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ORlHO-MlNOBENZENEIHIOLs A NEW REAGENT 

FOR POTENTIOMETRIC TITRATIONS

CHAPTER I  

INTRODUCTION

O rg an ic  m a te r i a l s  w hich w i l l  com bine w ith  m e ta l  io n s  

t o  form  r i n g  compounds a re  becom ing i n c r e a s in g l y  im p o r ta n t  

i n  in o r g a n ic  a n a l y s i s .  C h e la te  compounds h ave  a t  l e a s t  one 

r i n g  w hich  u s u a l ly  c o n s i s t s  o f  f i v e  o r  s i x  a to m s. C h e la te s  

can  be e i t h e r  w a te r  s o lu b le  o r  w a te r  i n s o l u b l e .  O f te n  th e  

w a te r  in s o lu b le  o rg a n ic  d e r i v a t i v e s  o f  m e ta l  io n s  w i l l  be 

t o t a l l y  u n l ik e  t y p i c a l  m e ta l  s a l t s  i n  t h a t  th e y  have  low  

m e l t in g  p o i n t s ,  a re  v o l a t i l e ,  and  d i s s o lv e  i n  o rg a n ic  s o l 

v e n t s .

The compound o -a m in o b e n z e n e th io l  can  be c l a s s i f i e d  a s  

a  c h e l a t i n g  a g en t d ue  to  th e  r e a c t i v e  g ro u p in g  N-C=C-SH. A 

c h e l a t e  o f  o -a m in o b e n z e n e th io l w i th  a  m o n o v alen t m e ta l  w ou ld  

have  th e  fo rm al s t r u c t u r e :

<

«2  '

w h ile  a  b iv a le n t  m e ta l  w ould r e q u i r e  two m o le c u le s  o f th e

1
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r e a g e n t .  The bond betw een  th e  m e ta l  atom  and  s u l f t i r  w ould  

be a  c o v a le n t  bond w h ile  th e  m e t a l - n i t r o g e n  bond w ould be a  

c o o rd in a te  c o v a le n t  bend  as  i n d ic a t e d  b y  th e  a rro w .

Hofman ( 8 )  f i r s t  r e p o r t e d  th e  p r e p a r a t i o n  of o -am in o - 

b e n z e n e th io l  by  f u s in g  2 - p h e n y lb e n z o th ia z o le  w ith  p o ta s s iu m  

h y d ro x id e  to  fo rm  b e n z o ic  a c id  and  th e  t h i o l .  Hofman a l s o  

r e p o r t e d  t h a t  th e  t h i o l  was s lo w ly  o x id iz e d  t o  th e  d i s u l f i d e  

by  a i r  and  r a p i d l y  by  an  o x id iz in g  a g e n t  su c h  a s  f e r r i c  c h lo r 

i d e .  The com m ercial p r e p a r a t i o n  o f  o -a m in o b e n z e n e th io l was 

r e p o r t e d  by C . H . Lumsden (1 3 )  i n  1 9 3 0 . The compound w as 

p r e p a re d  by  t r e a tm e n t  o f  2 -m e rc a p to b e n z o th ia z o le  w i th  a  s o l u 

t i o n  o f sodium  h y d ro x id e  i n  a  c lo s e d  v e s s e l  a t  an e le v a t e d  

te m p e ra tu re .  Know les and W att (1 0 )  h av e  d e s c r ib e d  th e  p r e 

p a r a t i o n  o f  th e  t h i o l  by  r e d u c t io n  o f b e n z o th ia z o le  w ith  

sodium  in  l i q u i d  ammonia and a l s o  by r e d u c t io n  w ith  n a s c e n t  

h y d ro g en  g e n e ra te d  by  th e  i n t e r a c t i o n  o f  ammonium brom ide 

w i th  sodium  i n  l i q u i d  amm onia, fo l lo w e d  by h y d r o ly s is  and  

s team  d i s t i l l a t i o n .  L a z ie r  and  S ig n a iz o  (1 2 )  have a  p a t e n t  

f o r  th e  p r o d u c t io n  o f  t h i o l s ,  i n c lu d in g  o -a m in o b e n z e n e th io l ,  

by  th e  h y d ro g e n a tio n  o f  e s t e r s  o f  t h i o  a c id s  in  th e  p re s e n c e  

o f  a  s u l f a c t i v e  c a t a l y s t  a t  e le v a t e d  te m p e ra tu re s  and p r e s 

s u r e s .  The p a te n te e s  s u g g e s t  th e s e  p ro d u c ts  a s  u s e f u l  i n t e r 

m e d ia te s  f o r  th e  m a n u fa c tu re  o f  su c h  p r o d u c ts  as i n s e c t i c i d e s ,  

ru b b e r  c h e m ic a ls ,  d y e s , and  p e tro le u m  a d d i t i v e s .  G arn er ( 4 )  

r e p o r t e d  th e  p r e p a r a t i o n  o f  o -a m in o b e n z e n e th io l  b y  r e f l u x i n g  

b e n z o th ia z o le  w i th  an  aq u eo u s s o l u t i o n  o f sodium  h y d ro x id e
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o r  p o ta s s iu m  h y d ro x id e  a t  a tm o s p h e r ic  p r e s s u r e .  The t h i o l  

i s  o b ta in e d  b y  a c i d i f y i n g  th e  r e s u l t i n g  s o l u t i o n  o f  th e  s o d i 

um o r  p o ta s s iu m  s a l t ,  K in s  t i e r  and  E b e l ( 9 )  o b ta in e d  a  99,6% 

p u re  o -a m in o b e n z e n e th io l  b y  u s in g  a c e t i c  a c id  t o  a c i d i f y  th e  

m ix tu re  o b ta in e d  by  th e  h y d r o l y s i s  o f  b e n z o th ia z o le  w ith  an  

aqueous c a u s t i c  s o l u t i o n .

S e v e ra l  m e ta l  s a l t s  o f  o -a m in o b e n z e n e th io l  h av e  been  

r e p o r t e d :  l e a d ,  by  K now les and  W att ( 1 0 ) ;  z i n c ,  b is m u th ,

m e rc u ry , cadmium, i r o n ,  g o ld ,  and  c o p p e r  by  S t e i g e r  ( 1 5 ) ;  

and  n i c k e l  and c o b a l t  by H ie b e r  and B ruck  ( 7 ) ,

P r e i s e r  ( 3 ) ,  and  C h a r le s  and P r e i s e r  ( 2 ) ,  have  d e t e r 

m ined  th e  d i s s o c i a t i o n  c o n s t a n t s  of o -am in o p h en o l and o-amino» 

b e n z e n e th io l  by  p o t e n t i o m e t r i c  m ethods in  a d d i t i o n  to  th e  

s t a b i l i t y  c o n s ta n t s  o f  th e  c h e l a t e s  o f  th e s e  compounds i n  a  

50% d io x a n e -w a te r  m ix tu r e .  T hey r e p o r t  t h a t  th e  c h e l a t e s  o f  

o -a m in o b e n z e n e th io l  a r e  m ore s t a b l e  t o  o x id a t io n  d e s p i t e  th e  

f a c t  t h a t  th e  t h i o l  i s  th e  m ore a c i d i c .  T hey c i t e  t h i s  a s  

a  good i n d i c a t i o n  o f  th e  p o s s i b i l i t y  t h a t  t h e  s t r e n g t h  o f  th e  

m e t a l - s u l f u r  bond i s  g r e a t e r  th a n  t h a t  o f  t h e  m e ta l-o x y g e n  

bond b ecau se  o f  th e  lo w e r e l e c t r o n e g a t i v i t y  o f th e  s u l f u r  

and c o n se q u e n t i n c r e a s e  i n  c o v a le n t  c h a r a c t e r  o f  th e  bond .

The r e a c t i o n s  o f  o -a m in o b e n z e n e th io l  w ith  s e v e r a l  m e ta l  io n s  

a r e  d e s c r ib e d  q u a l i t a t i v e l y  and  i t  i s  s u g g e s te d  t h a t  th e  

t h i o l  may be a  u s e f u l  r e a g e n t  f o r  b ism u th ,

Hamm ( 6 )  h a s  s t u d i e d  th e  r e a c t i o n  o f  o -am inobenzene

t h i o l  w ith  t h i r t y - s i x  d i f f e r e n t  io n s .  In  c o n ju n c t io n  w ith



h i s  s u rv e y  a s  t o  th e  a p p l i c a t io n  o f  th e  t h i o l  t o  in o rg a n ic  

a n a l y s i s ,  he h a s  u se d  th e  c h e la t in g  c h a r a c t e r i s t i c s  o f t h i s  

compound f o r  a  s p e c tro p h o to m e tr ic  a n a ly s i s  o f  b ism u th , a v o lu 

m e t r ic  a n a l y s i s  o f  s e le n iu m , and a  g r a v im e t r i c  a n a l y s i s  o f 

s i l v e r *

The compound o -a m in o b e n z e n e th io l  i s  e a s i l y  o x id iz e d  to  

b is= (2 = a m in o p h e n y l- )  d i s u l f id e »  The r e v e r s e  r e a c t i o n  i s  a ls o  

e a s i l y  a c c o m p lish e d . M i tc h e l l  (1 4 )  h a s  shown t h a t  a  r e v e r 

s i b l e  e l e c t r o d e  i s  o b ta in e d  when e q u i l ib r iu m  o c c u rs  betw een 

th e  two s p e c i e s .  T h is  h a l f - c e l l  r e a c t i o n  can  be e x p re s s e d  

b y  th e  f o l lo w in g  e q u a tio n s

NH2 -C^H4 -S -S -C ^H 4 -NH2  + 2H**' + 2e” = 2

I n  an  a c id  s o l u t i o n  o f  pH ran g e  from  2 .8  t o  5 . 5 ,  th e  above 

r e a c t i o n  i s  r e v e r s i b l e  and th e  s ta n d a rd  p o t e n t i a l  f o r  th e  

h a l f  c e l l  i s  + 0 .1 2 7  -  .0 0 4  v o l t s ,

O -a m in o b e n z e n e th io l i s  a  b i f u n c t io n a l  a ro m a tic  compound 

w h ich  i s  h ig h ly  r e a c t i v e .  I t  t h e r e f o r e  h a s  many a p p l i c a t io n s  

a s  an  in te r m e d ia te  i n  o rg a n ic  r e a c t i o n s .  An o u t l i n e  o f  such  

a p p l i c a t i o n s  w i th  an  a p p r o p r ia te  b ib l io g r a p h y  may be found  

i n  a  p u b l i c a t i o n  o f  th e  A m erican Cyanamid Company ( 1 ) .  The 

l i t e r a t u r e  r e l a t e d  to  such  a p p l i c a t io n s  i s  o u tA id e  th e  scope  

o f  t h i s  i n v e s t i g a t i o n .

The known p h y s i c a l  p r o p e r t i e s  o f  o -a m in o b e n z e n e th io l  

a r e  l i s t e d  in  T ab le  I  and th o se  f o r  th e  d i s u l f i d e  i n  T ab le  I I .  

The d a ta  f o r  T ab le  I  were o b ta in e d  a t  S ta m fo rd  R e se a rc h



TABLE I

P h y s ic a l  P r o p e r t i e s  o f  O -a m in o b e n z e n e th io l

A ppearance

M o le cu la r W eight ( th e o r y )

F re e z in g  P o in t

B o il in g  P o in t

H eat of V a p o r iz a t io n

F la s h  P o in t  (T a g lia b u e  C lo se d  Cup)

D e n s ity

R e f r a c t iv e  In d ex  

V is c o s i ty  

S u rfa c e  T e n s io n

D is s o c ia t io n  C o n s ta n t ,  K ( t h i o l )
O r

D is s o c ia t io n  C o n s ta n t ,  E y (am in e ) 

S o l u b i l i t y  

W ater 

H ep tan e

C o lo r le s s  l i q u i d *

1 2 5 .1 8

23 i  0 .5 °  C

2 2 7 .2 0  c

1 4 .1  R ea l

> 1 7 5 0  F ( > 8 0 0  c )

1 .1 6 8  g /c c  a t  2 5 0  C

n25 = 1 .6 3 9 0
D

0 ,0 3 9 5  p o i s e s  a t  3 0 O C

4 4 .5  d y n es/cm

1 .6  X 10"^

1 X  10“ ^^

0 .7  g/lO O  c c  a t  30® C 

7 g /1 0 0  cc  a t  30® C

The m a n u fa c tu re r  a d v is e s  t h a t  o -a m in o b e n z e n e th io l  
may c a u se  d e r m a t i t i s  and  s u g g e s ts  th e  u s e  o f  
r u b b e r  g lo v e s  t o  a v o id  s k in  c o n ta c t .

*  E xposu re  to  a i r  c a u s e s  r a p i d  y e llo w in g  due t o  o x id a t io n ,



TABLE I I

P h y s ic a l  P r o p e r t i e s  o f  b i s - ( 2 - a m in o p h e n y l-) D is u l f id e

A ppearance

M o le c u la r  W eigh t ( th e o r y )  

M e ltin g  P o in t  

S o l u b i l i t y  

W ater 

T o lu en e

A lc o h o l

A cetone

C o lo r le s s  C r y s ta l s  

248o36

9 2 .5  -  9 2 .7 °  C

I n s o lu b le  h o t  

S l i g h t l y  s o lu b le  c o ld ,  

s o lu b le  h o t  

S o lu b le  h o t  

S o lu b le  h o t
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L a b o r a to r i e s  o f th e  A m erican Cyanamid Company u s in g  a  r e d i s 

t i l l e d  sam ple  o f  95% p a r i t y .

