e  th e r m o s ta t .  B y  means o f  t h e  o f f  o e n te r  c o n n e c t io n  o f



P l a t e  I



~ p L A ~ r E  H



1?.

t h e  cord  t o  th o  m o to r  a  l i f t i n g  and low er in g , m o tio n  o f  t h e  b a s k e t  i s  

c a r r ie d  oa t*  The l a t t e r  n o t io n  i s  e ld e d  by a le a d  s t r i p  p la e e d  on  th e  

f r o n t  o f  th e  b a s k e t .

The sh a k e r  i s  o f  su oh  d im en sio n *  t h a t  s i *  ?5o  o e .  w id e  mouth  

o r  t h r e e  5 0 0  e e .  narrow  a o u th  b o t t l e s  oan  b e t i g h t l y  I n s e r t e d .  The fr o n t  

o f  th e  b a s k e t  c o n s i s t s  o f  a  m ovable b ar  (wood p a r a f f in e d )  w hich  can be  

f i r m l y  b o l t e d ,  w ed g in g  t h e  b o t t l e s  t h e r e i n .

The a p p a r a tu s  a s  c o n s tr u c te d  i n  t h i s  manner produced  a t i l t i n g  

e f f e c t  on th e  b o t t l e s .  The t o t a l  upward and downward m otion  on t h e  F o re­

p a r t  o f  t h e  b a sk e t  m ight b e e s t im a te d  a s  8  o r  9 in c h e s .  The s a l t  in  th e  

s o l u t i o n s  i s  s w ir le d  ab o u t and i t  ap p ea rs  t h a t  e f f e c t i v e  sh a k in g  i s  p ro ­

d u ced .

T i t r a t i o n s  w ere e a r r le d  o u t  on ■ s p e c i a l  t i t r a t i o n  s ta n d  w hich  

c o n s i s t e d  o f  a f r o s t e d  g l a s s  b a se  b e n e a th  w hich  was e  f lu o r e s c e n t  lam p.

T h is  c o n s ta n t  l i g h t  so u r c e  g r e a t l y  f a c i l i t a t e d  p r e o l s e  t i t r a t i o n .  The 

10 e o .  m icr o  b u r e t t e s  u sed  w ere made and c a l ib r a t e d  by th e  A rthur H.

Thomas fcn p a n y .

? .  Method and T ech n iq u e

(a) S ta n d a r d is a t io n  o f  i;o d iu s  T h io a u lp h a te

The sodium  t h io s u lp h a t e  s o lu t io n  w as p rep a red  a s  d ir e c t e d  under  

M a t e r ia l s "  and a llo w e d  t o  s ta n d  f o r  t h r e e  w eek*. The rea so n  f o r  t h i s  i s  

t h a t  t h e  s t a n d a r d is a t io n  v a lu e  rem ained f a i r l y  c o n s ta n t  f o r  a lo n g  tim e  

a f t e r  su c h  a g in g .

ft number o f  m eth od s o f  s t a n d a r d iz a t io n  w ere  s t u d ie d  in  a p r e ­

v io u s  r e s e a r c h  ( 1 *?) and i t  was le a r n e d  t h a t  a n a l y t i c a l  r e a g e n t  p o ta ss iu m  

lo d a t e  produced  th e  b e s t  r e s u l t s  ( l i t )*  The a p p rox im ate  v a lu e  o f  th e  sodium  

t h io s u lp h a t e  s o lu t io n  was (0 .0 0 7 5 ~ G » 0 1 0 ) E w h ich  l a  tu r n  r e q u ir e d  p r e c i s e  

a n a l y t i c a l  te c h n iq u e .  A c a l ib r a t e d  m icr o  b u r e t t e  was em p lo y ed , w hich  

c o u ld  b e read  t o  0 .CC5  «« •



Th* r e s e t l o n e  in v o lv e d  a r e i

i c 8 * ♦ 5  h i  ♦ 6  n * — ^  ? i ,  ♦ ■? h„c

I„  ♦ * * , 5 , 0 , -----»  * ?  »«I

To 6  o o .  o f  th e  p o ta ss iu m  io d a t e  s o l u t i o n  d i lu t e d  t o  100 o o .  

w ere added 1C o e .  o f  f r e s h l y  p rep ared  10  p e r c e n t  p o ta ss iu m  io d id e  end  

1C o e .  o f  6  S h y d r o c h lo r ic  s o ld  end th e n  s w ir le d  f o r  3C se o o n d s . Th* 

sodium  t h io s u lp h a t e  w as th e n  r a p id ly  t i t r a t e d  t o  t h e  d is a p p e a r a n c e  o f  th e  

y e l lo w  o o lo r  and 7  e o .  o f  s t a r e h  s o l u t i o n  wore ad d ed . The t i t r a t i o n  was th an  

c o n tin u e d  t o  th e  d isa p p e a r a n c e  o f  th e  b lu e  c o l o r .  The t o t a l  t i t r a t i o n  

t im e  was tw o a i n u t e s .  Th* f i n a l  t o I u m o  was a b o u t 15C oo .

