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ABSTRACT OF THESIS.

An i n v e s t i g a t i o n  o f  th e  n a t u r e  o f  G h lo r a u r i c  a c id  and 

i t s  p o ta s s iu m  s a l t ,  h a s  b een  c a r r i e d  o u t ,  w i t h  t h e  o b j e c t  o f  

a s c e r t a i n i n g  c e r t a i n  p r o p e r t i e s  o f  th e  complex io n s  p r e s e n t  i n  

aqueous s o l u t i o n s  o f  th e s e  com pounds•

1* The n o rm al p o t e n t i a l  Au| AuGl^ was d e te r m in e d  a t  25®G.

by m e a su r in g  th e  p o t e n t i a l  o f  g o ld  e l e c t r o d e s  i n  s o l u t i o n s  

c o n t a i n i n g  a known c o n c n e t r a t i o n  o f  th e  complex compound, i n  

th e  p r e s e n c e  o f  a m easu red  e x c e s s  o f  c h l o r i d e  i o n s .  The v a lu e s  

o f  th e  no rm al p o t e n t i a l  were c a l c u l a t e d  from  the  e q u a t i o n ,

%  = 0 %  ^  RT |ÂuCl» J
3P" "Jd T Y T  where th e  sym bols have

t h e i r  u s u a l  m ean in g .

The mean v a lu e s  o f  w ere fo u n d  to  be  1 .0 0 6 6

v o l t s  and  1 .0055  v o l t s  a t  25®, from  m easurem ent o f  th e  a c i d  and 

s a l t  r e s p e c t i v e l y .  The v a lu e  o f  t h i s  c o n s t a n t  p r e v i o u s l y  

d e te r m in e d  by B je rrum  and K i r s c h n e r  i s  l .O O l v o l t s  a t  17®C.

2 .  The fo rm u lae  o f  th e  com plex io n s  e x i s t i n g  i n  s o l u t i o n s

c o n t a i n i n g  d i f f e r e n t  c o n c e n t r a t i o n s  o f  th e  com plex compound, i n  

th e  p r e s e n c e  o f  v a r y in g  e x c e s s  o f  c h l o r i d e  i o n s ,  were c a l c u l a t e d  

by  th e  m ethod o f  B o d lâ n d e r .

The r e s u l t s  o b ta in e d  i n d i c a t e  t h a t  th e  complex AuCl^ i s  

th e  s t a b l e  io n  i n  s o l u t i o n s  c o n t a i n i n g  0 . 1 ,  0 .0 2  and 0 .0 1  M 

c h l o r a u r i c  a c i d ,  i n  th e  p r e s e n c e  o f  0 .1  N h y d r o c h l o r i c  a c i d .  

W ith g r e a t e r  c o n c e n t r a t i o n  o f  th e  l a t t e r ,  th e  h i g h e r  complex 

AuClg i s  pooduced, w h i l s t  i n  d i l u t e  s o l u t i o n s  c o n t a in i n g  a a n a l l  

p r o p o r t i o n  o f  f r e e  c h l o r i d e  i o n s ,  h y d r o l y s i s  o c c u r s .

The io n  A u C l| p r e p o n d e r a te s  i n  s o l u t i o n s  o f  0 .0 2  M



p o ta s s iu m  c h l o r a u r a t e  c o n t a i n i n g  0#02 and  0*04 M p o ta s s iu m  

c h l o r i d e ;  no e v id e n c e  was o b t a i n e d ,  f o r  th e  e x i s t e n c e  o f  

h i ^ e r  com plexes i n  s o l u t i o n s  o f  t h i s  compound.

5 .  The s t a b i l i t y  c o n s t a n t  o f  th e  a u r i c h l o r i d e  i o n ,

K

was d e te rm in e d  from  E.M. F .  m e asu rem e n ts ,  from th e  r e s u l t s  

o f  w h ich  th e  c o n c e n t r a t i o n  o f  a u r i c  io n s  was c a l c u l a t e d ,  i n  

s o l u t i o n s  c o n t a in i n g  known c o n c e n t r a t i o n s  o f  b o th  th e  com plex 

compound and f r e e  c h l o r i d e  io n s  #

The mean v a lu e s  o b t a in e d  w ere 1 .8 3  x  10® and  2 .0 8 5  x  10®, 

from  m easurem en ts  o f  s o l u t i o n s  o f  C h lo r a u r i c  a c id  and P o ta s s iu m  

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

These v a l u e s ,  t o g e t h e r  w i th  th e  f i g u r e s  o b ta in e d  f o r  

th e  n o rm al p o t e n t i a l  A u)A iC l^ , shew t h a t  t h e  complex io n  

AuCl^ i s  somewhat l e s s  s t a b l e  i n  th e  p r e s e n c e  o f  h y d ro g e n  io n s  

th a n  i n  t h e  p r e s e n c e  o f  p o ta s s iu m  io n s  o f  e q u i v a l e n t  c o n c e n t r a t i o n .
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An I n v e s t i g a t i o n  o f  th e  N a tu re  o f  C e r t a in  

Complex Gold Compounds i n  Aqueous S o l u t i o n .

P a r t  I  -  I n t r o d u c t i o n .

A re v ie w  o f  th e  l i t e r a t u r e  r e l a t i n g  t o  g o ld  compounds 

shews t h a t  v e r y  few o f  th e  numerous complex d e r i v a t i v e s  o f  

t h i s  m e ta l  h ave  b een  s t u d i e d  i n  s o l u t i o n ,  by P h y s ic o -c h e m ic a l  

m ethods.. An i n v e s t i g a t i o n  o f  c e r t a i n  complex d e r i v a t i v e s  of 

A u r ic  c h l o r i d e ,  nam ely  C h l o r a u r i c  a c id  and i t s  P o ta s s iu m  s a l t ,  

h a s  t h e r e f o r e  b een  c a r r i e d  o u t ,  w i th  th e  o b j e c t  o f  a s c e r t a i n i n g  

th e  n a t u r e  o f  th e  complex io n s  p r e s e n t  i n  aqueous s o l u t i o n ,  

and th e  s t a b i l i t y  o f  t h e s e  io n s  i n  th e  p r e s e n c e  o f  a m easu red  

e x c e s s  o f  c h l o r i d e  i o n s .

Both th e  s t r u e t u r e  o f  com plex compounds i n  t h e  s o l i d  

s t a t e  and the s t a b i l i t y  o f  t h e i r  io n s  i n  s o l u t i o n ,  a r e  o f  

i n t e r e s t  i n  c o n n e c t io n  w ith  t h e o r i e s  o f  C o - o r d in a t io n  and 

Atomic s t r u c t u r e .  The r e l a t i v e  s t a b i l i t y  o f  complex i o n s ,  how

e v e r ,  i s  a l s o  o f  g r e a t  im p o r ta n c e  i n  a number o f  t e c h n i c a l  

p r o c e s s e s  f o r  t h e  p r e p a r a t i o n  o f  p u re  m e t a l s .  The s t a b i l i t y  o f  

a com plex io n  i s  g r e a t e r  th e  l e s s  i t  te n d s  to  decompose i n t o  

i t s  c o n s t i t u e n t s ,  and th e  l e s s  i t  t e n d s  t o  u n i t e  w i th  one co n 

s t i t u e n t  to  form h i g h e r  co m p lex es ,  and c e r t a i n  com plex s a l t s  
b ee n

h a v e /sh e w n  to  e x h i b i t  v e r y  g r e a t  s t a b i l i t y  i n  aqueous s o l u t i o n .

Such compounds behave  as s im p le  s a l t s ,  g iv in g  r i s e  o n ly  to  io n s
o f

o f  two k i n d s ,  th e  c o n c e n t r a t i o n / s i m p l e  io n s  fo rm ed  by
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d e c o m p o s i t io n  b e in g  v e r y  s m a l l  o r  n e g l i g i b l e »  The 

d i f f e r e n c e  betw een  d o u b le  and  com plex &e s a l t s  i s  how ever, 

o f  d e g re e  r a t h e r  th a n  k i n d ,  s i n c e  d o u b le  s a l t s  have b een  

shewn to  g iv e  r i s e  t o  a s m a l l  c o n c e n t r a t i o n  o f  com plex io n s  

i n  a l l  b u t  th e  m ost d i l u t e  s o l u t i o n s .  S i m i l a r l y ,  complex 

s a l t s  i n  s o l u t i o n  c o n t a in  a s m a l l  c o n c e n t r a t i o n  o f  a l l  th e  

c o n s t i t u e n t  s im p le  i o n s , th e  p r o p o r t i o n  o f  which i n c r e a s e s  

on d i l u t i o n .  I n t e r m e d i a t e  b e tw een  th e s e  two ty p e s  o f  s a l t s  

come s u c h  compounds as th e  f e r r i o x a l a t e s ,  w h ic h  in  s o l u t i o n ,  

g iv e  r i s e  to  f e r r i c ,  o x a l a t e  and f e r r i x a l a t e  io n s  i n  s u f f i 

c i e n t  c o n c e n t r a t i o n  t o  g iv e  p o s i t i v e  q u a l i t a t i v e  t e s t s .  A 

com plex s a l t  i s  t h e r e f o r e  corrmonly r e g a r d e d  as  a s a l t  w h ich  

i n  s o l u t i o n ,  d i s s o c i a t e s  to  g iv e  su c h  i n a p p r e c i a b l e  co n c en 

t r a t i o n  o f  s im p le  io n s  as c a n n o t  be d e t e c t e d  by  a q u a l i t a t i v e  

t e s t .

The n a t u r e  o f  complex io n s  i s  u s u a l l y  i n v e s t i g a t e d  by 

E le c t r o c h e m ic a l  m e th o d s ,  and th e  m ethod m ost g e n e r a l l y  a d o p te d  

i s  due to  B o d lâ n d e r  (Ded e k in d  F e s t s c h r i f t ,  B rau n sch w e ig .  161 .

1901) #10 f i r s t  s t u d i e d  th e  s ilv e r-am m o n iu m  c a t i o n  (B odlfinder 

and F i t t i g .  Z . P h y s ik .  Cbem. ^  597 . (1902) ) .  T h is  i n v e s t i 

g a t i o n  was c o n ce rn ed  w i th  th e  compounds form ed by u n io n  o f  

c e r t a i n  s i l v e r  s a l t s  w i th  ammonia, and th e  r e s u l t s  shewed t h a t  

th e  complex io n  i s  r e p r e s e n t e d  by th e  fo rm u la  (Ag(NHg)g. A 

s i m i l a r  c o n c lu s io n  was drawn by E u l e r  (H e r.  ^  1854 . 2878 (1 9 0 5 ) ,

who i n v e s t i g a t e d  t h e  n a t u r e  o f  th e  b a s e s  form ed by c o m b in a t io n
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o f  s i l v e r  o x id e  w i th  ammonia and  w i th  m e th y la m in e • The f o l lo w in g  

im p o r ta n t  i n v e s t i g a t i o n s  on complex s a l t s  may be e n u m e ra te d .