Many r e v e r s i b l e  o r g a n ic  o x id a t io n - r e d u c t io n  sy s te m s  a re  

known. Some a r e  r e v e r s i b l e  o v e r a  v e ry  n a rro w  pH ra n g e  and 

s e rv e  a s  o x i d a t io n - r e d u c t io n  i n d i c a t o r s .  G la s s to n e  and 

H ic k l in g  (5 )  s t a t e  t h a t  a l l  q u in o n e s  and t h e i r  d e r i v a t i v e s  

t o g e th e r  w i th  th e  c o r r e s p o n d in g  h y d ro q u in o n e s  a p p e a r  t o  g iv e  

r e v e r s i b l e  o x id a t i o n - r e d u c t i o n  s y s te m s . O th e r  o rg a n ic  com

po u n d s such  as  in d ig o  an d  i t s  s u l f o n i c  a c i d s ,  m e th y le n e  b lu e ,  

v a r io u s  in d o p h e n o ls ,  x a n th in e  and  o th e r  p u r in e  d e r i v a t i v e s ,  

azo-com pounds and  n i t r o s o b e n z e n e  w i l l  a l s o  g iv e  a r e v e r s i b l e  

o x id a t io n - r e d u c t io n  s y s te m . Of t h e s e ,  th e  q u in o n e -h y d ro -  

q u in o n e  i s  th e  b e s t  know n. The e q u a t io n  f o r  t h i s  h a l f - r e a c 

t i o n  i s :

S V a  * * 2 e -  = C^H^(OH)g

Tke p o t e n t i a l  o f  su c h  a  h a l f - c e l l  fo rm in g  a g a lv a n ic  

c e l l  w i th  th e  s ta n d a r d  h y d ro g en  h a l f - c e l l  c a n  be e x p re s s e d  

by  th e  N e m s t  e q u a t io n :

E = S I  In  K -  8 1  I n  Q .  
nP nP

The s ta n d a r d  p o t e n t i a l ,  i s  t h e  v a lu e  o b ta in e d  when a l l

g a s e s  in v o lv e d  i n  th e  e q u i l ib r iu m  have a  f u g a c i t y  o f  1 atm os

p h e re  and a l l  d i s s o lv e d  s u b s ta n c e s  have an  a c t i v i t y  o f  1 

m o la l .  T hus,
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= S ï  In  K 
nP

% here K = th e  e q u i l ib r i tn n  c o n s ta n t  f o r  th e  r e a c t i o n

C H + H = C H (OH)^
6 4 2 2 6 4 2

R = th e  p e r f e c t  g as  law  c o n s ta n t

F = ntanber o f  coulom bs p e r  F a ra d a y  f o r  th e  r e a c t i o n  

n  = num ber o f e l e c t r o n s  in v o lv e d  i n  th e  r e a c t io n »

The se co n d  te rm  in  th e  N e rn s t  e q u a t io n  y in v o lv in g  th e  q u a n t i t y  

Q, a c c o u n ts  f o r  th e  d i f f e r e n c e  in  p o t e n t i a l  vAxen th e  s p e c ie s  

in v o lv e d  a re  n o t  a t  u n i t  a c t i v i t y »

The p o t e n t i a l  o f  a  s i n g l e  e le c t r o d e  c an n o t be m easured»  

The e l e c t r o d e  m ust be com bined w ith  a n o th e r  e l e c t r o d e  t o  form  

a  g a lv a n ic  c e l l .  The p o t e n t i a l  o f  a  g a lv a n ic  c e l l  can  be 

m ea su re d  and i s  e q u a l  to  th e  a lg e b r a i c  sum o f th e  two s e p a r a t e  

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

M e ta l io n  a n a ly s i s  w ith  a  c h e la t in g  a g e n t som etim es 

r e q u i r e s  an e x c e s s  o f th e  c h e l a t i n g  m a t e r i a l  to  c a u se  a  quan

t i t a t i v e  r e a c t i o n .  G ra v im e tr ic  and s p e c t ro p h o to m e tr ic  p ro c e d 

u r e s  c a n  o f t e n  be a p p l ie d  u n d e r t h i s  c o n d i t io n .

T i t r i m e t r i c  m e ta l  io n  a n a ly s i s  r e q u i r e s  seme m ethod o f  

e n d p o in t  d e t e c t i o n  s in c e  o n ly  an e q u iv a le n t  am ount o f  c h e 

l a t e  i s  t o  be a d d e d . In  u n b u f fe re d  s o l u t i o n s ,  pH i n d i c a t o r  

d y es  c a n  o f t e n  be  u s e d  s in c e  many c h e l a t i n g  a g e n ts  r e l e a s e  

h y d ro g en  io n s  d u r in g  c h e l a t i o n  of a  m e ta l  io n ;  i . e . ,

HgX + M** = MX + o
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I t  i s  o f t e n  p r e f e r a b l e  t o  u se  b u f f e r e d  s o l u t io n s  f o r  t i t r a 

t i o n s ;  th u s ,  i n d i c a t o r  d y e s  a r e  r e q u i r e d  w hich  a r e  s e n s i t i v e  

t o  th e  m e ta l  io n  c o n c e n t r a t i o n  — j u s t  a s  pH d y e s  a r e  s e n s i 

t i v e  t o  th e  h y d ro g en  io n  i n d i c a t o r s ,

L a i t in e n  (1 1 )  p o i n t s  o u t t h a t  e l e c t r o d e  p o t e n t i a l  m eas

u re m e n ts  a re  g e n e r a l l y  n o t  a p p l i c a b l e  in  th e  c a se  o f  m e ta l  

i o n s .  T h is  i s  b ecau se  o f  low  exchange  c u r r e n t  d e n s i t i e s .  

F u r t h e r ,  e l e c t r o d e  s id e  r e a c t i o n s  o f t e n  l e a d  t o  "m ixed  p o te n 

t i a l  phenom ena," T he^ :  i s ,  a t  p r e s e n t ,  one e le c t r o d e  w hich  

p e rm i ts  p o te n t io m e t r i c  m e ta l  io n  t i t r a t i o n .  % e  m e rc u ry - 

m erc u ry (X I)  £DTA com plex e le c t r o d e  i s  s u i t a b l e  a s  an in d ic a 

t o r  e le c t r o d e  b e c a u se :

( a )  th e  e l e c t r o d e  h a s  a  h ig h  exchange  c u r r e n t  d e n s i ty ;

(b )  th e  e q u i l ib r iu m  f o r  th e  r e a c t i o n

Hg + Hg++ = Hg++
2

i s  v e ry  r a p i d ;

( c )  m erc u ry  i s  r e l a t i v e l y  n o b le  so  t h a t  th e  e q u i l ib r iu m  

p o t e n t i a l  i s  n o t  e x c e s s iv e ly  n e g a t iv e  d e s p i te  th e  

s t a b l e  m e r c u r y ( I I )  EDTA com plex;

(d )  m ixed p o t e n t i a l  b e h a v io r  b e c a u se  o f h y d ro g en  e v o lu 

t i o n  i s  p r e v e n te d  b y  th e  h ig h  h y d ro g en  o v e r p o t e n t i a l  

o f  m erc u ry .

R e i l l e y  and Schm id (1 6 ,1 7 )  o b se rv e d  t h a t  th e  m e rc u ry -  

m erc u ry (X I)  EDTA e l e c t r o d e  c a n  be u se d  i n d i r e c t l y  a s  an 

i n d i c a t o r  e le c t r o d e  f o r  some m e ta l  i o n s ,  When a  m e ta l  io n -  

BDTA com plex i s  i n  e q u i l ib r iu m  w ith  m e rc u ry  and t h e

m ercury(X X ) EDTA com plex H gX "", th e  h a l f - c e l l
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Hg

i s  p r e s e n t .  H ie  p o t e n t i a l  a t  e q u i l ib r iu m  i s  g iv e n  by

E =_ TjO RT RT In [““1
D u rin g  a  t i t r a t i o n ,  p a r t i c u l a r l y  i n  th e  v i c i n i t y  o f  th e  end

p o i n t ,  th e  e x p re s s io n

RT 1„ [HgX--] % X

e q u a ls  a  c o n s t a n t .  Thus th e  m easu red  p o t e n t i a l  o f  th e  e l e c 

tro d e  i s  a  l i n e a r  f u n c t io n  o f  th e  m e ta l  io n  c o n c e n t r a t i o n .



CHAPTER I I  

OBJECTIVES

13ie o b j e c t i v e  o f t h i s  work was to  f u s e  tw o c h a r a c t e r 

i s t i c s  o f  o -£ u n iz io b en zen e th io l i n t o  a  w o rk in g  a rra n g e m e n t fo r  

th e  q u a n t i t a t i v e  de te r m in â t  i  cm o f  m e ta l  i o n s .  The r e a c t i o n  

b e tw een  th e  t h i o l  and unknown io n s  m ig h t c o n s i s t  o f  a  s im p le  

p r e c i p i t a t i o n  o f  a  m e ta l  (o -a m in o -)  t h io p h e n o la t e ,  th e  form a

t i o n  o f  a  s o l u b l e  o r  i n s o l u b le  c h e l a t e ,  a  s im p le  o x id a t io n -  

r e d u c t io n  r e a c t i o n ,  o r  a  c o m b in a tio n  o f  a  re d o x  m echanism  

w ith  th e  s u b s e q u e n t  f o rm a t io n  o f  a  m e ta l  s a l t .  The u n iq u e 

n e s s  o f  th e  a n a l y s i s  w ould l i e  i n  th e  a p p l i c a t i o n  o f  p o te n 

t i o m e t r i c  p ro c e d u re s  t o  f o l lo w  th e  c o u rs e  o f  a  t i t r a t i o n  in  

w hich th e  p o t e n t i a l  change a t  th e  e n d p o in t  and  beyond would 

be e n t i r e l y  due t o  th e  t i t r a n t  i t s e l f .

C o n s e q u e n tly , th e  p rogram  was b ro k en  down i n t o  th e  f o l 

lo w in g  s u b d iv i s io n s :

1 .  E x te n d  th e  s tu d y  o f  th e  o rg a n ic  e l e c t r o d e  th ro u g h  

a  l a r g e r  ra n g e  o f  pH. T h is  was an a t te m p t to  d e te rm in e  i f  

th e  r e a c t i o n

2 e“ + çSsSçf = 20S"

w ould  p ro d u ce  a  r e v e r s i b l e  e l e c t r o d e .  The pH r e g io n  in  w hich

11
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th e  m o le c u la r  t h i o l  form s a r e v e r s i b l e  c o u p le  w ith  th e  d im er 

i s  r e s t r i c t e d  to  th e  a c id  re g io n »  B ecau se  o f  th e  r e s u l t i n g  

low  c o n c e n t r a t io n  o f th io p h e n o la te  i o n ,  many m e ta l  c h e l a t e s  

w i l l  n o t  form*

2» S u rv e y  a  num ber o f  m e ta l  io n s  t o  d e te rm in e  w h e th er 

a  r e a c t i o n  w ould  o c c u r ,  th e  pH a t  w hich  th e  r e a c t i o n  would 

ta k e  p l a c e ,  and  th e  r e s u l t a n t  ch an g e  in  p o t e n t i a l .

3 . D evelop  q u a n t i t a t i v e  t i t r i m e t r i c  p ro c e d u re s  f o r  th e  

a n a ly s i s  o f  s e l e c t e d  m e ta ls  w ith  o -a m in o b e n z e n e th io l  u s in g  

an  a u tc m a tic  t i t r a t o r  and d e te rm in in g  th e  e q u iv a le n c e  p o in t  

p o te n t io m e  t r i c a l l y .



CHAPTER I I I  

THEORY

M itc h e l l  (1 4 )  h a s  shown t h a t  o -a m in o b e n z e n e th io l  fo rm s 

a  r e v e r s i b l e  o rg a n ic  e l e c t r o d e  i n  a c id  m edia  from  a  pH o f 

2 .8  t o  5 .5 .  A p l o t  o f  p o t e n t i a l  v e r s u s  pH f o r  th e  h a l f - c e l l  

r e a c t i o n

0SS0 + 2H^ + 2 e “ = 2

i s  shown in  F ig u re  1 ,  The l i n e a r  r e g io n  shown f o l lo w s  th e  

N e m s t  e q u a t io n  and  h a s  a  s lo p e  o f  0 .0 5 8 7 . A l e a s t  s q u a r e s  

t r e a tm e n t  o f  th e  d a t a  y i e ld s  an  i n t e r c e p t  a t  119 m i l l i v o l t s  

w hich  c o rre s p o n d s  t o  an E ° o f  + 0 .1 2 7  v o l t s .  The p o t e n t i a l  

f a l l s  o f f  s h a r p ly  be low  pH 2 .8 ,  p re su m ab ly  due to  th e  p r o to n 

a t i o n  o f  th e  amine g ro u p . Above pH 5 .5  th e  c u rv e  a g a in  h a s  

a  change o f  s lo p e .  The a c id  d i s s o c i a t i o n  c o n s t a n t ,  o f 

th e  t h i o l  i s  1 .6  x  10“ ^ .  T h u s, above pH 5 th e  amount o f 

io n iz e d  t h i o l  becom es s i g n i f i c a n t .

W ith  in c r e a s e d  i o n i z a t i o n ,  th e  amount o f  m o le c u la r  t h i o l  

in  s o l u t i o n  w i l l  c o r r e s p o n d in g ly  d e c r e a s e .  T h is  d e c r e a s e  i n  

c o n c e n tra t ic m  w i l l  a f f e c t  th e  c e l l  p o t e n t i a l .  T ab le  I I I  

show s th e  r e s u l t s  o b ta in e d  frcan c a l c u l a t i n g  th e  e l e c t r o d e  

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

13
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TABLE I I I  

C a lc u la te d  E le c t r o d e  P o t e n t i a l

pB. M [0sa] ® c e ll

3 10"3 1 0 -4 -5 9

4 10 -4 1 0 -4 -1 1 9

5 10“ ^ 1 0 -4 -1 7 9

5 ,5 3 .1 6  X 10“^ 9 .5  X 10"^ —208

6 10-6 8 , 6  X  1 0 -^ -2 3 5

6 .5 3 .1 6  X 10“ *̂ 6 .6 7  X 1 0 -^ -2 5 9

7 10-"^ 3 .8 5  X 1 0 -5 -2 7 4

7 .5 3 .1 6  X 10-8 1 .6 5  X 1 0 -5 —282

8 10"8 5 .9  X 10 -8 -2 8 5

9 1 0 -9 6 .2  X 1 0 -7 -3 8 6

10 10-10 6 .2 5  X 1 0 -8 -2 8 7

11 10“ ^^ 6 .2 5  X 10-9 -2 8 7
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10“ ^ m o la r  and  th e  o n ly  e l e c t r o d e  p r o c e s s  c o n s id e re d  i s  t h a t  

due to  th e  m o le c u la r  s p e c i e s .  The e le c t r o d e  p o t e n t i a l  i s  

p l o t t e d  v e r s u s  pH i n  F ig u r e  2 .  As se e n  in  t h i s  f i g u r e ,  th e r e  

sh o u ld  be two l i n e a r  r e g i o n s ,  be low  pH 6 and above pH 8 .  Be

tw een  th e s e  two v a lu e s ,  U iere  i s  a  s i g n i f i c a n t  change i n  th e  

r a t i o  o f  c o n c e n t r a t io n s  o f  th e  io n iz e d  and m o le c u la r  t h i o l .