(b )  P r e p a r a t io n  o f  S a tu r a te d  K erouroue lo d a t e  i n  th *  V a r io u s

S a l t  S o lu t io n s .

Th* a e r e u r o u s  lo d a t e  a f t e r  p r e p a r a t io n  *w i s to r e d  in  C .0C5 *  

p o ta ss iu m  l o d a t e .  To rem ove th e  l a t t e r  s o l u t i o n  a b ou t 7  g ra n s  o f  th *  

w et s a l t  w ere e a s t r l f a g e d .  A f t e r  e a c h  t r e a t a e n t  th e  l iq u id  was d ecen t* d  

and c o n d u c t iv i t y  w a te r  added w ith  r ig o r o u s  s h a k in g .  T h is  p rooed u re  was 

r e p e a te d  tw e n ty  t im e s  and th e  s a l t  was o e n tr i fu g c d  t h r ic o  in  t h e  p r e te n c e  

o f  th e  s a l t  s o l u t i o n  i n  w hich  i t  was t o  b e d i s s o l v e d .  A f te r  th e  l a s t  

t r e a t a e n t  th e  a e r o u r o u s  lo d a t e  (7  gram s) was d i s t r ib u t e d  b e tw een  th r e e  

5 0 c  o e .  p y rex  b o t t l e s ,  w h ich  w ere  p a r a f f in e d  i n s i d e ,  c o n t a in in g  th e  seme 

a e l a l  c o n c e n tr a t io n  o f  t h e  d i s s o lv e d  s s l t .

The p a r a f f in in g  p ro ced u re  w as em ployed  t o  p r e v e n t  t h e  a d s o r p t io n  

o f  t h e  e x tr a n e o u s  io n s  ( 1 1 ) .  Th* w ork er c i t e d  h a s  ehoma t h a t  t h e r e  i s  an 

exoh an g*  b etw een  tit*  l a t t i c e  o a t lo n s  and th e  e s t i o e s  in  t h e  s u r f a c e  o f  th e  

g l a s s  c o n t a in e r .  I f  t h i s  o eo  or r e d , th e  a c t u a l  c o n c e n t  r«.t io n  o f  s e r e u r o u a  

io n s  w ould  b e s m a l le r  th an  t h a t  o f  th *  lo d a t e .  H ow ever, e r r o r  i s  e l ln l& a te d  

by c o s t i n g  t h e  i n s i d e  o f  th *  b o t t l e  w ith  p a r a f f in .



H .

The cork *  w ere  a l s o  c a r e f u l l y  o o a te d  w ith  p a r a f f in  t o  p r e v e n t  

s l a l l l a r  a d s o r p t io n  t a k in g  p la c e .  Tho om it s o l u t i o n s ,  o s  a lr e a d y  m en tio n ed , 

w ere p rep a red  on a. m o la l b a s i s .

A f te r  t h s  a d d it io n  o f  th o  a ero u ro a o  lo d a to  t o  th o  s u i t  s o l u t i o n ,  

th e  c o r k s  wore t i g h t l y  in s a r t o d ,  and th e  b o t t l e s  wedged In  th o  s h a k e r .

(a )  Shaking;

The s o l u t i o n s  a s  p rep a red  ab ove w are th e n  sh ak en  f o r  fo u r  h o u rs  

i n  a th e r m o s ta t  r e g u la te d  a t  ?5«CO ^  C .0 ? °  C . T h is  t im e  was found  t o  bo 

s u f f i o i e c t  f o r  e q u il ib r iu m  t o  be e s t a b l i s h e d  ( 1 3 ) .  A n a ly s is  o f  a  s a t u r a ­

t e d  s o l u t i o n  o f  a e r e u r o u s  lo d a t e  l a  w a te r  showed t h a t  t e e  h o u rs  o n ly  wore 

n e c e s s a r y .  A fte r  s h a k in g ,  th o  b o t t l e s  w ere o la a p e d  i n  an u p r ig h t  p o s i t i o n  

and a llo w e d  t o  s ta n d  f o r  h o u r s  In  th e  th e r m o s ta t .