B o d lâ n d e r  and E b e r l e l n  (Z .anorg .C hem  M  197 (1904) 

exam ined th e  com plex s a l t s  p ro d u ced  by  d i s s o l v i n g  s i l v e r  i o d i d e ,  

c y a n id e  and th io c y a n a te  i n  s o l u t i o n s  o f  th e  c o r r e s p o n d in g  p o t 

ass iu m  s a l t ,  and shewed t h a t  a l l  t h r e e  compounds g iv e  r i s e  t o  a 

s e r i e s  o f  complex i o n s .  % u s , i n  th e  case  o f  P o ta s s iu m  s i l v e r  i o d i d e ,  

th e  r e s u l t s  o b ta in e d  l e a d  to  th e  c o n c lu s io n  t h a t  m o le c u le s  KgAgg];^

K4A ggl6 ; K ^âggly  e x i s t  t o g e t h e r  i n  e q u i l i b r i u m ,  th e  h i ^ e r  

compounds p r e o p o n d e r a t in g  in  s o l u t i o n s  o f  h ig ji P o ta s s  turn i o d id e  co n 

t e n t .  I n  a d d i t i o n  t o  th e se ^  the  p re s e n c e  o f  Kg;ig I 4 was d e t e c t e d  i n  

c o n c e n t r a t e d  s o l u t i o n s *  In  s o l u t i o n s  o f  th e  complex c y a n id e  i n  which 

th e  c o n c e n t r a t i o n  o f  f r e e  a n io n  i s  l e s s  th a n  0*06 N , th e  com plex 

io n  i s  r e p r e s e n t e d  b y  th e  fo rm u la  Ag(CN)^; w i th  h i ^ e r  c o n c e n t r a t i o n  

o f  c y a n id e  io n s  h o w ev e r ,  th e  complex Ag(CK)§ i s  p ro d u c e d ,  th e  s t a b i 

l i t y  c o n s t a n t s  o f  th e  two io n s ,  b e i n g  o f  th e  ssme o r d e r  o f  m a g n i tu d e .  

S i m i l a r  r e s u l t s  were o b ta in e d  f o r  th e  com plex t h i o c y a n a t e .

Of the  c u p ro u s  s a l t s  which have  b een  i n v e s t i g a t e d ,  th e  

m ost i n t e r e s t i n g  a r e  P o ta s s iu m  c u p ro c y a n id e  ( R u n s c h e r t .Z .a n o r t .C h e m .  

4 1 . 1 .  5 5 9 . (1904) ) and  th e  c o r r e s p o n d in g  c u p r o - c h l o r i d e  an d -b ro m id e  

Bodlaflder and 8 1o rb e c k (Z . a n o rg . ghem. 31 4 5 8 . (1 9 0 2 ) .The r e s u l t s  i n d i 

c a t e  t h a t  a n io n s  o f  th e  ty p e  CuX^ and  CUXg e x i s t  i n  su ch  s o l u t i o n s ;  

i n  th e  case o f  th e  c u p ro c y a n id e ,  th e  l i m i t i n g  c o n c e n t r a t i o n  o f  f r e e
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c y a n id e  io n a  c o r r e s p o n d in g  to  th e  com plex C u(C S)’ i s  u n d e f in e d ,A
w h i l s t  i n  th e  c a s e  o f  p o ta s s iu m  c u p r o c h l o r id e  th e  compound. 

KTGuClg p re d o m in a te s  i n  s o l u t i o n s  i n  w h id i  t h e  KG 1 - c o n c e n t r â t  io n  

i s  b e tw e en  0 .1  and  0#22 K, KgCuCIg e x i s t i n g  i n  s o l u t i o n s  o f  

h i ^ e r  c h l o r i d e  c o n t e n t .

In  c o n t r a s t  t o  th e  b e h a v io u r  o f  th e s e  s i l v e r  and  cuprous  

compounds, p o ta s s iu m  a u ro c y a n id e  (B o d lâ n d e r ,  B e r .  36 39 3 3 .

(1903) and  p o ta s s iu m  a u r o t h i o c y a n a t e  (B je rrum  and K i r s c h n e r

D .K g l.  V id e n s k a b e rn e s  S e la k a b  8 v .  1 .  (1918) ) e x h i b i t  no 

m e a s u ra b le  te n d e n c y  to  u n i t e  w i th  e x c e s s  c y a n id e  and th io c y a n a te  

io n s  r e s p e c t i v e l y .  In  a l l  th e  s o l u t i o n s  # i i c h  h av e  b e e n  i n v e s t 

i g a t e d ,  io n s  o f  th e  ty p e  AuX^ a lo n e  have  b ee n  d e t e c t e d ,  even 

i n  th e  p r e s e n c e  o f  a  l a r g e  e x c e ss  o f  th e  a l k a l i  s a l t .  E x am in a tio n  

o f  s o l u t i o n s  o f  P o ta s s iu m  a u r i t h i o c y a n a t e  (B je rrum  and K i r s c h n e r -  

l o c . c i t . )  h a s  i n d i c a t e d  t h a t  th e  complex io n  e x i s t s  m a in ly  a s  

th e  t e t r a t h i o c y a n a t e  Au(SCN)^. i h e  o r d i n a r y  method o f  i n v e s t 

i g a t i o n ,  h o w ev e r, was found  t o  be i n a p p l i c a b l e  i n  th e  c a s e  o f  

t h i s  compound, and a  m ethod i n v o lv i n g  th e  m easurem ent o f  

o x i d a t i o n  p o t e n t i a l s ,  was em ployed . S p e c t r o p h o to m e t r ie  exam

i n a t i o n  o f  c e r t a i n  s o l u t i o n s  gave an  i n d i c a t i o n  o f  th e  e x i s t é  

ence o f  h i g h e r  com plexes •

An i n v e s t i g a t i o n  o f  th e  com plex t h i o s u l p h a t e s  o f  cadmium, 

l e a d ,  t h a l l i u m ,  n i c k e l ,  i r o n  and z i n c ,  w i t h  sodium  t h i o s u l p h a t e ,  

( E u l e r ,  B e r .  37 . 1704 . (1904) ) shewed t h a t  t h e s e  compounds a r e
ssss?

o f  a  v e ry  u n s t a b l e  o r d e r .  T h is  s m a l l  te n d e n c y  to  com plex
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form ation  I s  e a p a e ia î ly  e v id e n t  in  th e  z i n c ,  n ic k e l  and 

fe r r o u s  compounds.

, . /® ong o t t e r  * ln c  compound», th e  fo l lo w in g  a re  o f

i n t e r e s t : -  Sodium a in e& te , haS^nOg, and ammonium z in c  

o x a la te  (K unachert. %. anorg* C he». J l .  58741904) ■). The 

form er io n is e #  to  g iv e  o n ly , one - type o f  oen p lex  io n ,  MZnO ,̂ 

th e  s t a b i l i t y  o f  eh la  com p arative ly  le w , The l a t t e r ,  

how ever, d ia s o c ia t e a  w ith  the form ation  o f th e  iona Zn(CgO^)g

and Zh(CgO^)g o f  «hi<fc the low er complex ia  p r e sen t in  

s o lu t io n s  o f  f r e e  o x a la te  c o n ea n tra tio n  le a s  than 0 .1  K, and 

th e h ig h e r  io n  in  e e lu t io n a  o f  g r e a te r  o x a la te  e o n o e n tr a t io n .

P otassium  a e r e u r ic y a n id e  (S o d ld n d er , B e r , 56 5 9 5 5 ,

(1 9 0 5 ) ,  Vbegg and S h e r r i l l ,  2 ,£ le k tr o c ite m , £  549» Z .i i iy a lk ,  

C he», ^  7 0 5 , (1903) } ia  an ex trem ely  s t a b le  s a l t ,  d ia a o -  

o la  t in g  In  s o lu t io n  t o  f o m  2S* and H g(C £)| lo n e , Abegg and 

f h e r r i l l ,  h ow ever, have dem onstrated  th e  e x la t e n c e  o f  the io a  

Kg(CP)^ in  s o lu t io n s  sa tu r a te d  w ith  n e r o u r io  c y a n id e . The 

v a lu e s  o f  th e  s t a b i l i t y  c o n s ta n ts  o f  th e  H g(CP)| lm>, a s  

c a lc u la te d  by th e se  in v e s t ig a t o r s  and by B odlânder, are  in  

very  c lo s e  agreem en t.

The r e s u l t s  o f  th e s e  i n v e s t i gatiem s shew th a t  com plex  

coppouhds f a l l  i n t o  two groups*»

1 . Those which a re  s t a b le  in  th e  p resen ce  o f  an e x c e s s  

o f  th e  f r e e  an ion  c o n ta in e d  in  ttie  cM ip lex ,

2 .  Those which u n ite  w ith  e x c ess  o f  th e  f r e e  an ion  to
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form a  s e r i e s  o f  complex io n s*

The f i r s t  g ro u p  i s  e x a m p li f ie U  by P o ta s s iu m  a u r o c y a n id e ,  

p o ta s s iu m  a u r o t h i o c y a n a t e ,  sodium  a i n c a t e  and p o ta s s iu m  m e r-  

c t i r l c y a n i d e ;  Most o t h e r  ccaip lex  compounds b e lo n g  to  th e  se co n d  

c l a s s .