A p o t e n t i a l  c u rv e  s i m i l a r  to  F ig u re  2 s h o u ld  be o b ta in e d  

when o n ly  th e  m o le c u la r  t h i o l  fo rm s an  e le c t r o d e  c o u p le  w i th  

th e  d i s u l f i d e .  A se c o n d  e l e c t r o d e  c o u p le  may be fo rm ed  b e 

tw een th e  io n iz e d  t h i o l  and  d i s u l f i d e  a c c o rd in g  t o  th e  f o l 

low ing  r e a c t i o n ;

gfSSgf + 2 e "  = 2 .

I n  t h i s  e v e n t ,  th e  o b se rv e d  c e l l  p o t e n t i a l  w ould be th e  sum 

o f  th e  two e le c t r o d e  p o t e n t i a l s ,  b o th  o f  w hich w i l l  be i n 

f lu e n c e d  by  ch an g es in  c o n c e n t r a t i o n .  H ie p o t e n t i a l  due t o  

th e  m o le c u la r  s p e c i e s  w i l l  be pH d ep en d e n t and in d e p e n d e n t 

o f  th e  io n ic  s t r e n g t h  o f  th e  s o l u t i o n .  The p o t e n t i a l  d ue  t o  

th e  io n iz e d  s p e c i e s  w i l l  be  in d e p e n d e n t o f pH b u t  d e p e n d e n t 

upon ch an g es i n  th e  io n ic  s t r e n g t h .

The d i s u l f i d e  i s  i n s o lu b le  w ith  th e  r e s u l t  t h a t  th e  r a t e  

o f  th e  a t ta in m e n t  o f  s o l u b i l i t y  e q u i l ib r iu m  i s  s lo w . The 

s o l u b i l i t y  o f  th e  m o le c u la r  t h i o l  i s  0 .0 5 6  m oles p e r  l i t e r .

The s o l u b i l i t y  o f th e  s a l t  sodium  th io p h e n o la te  i s  much g r e a t 

e r  th a n  0 .0 5 6  m o la r ,

A s a t u r a t e d  s o l u t i o n  was u se d  to  e v a lu a te  th e  h a l f - c e 11 

p o t e n t i a l  o f  th e  m o le c u la r  t h i o l  and d i s u l f i d e .  B ecau se  o f
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th e  c o n s id e r a b ly  h ig h e r  s o l u b i l i t y  o f  th e  t h i o l  s a l t ,  com

p a re d  to  th e  f r e e  a c i d ,  th e  s t a n d a r d  e le c t r o d e  p o t e n t i a l  i s

d i f f i c u l t  t o  e v a l u a t e ,  The e x te n t  o f  d i s s o c i a t i o n  of th e

a c id  and th e  a c t i v i t y  o f  th e  a n io n  w i l l  be a l t e r e d  by c h an g e s  

in  i o n ic  s t r e n g t h ,  H ius i t  w i l l  be n e c e s s a ry  t o  know th e  

t o t a l  t h i o l  c o n c e n t r a t i o n ,  th e  a c t i v i t y  c o e f f i c i e n t s ,  and th e  

pH in  o rd e r  to  d e te rm in e  th e  c e l l  p o t e n t i a l  in  a l k a l i n e  s o lu 

t i o n s .

The m ain  o b je c t iv e  o f  t h i s  work i s  th e  p o te n t io m e t r i e  

t i t r a t i o n  o f  m e ta l  io n s  u s in g  o -a m in o b e n z e n e th io l  a s  th e  

r e a g e n t .  F o r th e  r e a c t i o n :

M"*" + 0SH = MS0 + H+

th e  e x te n t  o f  fo rm a t io n  o f  th e  m e ta l  s a l t  w i l l  be d e p e n d e n t

upon th e  hy d ro g en  io n  c o n c e n t r a t i o n .  I t  i s  t h e r e f o r e  n e c e s 

s a r y  t o  s tu d y  th e  r e a c t i o n  o f  m e ta l  io n s  w ith  t h e  t h i o l  a t  

v a r io u s  pH v a lu e s  to  d e te rm in e  u n d e r  w hat c o n d i t i o n s ,  a c id ic  

o r  b a s i c ,  q u a n t i t a t i v e  r e a c t i o n  o c c u r s .  The fo rm a t io n  o f an  

in s o lu b le  p r e c i p i t a t e  w i l l  n o t  be n e c e s s a r y  t o  make p o t e n t i o -  

m e t r ic  t i t r a t i o n s  f e a s i b l e ,  a s  o x id a t io n - r e d u c t io n  and com

p le x  fo rm a t io n  c o u ld  a l s o  g iv e  t i t r i m e t r i c  e n d p o in ts .

I n  t h i s  p ro b le m , i t  was p ro p o se d  t h a t  o -am in o b en zen e - 

t h i o l  be added t o  a  s o l u t i o n  o f m e ta l  i o n s .  The t h i o l  h a s  

been  shown to  fo rm  a  r e v e r s i b l e  o rg a n ic  e le c t r o d e  w ith  i t s  

d im e r, b is - ( 2 - a m in o p h e n y l - )  d i s u l f i d e .  The d i s u l f i d e  i s  e x 

tre m e ly  i n s o l u b le .  T hus, s o l u t i o n s  in  c o n ta c t  w i th  t h i o l
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and d i s u l f i d e  w i l l  be  s a t u r a t e d  w ith  r e s p e c t  t o  th e  d i s u l f i d e .  

The p o t e n t i a l  o b se rv e d  w i l l  be dep en d en t upon th e  c o n c e n tr a 

t i o n  o f  th e  t h io l o

B e fo re  the  e q u iv a le n c e  p o i n t  is  re a c h e d  in  a  m e ta l  io n  

t i t r a t i o n ,  th e  c o n c e n t r a t io n  o f  t h i o l  w i l l  be d e p e n d e n t upon 

th e  m e ta l io n  c o n c e n t r a t io n  and th e  pH, F o r b u f f e r e d  sy s te m s  

th e  pH w i l l  rem a in  c o n s ta n t  and  th e  d i s s o c i a t i o n  c o n s ta n t  o f 

th e  m e ta l s a l t  may be e x p re s s e d  a s  fo l lo w s :

w here K« =

a  SB .
NHg

T h e re fo r e ,

f ffenl = K* [ ^ 1
•• J [M+]

F u r th e r ,  i f  th e  m e ta l  s a l t  o f  th e  t h i o l  p r e c i p i t a t e s ,  th e  

e q u a t io n  may be e x p re s s e d

[jzfsn] =

w here K” r e p r e s e n t s  K ^[mS0] , and  the  t h i o l  c o n c e n t r a t io n  i s  

d ep en d e n t upon th e  m e ta l  io n  c o n c e n tr a t io n  a lo n e .  When two 

m oles o f  t h i o l  r e a c t  w ith  a  m e ta l  io n , th e  t h i o l  c o n c e n tr a 

t i o n  w i l l  be g iv e n  by
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g
H  = „

Ih e  same ty p e  o f r e l a t i o n s h i p  w i l l  be  o b se rv e d  w h e th e r a  c h e 

l a t e  o r  a  s im p le  m e ta l  s a l t  i s  fo rm ed .

In  th e  t i t r a t i o n  o f  s i l v e r  ip n  w ith  th e  t h i o l ,  th e  reac*  

t i o n  i s  1 :1  a s  f o l lo w s :

B efo re  th e  e n d p o in t  o f  th e  t i t r a t i o n ,  th e  amount o f f r e e  

t h i o l  w i l l  be d e te rm in e d  by  th e  s o l u b i l i t y  p ro d u c t  o f  th e  p r e 

c i p i t a t e  and  th e  e x c e s s  s i l v e r  io n  re m a in in g  in  s o l u t i o n .  I f

th e  K ^ i s  s m a l l ,  th e  t h i o l  c o n c e n t r a t io n  w i l l  rem a in  s m a ll  sp
and r e l a t i v e l y  c o n s t a n t  up to  th e  e q u iv a le n c e  p o in t  d e s p i te  

th e  d e c r e a s in g  c o n c e n t r a t io n  o f  s i l v e r .  Im m e d ia te ly  p a s t  th e  

e q u iv a le n c e  p o in t  th e  t h i o l  c o n c e n t r a t io n  w i l l  in c r e a s e  

g r e a t l y  and  th e r e  w i l l  be an a b ru p t  change i n  t h i o l  concen 

t r a t i o n  w h ich  w i l l  be  r e f l e c t e d  i n  th e  c e l l  p o t e n t i a l .  Con

t in u e d  a d d i t io n  o f  t h i o l  p a s t  th e  e q u iv a le n c e  p o in t  w i l l  

r e s u l t  i n  a  r e g u l a r ,  s m a ll  i n c r e a s e  in  t h i o l  c o n c e n t r a t io n  

and  th e  t i t r a t i o n  c u rv e  w i l l  f l a t t e n  o u t and  ap p ro ach  a  

c o n s ta n t  s lo p e .

F ig u re  3 i s  a  p l o t  o f  a  t h e o r e t i c a l  p o t e n t io m e t r i c  t i t r a 

t i o n  c u rv e  f o r  s i l v e r .  The c a l c u l a t i o n s  w ere made a ssu m in g  

50 m i l l i l i t e r s  o f  0 .0 0 4  m o la r  s i l v e r  n i t r a t e  s o l u t io n  t i t r a t e d  

a t  a  pH o f 4 .0 0  w ith  a  0 .0 2  m o la r t h i o l  s o l u t i o n .  I t  was
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assum ed t h a t  a  s a t u r a t e d  s o l u t i o n  was a t t a i n e d  by th e  tim e  

one m i l l i l i t e r  o f  t h i o l  s o l u t i o n  had  been  a d d ed . The p o te n 

t i a l  was c a l c u l a t e d  f o r  th e  c e l l

P t  I H *. H g^C lj Hg, P t .

The d a t a  f o r  th e  h y p o t h e t i c a l  t i t r a t i o n  a re  l i s t e d  in  T ab le  

IV.
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TABLE IV

D a ta  f o r  T h e o r e t i c a l  S i l v e r  T i t r a t i o n

V ol
K ] [fiSH] ® c e l l

0 4  X 1 0 " 3

1 3 . 5  X  1 0 " 3 2 . 9  X 1 0 - 1 2 . 3 3 3

2 3 . 1  X 1 0 ~ 3 3 . 2  X 1 0 - 1 2 . 3 3 1

3 2 . 6  X 1 0 " 3 3 . 8  X 1 0 - 1 2 . 3 2 6

4 2 . 2  X 1 0 " 3 4 , 5  X 1 0 - 1 2 . 3 2 2

5 1 . 8  X 1 0 " 3 5 . 6  X 1 0 - 1 2 . 3 1 6

ô 1 , 4  X  1 0 " 3 7 . 1  X 1 0 - 1 2 . 3 1 0

7 1 . 0 5  X  1 0 - 3 9 . 5  X 1 0 - 1 2 . 3 0 2

8 6 . 9  X  1 0 - 4 1 . 5  X 1 0 - 1 1 . 2 9 0

9 3 , 4  X 1 0 - 4 2 . 9  X 1 0 - 1 1 . 2 7 3

9 . 5 1 . 7  X  1 0 - 4 5 . 9  X 1 0 - 1 1 . 2 5 5

9 . 9 3 . 3  X 1 0 - 3 3  X  1 0 - 1 ® . 2 1 2

1 0 . 1 5  X  1 0 - 3 - . 1 0 3

1 0 . 5 1 . 7  X  1 0 - 4 —. 1 3 3

1 1 3 . 3  X 1 0 - 4 - . 1 5 0

1 2 6 , 5  X 1 0 - 4 —. 1 6 8

1 3 9 . 5  X 1 0 - 4 - . 1 7 8

1 4 1 . 2 5  X 1 0 - 3 - . 1 8 5

1 6 1 . 8  X 1 0 - 3 - . 1 9 5

1 8 2 . 4  X  1 0 - 3 - . 2 0 2

2 0 2 . 9  X  1 0 - 3 - . 2 0 7



CHAPTER IV 

EXPERIMENTAL

A p p a ra tu s  and  M easu ring  S e tup

E le c t r o d e  p o t e n t i a l s  and pH v a lu e s  tfe re  o b ta in e d  u s in g  

c a lo m e l and  p la t in u m  e l e c t r o d e s  on a  Beckman d i r e c t  r e a d in g  

Z e ro m a tic  pH m e te r .

P o te n t io m e t r ic  t i t r a t i o n s  o f  m e ta l io n s  %ere c a r r i e d  

o u t  w ith  th e  Metrohm B -336  R eco rd in g  P o te n t io g r a p h  and a u to 

m a t ic  b u r e t .