(d )  F i l t r a t i o n  and C e n tr ifu g in g

The s o l u t i o n s  i n  ea o h  o f  t h e  b o t t l e s  w ere th en  f i l t e r e d  by a  

ru b b er t u b e ,  p r e v io u s ly  b o i l e d ,  p lu g g ed  w ith  p y rex  g l a s s  w oo l and a tta c h e d  

t o  a p i p e t t e .  A ru b b er  tu b e  w as c o n n e c te d  t o  t h e  upper p a r t  o f  th e  

p i p e t t e  s o  t h a t  th o  s u p e r n a ta n t  l i q u i d  o o u ld  b e sucked  o u t s lo w ly  b y  an 

a s p ir a t o r .

T h is  p ro ced u re  ap p eared  s lo w  and t e d i o u s ,  b u t i t  s e n se d  t o  be  

t h o  o n ly  a e th o d  by w h ich  th o  o o l l o l d ,  w hose p r e se n c e  o o u ld  bo d em o n stra ted  

b y  a  T y n d a ll o o n e , c o u ld  b e reaioved . H ow ever, ev en  w ith  t h i s  p ro ced u re  

some s o l u t i o n s  s t i l l  showed a t r a c e  o f  o o l l o l d .  T h is  was o f t e n  t h e  oo so  

w ith  th e  d i l u t e  s o l u t i o n s .

A f te r  s a c k in g  o a t  a p p r o x im a te ly  15C o e .  o f  t h e  l i q u i d ,  th e  s o lu ­

t i o n  was q u ic k ly  p u t i n t o  t h r e e  $C o o .  c e n t r i f u g e  tu b e s  and o e n tr lfu g e d  

f o r  t e n  m in u te s .  F o llo w in g  t h i s  p ro ced u re  99-7C  o o .  o f  th o  s u p e r n a ta n t  

l i q u i d  was p ip e t t e d  in t o  a 7*50 o e .  ^ .r lem seyer f l a s k .  O b s e r v a t io n s  showed 

a  s l i g h t  T y n d a ll e f f e o t  In  some o a s e s ,  1 .  o .  lo w  c o n c e n tr a t io n s  o f  th o



s a l t  a o lu tic r .fi*

{ « ’) " " i t  r a t  I o n

T h e  n i e r e . u r c u s  l o d a t e  s o l u t i o n  t r a n s f e r r e d  i n t o  th e  r l « n m « y * * r  

* s a  t i t r a t e d ;  i n  t h e  etisio  b a n n e r  &e d e e - o r l b t d  u n d e r  *" t e n d a r t i i s a t  i o n  o f  

i . o d l u r a  T h i c s u i i - h a t e .  a
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w here * W£a ( Tr ) s o l u b i l i t y  o f  th® u ero u ro u s  s a l t  and

I s  th® wolue® o f  t h e  s ta n d a r d  th lo e u lp h a t®  n e c e s s a r y  f o r  a c o m p le te  

t i t r a t i o n .  Th# w ain #  .0997C  r e p r e s e n ts  th e  Y olu ae o f  th® p i p e t t e  u sed  

In  th® e x p e r im e n t .

? .  S o l u b i l i t y  ir o d u e t  o f  U ® rearous lo d a t e

L , t h e  s o l u b i l i t y  p r o d u c t , l e  o a l e o la t e d  a s  f o l l o w s t

L  *  « W  *  * ? I C , -  <*>

L *  t h **“o 1 * *m> ooiuson Io n )  (1 6 )

3 .  Z onio  S tr e n g th  

1/? £  (»H4(#>* X ?? > ♦ ?(*I0#-  X 1? ) ♦ <»*♦ x 1? ) ♦ (*ioa- x l? )7

*  l / ?  £  fe flfa ,* *  *  + 2 ^*10g -  *  x * ^ (" sO g - *  1? )^J

*  1 / ?  L ^ f * *  *  * ? ( * I 0 8 -  *  1 ? > * ^*La** *  3? )  + x  l ? )^ j

w here I s  t h e  l o n l e  s t r e n g t h ,  and m I s  th e  e o n o e n tr a t io n  e x p r e s s e d  In

■ o l a l l t y .

ij. A e t iw it y  fr o d u o t

The w e ig h te d  s c a n  a e t i w i t y  p ro d u et a s  e x t r a p o la t e d  f r o *  t h e

ourw es In  f i g s .  1 ,  ? ,  and 3 i s  3 .9 5 5  x  10" !^

5 . S tan d ard  F le e t r o d e  P o t e n t ia l

Hfc/Rg*** (a  «  D Z / R u * *  (a  -  1  ) A «

E «  FX In  i  (1 7 )
nF

E •  O.C5915 l o g  3 .9 5 5  x 1C*1*
?

i. «  - 0 .3 9 6 4  w i t  

E# e l l  *  El e f t  * Er lg ) , t

-0 * 3 9 6 4  -  - C .7 9 S t (S )  ♦ S j ^ - A g a d C , ) ,  - s ) / f i f c  

^o^Vfeg* d o ,  )9 (s )Afg * 0.407̂  wo it



Id.