MettiOd o f  I n v i^ s t ig e t io n *

The f o r a u l a  an d  s t a b i l i t y  c o n s t a n t s  o f  complex io n s  

i n  aqueous s o l u t i o n ,  may b o th  be o b ta in e d  from  th e  r e s u l t  o f  

E le c t r o m o t iv e  F o rc e  meuiisuremsnts. The a p p l i c a t i o n  o f  

B o d lâ n d e r ’ a mdliod. i s  b e s t  d e s c r i b e d  by moanm o f  an exam ple* 

S u p p o s in g  th e  a u ro c y a n id e  io n  t o  h av e  th e  fo rm u la

th e  v a lu e s  o f  m and  n / ^  may be d e te rm in e d  by  m eas-
.

u rem en t o f  two ty p es  o f  c o n c e n t r a t i o n  c e l l .  I n  b o t h  o f  which 

g o ld  e l e c t r o d e s  a r e  u s e d .  The v a lu e  o f  m i s  o b ta in e d  from  th e  

E .M .F . o f  a  c e l l ,  b o th  h a lv e s  o f  w hich  c o n t a i n  th e  same known 

e x c e s s  o f  p o ta n s lu m  c y a n id e ,  b u t  d i f f e r e n t  c o n c e n t r a t i o n s  of 

th e  com plax g o ld  compomid* ^ a lu e s  o f  on th e  o t h e r  h a n d ,  

a r e  d e te rm in e d  from  th e  E .M .F . o f  c e l l s  i n  Wklch the  concen

t r a t i o n  o f  complex s a l t  i n  e a c h  h a l f  c e l l  i s  th e  s a b » ,  w h ile

th e  airount o f  f r e e  p o ta s s iu m  c y a n id e  i s  v a r i e d .

The two ty p e s  o f  o o l l  may be r e p r e s e n t e d  a s  fo l l o w s t -

Au I Complex KCNI ' IkcH Complex I âu
‘ X c M  o  j

1.

2 .  Au I C w p le x  KCN|' |RCN Complex l^u
0% X  ̂ ) y

S in c e  a l l  com plex io n s  u n d e rg o  some m easure  o f  docom-
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p o s i t i o n  i n t o  t h e i r  s im p le  c o n s t i t u e n t s ,  t h e  f o l lo w in g  

e q u i l i b r i a  e x i s t  i n  e a c h  h a l f  c e l l  -

(A u^(G IT )^ )^m (A u^^n  (CM*)^ on th e  l e f t  h an d  s i d e ,

. (AUj„(CK)n)g‘'m(Au*)g+n (CN»)g " " r i g h t  " "

i n ’* ^ k  [au^  ( C N ) J ^

s i m i l a r l y  '|At̂  [c i^  ■ ^ , ^Au^(CN

T hus, e l i m i n a t i n g  k by d i v i s i o n ,

[ A m lC lD jg  H I  M 'J  2

■»• M l  .  h']ê ...................................... I D

M ë  ’ [ ' ” ]  ;
The Ë .M .F . o f  a c o n c e n t r a t i o n  c e l l ,  ( n e g l e c t i n g  l i q u i d  

c o n t a c t  p o t e n t i a l s )  c o n s t r u c t e d  w i th  g o ld  e l e c t r o d e s  i n  s o l 

u t i o n s  o f  a u ro u s  i o n s ,  l a  g iv e n  b y ,

^  In  th e  e l e c t r o d e  (1) b e in g  th e  p o s i t i v e  p o l e .

S u b s t i t u t i n g  from  e q u a t io n  (1 )

P [a^  CHn] 2 [cH'jl
F or a c e l l  o f  t h e  f i r s t  ty p e  i n  w hich  the  c o n c e n t r a t i o nW 'L G » ]g ,

E .  RT In jfkUffl (.CM̂ ] 1 
P lL % ( C % ] g  

T hus, m r  R T t % ] i
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In  th e  se c o n d  ty p e  o f  c e l l ,  t h e  c o n c e n t r a t i o n  o f

complex i s  the  same i n  each  h a l f  c e l l ,  and

E -  RÏ In  [cN’J s
P ipFYY

o r ,  n/m  -  ...
KT l n  [C%^

T h u s , hy  c a l c u l a t i o n  o f  th e  v a lu e s  o f  th e  m and  n /m , 

th e  fo rm u la  o f  the  complex io n  i s  o b t a i n e d .

The a p p l i c a t i o n  o f  th e s e  e q u a t io n s  in v o lv e s  th e  

a s su m p tio n s  t h a t  th e  complex compound i s  (a )  c o m p le te ly  

i o n i s e d ,  and (b) n o t  a p p r e c i a b l y  h y d r o ly s e d ,  i n  th e  so  I t  io n a  

i n v e s t i g a t e d .  The d e g re e  o f  d i s s o c i a t i o n  o f  th e  s a l t  c a n n o t  

be m easu red , s i n c e  d i l u t i o n  o f  s o l u t i o n s  o f  complex compounds 

c a u se s  p r o g r e s s i v e  d e c o m p o s i t io n  o f  th e  com plex io n :  th e  v a lu e  

o f  th e  c o n d u c t i v i t y  a t  i n f i n i t e  d i l u t i o n  t h e r e f o r e  h a s  no 

d e f i n i t e  m ean in g , an d  th e  s a l t  m ust be assum ed to  be c o m p le te ly  

i o n i s e d .  T h is  a s s u m p tio n  can  o n ly  r e a s o n a b ly  be j u s t i f i e d  i n  

m o d e ra te ly  d i l u t e  s o l u t i o n s ,  # a ic h  do n o t  c o n t a i n  a l a r g e  ex c e ss  

o f  any compound p r o d u c in g  a common i o n .  By s im p le  h y d r o l y s i s  o f  

a complex compound, i s  u n d e r s to o d  th e  d e c o m p o s i t io n  o f  th e  com

pound i n t o  i t s  c o n s t i t u e n t  s im p le  i o n s ,  i n  s o l u t i o n :  t h i s  o c c u rs  

t o  some s m a l l  e x t e n t  w i th  a l l  com plexes. Many s a l t s  h o w ev e r , 

a r e  composed o f  an  i n s o l u b l e  and a  s o lu b l e  c o n s t i t u e n t ,  and 

t h e r e f o r e  such  h y d r o l y s i s  as o c c u rs  i s  n e g l i g i b l e ,  s i n c e  any 

a p p r e c i a b l e  d e c o m p o s i t io n  would c a u se  p r e c i p i t a t i o n  o f  th e  i n 

s o l u b l e  c o n s t i t u e n t .  T h u s , th e  a s su m p tio n  t h a t  no im p o r ta n t



(9 )

h y d r o l y s i s  o c c u r s ,  i s  j u s t i f i e d  in  th e  c a se  o f  compounds mad# 

u p  o f  one i n s o l u b l e  com ponent, b u t  c a n n o t  be j u s t i f i e d  # ie n  

a p p l i e d  to  com plexes form ed by u n io n  o f two s o l u b l e  compounds. 

The d e g re e  o f  s u c h  h y d r o l y s i s  as may o c c u r ,  i f  o f  th e  s im ple  

ty p e  d e s c r i b e d  a b o v e , may be  o b ta in e d  by m easurem ent o f  th e  

c o n c e n t r a t i o n  o f  th e  f r e e  i o n ,  m e t a l l i c  o r  n o n m e t a l l i c ,  l i b 

e r a t e d  by d e c o m p o s i t io n  o f  th e  com plex i o n .  T h is  c o n c e n t r a t i o n  

may be  c a l c u l a t e d  from the  r e s u l t s  o f  E le c t r o m o t iv e  F o rc e  

m easurem ents  «

The work o f  K o h lra u sc h  on C o n d u c t iv i ty  (Z .Physik .G hem #

33 2 8 7 . (1 9 0 0 ^ o f  H i t t o r f  and Salkow sky (Z .P h y s ik .C h e m ,28

546 (1899) ) on T ra n s p o r t  num bers , has  i n d i c a t e d  t h a t  a n o th e r

ty p e  o f  h y d r o l y s i s  o c c u rs  i n  s o l u t i o n s  o f  c e r t a i n  complex

compounds o f  t h i s  k in d .  Thus s o l u t i o n s  o f  C h l o r a u r i c  a c i d

u n d e rg o  h y d r o l y s i s  w i th  th e  p r o d u c t io n  o f  a h y d ro x y  com plex ,

a c c o r d in g  t o  t h e  e q u a t i o n .

Au HgO ^  HUOI^ 0H^4- Cl*
S i m i l a r l y  t h e r e  i s  e v id e n c e  t h a t  d i l u t e  s o l u t i o n s  o f

C h l o r o p l a t i n i c  a c i d  a re  h y d r o ly s e d  u n d e r  th e  i n f l u e n c e  o f

l i ^ t .
The d e g re e  o f  h y d r o l y s i s  o f  C h l o r a u r i c  a c id  i n  0 .1  M 

s o l u t i o n ,  was c a l c u l a t e d  by B je rrum  and K i r s c h n e r  l o c . c l t ) .  

T h e i r  method c o n s i s t e d  i n  m e a su r in g  th e  p o t e n t i a l  o f  a g o ld  

e l e c t r o d e  i n  th e  s o l u t i o n ,  and th e  amount h y d r o ly s e d ,  x ,  

was c a l c u l a t e d  from  th e  e q u a t io n .
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E -çP  RT In  where [auC 14] = 0 .1  (1 -x )
3 F  i r r n y ^  [ c i * ]  o . i  %

^E s  n o rm a l p o t e n t i a l  Au | AUCI4

The v a lu e  o f  ^E was c a l c u l a t e d  from  th e  above e q u a t io n

u s in g  v a lu e s  o f  E f o r  s o l u t i o n s  c o n t a in i n g  a known c o n c e n t r a t i o n  

o f  C h l o r a u r i c  a c i d  i n  th e  p re s e n c e  of a known ex c ess  o f  h y d r o 

c h l o r i c  a c i d .

From th e  v a lu e  o f  x so  o b t a i n e d ,  the  h y d r o l y s i s  c o n s t a n t  

was c a l c u l a t e d ,  and  the  p e r c e n ta g e  h y d r o ly s i s  o f .1 M and

0 .0 1  M s o l u t i o n s .  The f o l lo w in g  r e s u l t s  were o b t a in e d ,

1 M s o l u t i o n  0 .7 4 ^  0 .1  M G .9^ 0 .0 1  M 46^

D e te rm in a t io n  o f  S t a b i l i t y  C o n s t a n t s .

The s t a b i l i t y  c o n s t a n t  o f  a complac io n  i s  g iv e n  by th e  

n th  r o o t  o f  th e  Mass A c t io n  C o n s ta n t  f o r  f o rm a t io n  o f  th e

complex from  i t s  c o n s t i t u e n t  s im p le  i o n s ,  ^Ahere n ia  th e

v a le n c y  o f  th e  m e ta l  c o n c e rn e d .