The s e n s i t i v i t y  o f  o -a m in o b e n z e n e th io l  t o  a i r  o x id a t io n  

r e q u i r e d  an o x y g e n -f re e  s to r a g e  sy stem  i n  o r d e r  t o  p r e s e r v e  

a  s ta n d a r d  t h i o l  s o l u t i o n .  F ig u re  4 show s th e  a p p a ra tu s  

tA ic h  was f i n a l l y  a d o p te d  f o r  t h i s  p u rp o s e . The s m a ll  con 

t a i n e r  i n  th e  c e n t e r  c o n ta in s  th e  t h i o l  s o l u t i o n .  The l a r g e  

c o n ta in e r  i s  f i l l e d  w ith  n i t r o g e n  under a  s m a ll  p o s i t i v e  

p r e s s u r e .  T h is  a id e d  th e  a u to m a tic  b u r e t  p i s t o n  when w i th 

d raw in g  t i t r a n t  from  th e  r e s e r v o i r  and le s s e n e d  th e  l i k e l i 

hood o f  oxygen d i f f u s i n g  i n t o  th e  sy stem  and c h an g in g  th e  

t i t e r .

E le c t r o d e s  w ere a  Beckman p la t in u m  e le c t r o d e  and a  Beck

man g e n e r a l  p u rp o se  g l a s s  e l e c t r o d e ,  w i th  a  Beckman a s b e s to s  

f i b e r  c a lo a e l  e le c t r o d e  u s e d  a s  th e  r e f e r e n c e .

24
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M a te r ia l s  and S o lu t io n s  

The o -a m in o b e n z e n e th io l and b is - ( 2 - a m in o p h e n y l- )  d i s o l»  

f i d e  w ere f u r n i s h e d  by th e  A m erican Cyanam id Ccanpany. The 

o -a m in o b e n z e n e th io l  was a p p ro x im a te ly  97% p u re  w ith  th e  d i 

s u l f i d e  and w a te r  a s  th e  p r i n c i p a l  i m p u r i t i e s .  The b i s - ( 2 -  

a m in o p h e n y l-)  d i s u l f i d e  was ab o u t 99% p u re  w ith  w a te r  a n d  th e  

t h i o l  a s  th e  m a jo r  im p u r i t i e s .

R e a g e n t g ra d e  m e ta l  s a l t s  and p u r e  m e ta ls  w ere u s e d  to  

p r e p a re  s to c k  s o l u t i o n s  f o r  th e  a n a l y t i c a l  s t u d i e s .

R eag en t g ra d e  p o ta s s iu m  h y d ro g en  p h t h a l a t e ,  sodium  a c e 

t a t e ,  ammonium a c e t a t e ,  b o r ic  a c i d ,  and  p o ta s s iu m  c h lo r id e  

w ere u s e d  w ith  s t a n d a r d iz e d  h y d r o c h lo r ic  a c id  and sodium  

h y d ro x id e  to  p r e p a r e  b u f f e r s  o f known pH f o r  th e  m i a l y t i c a l  

p r o c e d u r e s .

P o t e n t i a l  M easu rem en ts 

I n  a l k a l i n e  s o l u t io n  th e  a c id  h y d ro g en  o f  th e  m e rc a p to  

g roup  o f  o -a m in o b e n z e n e th io l  becom es io n iz e d .  Thus i t  w as 

im p o s s ib le  to  work w ith  a  s a t u r a t e d  s o l u t i o n ,  a s  was done 

e a r l i e r  i n  a c id  s o l u t i o n  w ith  th e  t h i o l  when i o n i z a t i o n  o f 

th e  m e rc a p to  g ro u p  c o u ld  be n e g le c t e d .  T h e re fo r e ,  s o l u t i o n s  

o f  known t h i o l  c o n c e n t r a t io n  and  c o n s ta n t  io n ic  s t r e n g th  

w ere u s e d .

Ten m i l l i l i t e r s  o f a  t h i o l  s o l u t i o n  o f  known m o la r i t y  

w ere  added  to  f i f t y  m i l l i l i t e r s  o f one m o la r p o ta s s iu m  

c h lo r i d e  s o l u t i o n .  The c e l l  p o t e n t i a l  and  pH w ere m easu red  

a f t e r  c o n s ta n t  r e a d in g s  w ere o b ta in e d .  The pH was a l t e r e d
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b y  a d d in g  e i t h e r  one m o la r  h y d r o c h lo r ic  a c id  o r  one m o la r 

sodium  h y d ro x id e  o Mien th e  p o t e n t i a l  rem a in e d  c o n s ta n t  f o r  

s e v e r a l  m in u te s ,  th e  p o t e n t i a l  and pH w ere r e c o r d e d .  A l l  

su c h  m easu rem en ts  w ere made in  a  s o l u t i o n  w h ich  h ad  been  

f l u s h e d  w ith  n i t r o g e n .

I t  was o b se rv e d  t h a t  th e  f o rm a t io n  o f  a  p r e c i p i t a t e  

o c c u r re d  r a p i d l y  in  th e  a l k a l i n e  s o l u t i o n s .  The p r e c i p i t a t e  

w ould  s lo w ly  d i s s o lv e  when th e  s o l u t i o n  was made a c i d i c .  

B ecau se  o f  t h i s  a l t e r a t i o n  o f  t h e  t h i o l  c o n c e n t r a t i o n  th e  

d e te r m in a t io n  o f  a  m e a n in g fu l  p o t e n t i a l  f o r  th e  h a l f - c e l l  

c o m b in a tio n  o f  io n iz e d  and m o le c u la r  t h i o l  c o u ld  n o t  be ob

t a i n e d .

F ig u re  5 i s  a  p l o t  o f  th e  d a t a  o b ta in e d  in  t h i s  p o r t i o n  

o f  th e  w ork . The d a t a  a re  l i s t e d  i n  T ab le  V. The l i n e a r  

p o r t i o n  o f  th e  c u rv e  i n  th e  a c id  r e g io n  c o n firm e d  th e  e a r l i e r  

w ork . The cu rv e  b e n d s  a b o u t pH 5 .5  due t o  t h e  in c r e a s in g  

i o n i z a t i o n  o f  th e  t h i o l .  The d a ta  a re  q u i t e  s c a t t e r e d  above 

pH 9 . In  t h i s  r e g io n  a  l a r g e  amount o f  p r e c i p i t a t e  was 

fo rm ed and th e  v a r ia n c e  o f  th e  c e l l  p o t e n t i a l  can  be a t t r i b 

u te d  t o  a  v a r ia n c e  in  t h i o l  c o n c e n t r a t i o n .

Ten m i l l i l i t e r s  o f  t h i o l  s o l u t i o n  w ere  added t o  150 

m i l l i l i t e r s  o f  one m o la r  p o ta s s iu m  c h lo r id e  s o l u t io n  w hich  

h ad  b een  f lu s h e d  w ith  n i t r o g e n  and s a t u r a t e d  w ith  th e  d i s u l 

f i d e .  The pH and m i l l i v o l t  age w ere r e c o rd e d  when th e  r e a d 

in g s  rem a in e d  c o n s ta n t  f o r  two m in u te s .  The pH was a l t e r e d  

u s in g  a  s o l u t i o n  o f  one m o la r  sodium  h y d ro x id e  and one m o la r
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FIGURE 5
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TABLE V 

pH V e rsu s  P o t e n t i a l  D a ta

pH mv pH mv pH mv

4 .0 0 -1 7 0 6 . 0 0 -2 4 0 8 .3 0 -298

4 .2 1 -178 6 . 0 0 -276 9 .2 0 -3 3 0

4 .2 3 -2 0 8 6 . 2 0 -263 9 .3 2 -300

4 .2 5 - 2 1 0 6 . 2 2 -260 9 .4 3 -296

4 .5 0 —228 6 .4 2 -268 9 ,7 3 —308

4 .6 0 -2 3 2 6 .4 6 -282 9 .9 3 —344

4 .6 2 -1 9 5 6 .6 3 —263 9 ,9 4 -3 5 0

4 .7 8 —208 6 .6 0 -280 1 0 .0 5 -350

4 .9 0 —228 6 .8 0 -273 1 0 .0 5 -350

4 .9 0 —228 6 .8 2 —288 1 0 .0 8 -3 2 6

4 .9 5 —240 6 .8 5 -285 1 0 . 2 0 -340

5 .0 6 -215 6 .9 0 -285 1 0 ,4 5 -355

5 .0 8 —2 2 0 6 .9 5 -2 5 6 1 0 .5 2 -3 3 5

5 .1 0 -2 4 0 7 .0 7 -2 8 8 1 0 .6 0 -353

5 .1 5 —245 7 .1 0 -2 5 8 1 0 .6 2 -330

5 .2 0 -2 4 7 7 .1 3 -2 6 7 1 0 .6 5 -330

5 .2 6 -2 1 5 7 .2 4 -2 6 0 1 0 .7 2 -3 6 0

5 .3 2 —2 2 2 7 .4 2 -2 9 2 1 1 . 0 0 —338

5 .6 0 —262 7 .6 0 -263

5 .8 2 -2 5 4 7 .7 0 -2 9 3
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p o ta s s iu m  c h lo r i d e .  The c o n c e n tr a t io n  o f  t h i o l  was c a l c u l a t e d  

from  th e  r e l a t i o n

= =:al»el ' [M
w hich  h o ld s  a t  pH 4 to  pH 5 . Ig n o r in g  d i l u t i o n  and assum ing  

Cj, = C^gg + C0 g -  = a  c o n s t a n t ,  a  w o rk in g  E was c a l c u l a t e d  from  

th e  r e l a t i o n

= ^ c a lo m e l '  “ c e l l  '  S  *

A p l o t  o f  v e r s u s  pH i s  shown in  F ig u re  6 .  The d a t a  shown 

i n  F ig u r e  6  w ere  o b ta in e d  frtm i two s t u d i e s  o f  n e u t r a l i z a t i o n  

u s in g  one m o la r s o l u t i o n s  and  one s tu d y  u s in g  a  0 .5  m o la r  

s o l u t i o n  o f  th e  sodium  h y d ro x id e  and p o ta s s iu m  c h l o r i d e .  The 

e x p e r im e n ta l  pH and  p o t e n t i a l  d a ta  a r e  l i s t e d  in  colum ns 1 

and 2 o f  T a b le s  V I, V II and  V I I I .

S u rv e y  o f  P o s s ib l e  R e a c t io n s  o f  M e ta l Io n s  w ith  th e  T h io l  

An i n v e s t i g a t i o n  o f  s e v e r a l  m e ta l  io n s  was c o n d u c te d  t o  

d e te rm in e  i f  a  r e a c t i o n  betw een  th e  m e ta l  io n  and  th e  t h i o l  

w ou ld  o c c u r .  E v id en ce  o f  r e a c t i o n  was e i t h e r  a  ch an g e  in  po

t e n t i a l ,  th e  fo rm a tio n  o f  a  p r e c i p i t a t e ,  o r a  change in  c o lo r . 

The s u rv e y  was r e s t r i c t e d  to  th e  pH v a lu e s  3 , 7 , and  9 .

T a b le  IX l i s t s  th e  io n s  w h ich  w ere  s t u d i e d .  The p re s e n c e  

o f  an  ”x ” i n d i c a t e s  t h a t  seme ty p e  o f r e a c t i o n  o c c u r r e d .  A 

d a s h  i n d i c a t e s  t h a t  no e v id e n c e  o f r e a c t i o n  was o b s e rv e d .
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T ^L E  VI

C e ll  P o t e n t ia l s  a t  V arious pH V alu es

( 1 M olar KCl S o lu t io n  )

pH mv 0 .0 5 9  lo g  [0SH] E«

3 .9 0 -1 1 8 -223 + 1 1 0

4 .0 6 -1 2 3 —228 +115

4 .2 4 -136 -225 +118

4 .3 5 -1 4 2 -2 2 6 +134

4 .5 0 -1 5 0 -2 2 7 +142

4 .7 0 -1 6 2 -227 +154

4 .9 2 -1 7 6 -226 +168

5 .2 0 -1 9 0 +182

5 .4 3 —2 0 2 +194

5 .6 3 - 2 1 2 +204

5 .7 8 - 2 2 0 + 2 1 2

5 .9 0 -2 2 8 + 2 2 0

6 .0 3 -2 3 2 +224

6 .1 4 -2 3 8 +230

6 .2 4 -2 4 2 +234

6 .3 5 —242 +237

6 .48 -2 5 0 +242

6 .5 8 -2 5 2 +244

6 .7 0 -2 5 5 +247

6 . 8 8 -2 5 8 +250
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TABLE VI

(CONTINUED)

pH mv 0 .0 5 9  lo g  [#SH] E«

7 .0 8 —260 +252

7 .4 8 —264 +256

9 .0 0 -2 9 0 +282

9 .7 0 —302 +294

9 .9 5 -3 0 8 +300

1 0 . 1 0 -3 1 0 +302

1 0 ,3 0 -3 1 2 +304

1 0 .6 0 —320 +312

3 .7 0 - 1 0 0 -229 + 92
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TABLE V II

C e ll  P o t e n t ia l  a t  V arious pH V alues

( 1 M olar S o lu t io n  )

pH mv 0 .0 5 9  lo g  [jfeH” E«

4 .0 2 -1 2 7 - 2 2 1 +116

4 .1 2 -1 3 2 - 2 2 2 + 1 2 1

4 .2 2 -1 3 7 -2 2 3 +126

4 .3 7 -146 -2 2 3 +135

4 .5 5 -157 -2 2 3 +146

4 .8 0 -1 7 2 -2 2 3 +161

5 .1 0 -190 +179

5 .3 8 - 2 1 0 +199

5 .5 8 —2 2 2 + 2 1 1

5 .8 0 -2 3 3 + 2 2 2

6 . 0 0 -2 4 0 +229

6 , 1 0 -247 +234

6 . 2 0 -2 5 2 +241

6 .3 4 -2 5 6 +245

6 .5 0 -2 6 0 +249

6 . 6 8 -2 6 7 +256

6 .9 2 -2 7 1 +260

7 .2 8 -2 7 5 +264

8 . 1 0 -287 +276

9 .0 0 -3 0 5 +294
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TABLE VII

(CONTINUED)

pH mv 0 .0 5 9  lo g  [$feH] E»