C. A o t iv i t y  C o e f f i c i e n t

J 'r e v lo u a ly  I t  he*  b een  shown th a t

* * Y + ?  L (5 )

Jlence
Y t>» K 1 / ?  ( I d )

" L

The a c t i v i t y  c o e f f i c i e n t s  e r e  ta b u la te d  in  t o b i e s  I .  I I ,  end 

I I I  end p lo t t e d  In  h • The a c t i v i t y  p rod u et u sed  In  th e  c a l c u la t io n

o f  th e  a c t i v i t y  c o e f f i c i e n t *  »r>« n o t  th e  a e /m  v a lu e ,  b u t onoh e x tr a p o la te d  

v a lu e  found on fi& u roe 1 , ? ,  and The a o t i v i t y  p ro d u ct u sed  f o r  

p o ta ss iu m  n i t r e t e  was 9 .^ 0  *  1 0 “ *^{ f o r  m agnesium  n i t r a t e ,  5 - 0 1  *  1 G” * ^ | 

f o r  lanthanum  n i t r a t e ,  5 #C1  x 1 0 * ^ .



Solubility  Solubility  Product 
n£*(IC s ) ,  e to l s / l .  H 6 a ( I0 ,)9

3 .1 0 5 X 10*5 1 .1 9 7 X 1 0 -”

3 .0 1 5 X 10*5 1 .0 9 6 X 10-13

3 .9 9 3 X io " 5 1 .3 3 9 X 1C"”

3 -ii57 X 10*5 1 .6 5 7 X io-”

3 .6 1 7 X ic - 5 1 .8 9 4 X ic-”

3 .6 4 9 X 1 0 -5 1 .9 4 3 X ic-”

3 .8 o o X lo -5 9 .1 9 5 X i o - ”

4 .0 0 1 X 10-5 9 .5 6 9 X 1C*”

4 .1 3 3 X lo"5 9 .8 ? 3 X ic-”

4 .9 5 9 X 1C*5 3 .0 9 0 X 1 0 -”

Table 2 

Molality Ionic Stron^tb
RS0g

G.CCCCCC 9.315 x IO*5

O.0C6638 0.6758 x 10-3

0.CO9339 0.9939 x IC*5

0.C1976 1.986 x IO”*2

0.C948C 9.491 x 10*?

O.C9933 9.944 x 1C*?

C.03>99 4*011 x IO*2

0.04983 4.995 x IO"2

C.06891 6.9C9 x 1C -2

0.06991 3.934 x 1C- 2

Activity Cocffiolcnt

^  * ■  rt
0.965 x IO"2 0.693

3.903 x ic"2 0.649

9.966 x 1C*2 0.6C©

14*09 x IO*2 0 .5 6 0

15.78 x IO’ 2 0.535

17.16 x IO*2 c .5 3 0

90.03 x 1C*2 0.509

99.35 x 1C"2 0.437

96.97 x IO"2 0.468

99.39 x 1C*2 0.454

x>



Tuble II

S o lu b i l i t y  
* (1 0 ,) , ffioleA.