Thus th e  s t a b i l i t y  C o n s ta n t  f o r  t h e  a u ro c y a n id e  i o n ,

Au(CN)^ i s  K =[a u (CH)2J
[Au ’][;N'J2

and f o r  t h e  Hg(CR)^ i o n ,  K r|[Hg(CN)^] s i n c e  two atom s of

J iH g jb ’l  ■
u n i v a l e n t  g o ld  a re  r e q u i r e d  to  r e p l a c e  one atom o f  b i v a l e n t  

me r c u r y •

The v a lu e  o f  K may be d e te rm in e d  by m easurem ent o f  th e  

c o n c e n t r a t i o n  o f  f r e e  m e t a l l i c  io n s  i n  a s o l u t i o n  c o n t a i n i n - g  a 

known c o n c e n t r a t i o n  o f  th e  complex compound i n  th e  p re s e n c e  o f
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a kXKWRi Bxe«ae o f  ono o f  I t#  mlmplo o o n s t ltu B n ts , îtoua th e  

s t a b i l i t y  COB#ta n t  foe  fch* Ion  A g ( c ^ ’ ) g  s a j  8 «  dotepm lnod  

by is8S«*aring the p o t e n t ia l  o f  a l l v e r  In  a a o lu tlo r . o f  known 

A g (c i)^  and o y a s lû e » c o n e « n t ï* s t i« t , and o a lo o la t ln g  th a  c o n -  

o e n t fa t lo n  o f  f r e e  a ilw o r  l o w  by ««ana o f  ssaruat'a o q o a t lo n .  

%i« a a lo e  o f  tho e l* e tr (x » o tlv o  fo r ç a  may a ls o  b# uasd f o r  th e  

e a lc a la t l< m  o f  the normal p o t e n t ia l  Ag| .g{cS)|)t Where

 ̂ *o* iS . live T a lw s  o f  aach normal w t o n t i a l s
F p h ' j f

g ir a  an I n d le e t lo n  o f  th e  r e l a t i v e  a t a b l l l t y  o f  two com plex 

io n a  e o n ta ln ln g  t t e  a sm  m etal W t d ifferen t n e g a t iv e  r a d ic l e s .  

The r a t io  o f  th ee  111 ty  eons ta n  ta  o f  th e  aurocy.-m lde end 

a n r o tfa lo c y a w te  l o s e ,  was e e le o la t e d  by Bjerrasi and K lreohnar  

( l o o . o l t ) .

K ,  R ‘ «blZiÿ
o? ^  a '  * e HT In  K* shore r -  •  nonsel p o te n tia l

°  - p -  r  " AulAU (SCS)g
•  0.689 v o l t e .

0%' ■ normal p o t e n t ia l
AnIAn (OS •

I n  K 2 .  *  QÎ’ » q K »  .  ) . 6 1 1  V O Î  ( s %

r. FT

K» X 10 X 10^ * ^I  m IQ

l . e *  th« # t A b i l i t y  ooxs«t«sdt of th e  aurocyanidi ion 1# 

lQ2c aê t im e#  th i^ t o f  th e  au ro th io e y & rm te  I o n .

• t& b lll ty  oonfl ttm t of the muroeymnld# ion 1# mbtod
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29"by B o d lân d e r  ( l o c . c i t )  t o  be  i n  e x c e s s  o f  2 .5  x  10 , and

t h i s  is th e  h i p e s t  v a l u e  found  f o r  any complex io n  so  f a r  

i n v e s t i g a t e d #  The u n c e r t a i n t y  i n  t h e  v a lu e  i s  due to  a l a c k  

o f  a n  a c c u r a t e  know ledge o f  th e  n o rm al p o t e n t i a l  AulAu* . V alues 

o f  K h av e  b e e n  d e te rm in e d  f o r  a number o f  o t h e r  complex i o n s ,  

and t h e  f i g u r e s  c a l c u l a t e d  v a r y  w i th in  v e ry  wide l i m i t s ,  from  

th e  v a lu e  q u o te d  above f o r  th e  a u ro c y a n id e  i o n ,  t o  1 .9  x  10 

f o r  th e  com plex ZnCCgO^)^”

The p r e s e n t  i n v e s t i g a t i o n  o f  C h l o r a u r i c a  c id  and 

P o ta s s iu m  c h l o r a u r a t e  was t h e r e f o r e  c a r r i e d  o u t ,  to  d e t e r m in e  

such  p r o p o e r t i e s  o f  th e  a u fe lc h lo r id e  io n  a s  have  been  d i s c u s s e d  

in  r e l a t i o n  to  o t h e r  complex i o n s ,  and to  compare th e  r e s u l t s  

o b ta in e d  w i th  th o se  fo u n d  from  i n v e s t i g a t i o n  o f  s i m i l a r  compounds*
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P a r t  I I  -  E x p e r im e n ta l

P r e p a r a t i o n  o f  C h l o r a u r i c  A c id .

The C h l o r a u r i c  a c i d  r e q u i r e d  i n  th e  i n v e s t i g a t i o n ,  

was p r e p a r e d  by  d i s s o l v i n g  p u re  g o ld  i n  a m ix tu re  c o n t a i n i n g  

two p a r t s  by  vo lum e, o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c id  and  

one p a r t  o f  c o n c e n t r a t e d  n i t r i c  a c id *  The e x c e s s  n i t r i c  

a c i d  r e m a in in g  a f t e r  co m p le te  s o l u t i o n  o f  th e  m e ta l ,  was e x 

p e l l e d ,  as f a r  as  p o s s i b l e ,  by b o i l i n g ,  a f t e r  which th e  

l i q u i d  wax f i l t e r e d ,  t  r e a t e d  w i th  d i l u t e  h y d r o c h l o r i c  a c i d  

and w a te r ,  an d  e v a p o r a te d  to  c r y s t a l l i s a t i o n *  The y e l lo w  

n e e d le s  s o  o b ta in e d  e x h i b i t  d e l i q u e s c e n t  p r o p e r t i e s  and s o l 

u t i o n s  o f  d e f i n i t e  known c o n c e n t r a t i o n  c a n n o t  be p r e p a r e d  

by d i r e c t  w e igh ing*  _ S o l i t io n s  o f  a p p r o x im a te ly  th e  r e q u i r e d ,  

s t r e n g t h  w ere t h e r e f o r e  p r e p a r e d ,  and  a n a ly s e d  g r a v i m e t r i c a l l y  

by r e d u c t i o n  to  m e t a l l i c  go ld*

P r e p a r a t i o n  o f  P o ta s s iu m  C h l o r a u r a t e .

P o ta s s iu m  c h l o r a u r a t e  was p r e p a r e d  by d i s s o l v i n g  a 

known w e ig h t  o f  p u re  g o ld  i n  aqua r e g i a ,  and a f t e r  rem o v a l 

o f  th e  e x c e s s  n i t r i c  a c i d  by  b o i l i n g ,  e v a p o r a t in g  th e  s o l u t i o n  

i n  t h e  p r e s e n c e  o f  th e  t h e o r e t i c a l ' q u a n t i t y  o f  p o ta s s iu m  

c h l o r i d e .  The c r y s t a l s  w ere  f i n a l l y  p la c e d  i n  a vacuum d e ^ -  

sijfecator o v e r  q u ic k l im e ,  to  remove p o s s i b l e  t r a c e s  o f  h y d ro 

c h l o r i c  a c id *

As i n  t h e  c a s e  o f  C h l o r a u r i c  a c i d  s o ld i o n s  o f  a p p r o x i -
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x aa te ly  th e  r e q u i r e d  s t r e n g t h  were p r e p a r e d ,  and a n a ly s e d  

by  Die same method*

Method o f  A n a ly s is*

The g o ld  s o l u t i o n s  w ere a n a ly s e d  by r e d u c t i o n  w i th  

o x a l i c  a c id *  P r e c i p i t a t i o n  o f  the m e ta l  p ro c e e d s  e x t r e m e ly  

s lo w ly  i n  th e  c o l d ,  b u t  much more r a p i d l y  # ie n  th e  s o l u t i o n s  

a r e  h e a t e d .  In  th e  e a r l y  s t a g e s  o f  th e  i n v e s t i g a t i o n ,  co n 

s i d e r a b l e  d i f f i c u l t y  was e x p e r i e n c e d  owing to  th e  f r e q u e n t  

p r o d u c t io n  o f  c o m p a r a t iv e ly  s t a b l e  c o l l o i d a l  s o l u t i o n s  ; 

t h i s  t e n d e n c y ,  h o w ev e r, was l a t e r  much r e d u c e d  by h e a t i n g  th e  

s o l u t i o n  o f  th e  g o ld  compound n e a r l y  to  b o i l i n g ,  w i th  o x a l i c  

a o i d ,  and s lo w ly  a d d in g  sodium  h y d r o x id e .  In  th e s e  c i rc u m -  

8 t a n c e s ,  i t  was fo u n d  t h a t  th e  g o ld  was im m e d ia te ly  p r e c i 

p i t a t e d  i n  s m a l l  j i t t e r i n g  p a r t i c l e s ,  w h ich  c o a le s c e d  on 

b o i l i n g .  The s o l u t i o n s ,  when c o m p le te ly  d e c o l o u r i s e d ,  were 

f i l t e r e d ,  and  th e  p r e c i p i t a t e s  washed f r e e  from s o lu b l e  

o x a l a t e s  and c h l o r i d e s ,  d r i e d  and i g n i t e d  i n  th e  u s u a l  manner*

E le c t r o m o t iv e  F o rc e  M eaaurem enta .

The E le c t r o m o t iv e  F o rce  m easurem ents  were p e rfo rm e d  

by t h e  C om pensa tion  m e th o d , u s i n g  a d i r e c t  r e a d in g  s l l d e - w i r e  

P o t e n t i o m e t e r ,  r e a d i n g  to  0 .1  m i l l i v o l t *  A s e n s i t i v e  moving 

c o i l  g a lv a n o m e te r  was u s e d  a s  z e ro  i n s t r u m e n t ,  th e  s p o t  o f  

l i g h t  from  th e  i l l u m i n a t e d  m ir r  or b e in g  p r o j e c t e d  on to  a 

s c a l e  p la c e d  a t  a  d i s t a n c e  o f  1 m e tre  from th e  g a lv a n o m e te r .

A W eston n o rm a l  e le m e n t was em ployed as  s t a n d a r d  c e l l *  A l l
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th e  P o t e n t i a l  m easurem en ts  w ere c o n d u c te d  a t  26®C. H a lf  

c e l l s  o f  t h e  u s u a l  t y p e ,  b u t  o f  r e d u c e d  d im e n s io n s ,  w e re  

u s e d ,  a n d  g i l d e d  p la t in u m  lo o p s  were em ployed as  e l e c t r o d e s . 