9 .3 5 -3 1 2 +301

9 .4 5 -3 1 7 +306

9 .6 8 -3 2 1 +310

1 0 . 1 1 -3 2 3 +312

1 0 .3 0 -3 2 4 +313

1 0 .7 0 -3 3 2 +321

1 2 . 0 0 -3 6 0 +349

3 .2 2 -  73 -237



36

TABLE V I I I

C e l l  P o t e a t ia l  at V arious pH V alu es

( 0 ,5  M olar S o lu t io n  )

mv 0 .0 5 9  lo g  [0SH] E«

4 ,6 1 -177 -2 0 7 +151

4 .8 7 -190 -2 0 9 +164

5 ,1 5 - 2 0 0 +174

5 ,3 5 -218 +192

5 .5 3 -2 3 0 +204

5 .6 3 -239 +213

5 .7 4 -2 4 5 +219

5 .9 0 -2 5 1 +225

6 .0 3 -256 +230

6 . 1 1 -260 +234

6 .2 6 -263 +237

6 .7 2 -2 6 7 +241

6 ,8 0 -269 +243

6 . 8 6 -2 7 0 +244

6 .9 0 -2 7 1 +245

7 .0 0 -2 7 2 +246

7 .1 0 -2 7 4 +248

7 .2 0 -2 7 7 +251

7 ,4 0 -2 7 9 +253

7 .6 9 -280 +254
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TABLE VIII

(CONTINUED)

pH mv 0.059  lo g  [0SH

8 .9 3 -3 0 3 +277

9 .3 5 -313 +287

9 .5 8 -3 2 0 +294

9 .8 6 -3 2 5 +299

1 0 , 1 0 -3 3 0 +304

1 0 .4 0 -340 +314

1 0 .7 0 -3 4 3 +317

1 1 . 0 0 -3 5 0 +324
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TABLE IX 

M e ta l Io n s

pH pH pH
M e ta l Io n 3 7 9

M agnesium (Mg+2 ) - •» -

C alc ium (Ca+2 ) -

S tro n tiu m (S r+ 2 ) - - -

Barium (B a+2) -

Y ttr iu m ( Y+3) - -

Lanthanum (La+3) “ -

T itan iu m (T i+ 4 ) -

Z irco n iu m (Zr+2) - X X

Chromium (C r+ 3) - - -

Molybdenum (M0O4 - 2 ) X -

T u n g sten (WO4 — ) -

Neodymium (Nd+3) -

U ranium (UO2 ++) “ -

M anganese (Mn*2) - - -

Iron (Pe+2) X

Iron (Pe+ 3) X

Ruthenium (Ru+3) X

Cobalt (Co+2) X X

I r id iu m (Ir+3) X

Nickel (Ni+2) X X X

Palladium (Pd+2) n
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TÆBLE IX

(œNTIHüED)

pH pa. pH
M e ta l Io n 3 7 9

P a lla d iu m (Pd*4) - ,

P la tin u m (P t* 4 ) “

C opper (CÜ+2 ) X X X

S i l v e r (Ag+1 ) X X X

G old (An+3) X X X

Z in c (Zn+2) X X

Cadmium (C d*2) X X X

M ercury (Hg+2) X X X

Aluminum (A l+ 3) - -

T h a lliu m (T l+ 1 ) -

T in (S n + 2) X X

L ead (Pb+2) X X X

A rse n ic (A s+3) X X

A ntim ony (Sb+ 3) X X X

B ism uth (B i+ 3) X

S elen ium ( S e + 4 ) X X

T e llu r iu m (T e+4) X
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P r e p a r a t io n  o f  S ta n d a rd  T h io l  S o lu t io n s  

The t h i o l  r e s e r v o i r  shewn i n  F ig u re  4  h o ld s  a b o u t fo u r  

l i t e r s  o f  s o l u t i o n .  D i s t i l l e d  w a te r  was s a t u r a t e d  w i th  th e  

t h i o l  a t  room te m p e r a tu r e ,  n i t r o g e n  g a s  b e in g  u se d  to  m ix th e  

two m a te r i a l s  and f l u s h  oxygen  from  th e  s o l u t i o n .  The e x c e s s  

t h i o l  was f i l t e r e d  o f f  and  th e  f i l t r a t e  t r a n s f e r r e d  t o  th e  

r e s e r v o i r .  S u f f i c i e n t  d i s t i l l e d  w a te r  was added to  n e a r l y  

f i l l  th e  r e s e r v o i r .  N i t ro g e n  was p a s s e d  t h r o u ^  th e  e n t i r e  

sy s te m  f o r  a t  l e a s t  one h o u r  t o  a s s u r e  th e  ab sen ce  o f  oxygen . 

The sy s tem  was c o n n e c te d  t o  th e  a u to m a tic  b u r e t  and  c lo s e d  

t o  th e  a tm osphere  u n d e r  à  s l i g h t  p o s i t i v e  p r e s s u r e  o f n i t r o 

g e n .

U sing  t h i s  s y s te m , i t  was p o s s ib l e  t o  t i t r a t e  m e ta l  io n  

s o l u t io n s  w ith  th e  t h i o l  in  th e  ab sen ce  o f  a i r .

D e te rm in a t io n  o f  S i l v e r  w i th  T h io l  

A s ta n d a r d  s o l u t i o n  o f  s i l v e r  n i t r a t e  was p r e p a re d  by 

d i s s o lv in g  a  known w e ig h t o f  a  p r im a ry  s ta n d a r d  s a l t  and  d i 

l u t i n g  to  one l i t e r .  Known volum es o f  th e  s ta n d a r d  s o l u t io n s  

w ere p ip e te d  i n t o  a  t i t r a t i n g  v e s s e l ,  b u f f e r  s o l u t io n  a d d ed , 

and th e  s o l u t io n  t i t r a t e d  w ith  th e  t h i o l .

The p o te n t io g ra m  ( p l o t  o f  p o t e n t i a l  v e r s u s  vo lum e) o f 

th e  s i l v e r  t i t r a t i o n  when c a r r i e d  o u t  i n  a  b o ra te  b u f f e r  a t  

pH 9 to  10 was s i m i l a r  t o  a  n o rm al p o te n t io m e t r i c  t i t r a t i o n  

c u r v e .  In  s o l u t i o n s  o f  lo w e r pH, two p o t e n t i a l  c h an g e s  were 

o b se rv e d  w ith  th e  se c o n d  c o r re s p o n d in g  t o  th e  e q u iv a le n c e  

p o in t  o f th e  t i t r a t i o n .  The i n i t i a l  p o t e n t i a l  change was
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a t t r i b u t e d  t o  s lo w  e le c t r o d e  K in e t i c s ,

F ig u re  7 i s  a  p l o t  o f  p o t e n t i a l  d a t a  o b ta in e d  from  a 

s i l v e r  t i t r a t i o n ,  "Hie r e c o r d in g  p o te n t io m e te r  i s  c a p a b le  o f  

p l o t t i n g  th e  d e r i v a t i v e  o f  th e  t i t r a t i o n  c u rv e ,  and su c h  a 

c u rv e  i s  g iv e n  in  F ig u re  8 ,  The e q u iv a le n c e  p o i n t  o f  th e  

t i t r a t i o n  c o rre s p o n d s  v e r y  w e ll w ith  th e  p o in t  o f  i n f l e c t i o n  

o f  th e  t i t r a t i o n  c u rv e ,

Ih e  t h i o l  s o l u t i o n  was s t a n d a r d iz e d  w ith  s t a n d a r d  io d in e  

s o l u t i o n  u s in g  th e  s t a r c h  e n d p o in t .  T h is  i s  th e  c l a s s i c a l  

p ro c e d u re  f o r  t h i o l  a n a l y s i s .  T ab le  X l i s t s  d a t a  f o r  th e  

s t a n d a r d i z a t i o n  o f  th e  io d in e  s o l u t i o n ,  Ih e  io d in e  w as s t a n d 

a rd iz e d  by  t i t r a t i n g  2 5 - m i l l i l i t e r  a l i q u o t s  o f  a  0 ,0 3 0 3 5  n o r 

m al s o l u t i o n  o f  a r s e n io u s  o x id e .

T a b le  XI l i s t s  th e  d a t a  o b ta in e d  when th e  t h i o l  s o l u t i o n  

was t i t r a t e d  w ith  th e  io d in e  s o l u t io n  t o  th e  s t a r c h  e n d p o in t ,

A s t a n d a r d  s i l v e r  s o l u t io n  c o n ta in in g  0 ,7 5 7 3  gram s o f  

s i l v e r  n i t r a t e  p e r  l i t e r  was p r e p a r e d  from  a  p r im a ry  s ta n d a r d  

s a l t .  T h is  c o r re s p o n d s  t o  0 ,01202  gram s o f  s i l v e r  p e r  25 

m i l l i l i t e r s  o f  s o l u t i o n .  T w e n ty -f iv e  m i l l i l i t e r  a l i q u o t s  o f 

t h i s  s o l u t i o n  w ere  a n a ly z e d  w ith  th e  s ta n d a r d  t h i o l  s o l u t i o n  

a ssu m in g  a  1 :1  r e a c t i o n .  T able X II  l i s t s  th e  d a ta  o b ta in e d  

in  t h i s  m an n er.

On th e  b a s i s  o f  th e  d a ta  l i s t e d  i n  T ab le  X I I ,  i t  was 

co n c lu d ed  t h a t  th e  t i t r a t i o n  o f s i l v e r  w i th  t h i o l  i s  q u a n t i t a 

t i v e  when c a r r i e d  o u t  in  a  b o ra te  b u f f e r  a t  a  pH o f  9 ,  S ta n d 

a rd  s i l v e r  s o l u t i o n s  w ere em ployed t o  s t a n d a r d i z e  a l l  s u b s e -
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TABLE X

S ta n d a r d i z a t io n  D a ta  f o r  Io d in e  S o lu t io n

Volume o f  As^Oq 
S o lu t io n

Volume o f  I g  
S o lu t io n

N o rm a li ty  
o f  Ig A verage

S ta n d a rd
D e v ia t io n

25 m is 2 1 .3 0 0 .0 3 5 6 2

25 m is 2 1 .3 1 0 .0 3 5 6 1 0 .0 3 5 6 1 0 .0 0 0 0 2

25 m is 2 1 ,3 2 0 .0 3 5 5 9
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TABLE XI

S ta n d a r d iz a t io n  D a ta  f o r  th e  T h io l  S o lu t io n

Volume o f  H i io l  
S o lu t io n

Volume o f
l2

N o rm a lity  
o f  T h io l A verage

S ta n d a rd
D e v ia t io n

25 m is 2 2 .6 1 0 .03221

25 m is 2 2 .6 2 0 .03222 0 .0 3 2 2 4 0 .0 0 0 0 3

25 m is 2 2 .6 4 0 .03225

25 m is 2 2 .6 6 0 .03228
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TABLE X II 

D e te rm in a t io n  o f  S i l v e r  w i th  T h io l

Volume o f  T h io l W eight o f  S i l v e r  A verage S ta n d a rd  
(g ra m s/2 5 m ls )  D e v ia t io n

3 .4 4  m is 0 .0 1 2 0

3 .4 5  m is 0 .0 1 2 0

3 .4 5  m is 0 .0 1 2 0

3 .4 5  m is 0 .0 1 2 0

3 .4 5  m is 0 .0 1 2 0

3 .4 5  m is 0 .0 1 2 0

3 .4 5  m is 0 ,0 1 2 0

3 .4 6  m is 0 .0 1 2 0

3 ,4 7  m is 0 .0 1 2 1

3 .4 8  m is 0 .0 1 2 1

3 .4 8  m is 0 .0 1 2 1

3 ,4 8  m is 0 .0 1 2 1

3 .4 9  m is 0 .0 1 2 1

3 .5 0  m is 0 .0 1 2 2

0.0121 0 .0 0 0 1
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q u e n t t h i o l  s o l u t i o n s .

D e te rm in a t io n  o f Copper w i th  T h io l  

A s to c k  s o l u t i o n  o f  co p p er was p r e p a re d  by  d i s s o l v i n g  

3 .5 2 7 0  grains o f  p r im a ry  s ta n d a r d  copper s h o t  in  n i t r i c  a c id ,  

b o i l i n g  o f f  th e  n i t r o g e n  o x id e s ,  and d i l u t i n g  t o  one l i t e r .

The s o l u t io n  was th u s  0 .0 5 5 5 1  m o la r  i n  c o p p e r io n .  A l iq u o ts  

o f  t h i s  s to c k  s o l u t i o n  w ere t i t r a t e d  a t  v a r io u s  pH v a lu e s  t o  

d e te rm in e  w h e th e r  th e  r e a c t i o n  was q u a n t i t a t i v e  and th e  r a t i o  

o f  co p p e r io n  to  t h i o l .  C opper was p r e c i p i t a t e d  w ith  a  l a r g e  

p o t e n t i a l  change from  pH 3 to  pH 9 .  Below pH 6 , ho w ev er, th e  

t i t r a t i o n  d id  n o t  a p p e a r  to  be q u a n t i t a t i v e .  IWo m o le s  o f  

t h i o l  w ere r e q u i r e d  f o r  each  m ole o f  c o p p e r .  The b e s t  r e s u l t s  

w ere  o b ta in e d  i n  an ammonium a c e t a t e  b u f f e r  a t  pH 7 .

F i f t y  m i l l i l i t e r s  o f th e  c o p p er s to c k  s o l u t i o n  w ere d i 

l u t e d  t o  one l i t e r  t o  p r e p a r e  a  0 .0 0 5 5 5  norm al s o l u t i o n .  

T w e n ty -f iv e  m i l l i l i t e r  a l i q u o t s  o f t h i s  s o l u t io n  w ere t i t r a 

t e d  and th e  gram s o f  c o p p er i n  th e  o r i g i n a l  s to c k  s o l u t i o n  

com puted . The c o r r e c t  v a lu e  was 0 .0 8 8 1 8  g ram s. Ih e  d a ta  

from  t h i s  t i t r a t i o n  a re  l i s t e d  i n  T ab le  X I I I .