S o lu b i l i t y  Product
W I G ,) ,

M eltllty lo n lo  S tren gth JL
X

A c t iv ity  Cot
Y i

3.ic5 X 10-5 1.197 x io"” o.oocr*oc 9.315 x 1C"9 0-965 x 1C-9 0.748

3.9*? X 1C"5 1.411 x 1©-” 0.0007459 C.?3?< x i f 9 6.7?9 x If1"9 C.7C8

3.?95 X 10*5 1.431 x 10-” o.coio5c C.3?5C X 1C-9 5.7C1 X 10 -9 c.705

3«4C? X 1C*5 1.575 x IO"” 0.001496 0.4590 x 1C*9 6.775 x IO"9 0.689

3.35f X ic*5 1.5C4 x io -” 0.00?C91 0.6194 x 1C*9 7.870 X 1C-9 C.693

3.561 X 10-5 1 .8 0 6  x 1C-” 0.0C?3tl 0.7191 x 1C-9 8.48c x lc"9 C.65?

3.61? X 1 0 -5 1.885 x 10-” 0.003667 1.111 x IO"9 10.54 x IO*9 0.643

3.71? X io-5 ?.«47 x 1C-” c .005?37 1.58? x IC*9 1?.?9 x IO*9 C.t?6

3.803 X lo-5 ?.?e< x 10-” o.oc6?5? 1.887 x 1C*9 13.74 x 1C*9 C. 611

3.91? X io-5 ?.395 x 10-” O.CC8596 ?.591 x 1C-9 16.10 x 1C*9 0*594

15.116 X 10*5 ?.784 x 10-” c.01367 4.076 x 1C"9 ?0.19 x IO*9 C.564

4.136 X ie-5 ? .8 ? 1  x 10-” 0.01531 4-605 x 1C’ 9 ?1.46 x 1C-9 0.560

4.17? X ic*5 ?.9C4 x 10-” C.C1656 5.581 x 1C*9 ?3»6? X 1C*9 0.557

4*?48 X lo-5 3.066 x 1C-” C.O?336 7.0?1 x 1C*9 ?6.5c x I f-9 0.547

4.?95 X ic-5 3.173 x 10-” C.030C5 9.0?8 x IO*9 30.03 X IC’-9 C.54C

4.471 X 10*5 **.576 x 10-” 0.03586 10.77 x IO*9 3 ? .3 3 x 1C*9 C.519
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77.

D ISm & IC R  CP m  ULTS

Tho v a lu e ,  C»bQ77 v o l t ,  o f  th o  s ta n d a r d  e le o t r a d e  p o t e n t i a l  o f  

th e  o o l l  I 0 9 ~ A t,ga (1 0 9 ')9 {,B')Aig, a s  c a l c u la t e d  from s o l u b i l i t y  d a i s  sh o v e  

o n ly  f a i r  agreem ent w ith  th o  v»>lue C .^ 979  (♦ 0 .0 C 1 ) a s  o b ta in e d  fey H arin g  

and Z appenl ( l o o .  o l t . ) .  P o s s ib le  c a u s e s  f o r  t h i s  d e v ia t io n  e r e  a s  

f o l l o w s .

Th* a c t i v i t y  p ro d u ct u sed  i n  t h e  © B lo u le t io n  o f  t h e  above  

s ta n d a r d  e l e c t r o d e  p o t e n t i a l  was o b ta in e d  by a  r e l a t i v e  w e ig h t  s e a n  o f  th e  

v a lu e s  o f  f i g u r e s  1 ,  ? ,  and 9 .  Lino© th o  w r i t e r  w as a s su r e d  o f  th e  p u r i t y  

o f  th e  p o t s s s iu n  n i t r a t e  usad  in  f ig u r e  1 ,  h e  gave  t h a t  e x t r a p o la t e d  

v a lu e  a w e ig h t  o f  7  in  oostp ar laon  w ith  a  w e ig h t  o f  1 g iv e n  f o r  eaoh  o f  

th e  e x t r a p o la t e d  v a lu e s  i n  f ig u r e s  7  and ? • *

I t  was o b se r v e d  b y  a  T y n d a ll  o o a e  t h a t  a f a i n t  c o l l o i d  w as form ed  

whan t h e  n ero u ro u s  « & lt was d is s o lv e d  in  t h e  v a r io u s  s s l t  s o l u t i o n s .  Tho 

q u a n t i t y  o f  th e  e o l l o i d  was d ep en d en t on  th e  o o n e e n tr a t lo n  o f  th e  d is s o lv e d  

s a l t  p r e s e n t .  T h ere  was a lw a y s  m ore c o l l o i d  t h e  m ore d i l u t e  th e  s a l t  

s o l u t i o n .  In  a p r e v io u s  r e s e a r c h  ( I t )  e f f o r t s  w ere «*de t o  remove t h i s  

c o l l o i d  w ith o u t  an y  a p p a ren t s u c c e s s .  H ow ever, th e  p ro ced u re  u se d  i n  t h i s  

r e s e a r c h  gave  wuch b e t t e r  r e s u l t s .  T i t r a t i o n  f l u c t u a t io n s  o f  th e  sodium  

t h lo s u lp h a t e  s o l u t i o n s  w r e  e v id e n t  i »  th e  le«? e o n o e n tr a t lo n  ra n g e  o f  th e  

d i s s o l v e d  s a l t .  T h is  oan b e i l l u s t r a t e d  by ex a m in in g  f ig u r e  7  w here fo u r  

p o in t s  in  t h e  d i l u t e  ran ge do n o t  f a l l  on  th e  o u r v e . f o r  t h e s e  p o i n t s ,  