Tho p la t in u m  w i r e s  w ere g i l d e d  by  c a th o d ic  d e p o s i t i o n  from  

a  d i l u t e  s o l u t i o n  o f  p o ta s s iu m  a u r i c y a n i d e ,  u s in g  s m a l l  

c u r r e n t s .

I*  I n v e s t i g a t i o n  o f  t h e  N a tu re  o f  th e  A u r i c h l o r i d e  

Io n  i n  S o lu t io n s  o f  C h l o r a u r i c  A c id .

( a )  D e te rm in a t io n  o f  th e  Normal P o t e n t i a l  Au(AuCl^

The v a lu e  o f  th e  n o rm a l p o t e n t i a l  Au|AuCl^ was 

d e te rm in e d  by  m e a su r in g  th e  p o t e n t i a l  o f  g o ld  e l e c t r o d e s  i n  

s o l u t i o n s  c o n t a i n i n g  a  known c o n c e n t r a t i o n  o f  C h l o r a u r i c  

a c i d  i n  th e  p r e s e n c e  o f  a  known e x c e s s  o f  h y d r o c h l o r i c  a c i d .  

A d e e in o rm a l  c c a lo m e l  e l e c t r o d e  was u s e d  a» s t a n d a r d  h a l f 

c e l l ,  an d  s a t u r a t e d  p o ta s s iu m  d i l o r i d e  i n  t h e  m id d le  v e s s e l .

The v a lu e s  o f  th e  n o rm a l p o t e n t i a l  were c a l 

c u l a t e d  from  th e  e q u a t io n  -

~ o ^ -K  ^  , th e  a p p l i c a t i o n  o f  t h i s

3P [ C I 'F
f o r a u l a  in v o lv i n g  th e  a s s u m p tio n  t h a t  th e  p o t e n t i a l  i s  a  

m easure  o f  the r e a c t i o n  AuGlJ 5 f  a Au"V4GI* * The r e s u l t s  

o f  t h e  m easu rem en ts  o f  e l e v e n  d i f f e r e n t  s o l u t i o n s ,  shew t h a t  

t h i s  e q u a t io n  r e p r e s e n t s  t h e  r e a c t i o n ,  t h o u ^  th e  v a lu e s  o f
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shew s l i g h t  d e v i a t i o n s  from  on© a n o t h e r .  The g r e a t e s t  

d i f f e r e n c e  i n  t h e  v a l u e s  am ounts to  15 m i l l i v o l t s .

A s e r i e s  o f  s i m i l a r  m easu rem en ts  o f  t h i s  a c i d ,  was 

p e r fo rm e d  by B je r ru m  and K i r s c h n e r  ( l o c . c l t )  w i th  t h e  o b j e c t

o f  d e t e r m in in g  t h e  r e l a t i v e  s t a b i l i t i e s  o f  th e  a u r i c h l o r i d e ,
!

a n d  a u r i t h i o c y a n a t e  i o n s .  The m easurem en ts  w ere  c o n d u c te d  

a t  1 7 ^ 0 . ,  u s in g  a d e e in o rm a l  c a lo m e l  e l e c t r o d e  as  s t a n d a r d  

h a l f  c e l l ,  and s a t u r a t e d  p o ta s s iu m  c h l o r i d e  i n  th e  m id d le  

v e s s e l .  The s o l u t i o n s  exam ined  c o n s i s t e d  o f  0 .1  M H AuCl^ 

i n  t h e  p r e s e n c e  o f  v a r y i n g  c o n c e n t r a t i o n s  o f  f r e e  h y d r o 

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

o b t a i n i n g  c o n s t a n t  v a l u e s  o f  th e  e l e c t r o m o t i v e  f o r c e ,  and  

a t t r i b u t e d  t h e  v a r i a t i o n  t o  a  p o s s i b l e  e q u i l i b r i u m  b e tw e en  

a u ro u s  and  a u r i c  i o n s .  The maximum d i f f e r e n c e  b e tw e en  t h e i r  

v a lu e s  am ounted t o  23  m i l l i v o l t s .

I n  th o  p r e s e n t  i n v e s t i g a t i o n ,  h o w e v e r ,  h o  d i f f i c u l t y  

was e x p e r i e n c e d  e x c e p t  when d e a l i n g  witJri s o l u t i o n s  o f  co n 

c e n t r a t i o n  0 .0 2  M H AuCl^^ and more d i l u t e .  These s o l u t i o n s  

w ere fo u n d  to  be c h e m ic a l ly  uns t a b l e , and shewed a te n d e n c y  

to  d e p o s i t  g o ld  on th e  w a l l s  o f  th e  e l e c t r o d e  v e s se l .  I n  th e  

c a s e  o f  s o l u t i o n s  o f  c o n c e n t r a t i o n  0 .0 1  M H AUCI4 c o n t a i n i n g  

a s m a l l  e x c e s s  o f  f r e e  h y d r o c h l o r i c  a c i d ,  d e c o m p o s i t io n  p r o 

c e e d e d  so  r a p i d l y  a s  to  p e r m i t  o f  o n ly  one r e l i a b l e  m e a s u re 

m e n t .

L iq u id  C o n ta c t  P o t e n t i a l s .

The l i q u i d  c o n ta n o t  p o t e n t i a l  a t  th e  J u n c t i o n  C alom el



( 17)

e l e c t r o d e  j s a t .  KOI w a s ,  b e in g  v e r y  s m a l l ,  ^ n e g le c te d  i n  th e  

c a l c u l a t i o n s .
•i - y  'f • .

The v a l u e s  o f  t h e  p o t e n t i a l  a t  th e  b o u n d a ry  

H AuGl^  ̂ HClj s a t .  K Cl, a r e  unknown. A lth o u g h  a c o n s i d e r a b l e  

am ount o f  w ork h a s  b e e n  done, w i th  th e  o b j e c t  o f  m e a s u r in g  

th e  p o t e n t i a l  a t  th e  j u n c t i o n  o f  s a t u r a t e d  s o l u t i o n s  o f  p o t 

a s s iu m  c h l o r i d e  and s o l u t i o n s  o f  h y d r o c h l o r i ç à c i d  o f  v a r i o u s  

• c o n c e n t r a t i o n s ,  t h e  v a lu e s  o b t a i n e d  by d i f f e r e n t  i n v e s t i g a t o r s  

do n o t  l e a d  t o  th e  same c o n c l u s i o n .  The r e s u l t s  o f  su c h  i n 

v e s t i g a t i o n s  b e f o r e  1923 , a r e  d i s c u s s e d  by G. S c a t c h a r d  

( J . A m er.Ghem. S o c .  ^  1716 . (1923) ) ,  who c o n c lu d e s  t h a t  t h e

l i q u i d  p o t e n t i a l  b e tw een  s a t u r a t e d  p o ta s s iu m  c h l o r i d e  and 

s o l u t i o n s  o f  h y d r o c h l o r i c  a c id  more d i l u t e  t h a n  0 .1  N, i s  n o t  

more th a n  one m i l l i v o l t ,  b u t  t h a t  th e  v a lu e  I n c r e a s e s  r a p i d l y  

w ith  c o n c e n t r a t i o n  o f  h y d r o c h l o r i c  a c i d .

P a le s  and  Vos b u r  ̂  ( J .  Amer .Chem. S o c . ^  1 2 9 1 .(1 9 1 8 )  )

c o n c lu d e d ,  from  t h e  r e s u l t s  o f  t h e i r  own e x p e r im e n t s ,  t h a t  

P la n e k * s  fo rm u la  i s  i n a p p l i c a b l e  to  t h i s  p a i r  o f  s o l u t i o n s ,  

and f u r t h e r  s t a t e  t h a t  th e  c o n t a c t  p o t e n t i a l  i n  th e  c a se  o f  

h y d r o c h l o r i c  a c i d  o f  c o n c e n t r a t i o n  0 .1  -  1 .0  N i s  z e r o .

I n  a g re e m e n t  w i th  t h i s ,  A ten  and v an  D a l f s e n  ( R e c . t r a v  

ch im . 177 . (1926) ) c o n c lu d e  from  th e  r e s u l t s  o f  a s i m i l a r  

i n v e s t i g a t i o n ,  t h a t  s a t u r a t e d  p o ta s s iu m  c h l o r i d e  e l i m i n a t e s  

c o n t a c t  p o t e n t i a l s  b e tw e e n  1 .0  and  0 .1  and  b e tw een  0 .1  and  

0 .0 1  N HCl s o l u t i o n s .



m )

Ostog to  imoortAÜaty in ü *  âtff«r«afc valiaoo»

I t  oaa deoidW , ie  tii« pre»«nt Inw etlgR tlon o f Obl^n'ourlo

ooid , to  oooopt tb# resu lts or A ton and van Dalfooa end Ealoa

and fwburggh, iho a%lnoa o f tb* llq o ld  contact potential

oatoi’&teâ ECljEâaClj s o i ,  Wvo tborafwo b«m takon a# aoro

for a i l  the aoln ilons oxas lnod# alnoo thé' rang# of eor-oon»
trot&tm o f fro# h^droehlorlc aoiâ io  thoao aolntl<m» lia#
'betocas o*0l and 1 -  Bornai* ■’'■■ /

/
Tî» reaalta o f tho soaaurwnast» are giron in  foblo I .