The d a t a  i n  T ab le  X I I I  show t h a t  th e  t i t r a t i o n  i s  quan 

t i t a t i v e  f o r  c o p p e r  u n d e r  th e  p r e s c r ib e d  c o n d i t i o n s ,  I h e  

t i t r a t i o n  c u rv e  i s  s i m i l a r  to  a  no rm al p o te n t ic m ie t r ie  t i t r a 

t i o n  c u rv e .

D e te rm in a t io n  o f N ic k e l w ith  T h io l  

A s o l u t i o n  o f  n i c k e l  io n s  was p re p a re d  by  d i s s o l v i n g
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TABLE X II I  

D e te rm in a t io n  o f  Copper w ith  T h io l

Voltune o f 
T h io l

W eight o f C opper 
(g ra m s/2 5 m ls ) A verage

S ta n d a rd
D e v ia t io n

4 .9 5 0 .0 8 8 4

4 .9 5 0 .0 8 8 4

4 .9 5 0 .0 8 8 4 0 .0885 0 .0 0 0 3

4 .9 6 0 .0 8 8 7

4 .9 7 0 .0 8 8 9
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9 o1854 gram s o f  n i c k e l ( I I )  n i t r a t e  and d i l u t i n g  to  one l i t e r .  

The s o l u t io n  was 0 ,0 3 1 5 9  m o la r  i n  n i c k e l ( I I )  i (m . A s tu d y  

o f  t h i s  s o l u t io n  in d ic a t e d  t h a t  one m ole o f  n i c k e l  w ould  r e 

a c t  w ith  two m oles o f  t h i o l  q u a n t i t a t i v e l y  a t  pH e q u a l  t o  o r  

g r e a t e r  th a n  6 , Ammonium a c e t a t e  s e rv e d  as a  s u i t a b l e  b u f f e r ,  

T w e n ty -f iv e  m i l l i l i t e r s  of t h e  s to c k  s o l u t i o n  w ere  d i l u t e d  

t o  250 m i l l i l i t e r s ,  T W en ty -five  m i l l i l i t e r  a l i q u o t s  of th e  

d i l u t e d  s o l u t io n  w ere t i t r a t e d  w i th  t h i o l .  Ih e  t h i o l  n o r 

m a l i ty  was 0 ,0 3 2 9 7 , The t i t r a t i o n  d a t a  a re  l i s t e d  i n  T ab le  

XIV,

A 25 m i l l i l i t e r  a l i q u o t  o f th e  s to c k  s o l u t i o n  sh o u ld  

c o n ta in  0 .04637  gram s o f  n i c k e l  i f  th e  n i c k e l  s a l t  w ere 100% 

p u r e .  T hus, th e  a n a ly s i s  a p p e a re d  t o  be q u a n t i t a t i v e .  To 

e s t a b l i s h  t h i s ,  25 m i l l i l i t e r  a l i q u o t s  o f th e  s to c k  s o l u t i o n  

w ere  a n a ly z e d  by a  s t a n d a r d  g r a v im e t r i c  p ro c e d u r e .  The 

n i c k e l  was p r e c i p i t a t e d  and  w eighed  a s  th e  s a l t  o f  d im e th y l-  

g ly o x im e . The ag reem en t be tw een  t i t r i m e t r i c  and  g r a v im e t r i c  

d a t a  shows t h a t  th e  t i t r a t i o n  i s  q u a n t i t a t i v e .  The d a t a  a re  

l i s t e d  in  T ab le  XV,

D e te rm in a t io n  o f  L ead w ith  T h io l

A s o l u t io n  o f l e a d  io n s  was p r e p a re d  by d i s s o l v i n g  

2 0 .9 4 6 0  gram s o f l e a d ( I I )  n i t r a t e  and d i l u t i n g  to  one l i t e r .  

The s o l u t io n  was 0 .0 6 3 2 4  m o la r  i n  l e a d ( l l )  io n .  A s tu d y  o f  

t h i s  s o l u t i o n  showed t h a t  one m ole o f  l e a d  w ould r e a c t  w ith  

two m oles o f  t h i o l  q u a n t i t a t i v e l y  a t  pH v a lu e s  g r e a t e r  th a n  

6 . Ammonium a c e t a t e  s e r v e d  a s  a  s u i t a b l e  b u f f e r .  T w enty-
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TABLE XIV 

D e te rm in a t io n  o f  N ic k e l  w ith  % i o l

Volume o f  
T h io l

W eight o f  N ic k e l  
(g ra m s /2 5 m ls ) A verage

S ta n d a rd
D e v ia t io n

4 .7 1 0 .0 4 5 6

4 ,7 5 0 .0 4 6 0

4 .7 6 0 .0 4 6 1 0.0460 0 .0 0 0 2

4 .7 6 0 .0 4 6 1
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TABLE XV

D e te rm in a t io n  o f  N ic k e l  a s  n i c k e l  d im e th y lg ly o x im a te

W eigh t o f 
NiCgH^^N^O^

W eigh t of 
N ic k e l A verage

S ta n d a rd
D e v ia tio n

A verage 
T ab le  XIV D i f f .

0 .2 2 5 9 0 .04593
'

0 .2 2 6 6 0 .0 4 6 0 7 0 .0 4 6 0 2 0 .00008 0 .0 4 6 0  -0 ,0 0 0 0 2

0 .2 2 6 6 0 ,0 4 6 0 7
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f i v e  m i l l i l i t e r s  o f  th e  s to c k  s o l u t i o n  w ere  d i l u t e d  t o  250 

m i l l i l i t e r s .  T w e n ty -f iv e  m i l l i l i t e r  a l i q u o t s  o f  th e  d i l u t e d  

s o lu t io n  w ere t i t r a t e d  w ith  t h i o l .  Ih e  I h i o l  n o r m a l i ty  was

0 .0 3 3 9 9 . The t i t r a t i o n  d a t a  a re  l i s t e d  i n  T ab le  XVI.

A 25 m i l l i l i t e r  a l i q u o t  o f th e  s to c k  s o l u t i o n  sh o u ld  

c o n ta in  0 .3 2 7 6  gram s o f  l e a d  i f  th e  le a d  s a l t  w ere 100% p u re . 

Thus th e  a n a ly s i s  a p p e a re d  to  be q u a n t i t a t i v e .  To c o n firm  

th e  q u a n t i t a t i v e  n a tu r e  o f  th e  t i t r a t i o n ,  25 m i l l i l i t e r  a l i 

q u o ts  o f  th e  s to c k  s o l u t i o n  were a n a ly z e d  f o r  l e a d  by  a  

s ta n d a r d  g r a v im e t r ic  p r o c e d u re .  The le a d  was p r e c i p i t a t e d  

and w eighed  a s  l e a d  s u l f a t e .  The ag reem en t be tw een  t i  t r i 

m e t r ic  and  g r a v im e t r ic  d a t a  shows t h a t  th e  t i t r i m e t r i c  p ro 

c e d u re  i s  q u a n t i t a t i v e .  The g r a v im e t r ic  d a t a  a re  l i s t e d  in  

T ab le  X V II.

D e te rm in a t io n  o f Cadmium w ith  T h io l

A s o l u t io n  o f  cadmium io n s  was p re p a re d  b y  d i s s o l v i n g  

1 0 .6471  gram s o f cadmium n i t r a t e  and d i l u t i n g  t o  one l i t e r .  

The s o l u t i o n  was 0 .0 3 4 5 1  m o la r  in  cadmium io n s .  A s tu d y  of 

t h i s  s o l u t i o n  showed t h a t  one mole of cadmium w ould r e a c t  

w i th  two m oles of t h i o l  q u a n t i t a t i v e l y  above pH 6 . Ammonium 

a c e t a t e  s e rv e d  as a  s u i t a b l e  b u f f e r .  T w e n ty -f iv e  m i l l i l i t e r s  

o f  th e  s to c k  s o l u t io n  w ere d i l u t e d  t o  250 m i l l i l i t e r s .

T w e n ty -f iv e  m i l l i l i t e r  a l i q u o t s  o f  th e  d i l u t e d  s o l u t i o n  w ere 

t i t r a t e d  w ith  t h i o l .  The t h i o l  n o rm a l i ty  was 0 .0 3 3 9 9 . The 

d a t a  f o r  t h i s  t i t r a t i o n  a r e  l i s t e d  i n  T ab le  X V III .
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TABLE XVI

D e te rm in a t io n  o f L ead w ith  T h io l

Voltuae o f 
T h io l

W eight o f  L ead 
(g ram s/25m ls> A verage

S ta n d a rd
D e v ia t io n

9 .1 5 0 .3 2 2 4

9 .1 7 0 .3 2 3 1

9 .1 7 0 .3 2 3 1 0 .3232 0 .0 0 0 6

9 .1 8 0 ,3 2 3 4

9 .1 8 0 .3 2 3 4

9 .2 0 0 .3 2 4 1
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TABLE XVII 

D e te rm in a t io n  o f  Lead a s  Lead S u l f a t e

W eigh t o f 
PbS0 4

W eight o f 
L ead

A verage S ta n d a rd
D e v ia t io n

A verage D i f f .  
T a b le  XVI

0 .4 7 5 7 0 .3 2 5 0

0 .4 7 5 9 0 .3 2 5 1 0 .3 2 5 4 0 .0 0 0 5 0 .3 2 3 2  - .0 0 2 2

0 .4 7 7 2 0 .3 2 6 0
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TABLE X V III 

D e te rm in a t io n  o f  Cadminm w ith  T h io l

Volume of 
T h io l

W eight o f Cadmium 
(g ra m s/2 5 m ls ) A verage

S ta n d a rd
D e v ia t io n

5 .0 3 0 .0 9 5 8

5 .0 4 0 .0 9 6 3

5 .0 4 0 .0 9 6 3 0 .0 9 6 2 0 .0 0 0 2

5 .0 4 0 .0 9 6 3

5 .0 4 0 .0 9 6 3
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A 25 m i l l i l i t e r  a l i q u o t  o f  t h i s  s to c k  s o l u t i o n  sh o u ld  

c o n ta in  0 ,0 9 6 9 8  gram s o f  cadmium i f  th e  s a l t  w ere 100% p u r e .  

Thus th e  a n a ly s i s  seem ed q u a n t i t a t i v e .  T w e n ty -f iv e  m i l l i 

l i t e r  a l i q u o t s  o f  th e  s to c k  s o l u t i o n  w ere  a n a ly z e d  by  a  

c l a s s i c a l  g r a v im e t r i c  p ro c e d u re  a s  a  c o n f i r m a t io n  o f  th e  t i 

t r a t i o n ,  The cadmium was p r e c i p i t a t e d  a s  cadmium ammonium 

p h o sp h a te  and  i g n i t e d  t o  th e  p y ro p h o s p h a te , Ih e  ag reem en t 

betw een t i t r i m e t r i c  and  g r a v im e t r ic  d a t a  shows t h a t  th e  t h i o l  

a n a ly s i s  i s  in d e e d  q u a n t i t a t i v e ,  Ih e  d a t a  f o r  th e  g r a v im e t r i c  

a n a ly s i s  a re  g iv e n  i n  T ab le  XIX,

D e te rm in a t io n  o f Z in c  w ith  T h io l

A s o l u t i o n  o f  z in c  io n s  was p r e p a r e d  by d i s s o l v i n g  

2 ,3 6 3 5  gram s o f r e a g e n t  g rad e  z in c  m e ta l  i n  h y d r o c h lo r ic  a c id  

and d i l u t i n g  to  one l i t e r *  The s o l u t i o n  was 0 ,0 3 6 0 0  m o la r in  

z in c  io n s ,  A s tu d y  o f  t h i s  s o l u t i o n  show ed t h a t  one m ole o f  

z in c  r e a c t s  w ith  tw o m oles o f  t h i o l .  The r e a c t i o n  was q u a n t i 

t a t i v e  above pH 6 , Ammonium a c e t a t e  s e r v e d  a s  a  s u i t a b l e  b u f 

f e r .  T w e n ty -f iv e  m i l l i l i t e r s  o f  th e  s to c k  s o l u t i o n  w ere d i 

l u t e d  t o  250 m i l l i l i t e r s ,  l ^ e n t y - f i v e  m i l l i l i t e r  a l i q u o t s  

o f th e  d i l u t e d  s o l u t i o n  w ere t i t r a t e d  w ith  t h i o l .  The n o r 

m a l i ty  o f  th e  t h i o l  was 0 .0 3 3 9 9 , The d a t a  f o r  t h i s  t i t r a t i o n  

a re  l i s t e d  i n  T ab le  XX.

A 25 m i l l i l i t e r  a l i q u o t  o f t h i s  s to c k  s o l u t i o n  sh o u ld  

c o n ta in  0 ,0 5 8 8 4  gram s o f  z i n c .  Thus th e  r e a c t i o n  was q u a n t i 

t a t i v e ,  I n  o rd e r  to  c o n firm  th e  a n a l y s i s ,  25 m i l l i l i t e r  a l i 

q u o ts  o f  th e  s to c k  s o l u t i o n  w ere a n a ly z e d  by a  c l a s s i c a l
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TABLE XIX

D e te rm in a t io n  o f  Cadmitun a s  Cadmium P y ro p h o sp h a te

W eight o f W eight of 
Cadmium Aver age

S ta n d a rd
D e v ia t io n

A verage 
T ab le  X V III D i f f .

0 .1 7 1 4 0 .0 9 6 6 4

0 .1 7 1 4 0 .0 9 6 6 4 0 .0 9 6 6 6 0 .0 0 0 0 3 0 .0 9 6 2  - .0 0 0 4

0 .1 7 1 5 0 .09669
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TABLE XX

D e te rm in a t io n  o f  Z in c  w i th  T h io l

Volume o f 
T h io l

W eig h t o f  Z in c  
(g ra m s/2 5 m ls ) A verage

S ta n d a rd
D e v ia t io n

5 .2 7 0 .0 5 8 5

5 .2 8 0 .0 5 8 7

5 .3 0 0 .0 5 8 8 0 .0 5 8 8 0 .0 0 0 2

5 .30 0 .0 5 8 8

5 .31 0 .0 5 9 0

5 .3 1 0 .0 5 9 0
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g r a v im e t r i c  p ro c e d u re ,  % e  z in c  was p r e c i p i t a t e d  and w eighed  

a s  z in c  ammonium p h o s p h a te .  The ag reem en t be tw een  t i t r i m e t 

r i c  and  g r a v im e t r ic  d a t a  show s t h a t  th e  t i t r i m e t r i c  p ro c e d u re  

i s  q u a n t i t a t i v e .  The d a t a  f o r  the  g r a v im e t r ic  d e te r m in a t io n  

a re  g iv e n  in  T ab le  XXI.