d u p l ic a t e  t i t r a t i o n s  showed u n u s u a lly  la r g e  v a r i a t i o n s .  F or t h i s  r e a s o n ,  

t h e s e  fo u r  p o in t s  a r e  ig n o r e d  in  d raw in g  th e  o u r v e . I t  i s  i n t e r e s t i n g  t o  

n o te  t h a t  th o  one j o i n t  in  t h e  d i l u t i o n  ran g e  w hioh  f a l l s  on th o  c u rv e  

g a v e  tw o i d e n t i c a l  t i t r a t i o n  v a lu e s .  The p o in t  i n  th e  aor© c o n c e n tr a te d  

p o r t io n  on  f ig u r e  7  i s  o f f  t h e  o u r v e , b u t t h i s  i s  o b v io u s ly  due t o  an e r r o r



l a  m ethod o r  t e c h n iq u e .

Aft e x a m in a t io n  o f  th e  s o l u b i l i t y  o f  m >rourous lo d e t e  In  p u re  

w a te r  In  f i g u r e s  1 .  !?, and ? w i l l  show  I t  t o  b e f a r  f r o n  th e  e x t r a p o la t e d  

o u r v e . H ow ever, t h i s  d e v ia t io n  a p p ea rs  t o  b e  r e a l ,  s in c e  r e p e a te d  t r i a l s  

on t h r e e  d i f f e r e n t  o o e a s lo n e  showed a s im i l a r  t l t r e t i o n  v a lu e ,  ^he w r i t e r  

i s  u n a b le  t o  aeo o u n t f o r  t h i s .

The c o n s id e r a t io n  o f  g r a in  e l s e  n a y  a l s o  b e im p o rta n t In  co n ­

n e c t io n  w ith  t h e s e  r e s u l t s .  P r e v io u s ly  (1 * )  i t  was n o te d  t h a t  t h r e e  

In d e p e n d en t p r e p a r a t io n s  o f  m erourcu* lo d a t e  gave  t h r e e  d i f f e r e n t  a o t i v i t y  

p r o d u e ts  and e o r r s s p o n d ln g ly  d i f f e r e n t  s lo p e s  o f  th e  c u r v e s  when t h e  sa n e  

d i s s o lv e d  s a l t  was u se d i  a lth o u g h  an e f f o r t  was made In  ea eh  c a s e  t o  p r e ­

p a re  t h e  a «  ro u ro u s  s a l t  in  e x a c t l y  th e  same m anner. In  th e  p r e p a r a t io n  

o f  t h e  n e r o u r o u s  s a l t  u sed  i n  t h i s  r e s e a r c h  t h e  w r i t e r  a tte m p te d  t o  

e l im in a t e  g r n in  a l s o  e f f e e t  by t h e  m ethod o f  p r e p a r a t io n  and p ro lo n g e d  

a g in g  (6 m o n th s).

I t  i s  a l s o  p o s s i b l e  t h a t  h y d r o ly s i s  may have t a k e s  p l a c e ,  s in e e  

t h e  r e s e a r c h  was c a r r ie d  o u t  i s  d i l u t e  s o l u t i o n s .

H ga<TO ,)a  ♦ 7B „0 7 — »  ?8gCR ♦ VK ♦ ? I 0 , ~

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  H *ring and ?*p p en i d id  n o t  r e p o r t  any e .  m. 

f .  » s * su rem an ts b e lo w  0 .C 1  !J FTO* w hich  was p r a c t i c a l l y  th e  maximum con ­

c e n t r a t i o n  v a lu e  i n  t h i s  r e s e a r c h .  fu r th erm o re  t h e  common io n  th e y  u se d  

sh o u ld  s u p p r e s s  su ch  h y d r o ly s i s .

A lso  in  t h e i r  r e s e a r c h  th e  a o t i v i t y  o o e f f i c l e n t s  used o o u ld  be 

in  e r r o r  enough  t o  o a u se  a  v a r i a t i o n  o f  ? •?  * v s .