Tabl» I .
so lu t io a i. %  o ^ h

' k v e i ^ m l est. 1 2 3 (aw&n)

0.1 0,1 06# 0.7278 0.7274 0.7278 1.0690 1.0070

0.1 0.0 00.8 0.7041 0.7031 1.0430 1.OW0

0.1 o .s 84 .0 0.6744 0,6746 1.013» 1.0008

ù » m 0.00 06.8 0.7309 0.76W 1.1022 1.0000

o.oe 0.04 98.3 0.7476 0.7473 1.0688 1.0180

0.00 Ù%1 06.0 0.7170 0.7164 1.0881 1,0100

O.OÊ 0.0 00.8 0.6801 0.6888 1.0304 i.o<Æe

0.01 0.01 ^ .0 0.7821 0.TO20 1.1233 1.0038

0.01 0.% 06.8 0.7874 1.0988 1.0030

0.01 0.06 08.0 0,7344 1.0708 1.01MI

0.01 0.1 03.0 0,7034 0.7062 1,0477 1.0058
Wcan Téln* of ^  m l.-'066 m it#

%o flrafc oolwm of tho taU o g lvw  tho ooloeular 

eonoontrotion o f Ghloraorlc and hydroOhlorle aeid In each:
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s o l u t i o n ,  and  t h e  s e c o n d  colum n th e  v a lu e  o f  th e  d e g r e e s  o f  

d i s s o c i a t i o n  o f  t h e  l a t t e r  a t  25*^0. In  th e  t h i r d  colum n 

a r e  v a l u e s  o f  th e  Ê .M .P . o f  t h e  c e l l  A u )S o lu t  io n  ( s a t u r a t e d  

KCl I O e lN K C l^H ggC l^g  and u n d e r  th e  mean v a l u e  o f  t h e  

s i n g l e  p o t e n t i a l  r e f e r r e d  to  t h e  h y d ro g e n  s t a n d a r d .  T hese  

f i g u r e s  m r e  o b t a i n e d  b y  a d d i t i o n ,  t o  th e  mean o f  th e  v a l u e s  

o f  colum n I I I ,  o f  0 * 6 2 4 , t h e  f a c t o r  r e p r e s e n t i n g  th e  E.M.P* 

o f  th e  d e e in o r m a l  c a lo m e l  e l e c t r o d e  a t  2 5 ^ 0 .  s u b t r a c t i o n  o f  

0*2826 c o n v e r t s  t h e  v a l u e s  o b t a i n e d  to  th e  h y d ro g e n  s t a n d a r d *

The c a l c u l a t e d  N orm al P o t e n t i a l  v a l u e s  a r e  g i v e n  i n  t h e  l a s t  

column, t h e  mean o f  t h e  f i g u r e s  b e i n g  1*0066 v o l t s  as  com pared  

w i th  1*001 v o l t s  (B je r ru m  and K i r s c h n e r )  f o r  17^0#

D e t e r m i n a t i o n  o f  th e  F orm ula  o f  t h e  Complex I o n .

The f o rm u la  o f  a  com plex  io n  a s  s t a t e d  i n  P a r t  I ,  

i s  d e te r m in e d  f ro m  v a l u e s  o f  t h e  E .M .F . o f  two ty p e s  o f  c o n 

c e n t r a t i o n  c e l l .  I n t h i s  i n v e s t i g a t i o n ,  i n  o r d e r  t o  s i m p l i f y  

th e  m e a s u re m e n ts ,  e a c h  h a l f  o f  th e  c o n c e n t r a t i o n  c e l l  was 

m e asu red  a g a i n s t  a d e e in o r m a l  c a lo m e l  e l e c t r o d e ,  c e r t a i n  sy s te m s  

b e in g  com bined  when th e  p o t e n t i a l s  became c o n s t a n t ,  and  r e 

m easu red  a s  ch e ck *  An exam ple  i s  g iv e n  i n  T a b le  I I  a*
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T able  I I  a .

S o l u t i o n  E.M .P a g a i n s t  E.M*F. o f  concen-E^M .F. o f co n c en 
t r a t i o n .  t r a t i o n .

HAuCl^ HCl c a lo m e l  e l e c t r o d e  d e 1 1 (by c a l c u -  c e 11 (m e asu red )
l a t l o n )

0 .0 2  0 .0 4  0 .7 4 7 3
0 .0309  0 .0 3 0 8

0 .0 2  0 .1  0 .7164

T a b le  I I  c o n t a in s  th e  r e s u l t s  o f  m easurem ents o f

c o n c e n t r a t i o n  c e l l s  i n  w hich  e a c h  h a l f  c e l l  c o n ta in s  th e  same1

c o n c e n t r a t i o n  o f  G h lo r a u r i c  a c i d ,  the  amount o f  f r e e  h y d r o 

c h l o r i c  a c id  i n  each  h a l f  b e i n g  d i f f e r e n t .  I n  t h i s  T a b le ,  

th e  c o n c e n t r a t i o n  o f  G h lo r a u r i c  a c i d  i n  th e  s o l u t i o n s ,  i s  

g iv e n  i n  Oolumn I .  Columns 2 and 4 g iv e  th e  c o n c e n t r a t i o n  

o f  e x c e ss  h y d r o c h l o r i c  a c id  i n  each  h a l f  c e l l ,  and  u n d e r  

0̂ 2 a n d 0^2 a r e  th e  d e g re e s  o f  d i s s o c i a t i o n  o f  the  h y d r o c h l o r i c  

a c id s  1 and  2 r e s p e c t i v e l y .  In  th e  s i x t h  column a r e  v a lu e s  

o f  t h e  E .M .P . o f  th e  c o n c e n t r a t i o n  c e l l s ,  c a l c u l a t e d  from  th e  

f i g u r e s  o b ta in e d  f o r  e a c h  h a l f  c e l l ,  and u n d e r  n / ^  th e  r a t i o  

o f  t h e  number o f  c h l o r i n e  atoms to  the number o f  g o ld  atoms 

c o n ta in e d  i n  th e  com plex io n ___________ These_v a lu e s_were c a l c u 

l a t e d  from  th e  e q u a t io n  a ^ ^  th e  d e r i v a t i o n
0 .0595  lo g  (ci»jo

[013 i
o f  n h ic h  i s  d i s c u s s e d  i n  P a r t  I .
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Table II
C o n .o f  
Complex

[HCIJ 1 . 0^1 [HCIJ ;2 of 2 K Vxn

0 .1 0 .1 9 5 . 05? 0.2 9 0 .6 # 0 .0 2 4 0 4 .1 8

0 .1 0 .1  ■ 9 3 .0  . 0 .5 8 4 .0 0 .0 3 5 1 4 .0 8

0 .1 0 . 2" 9 0 .5 0 .5 8 4 .0  " 0 .0 2 9 1 4 .0 1

0.02 0.02 9 6 .8 0 .0 4 9 5 .6 0 .0 1 3 4 2 .2 8

0.02 0.02 9 6 .8 0 .1 9 3 .0 0 .0 4 4 1 3 .2 6

0.02 0.02 9 6 .8 0.2 9 0 .5 0 .0 7 1 8 3 .7 2

0.02 0 .0 4 9 5 .6 0 .1 9 3 .0 0 .0307 4 .0 1

0.02 0 .0 4 9 5 .6 0.2 9 0 .5 0 .0 5 8 4 4 .3 6

0.02 0 .1 9 3 .0 0.2 9 0 .5 0 .0 2 7 7 4 .8 3

0.01 0.01 9 8 .0 0.02 9 6 .8 0 .0 2 4 6 4 .2 0

0.01 0 .01 9 8 .0 . 0 .0 5 9 5 .0 0 .0477 3 .5 0

0.01 0.01 9 8 .0 0 .1 9 3 .0 0 .0 7 5 7 3 .9 1

0.01 0.02 9 6 .8 0 .0 5 9 5 .0 0 .0 2 3 0 2 .9 7

0.01 0.02 9 6 .8 0 .1 9 3 .0 0.Ô511 3 .7 8

0.01 0 .0 5 9 5 .0 0 .1 9 3 .0 0 .0 2 8 1 4 .8 5

T a b le  I I I  c o n t a in s  the  r e s u l t s  o f  m easu rem en ts  o f  

c o n c e n t r a t i o n  c e l l s  o f  th e  o t h e r  t y p e .  I n  u h lc h  th e  c o n 

c e n t r a t i o n  o f  e x c e s s  h y d r o c h l o r i c  a d d  I s  the  same I n  e a c h  h a l f  

c e l l ,  t h e  q u a n t i t y  o f  G h l o r a u r i c a c i d  b e i n g  v a r i e d
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T a b le  I I I

C o n e .o f  F re e C one, o f  Complex • Cone, o f  Complex E S
HCl I ‘ I I

0.02 0.02 0.01 0 .0054 1 .7 4

0 .0 5 b .0 5 6.01 0 .0 1 3 7 1.01

0 .1 0 .1 0.01 0 .0213 0 .9 3  mean

0 .1 0 .1 0.02 0 .0 1 0 9
1.1

1 .2 6

0.2 0 .1  ' 0.02 0 .0 1 4 6 6 .9 5

1.0 0 .1 0.01 0 .0 1 4 5 1 .3 5

‘Che se c o n d  and t h i r d  columns g iv e  the  c o n c e n t r a t i o n  

o f  G h lo r a u r i c  a c i d  i n  e a c h  h a l f  c e l l ,  and  th e  amounts o f  f r e e  

h y d r o c h l o r i c  a c id  i n  e a c h ,  i s  ^ e n  i n  column 1 .  The l a s t  

column g iv e s  v a l u e s  o f  m, th e  number o f  g o ld  atom s i n  th e  com- 

pleoc i o n ,  c a l c u l a t e d  from  th e  e q u a t i o n .

m

3 E , A u C l | .g

c )  D e te rm in a t io n  o f  th e  S t a b i l i t y  C o n s ta n t  f o r  th e
A u r i c h lo r id e  I o n .

The r e s u l t s  o f  th e  d e t e r m in a t io n  o f  th e  fo rm u la

o f  th e  a u r i c h l o r i d e  i o n ,  i n d i c a t e  t h a t  t h e  complex io n  i s

r e p r e s e n t a t e d  by AuCl^ i n  s o l u t i o n s  o f  g o ld  c o n c e n t r a t i o n

0 .0 1  and 0 .0 2  and 0 .1  c o n t a i n i n g  O.IN HCl. The v a lu e s  o f

th e  p o t e n t i a l  o f  g o ld  e l e c t r o d e s  i n  th e s e  s o l u t i o n s  , a r e

t h e r e f o r e  u s e d  to  c a l c u l a t e  th e  S t a b i l i t y  c o n s t a n t  o f  th e

AuCl» i o n .
4
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S t a b i l i t y  c o n s t a n t  ■ K _ „ / lAuC1J^
[A u i[c i‘ J-*

Owing t o  th e  a b se n c e  o f  r e l i a b l e  d a t a  c o n c e r n in g  th e  

v a lu e  o f  th e  n o rm a l  p o t e n t i a l  Auj Au a t  25*^0., th e  s t a b i l i t y  

c o n s t a n t  o f  t h e  a u r i c h l o r i d e  io n  c a n n o t  be c a l c u l a t e d  w i th  

any g r e a t  d eg ree  o f  a c c u r a c y .  The noimial p o t e n t i a l  Auj Au 

h a s  b e e n  a c c u r a t e l y  d e te rm in e d  a t  1 8 ^ -  19 ^0 , by J i r s a  and 

J e l i n c k  (Z .E le k t r o c h e m .  30 5 3 4 . 2 8 6 .(1 9 2 4 )  ) who m easu red

th e  p o t e n t i a l  o f  g o ld  i n  e l e c t r o l y t i c a l l y - p r e p a r e d  s o l u t i o n s  

o f  a u r i c  s u l p h a t e  and n i t r a t e .  The v a lu e  o f  was fo u n d

to  b e + 1.39  v o l t s  f rom  c o n s i d e r a t i o n  o f  th e  s u l p h a t e ,  and 

41.37  v o l t s  from  m easurem en ts  o f  th e  n i t r a t e .