D e te rm in a t io n  o f  G old w i th  T h io l  

A s to c k  s o l u t i o n  o f  g o ld  was p re p a re d  by  d i s s o l v i n g  

0 ,2 2 9 9  gram s o f p r im a ry  s t a n d a r d  g o ld  i n  aqua  r e g i a  and d i l u t 

in g  to  250 m i l l i l i t e r s .  The s o lu t io n  was 0 ,0 0 4 6 6 8  m o la r  i n  

g o ld .  A l iq u o ts  o f t h i s  s to c k  s o lu t io n  w ere t i t r a t e d  w ith  

s ta n d a r d  t h i o l  s o l u t i o n s  u s in g  s e v e r a l  d i f f e r e n t  b u f f e r s .

The pH ra n g e d  from  1 t o  9 ,  A lthough  a p r e c i p i t a t e  was form ed 

and a  change of p o t e n t i a l  n o te d ,  th e  r a t i o  o f  e q u iv a le n t s  of 

g o ld  to  t h i o l  n e v e r  a p p ro a c h e d  a w hole num ber. V a lu e s  fo u n d  

ra n g e d  from  0 ,5  t o  1 .7  in  a c id  and b a s e .  T hese v a r i a t i o n s  

a p p a r e n t ly  r e s u l t  from  b o th  an  o x id a t io n - r e d u c t io n  and  a  p r e 

c i p i t a t i o n  r e a c t i o n .

D e te rm in a t io n  o f C opper i n  B ra ss  

M  a d a p ta t io n  o f  th e  io d in e  m ethod f o r  t h i o l  h a s  been  

a p p l ie d  t o  an  a n a ly s i s  f o r  copper in  b r a s s .  A b r a s s  sam ple  

w e ig h in g  0 ,4 3 6 6  gram s was d is s o lv e d  in  c o n c e n tr a te d  h y d ro 

c h l o r i c  and n i t r i c  a c i d s .  Ih e  s o l u t io n  was b o i l e d  t o  e x p e l  

o x id e s  o f  n i t r o g e n ,  c o o le d ,  and d i l u t e d  t o  500 m i l l i l i t e r s .  

T e n - m i l l i l i t e r  a l i q u o t s  o f  t h i s  s o l u t i o n  w ere n e u t r a l i z e d  

w ith  ammonium h y d ro x id e  and  th en  b u f f e r e d  t o  a  pH o f a b o u t
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TABLE XXI

D e te rm in a t io n  o f  Z in c  a s  Z in c  Ammonlnm P h o sp h a te

W eight o f 
ZnHH^PO^

W eight of Z in c  
(g ra m s/2 5 m ls ) A verage

S ta n d a rd
D e v ia t io n

A verage 
T a b le  XX

D if f .

0 .1 5 9 2 0 .0 5 8 3 3

0 .1 5 9 4 0 .0 5 8 4 0 0 .05841 0 .00009 0 .0 5 8 8 -0 .0 0 0 4

0 .1599 0 .0 5 8 5 1
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3 o 5  w ith  ammonium b i f l u o r i d e .  Two gram s of p o ta s s iu m  io d id e  

w ere added to  re d u c e  th e  c u p r i c  io n s  to  c u p ro u s  io n s  a c c o rd 

in g  t o  th e  r e a c t i o n :

2 Cu'*"*' + 4 I ” = C ugig + I g  .

P o ta ss iu m  th io c y a n a te  was added  to  c o n v e r t  th e  c u p ro u s  io d id e  

t o  c u p ro u s  th io c y a n a te  s i n c e  io d in e  i s  a b so rb e d  upon cu p ro u s  

io d id e  b u t  n o t  upon c u p ro u s  t h io c y a n a te .  The io d in e  l i b e r a t e d  

by  th e  r e a c t i o n  o f  c u p r ic  io n  and  io d id e  io n  w as t i t r a t e d  w ith  

s t a n d a r d  t h i o l .  % e  am ount o f  c o p p e r  was th e n  c a l c u l a t e d  ac

c o rd in g  to  th e  e q u a t io n :

% Cu = (v o lu m e ) (n o rm a li ty ) (m e g , w t .  o f C u)(10Q )
Sam ple w e i^ i t

The b r a s s  sam ple  u s e d  f o r  th e  a n a l y s i s  was th e  NBS 37d
;

sam ple  w hich  h as  a  r e p o r t e d  v a lu e  o f  70.78%  c o p p e r .  The 

d a t a  f o r  th e  t h i o l  a n a l y s i s  a r e  shown i n  T ab le  X X II.
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TABLE XXII 

B ra s s  A n a ly s is  w ith  T h io l

P e r c e n t  Copper A verage S ta n d a rd  D e v ia t io n

7 0 .0

7 0 .4

7 0 .4 7 0 .5 0 .4

70 .6

7 0 .6

7 1 ,4

-



CHAPTER V 

RESULTS AND DISCUSSION

Ih e  m a jo r i ty  o f  th e  m e ta l  io n  t i t r a t i o n s  m ust be c a r r i e d  

o u t  a t  pH v a lu e s  betw een 5 and 1 0 . P o te n t io m e t r i e  t i t r a t i o n s  

depend  upon th e  a d d i t io n  o r  rem oval o f  some s p e c ie s  ^ i c h  

g e n e r a te s  a m e a su ra b le  p o t e n t i a l .

A lk a l in e  s o lu t io n s  o f  known t h i o l  c o n c e n t r a t io n  w ere 

p r e p a r e d ,  Ih e  s o l u b i l i t y  o f  th e  s a l t  i s  s o  l a r g e  t h a t  th e  u se  

o f  a  s a t u r a t e d  s o l u t io n  i s  i m p r a c t i c a l .  P o t e n t i a l  and pH m eas

u re m e n ts  w ere made on th e s e  s o l u t i o n s .  The r e s u l t s  o f  th e  po 

t e n t i a l  v e rs u s  pH p l o t  a re  shown in  F ig u re  5 .  A p r e c i p i t a t e ,  

a p p a r e n t ly  o f  th e  d i s u l f i d e ,  fo rm ed  i n  th e  a l k a l i n e  s o l u t i o n s  

i n  e v e ry  c a s e .  I h i s  changed  th e  t h i o l  c o n c e n t r a t io n  and  un 

d o u b te d ly  c a u se d  th e  l a r g e  s c a t t e r  i n  th e  d a t a  o b se rv e d  in  

th e  a l k a l i n e  r e g i o n .  The s o l u t io n s  w ere k e p t  one m o la r  w ith  

p o ta s s iu m  c h lo r id e  t o  i n s u r e  a  h ig h  and  r e l a t i v e l y  c o n s ta n t  

io n ic  s t r e n g t h .

The v a lu e s  shown i n  F ig u re  6 i n d i c a t e  t h a t  th e  m easu red  

p o t e n t i a l s  a r e  r e p r o d u c ib le .  The e x p e r im e n ta l  d a t a  d i f f e r  

by  20 m i l l i v o l t s  i n  some r e g io n s  and t h i l e  th e y  a r e  n o t  s u f 

f i c i e n t l y  p r e c i s e  to  y i e ld  a  t r u s tw o r th y  v a lu e  o f  f o r
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th e  h a l f - c e l l  r e a c t io n

0SSÇS + 2 e "  = 2 0S“ 9

th e  d a ta  i n d i c a t e  t h a t  a  pH in d e p e n d e n t  p o t e n t i a l  e x i s t s ,  

w h ich  p e r m i t t e d  p o te n t io m e t r ic  t i t r a t i o n s  t o  be made w ith in  

t h i s  pH r e g i o n .

A su rv e y  o f  m e ta l  io n s  was u n d e r ta k e n  t o  d e te rm in e  w h ich  

of th e  p r e v io u s ly  r e p o r te d  m e ta l  s a l t s  w ould be s u f f i c i e n t l y  

in s o lu b le  t o  make t i t r i m e t r i c  d e te r m in a t io n s  p o s s ib l e .  A 

sm a ll q u a n t i t y  o f th e  m e ta l  io n  u n d e r  s tu d y  w as p la c e d  in  th e  

t i t r a t i o n  v e s s e l  and th e  s o l u t i o n  w as b u f f e r e d  t o  th e  d e s i r e d  

pH. The amount o f  m e ta l io n  was r e s t r i c t e d  t o  t h a t  which 

w ould r e q u i r e  l e s s  th a n  10 m i l l i l i t e r s  o f  th e  t h i o l  ^ su m in g  

3 e q u iv a le n t s  p e r  m o le . G e n e ra l ly  a  p r e c i p i t a t e  was form ed 

where p o t e n t i a l  ch an g es w ere o b s e rv e d . I r id iu m  was the o n ly  

m e ta l t e s t e d  «diich gave a  p o t e n t i a l  ch an g e  w i th o u t  fo rm ing  

a p r e c i p i t a t e .  I h i s  c o u ld  be  a  r e d u c t io n  to  th e  I r* *  io n  

w hich i s  n o t  p r e c i p i t a t e d  by  th e  t h i o l .

As shown i n  T ab le  IX , th e  t h i o l  w i l l  r e a c t  w ith  many 

m e ta l  io n s .  R eagen t g ra d e  s i l v e r  n i t r a t e  was exam ined f i r s t  

f o r  s e v e r a l  r e a s o n s .  I t  had  b e en  shown to  be q u a n t i t a t i v e  

in  a  g r a v im e t r ic  p ro c e d u re  ( 6 ) ,  and  s ta n d a r d  s to c k  s o lu t io n s  

of known c o n c e n t r a t io n  c o u ld  be p r e p a r e d  d i r e c t l y .  I t  was 

hoped  t h a t  th e  s i l v e r  t i t r a t i o n  c o u ld  q u ic k ly  be proven 

q u a n t i t a t i v e  and a  p ro c e d u re  f o r  t h i o l  w ith  s i l v e r  be a d o p te d  

as th e  m ethod o f  s t a n d a r d i z a t i o n  s in c e  th e  p r o c e s s  w ith  io d in e
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i s  la b o r io u s  and tim e -c o n su m in g .

The d a ta  from  th e  s i l v e r  t i t r a t i o n  w ith  t h i o l  a re  g iv e n  

in  T ab le  X I I .  The a v e ra g e  o f 14 t i t r a t i o n s  o f  25 m i l l i l i t e r  

a l i q u o t s  o f  th e  s to c k  s o l u t i o n  o f  s i l v e r  was 0 .0 1 2 1  g ram s.

The com puted v a lu e  on th e  b a s i s  o f  a  w eighed  amount o f  s i l v e r  

d i s s o lv e d  and d i l u t e d  to  one l i t e r  of s o l u t i o n  was 0 .0 1 2 0 2  

gram s o f  s i l v e r .

Copper s h o t  was em ployed t o  p r e p a r e  a  s to c k  s o l u t i o n  

f o r  co p p er d e te r m in a t io n s .  The t i t r a t i o n  gave a p re m a tu re  

e n d p o in t  a t  a  pH o f  6 o r  l e s s  b u t  an  a v e ra g e  v a lu e  o f  0 .0 8 8 5  

gram s o f  c o p p e r  p e r  25 m i l l i l i t e r s  of s to c k  s o l u t i o n  o b ta in e d  

a t  pH v a lu e s  above 6 i s  in  good a g re em e n t w ith  the  w e ig h t 

(0 .0 8 8 1 8  g ram s) o f c o p p e r  udiich w as ta k e n  f o r  a n a l y s i s .

The s i l v e r  n i t r a t e  and c o p p e r  m e ta l  w ere s u f f i c i e n t l y  

p u re  so  t h a t  no  r e f e r e e  a n a l y s i s  was n e e d e d . The pH r e g io n s  

a t  w hich th e  t i t r a t i o n s  w ere c a r r i e d  o u t  w ere th e  lo w e s t  pH 

v a lu e s  f o r  w hich  a  sm ooth t i t r a t i o n  c u rv e  y ie ld in g  q u a n t i 

t a t i v e  r e s u l t s  c o u ld  be o b ta in e d .

R eag en t g ra d e  n i c k e l ( l l )  n i t r a t e  was u s e d  f o r  th e  t i t r a 

t i o n  o f  n i c k e l  i o n .  At a  pH o f 7 , an a v e ra g e  v a lu e  o f 0 .0 4 6 0  

g ra n s  o f  n i c k e l  p e r 25 m i l l i l i t e r s  o f s to c k  s o l u t i o n ,  a s  g iv 

en  i n  T ab le  XIV , com pares f a v o r a b ly  w ith  0 .0 4 6 3 7  gram s com

p u te d  from  th e  w e ig h t o f  th e  s a l t .  The t h i o l  v a lu e ,  h ow ever, 

a g re e s  v e ry  w e l l  w i th  th e  v a lu e  o f 0 .0 4 6 0 2  gram s p e r  25 m i l l i 

l i t e r s  td iic h  w as o b ta in e d  by a  g r a v im e t r i c  a n a ly s i s  w ith  

dime th  y l g l  yoxim e.



66

R eag en t g ra d e  l e a d ( l l )  n i t r a t e  was u se d  f o r  th e  p r e p a r a 

t i o n  o f  s to c k  s o l u t i o n s .  The v a lu e  o f  0 .3 2 3 2  gram s o f l e a d  

p e r  25 m i l l i l i t e r s  o f  s to c k  s o l u t i o n  (T a b le  XVI) a g re e s  f a v o r 

a b ly  w i th  0 .3 2 5 4  grams (T a b le  X V II) fo u n d  by a n a l y s i s  f o r  th e  

l e a d  a s  th e  s u l f a t e .