For t h e s e  r e a s o n s  th e  w r i t e r  f e e l s  t h a t  th e  a c t i v i t y  p rod u ot a s  

o b ta in e d  i n  t h i s  r e s e a r c h  i s  a s  a c c u r a te  a s  ca n  be e x p e c te d  u n der th e  con­

d i t i o n s  o f  t h e  e x p e r im e n t . H ow ever, i t  m ust b e a d m itte d  t h a t  th e  s ta n d a rd  

e l e e t r o d e  p o t e n t i a l  a s  p u b lis h e d  by h a r in g  and 7app«nl ( l o c .  e i t )  i s  s u b jo o t



t o  fe w e r  s o u r c e s  o f  e rr o r*  A c c o r d in g ly , i t  i s  hoped  t h a t  f u r t h e r  work 

be done on t h i s  p rob lem . S o l u b i l i t y  m easurem ents sh o u ld  be ow rriad  o u t  in  

t h e  p r e s e n o e  o f  e  common io n *  T h is  p rooed u re  w ould c o n s id e r a b ly  red u oe  

h y d r o ly s i s  end a  lo w er  e x t r a p o la t e d  a o t i v i t y  p ro d u et sh o u ld  be o b ta in e d ,  

hueh  a  r e s u l t  would c e r t a i n l y  e x p la in  t h e  v a r ia m a e in  t h e  r e s u l t s  o b ta in e d  

by t h e  w r i t e r  and H aring, and f.uppan l*  H ow ever, th e  w r i t e r  b e l i e v e s  th e  

p r e se n o e  o f  o o l l o i d  t o  b e  t h e  m ost s e r io u s  o a u se  o f  th e  d e v ia t io n  b etw een  

t h e  tw o v a lu e s .  A ttem p ts w ere n o t  made i n  t h i s  r e s e a r e h  t o  u s e  a  comeon 

io n  b e c a u se  350 good  m icro  m ethod o f  d e te r m in in g  m ercury I s  a v a i l a b l e .

The e l e c t r o l y t i c  m ethod in  a la r g e  volum e o f  s o l u t i o n  and th e  u se  o f  a  

m icr o  b a la n e e  a p p ear  t h e  m ost h o p e f u l .

The r e s u l t s  o b ta in e d  i n  t h i s  r e s e a r c h  w ere v e r y  »u nh b e t t e r  th a n  

p r e v io u s ly  o b ta in e d  ( 1 ^ ) .  The u se  o f  a  c o n s t a n t  l i g h t  so u r c e  t i t r a t i o n  

s t a n d ,  s p e c i a l  b u r e t t e s ,  la r g e r  sam ple f o r  t i t r a t i o n ,  and an in c r e a s e d  

c o n s e n t  r a t io n  o f  s ta n d a r d is e d  t h io s u lp h e t e  seem ed t o  im prove t h e  work c o n ­

s id e r a b ly .

The w r i t e r  h a s  e l s e  n o te d  t h a t  i n  a  r e c e n t  r e s e a r c h  (? )  in  w hich  

t h e  s ta n d a rd  e l e c t r o d e  p o t e n t i a l  o f  t h e  IOg */A gIC s ( s ) A g  e l e c t r o d e  was 

ch eek ed  by s o l u b i l i t y  m easurem ents w ith  a  d e v ia t i o n  o f  o n ly  1 .5  » v s .  th e  

a c t i v i t y  p ro d u ct o f  t h e  A&TOg was ‘’ .Oft x 1 0 ”^ w hich  I s  v e r y  much la r g e r  

th a n  t h a t  o f  n e r o u r o u s  i o d a t e .  F u rth erm o r e , th e  p e r c e n ta g e  e r r o r  o f  a 

t i t r a t i o n  in  t h i s  r e s e a r e h  would be m u lt ip l i e d  th r e e  f o ld  l a  t h e  s o l u b i l i t y  

p r o d u c t , w hereas i t  w ould be d ou b led  l a ‘. th e  w ork on  s i l v e r  i o d a t e .  A lso  

P e a r c e  and C e lk e  ( 5 ) .  who m easured th e  s o l u b i l i t y  o f  lanthanum  n i t r a t e  in  

v a r y in g  c o n c e n t r a t io n s  o f  d i f f e r e n t  s a l t  s o l u t i o n s ,  d id  n o t  c h e c k  t h e i r  

r e s u l t s  b y  c .  n .  f .  m ea su rem en ts , s o  no e v id e n c e  on  th e  agreem en t t o  be 

e x p e o te d  b etw een  th e  tw o m ethods i s  p o s s i b l e .