I n  o r d e r  to  d e te rm in e  th e  ap p ro x im a te  o r d e r  o f  mag

n i t u d e  o f  th e  S t a b i l i t y  c o n s t a n t  f o r  the a u r i c h l o r i d e  i o n ,  

th e  mean o f  t h e s e  v a lu e s  f o r  18^ -  19^0 , was u se d  i n  th e  

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

E v a l u a t i o n  o f  th e  S t a b i l i t y  C p n s t a n t .

1 .  S i n g l e  p o t e n t i a l  AulHAuGlA HCl s 1 .0 6 9 0  v o l t s
0.1 0.1

r e f e r r e d  to  th e  h y d ro g e n  s t a n d a r d .

. . 1 .0 6 9 0  -  1 .3 8  0 .0 5 9 5  l o g . c  where c s  co n c . o f  f r e e  a u r i c  io n
3

whence c •  2 .0 8 5  x  10”*

k3 . 0.1 X 10^5
2 .0 8 5  X (0 .0 9 3 )^

«  6 . 4 1 3  X 1 0 ^®

K ■ 1 . 8 6  X 1 0 ®
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8 ) S Î H i ^  F O t4W n U * l H C l s  1 . 0 « » 1  V O l t * .
0 . 0 2  0 , 1

e m 6.888 % 10 ‘ -

Jg^ s X 10%  / " . . ■ ■ -■
5 . # 8  X # . # 3 ) 4

s .4 .S 4 ,X : lO ^ ^ .  '

- ' ■ ■ 'wheno# . ‘
' ' K #  1 . 6 6  X 1 0 ®

3 ) S l a i i #  f o t * a t l * l  à a ^ B A u c r l^  g o l  , «  1 . 0 4 V7  r e l U .
0 * 0 1  0 * 1

«  m 1 , 7 6 2  X  1 0

K® S  0 , 0 1  X  1 0 ^*^
. , 1 . 7 6 2  X ( 0 . 0 9 3 ) 4  ^

.  7 . # ?  X 10^®

..'■«ÎWfBC#
I  .  1 . 9 6 6  X

\ s i  : ' - "

l n @ .  t h e  n o n s B l  p o t e n t i a l  & a { A n ' ' 's h o t t l d  h a v e  a  N g ) i# r  

▼ a lo e  a t  2 6 °  t h a n  a t  1 8 ° C ,  t h e  a * a n  v a l u e  o f  K , 1 . 8 3  x  l ( f i ,  

l a  p r o b a b l y  a l l f j ^ t l y  l e e .  T h e  e a l e u l a t i o n  a e r v a a  t o  p r o v e ,  

h e w a v e r ,  t h a t  t h e  « a r l < 8 ' . l o r i d e  l< m  h a s  n o  g r e a t  s t a b i l i t y  i n  

a u s o u s  s o l u t l w .

%

'■I
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II Invdatigsticoi of the Baturo of the Awleblopldo 
loa  i s  ^olutlom of rotasainm G^ioraurato*

S o lu t io n s  o f  P o ta ss io B  Ohloratxrat* voro In v e a t lg a to d  

by o s s o t l y  a i» l l a p  tsvthoda t o  ttUHie d aaerlbad  f o r  G h lorau ric  

a d d *  3h* «xe«$?a o * ilw ld a  l o t s  « er e  p o d d e d  by ad d ltlO T  o f  

p o ta a s itm  c h lo r id e  o f  Isioan e o n o c n tr a t lo n . In p la e #  o f  by*  

d r o o b le r io  a d d  uaed in  th e  p rev lou a  e x p a r ia a s ta *  Ih a  l iq u id  

o o n ta e t  p o t e n t la la  a t  th e  bouiidary o f  the a o lu tlcm s and s a t »  

w a t a d  p a t a s a i i»  c h lo r id e ,  b e in g  v ery  e m a il and unknoen, « e r e

The valaea of the normal potential u)AuOl  ̂ are 

given in  la st eoltnan of Table 17*
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S o l u t l w

T a b le  r r .
a ^ l n e t  

daoin078>»l ca lo m el
%

K&UC14 ECl f a r  KCl 1 . 2 3 mean .

0.1 0.1 e e . i € 0.7572 0.7374 1.0787 1.0107

0.1  , 0.2 02.0 0.7086 0.7093 1.0503 1.0070

0.1 0 .5 78.26 0.6746 0.6744 1.9159 1.0034

0.02 0.02 9 2 .1  , 0 .7670 0.7661 1. 1 # 0 1.0040

0.02 0.04 0 9 .7 0.7458 0.7451 1.0349 1.0036

0.02 0.1 86.1 0,716» 0.7169 1.0890 1 .0 :7 2

0.02 0.2 82.0 0.6918 0.6921 1.0334 1.0046

0.02 0 .5 78,26 0. 666» 0.6668 1.0080 1.0095

0.01 0.01 9 4 .1 0.7785 0.7795 1.1204 0.9995

0.01 0.02 9 2 .1 0 .7 6 # 0.7611 1.1021 1.0041

0.01 0 .0 5 8 8 .9 0.7514 0.7322 1.0732 1.0056

0.01 0.1 86.1 0.7081 0.7089 8 . 70991. )503 l.X )5S
Kean v a lu e o f  o^h ■ 1.0056

TM mean v a lu e  o f  th e  n o iw a l p o t e n t ia l  was found to  

be 1 .0 0 5 5  v o l t e ,  a s  oosqpared w ith  1 .0 0 6 6  v o l t s ,  o b ta in e d  from  

m easurem ents o f  O h lorau ric  a d d .  In  the c a s e  o f  Potassium  

e h lo r a u r a te , th e  num erica l d if f e r e n c e  betw een  tb s h ig h e s t  a d  

lo w e r e s t  v a lu e s  o f  ^5]  ̂ , amounts to  1 1 .4  m i l l i v o l t s  «

f a b le  V c o n ta in s  th e  r e s u l t s  o f  m easurements o f  oonoon- 

t r e t lo n  c e l l s ,  o f  w hich eati^i h a l f  co n ta in ed  the same cone e n t r e t ie n  

o f  e h lo r a d r io  a d d ,  tlie  amount o f  e x c e ss  p o ta ss  i t »  c h lo r id e  

b e in g  v a r ie d .



(27)
A

f a b l e  ?

Cesse, o f  
KAuClg

[KCli [kciJp oc-e ïi-

0.1 0.1 86.L)( 0.2 82# 0.0284 6.11

0,1 0.1 8 5 .1 0.6 76.26 0.0628 4 .8 3

0.1 0.2 8 2 .0 0 .5 78.26 0.0334 4 .6 1

0.02 0 . # 22.1 0 .0 4 8 8 .7 0.0230 4 .01

0.02 0 . # 92 .1 0.1 S6.1 0.0500 3 .7 6

0.% 0.02 9 2 .1 0 .5 70 .26 0.1000 3 .7 9

0.02 0.04 0 9 .7 0 .5 70 .26 0.0768 3 .7 2

0.% 0,1 86.1 0 .5 78 .26 0.05000 3 .0 3

0.01 a . 01 94 .1 0.02 9S .1 0.0183 3 .16

0.01 0.01 94 .1 0 .0 5 6 8 .9 0.0473 3 .6 3

o .o i o .o l 9 4 .1 0.1 0 6 .1 0.0701 3 .6 7

0.01 0,02 98 .1 0 .0 5 m .9 0.0289 5 .8 1

0.01 0.02 9 2 .1 0*1 86.1 0.0617 3 . 00

0.01 0 ,0 5 m .9 0.1 86.1 0.0220 4 . #

The c o n c e n tr â t  Ion o f  P o ta e e lo n  e h lo r a u r a te  in  eaeh  

s o la t io n a  i s  g iv e n  in  eolm sn 1 ,  and the amount o f  f r e e  

p o ta ss  l ‘t£n eh lo r  Ida to g e th e r  w ith  the d eg ree  o f  d l s s o e i s t i o n  

in  columns XI to  V .  T h e  . l a s t  o o l u a n  oon ta ln a  t h e  v a l u e s  
o o lo tt le te U  fo r  n/m* r a t i o  o f  th e  cumber o f  c h lo r in e  t o

th e  number o f  ^ I d  atoæ» in  thS c o m p l e x  ion*

Table 71 contains the r e s u lts  of measursKents o f 

een o o n trs tio n  c e l ls  of the o th e r ty p e , from shioh values
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of K, th# nuBber of gold etœm la  the complex , have been 
eftlenl&ted.

"W" îetele 71,
conc. o f
ECl(M)e*»
O.OB

c o n e .

1
0 .#

o f  Kî.^lg 

2
0,01

£

0.0060 '

s

1.01

0.1 0.02 0.01 0. *077 0.78

0.1 0.1 0.01 0.0#4  . o . * b

0,1 0.1 o ,o z 0,0207 0.67

0.S 0.1 0 .# 0.0159 0.82

0.5 b .i 9.02 0.0080 1.75

1.0 0.1 ■ 0.% 0.0111 1.26

4.18(Sat&) o . o e 0.01 0.0046 1.50

4.15 " 0.1 0 .01  ̂ ' 0.0185 1.30

4.15 " Q.l 0.02 0.0107 1.50

Mean 
-  0 .7 2

Hvsluatien o f the S tab ility  Cone tant for &>e 
, nrlehlw lde loa.

An approximate vaine of the e ta b lllty  constant was 
ealealeted as in the ease o f ^hloraurie a d d , using the value 

of the normal potential a u | a u  determined at 18° -  1®°C,
%e aolatlona considered in the calculation were thoae 

containing 0,dS K KAucl̂  in the preaecoe of O.üg and 0,04 £  

CCI, einoe tlse complex iw  in these solutions ie  represented 

by the formula AuGl|
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1 ,  S in g le  p o te n t ia l AulK Aaei., KCl * 1.1080 v o lt s0 . 0 . 02
re ferred  to  the hydrogen et&mdard.