A cadmium s to c k  s o l u t i o n  was p r e p a r e d  from  cadmium n i 

t r a t e .  H ie p r e c i s i o n  o f  th e  f i v e  t i t r a t i o n s  r e p o r t e d  in  

T a b le  X V III i s  v e ry  g o o d . The agreem en t be tw een  th e  t h i o l  

a n a l y s i s  o f  0 .0 9 6 2  gram s o f  cadmium p e r  25 m i l l i l i t e r s  o f 

s to c k  s o l u t i o n  and th e  g r a v im e t r ic  a n a ly s i s  o f 0 .0 9 6 6 6  gram s 

i s  e x c e l l e n t .

Z in c  m e ta l  was u se d  to  p r e p a re  a  s to c k  o f z in c  io n  s o l u 

t i o n .  The v a lu e  o f  0 .0 5 8 8  gram s o f z in c  p e r  25 m i l l i l i t e r s  

o f  s to c k  s o l u t io n  a s  shown in  T ab le  XX i s  in  e x c e l l e n t  a g re e 

m ent w ith  th e  w e ig h t o f  z in c  ta k e n .  H ie v a lu e  0 .0 5 8 4 1  ob

t a i n e d  by g r a v im e t r ic  a n a l y s i s  i s  somewhat lo w , b u t  d o e s  

c o n f irm  t h a t  th e  t i t r a t i o n  i s  q u a n t i t a t i v e .

A t i t r a t i o n  o f g o ld  c o u ld  n o t  be  made r e p r o d u c ib le .  P re 

c i p i t a t e  fo rm a t io n  o c c u r re d  and  p o t e n t i a l  ch an g es  ra n g in g  

from  200 t o  500 m i l l i v o l t s  w ere o b se rv ed  i n  th e  ra n g e  o f  pH 

1 to  8 . The r a t i o  o f  g o ld  to  t h i o l  v a r i e d  frcan 0 ,5  to  1 .7 ,  

a p p a r e n t ly  due  to  more th a n  one r e a c t i o n .

The Metrohm £  336 P o te n t io g r a p h  u se d  in  t h i s  work h ad  

a 1 0 - m i l l i l i t e r  b u r e t .  R a th e r  th a n  make th e  e r r o r s  i n  volum e 

m easurem ent due t o  r e f i l l i n g  th e  b u r e t  midway th ro u g h  th e  

t i t r a t i o n ,  m e ta l io n  c o n c e n t r a t io n s  w ere r e s t r i c t e d  to  th o s e



67

r e q u i r i n g  l e s s  th a n  10 m i l l i l i t e r s  o f  t h i o l  f o r  th e  t i t r a 

t i o n .  A l a r g e r  b u r e t  w ould in c r e a s e  th e  p r e c i s i o n  o f th e  

i n d iv id u a l  t i t r a t i o n s  by  d e c r e a s in g  th e  p e rc e n ta g e  u n c e r 

t a i n t y  i n  the  volume m easu rem en t.

B ie p o t e n t i a l  c u rv e s  p l o t t e d  by  th e  p o te n t io g r a p h  i n d i 

c a t e  o n ly  th e  p o t e n t i a l  change and n o t  th e  s p e c i f i c  v o l ta g e  

o f  th e  c e l l  a t  a n y  s i n g l e  p o i n t .  B ecause o f t h i s  l a c k ,  s i l 

v e r  io n  was t i t r a t e d  p o t e n t i o m e t r i c a l l y  p o in t  b y  p o i n t  and 

th e  m easured p o t e n t i a l  p l o t t e d  v e r s u s  pH in  o r d e r  t o  c emparé 

e x p e r im e n ta l  and  t h e o r e t i c a l  c u r v e s .

F ig u re  9 show s th e  t i t r a t i o n  c u rv e  o b ta in e d  by  t i t r a t 

in g  25 m i l l i l i t e r s  o f  s i l v e r  n i t r a t e  s o l u t io n  a t  pH 4 .1 5  

w i th  s ta n d a rd  t h i o l  u s in g  a  p o ta s s iu m  a c id  p h t h a l a t e  b u f f e r .  

I h e  t i t r a t i o n  d a t a  a r e  r e c o rd e d  i n  T a b le  X X III . I t  sh o u ld  

be n o te d  t h a t  w h ile  t h e r e  a r e  two i n f l e c t i o n s  i n  th e  t i t r a 

t i o n  c u rv e ,  th e  se c o n d  r e p r e s e n t s  th e  e n d p o in t .  Ih e  b ro k en  

l i n e  i n  F ig u re  9 r e p r e s e n t s  th e  c o u rs e  o f th e  t h e o r e t i c a l  

t i t r a t i o n  curve a f t e r  th e  e n d p o in t  w here  i t  i s  t h i o l  depend 

e n t .  Ih e  c a l c u l a t i o n  was b a s e d  upon th e  t h i o l  c o n c e n t r a t io n  

and th e  p r e v io u s ly  d e te rm in e d  v a lu e  o f  E® = + 0 .1 2 7  v o l t s .

The e x p e r im e n ta l  and  t h e o r e t i c a l  c u rv e s  shown i n  F ig u re  9 

a re  in  good a g re e m e n t. The d i f f e r e n c e  betw een th e  tw o c u rv e s  

i s  l e s s  th an  12 m i l l i v o l t s .

F ig u re  10 shows th e  e x p e r im e n ta l  t i t r a t i o n  c u rv e  o b ta in 

ed  by  t i t r a t i n g  50 m i l l i l i t e r s  o f s i l v e r  n i t r a t e  s o l u t i o n  a t  

pH 9 .7  w ith  s t a n d a r d  t h i o l  u s in g  an  ammonium b o r a te  b u f f e r .
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FIGURE 9
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table  X X III 

S i l v e r  T i t r a t i o n  D a ta  (pH 4 .1 5 )

m is mv m is mv m is mv

0 .0 332 4 .2 230 6 .2 25

0 .5 328 4 .3 222 6 .3 10

1 .0 325 4 .4 216 6 .4 -  10

1 .5 320 4 .5 210 6 .5 — 60

2o0 312 4 .6 200 6 .6 -  90

2 .2 310 4 .7 188 6 .7 -1 1 0

2 .5 305 4 .8 170 6 .8 -1 2 5

2 .7 300 4 .9 162 6 .9 -1 3 6

3 .0 292 5 .0 145 7 .0 -145

3 .1 290 5 .1 125 7 .2 -1 5 5

3 .2 288 5 .2 112 7 .5 —168

3 .3 282 5 .3 103 8 .0 -180

3 .4 280 5 .4 92 8 .5 -1 9 0

3 .5 275 5 .5 82 9 .0 -1 9 8

3 .6 270 5 .6 85 1 0 .0 -2 1 0

3 .7 262 5 .7 72 1 1 .0 -2 1 8

3 .8 258 5 .8 62 1 3 .0 -2 2 8

3 ,9 252 5 .9 54 1 5 .0 -2 3 5

4 .0 245 6 .0 45 1 7 .0 -2 4 0

4 .1 238 6 .1 36 2 0 .0 —248
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FIGURE  10
SILVER TITRATIOH  
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î h e  t i t r a t i o n  d a t a  a r e  r e c o rd e d  i n  T ab le  XXIV« I t  sh o u ld  be 

o b se rv e d  t h a t  th e  p re m a tu re  change in  p o t e n t i a l  o b se rv e d  a t  

lo w e r pH v a lu e s  (F ig u r e  9 )  d o e s  n o t  a p p e a r  i n  th e  t i t r a t i o n  

c u rv e  a t  pH 9 .7 .  The sm ooth l i n e  i n  F ig u re  10 r e p r e s e n t s  a 

t h e o r e t i c a l  c u rv e  c a l c u l a t e d  u s in g  a  fo rm a l E of + 0 .2 9 2  v o l t s  

e s t im a te d  from  th e  p o t e n t i a l  v e r s u s  pH d a t a  shown i n  F ig u re  6 . 

The poo r ag reem en t can  be c h a rg e d  to  th e  e r r o r  i n  th e  a r b i 

t r a r i l y  ch o sen  v a lu e  f o r  E , a  la c k  o f a t ta in m e n t  o f  e le c t r o d e  

e q u i l ib r iu m , and n o n - c o r r e c t io n  f o r  th e  a c t i v i t y  o f  th e  t h i o l  

io n .

The c o n t r i b u t i o n  o f 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  io n 

iz e d  t h i o l  can  be e s t im a te d  from  th e  r e l a t i o n :

-  lo g  f ^  = A Zg ( I ) t  = 0 .5  Zg ( I ) i

th e r e  Z and Z_ r e p r e s e n t  th e  io n ic  c h a rg e s  

I  = i ^ c . Z j 2

c . = c o n c e n t r a t io n  o f  the  i* ^  io n  

Z j = i o n ic  c h a rg e  o f  th e  i^ ^  io n

A c a l c u l a t i o n  shows t h a t  t h e  a c t i v i t y  c o e f f i c i e n t  w i l l  move 

th e  t h e o r e t i c a l  c u rv e  33 m i l l i v o l t s  i n  th e  p o s i t i v e  d i r e c t i o n .  

The d a sh ed  cu rv e  o f  F ig u re  10 shew s t h i s  c o r r e c t i o n .  The new 

cu rve  v a r i e s  from  10 to  30 m i l l i v o l t s  from  th e  e x p e r im e n ta l  

c u rv e . I t  sh o u ld  be n o te d  t h a t  th e  m a jo r  v a r ia n c e  o c c u rs  j u s t  

p a s t  th e  e q u iv a le n c e  p o i n t .  The t h e o r e t i c a l  and e x p e r im e n ta l  

c u rv e s  a re  in  c l o s e r  ag reem en t a f t e r  more ih a n  10 m i l l i l i t e r s  

o f e x c e s s  t h i o l  s o l u t i o n  h ave  been  a d d ed . T h u s, a f t e r  a  con-
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TABLE XXIV 

S i l v e r  T i t r a t i o n  D a ta  (pH 9 .7 0 )

m is mv m is mv m is mv

0 .0 —28 1 2 .3 — 88 1 4 .6 -2 6 7

1 .0 -2 3 1 2 .4 -  90 1 4 .8 -270

2 .0 —22 1 2 .5 -  92 1 5 .0 -2 7 3

3 .0 -2 2 1 2 .6 -  92 1 5 .2 -276

4 .0 -2 3 1 2 .7 — 98 1 5 .4 -278

5 .0 -25 1 2 .8 -1 0 5 1 5 .6 -281

6 .0 -2 9 1 2 .9 -1 1 5 1 5 .8 —284

7 .0 -3 1 1 3 .0 -1 6 0 1 6 .0 —286

8 .0 -3 5 1 3 .1 -1 8 8 1 6 .5 -290

9 .0 -40 1 3 .2 -2 0 3 1 7 .0 -295

1 0 .0 -4 4 1 3 .3 -2 1 5 1 7 .5 -299

1 1 .0 -50 1 3 .4 —222 1 8 .0 -300

1 1 .2 -5 1 1 3 .5 -2 3 0 1 8 .5 -3 0 4

1 1 .4 -5 5 1 3 .6 -2 3 5 1 9 .0 -308

11 .6 —58 1 3 .7 —240 2 0 .0 -3 1 2

1 1 .8 -6 5 1 3 .8 -2 4 5 2 1 .0 -320

1 1 .9 -7 3 1 3 .9 -2 5 0 2 2 .0 -3 2 2

1 2 .0 —80 1 4 .0 -2 5 2 2 4 .0 -330

1 2 .1 —82 1 4 .2 -2 5 8 2 6 .0 -3 3 3

1 2 .2 -8 5 1 4 .4 —260 2 8 .0 -340
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s i d é r a t i o n  of a c t i v i t y  e f f e c t s  i s  in c lu d e d ,  e x p e r im e n ta l  and 

t h e o r e t i c a l  c u rv e s  f o r  th e  s i l v e r  t i t r a t i o n  i n  F ig u re  10 a re  

i n  r e a s o n a b le  a g re e m e n t.



CHAPTER VI 

CONCLUSIONS

Many m e ta l  io n s  r e a c t  w ith  o -a m in o b e n z e n e th io l ,  some 

o f them  q u a n t i t a t i v e l y .  The fo rm a tio n  c o n s ta n t  i s  d e p en d en t 

upon th e  hy d ro g en  io n  a c t i v i t y .  As a r e s u l t ,  t h e  m a jo r i ty  

o f th e  r e a c t i o n s  o c c u r  in  n e u t r a l  and a lk a l i n e  pH r e g io n s .

The s ta n d a r d  p o t e n t i a l  f o r  th e  e q u i l ib r iu m  o f th e  io n iz e d  

s p e c i e s  o f o -a m in o b e n z e n e th io l  w ith  b is - (2 - a m in o p h e n y l- )  d i 

s u l f i d e  c o u ld  n o t  be d e te rm in e d . H ow ever, i t  h a s  been  shown 

t h a t  a  r e p r o d u c ib le  p o t e n t i a l  can  be o b ta in e d  upon  a d d i t io n  

o f  t h i o l  s o l u t i o n  to  an a lk a l in e  s o l u t i o n .  F u r th e r ,  t h i s  

p o t e n t i a l  i s  d e p e n d e n t upon th e  t h i o l  c o n c e n tr a t io n  o f th e  

s o l u t i o n .

The r e a c t i o n  o f  o -a m in o b e n z e n e th io l w ith  s i l v e r ,  c o p p e r , 

cadmium, z i n c ,  l e a d ,  and n i c k e l  i s  q u a n t i t a t i v e .  I t  h a s  been  

shown t h a t  a  t i t r i m e t r i c  a n a ly s i s  o f th e s e  m e ta l  io n s  i s  p o s 

s i b l e ,  u s in g  a p o te n t io m e t r i e  m ethod to  fo l lo w  th e  c o u rse  o f 

t i t r a t i o n .
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