D i s a r s s i d f  of

The l a r g e s t  e r r o r  o f  t h e  r e s e a r c h  #«*  due t o  v a r y in g  t i t r a t i o n  

v a lu e s  o f  th e  sodium  th io s s u lp h e te .  T h is  was a n c o u n te r e d  b e c a u s e  o f  e o l l o i d a l  

s te r e u r o a s  I o d a te  p r e s e n t  l a  th e  e o l a t i o n s *  H ow ever, t o  be c e r t a in  o f  th e  

r e s u l t s  a s  t a b u la t e d ,  th r e e -s& a p  l e e  o f  t h e  cause s*»lt oono^n t r e t  io n  w ere  

t i t r a t e d *  D u p lic a te  v a lu e s  a c c e p t e d ,  e x c e p t  t h o s e  o i t e d  In  "’Li s o u s e  io n  

o f  R e s u l t s ,  * w ere found  t o  d o v la t e  from  th o  a v e r a g e  no g r e a t e r  th a n  C>*5 

p e r c e n t*  T i t r a t i o n  e r r o r s  may h a v e  a l s o  r e s u l t e d  from a i r  o x id a t io n  o f  

t h e  p o ta ss iu m  io d id e  ad d ed , h u t  t h i s  was m in im ised  by t h e  r i g i d l y  s ta n d a r d ­

i s e d  p ro o ed u re  f o l lo w e d .

A noth er e r r o r  r e s u l t e d  fro st p o s s i b l e  tem p e r a tu r e  c h a n g e s  o f  th e  

s e r c u r e u e  lo d a t e - d l s s o l v e d  s a l t  s o lu t io n  w h i le  c e n t r i f u g i n g  f o r  t e n  

m in u tes*  T h is  p r o o e s s  im m e d ia te ly  fo l lo w e d  th e  f i l t e r i n g  o f  th e  s o lu t io n  

from  th e  p a r a f f in e d  b o t t l e s *  T h is  e r r o r  i s  c e r t a i n l y  s m a ll .

The in s tr u m e n ta l e r r o r s ,  su ch  a s  s m a ll  tem p e r a tu r e  v a r i a t i o n s  

o f  t h e  b a th  (0 * 0 9 °  f ) ,  p r e c i s i o n  o f  t h e  r e a d in g  o f  t h e  b u r e t t e  (0 * 0 0 5  » 1 « ) ,  

and e r r o r s  in  - e ip h in g  o&c b e e n t i r e l y  n e g le c t e d  in  com p a riso n  t o  e r r o r s  

o f  method*

U niform  p ro ced u re  was em p lo y ed , w henever p o s s i b l e ,  th r o u g h o u t  

th e  r e s e a r c h .  The same s o l u t i o n s  su c h  a s  s t a r c h .  6  !f a c i d ,  ©to* w ere used  

t o  p r e v e n t  any v a r i a t i o n  o f  r e s u l t s *

A l l  s o l u t i o n s  p o s s i b l e  »e r e  made o n  a  m o la l b a s is *  I t  i s  t o  be  

n o te d  t h a t  th e  c o n c e n t r a t io n  o f  t h e  m erouroue io d a t e  I s  e x p r e s s e d  a s  

t a o l s / l i t e r i  h o w ev er , wren d i s s o lv e d  s a l t  s o l u t i o n s  o f  C .C l m o la l o r  l e s s  

w ere u s e d , t h i s  e r r o r  sh o u ld  n o t  become a p p r e c ia b le *

U se o f  p a r a f f in  c o a te d  b o t t l e s  f o r  s t o r a g e  o f  th e  p r e p a r a t io n  

a s  w e l l  a s  t h e i r  u s e  in  th e  sh a k in g  and s ta n d in g  o f  t h e  s o l u t i o n s  e l im in a te d  

th e  e r r o r  due t o  a  vsarlo.no© i n  r»fcl© o f  reercurous and io d a t e  l e n s .
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!■ Tho a o t i v i t y  p r o d u c t ,  K, f o r  marourouB l a d a l e  h a s  W e e  found t o  ho 

3 . ? 5 5  *  1 C " 1 **.

? .  Tho s t a n d a r d  © l o o t r o d e  p o t e n t i a l  o f  t h e  a i e r o u r o u e  i o d a t e  e l e c t r o d e  h a s  

W o n  c a l c u l a t e d .  I t s  v a l u e  I s  C.ijO?*? v o l t .

3 .  The a c t i v i t y  c o e f f i c i e n t *  o f  t h o  » * r o u r o u »  i o d a t e  t . o l u t i o n *  i n  v a r y i n g  

c o n c e n t r a t i o n s  o f  p o t  a s  s i t e s  n i t r a t e ,  ma£,nesiu«> n i t r a t e ,  *r.d l * m t h « i u »  

n i t r a t e  h a v e  W e n  c a l c u l a t e d .  They  o r #  f o u n d  on  t a t l e e  I ,  I I ,  e n d  I I I ,  

arid i g .  Jtf.

il* £ » £ / « *  t i o n r  W v e  W e n  o f f e r e d  t o  a c o o u r t  f o r  t h e  d i f f e r e n c e  b e t w e e n  

t h e  I .  f .  r .  and  s o l u b i l i t y  v a l u e .
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