1 .1080  « 1 .58  0.ÔSS6 lo g  c
  8  "

c » 1 .930  *  10-^4

K® ;  0 .0 2  % 10^*
1 .932  *  {O.Og X 0.921)®

.  8 .9 9  X 10^®

idjence K g 2 .0 8  % lo® - -

2) S in g le  p o te n t ia l au(eau3 1 .,  rcI  * 1.0849 v o lts
0 .0 2  0 .04

1.0849 a 1 .3 8  0.06%  log  o
5

c  « 1 .5 2 1  % 1 0 * ^

E® S  3.02 X IPIG
1.321  X (0 .0 4  % 0 .8 9 7 )4

s  9 .1 3  X W ®

# e n e e  K s  2 .0 9  x 1<^

XII AttwRpt to Measure the degree o f H ydrolysis  

o f  S o lu tio n s o f  C hlom arle a fiid and Potass iu e chlor& urate.

An at*esqpt «as made to  measure ^>e ch lorid e ion  con

cen tra tio n  o f  c e r ta in  so lu t io n s  o f Cnioraurié acid  and potaosiun  

eh lorau ra te , e l t b  a view to  obtain ing  the degree o f  h y d r o ly s is , 

which proceeds, according to  the eq u ation ,

A u C l ' + W g O ^  AuClg m*A  H V : l »
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The A g -Â g C l  e l e c t r o d e  was u s e d ,  b u t  th e  e x p e r im e n ts  

w ere u n s u c c e s s f u l ,  owing t o  r e d u c t i o n  o f  th e  s o l u t i o n  by  th e  

s i l v e r ,  w h ich  became g i l d e d .

Ih e  C hem ical I n s t a b i l i t y  o f  S o l u t i o n s .

S o l u t i o n s  o f  G h lo r a u r i c  a c i d  o f  c o n c e n t r a t i o n  l e s s  

t h a n  O.IM, were fo u n d  t o  be u n s t a b l e ,  and n e a r l y  a l l  such  

s o l u t i o n s  decompose t o  seme  e x t e n t  w i th  s e p a r a t i o n  o f  m e t a l l i c  

g o l d .  The s t a b i l i t y  o f  th e  s o l u t i o n s  i s  i n c r e a s e d  by  th e  i n 

t r o d u c t i o n  o f  h y d r o c h l o r i c  a c i d ,  b u t  i n  0.01  K c o n c e n t r a t i o n  

o f  G h lo r a u r i c  a c i d ,  a t  l e a s t  0 .1 5  HCl i s  r e q u i r e d  to  p r e v e n t  

d e c o m p o s i t io n  w i t h i n  a few days o f  p r e p a r a t i o n .  Somo d o u b t  i s  

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

p o t e n t i a l  o b t a in e d  f o r  0 .01  ^  s o l u t i o n s  c o n t a i n i n g  a  co n cen 

t r a t i o n  o f  h y d r o c h l o r i c  a c id  below  0 .1  5 .

The s o l u t i o n s  o f  p o ta s s iu m  e h l o r a u r a t e  w ere fo u n d  to  

be c o m p a r a t iv e ly  s t a b l e ,  t h o u ^  th e  more d i l u t e  s o l u t i o n s  

shewed a  te n d e n c y  t o  d e p o s i t  a  s m a l l  q u a n t i t y  o f  m e t a l l i c  

g o l d .  The i n s t a b i l i t y  i n  b o th  i n s t a n c e s  may be a t t r i b u t e d  to  

th e  e x i s t e n c e  o f  an  u n s t a b l e  h y d r o l y t i c  p r o d u c t ,  s i n c e  decom

p o s i t i o n  o c c u rs  i n  d i l u t e  s o l u t i o n  and  i n  th o s e  s o l u t i o n s  

c o n t a i n i n g  s m a l l  o r  no e x c e ss  o f  f r e e  c h l o r i d e  i o n s .
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P art I I I  -  Susonary «md D is c u s s io n  o f  R e s u lt s .

G h lo ra u ric  A c id .

The low v a lu e  o f  th e  S t a b i l i t y  c o n s ta n t  o f  the  

A u r i c h l o r i d e  io n ,  as w e l l  as % e h ig h  value o f  the normal 

p o t e n t ia l  Au|&uC1 | ,  show th a t  t h is  complex io n  has a sm a ll  

s t a b i l i t y  in  aquoous s o lu t io n ;  a r e s u l t  which i s  su pp orted  

by th e  n u m er ica l v a lu e s  o f  k and n / g .  ih e e e  a rc  in  no se n se  

c o n s ta n t , v a r y in g  vitt> both  con cern tra tim  o f  th e  com plex

a c id , and th a t o f  th e  h y d r o c h lo r ic  a c id .  O e n c ra lly , the  

v a lu e  o f  æ in c r e a s e s  w ith  in c r e a s in g  co n c e n tr a tio n  o f  f r e e  

d i lo r id e  i o n s ,  th e  f ig u r e s  o b ta in ed  f o r  s o lu t io n s  c o n ta in in g  

0 . 0 5 ,  0 .1  and 0 .2  £  h y d r o c lt lo r ic  a c id  b e in g  approxim ately  

u n it y .

The v a lu e s  o f  n/' o b ta in ed  from B .K .F . tw asurem ents 

o f  0 .1  K c h lo r a u r le  a c id  s o lu t io n s ,  d ecrea se  w ith  in c r e a s in g  

c o n c e n tr a tio n  o f  h y c r o c h lo r ic - a c id .  This d e c r e a s e , w hich is  

v ery  s m a ll ,  may be a t t r ib u t e d  to  a d r iv in g  back o f  the i o n i 

s a t io n  o f  the G h lo ra u r ic  a c id  in  th e  p resen ce  o f  a la r g e  

e x c e ss  o f  h ydrogen  i o n s .

For th e  purpose o f  com parison , the r e s u l t s  o f  Bjerrur. 

and E ir e c h n e r 's  m easurem ents a t  17°C ,have been  used  to  c a lc u 

la t e  v a lu e s  o f  in  0 .1  * s o lu t io n s .  T h eir r e s u l t s  shew 

th a t n^ d e c r e a s e s  w ith  in c r e a s in g  c o n c e n tr a t io n  o f  hydrocf l o r i c  

a c id , but th e  d e c r e a se  in  t h i s  c a se  i s  mudx la r g e r .  A com parison  

o f  th e  two s e t s  o f  r e s u l t s  i s  g iv e n  in  T able V II .
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T ab le V I I .

H .B J.rrum and 4► Kirschner. .B a r r .

[R G l]i [HCl] g E »/m [KClj 1 n/m

0*1  0 .2 5 0 .0 3 7 5 .1 3 0 .1 0 .2 0 .0 2 4 0 4 ,1 8

0 .1  0*6 0 .0 6 0 4 .6 5 0 .1 0 .5 0 .0 3 5 1 4 .0 8

0 .2 6  0 .5 0 .0 2 3 4 .0 5 0 .2 0 .5 b .0 2 9 1 4 .0 1

T hese f ig u r e s  in  the th iird  and fo u r th  oolum ns a re  

c a lc u la t e d  from  Bjerrum  and K lr a o h n e r ’s  r e s u l t s *  T h e ir  

v a lu e s  p erm it o f  th e  c a l c u l a t i o n  o f  a s i n g l e  f ig u r e  f o r  m, 

nam ely  0 * 3 1 , o b taJn od  from  m easurem ents o f  s o l u t i o n s  c o n ta in 

in g  r e s p e c t i v e l y  0*06 and 0 .1  HAuCl^ in  th e  p r e s e n c e  o f  

0 .5  2  h y d r o c h lo r ic  a c id *  W hile th e  v a lu e s  o f  n / ^  in d ic a t e  

tdie e x i s t e n c e  o f  an io n  A uC lg, th e  a b n o im a lly  low  f ig u r e  

o b ta in e d  f o r  m e u g g e a ts  a c o n s id e r a b le  h y d r o ly s is  in  the tiore  

d i l u t e  s o lu t io n *

I t  i s  t h e r e f o r e  ta k e n  from th e  r e s u l t s  o f  th e  p r e s e n t  

i n v e s t i g a t i o n ,  t h e t  th e  com plex Ion  e x i s t s  in  0 .1  M s o l u t i o n s  

a s th e  t e t r a c h lo r id e  io n  Au0 1 | ,  th e  mean v a lu e  o f  m f o r  

s o l u t i o n s  c o n t a in in g  0*1 5 H Cl, b e in g  1*1*

In  th e  0 .0 2  M s o l u t i o n s ,  the v a lu e s  o f  n /^  g iv e n  in  

T a b le  I I ,  shew  p r o g r e s s iv e  in c r e a s e  w ith  in c r e a s in g  co n cen 

t r a t io n  o f  h y d r o c h lo r ic  a c i d ,  from 2 .2 8  to  4 * 8 3 , th e  v a lu e  

4*01  b e in g  o b ta in e d  from p o t e n t i a l  m easurem ents o f  s o lu t io n s  

c o n t a in in g  0*04 and 0*1 H h y d r o c h lo r ic  a c i d .  S in c e  th e
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v a lu e  o f  m in  s o lu t io n s  c o n td  n in g  0 .1  £  HCl, i s  1 .1  th e  

cçHnplex io n  in  th e  s o lu t io n s  O.OZ M HAUCI4 ,  0 .1  H H Cl, and 

0 .0 2  M HAUCI4 ,  0 .0 4  H HGl, p ro b a b ly  e x i s t s  a lm o s t  e n t i r e l y

as th e  AuCl* io n .  The  a h n o im a lly  low  v a lu e s  o b ta in e d  from
4

m easurem ents o f  s o lu t io n s  o f  s m a ll  c h lo r id e  c o n c e n t r a t io n ,  

in d i c a t e  th a t  th e  l a t t e r  i s  p r e s e n t  in  u n s u f f i c i e n t  q u a n t i ty  

t o  su p p r e ss  h y d r o ly s is  o f  th e  com p lex . The v a lu e s  o b ta in e d  

f o r  s o l u t i o n s  c o n t a in in g  h i ^  c o n c e n tr a t io n  o f  h y d r o c h lo r ic  

a c i d ,  p o in t  to  the e x i s t e n c e  o f  an io n  AuG lg.

. . C o n seq u en tly  i t  may be ta k e n  .th a t  in  the p r e s e n c e  o f  

a h ig h  c o n c e n tr a t io n  o f  h y d r o c h lo r ic  a c id  th e  com plex  io n  i s  

p r e s e n t  as A uC lg, b u t  a t  lo w er  c o n c e n t r a t io n s ,  AuCl^ i s  th e  

s t a b l e  io n :  t h i s ,  a t  s t i l l  lo w er  c o n c e n t ia ÿ io n s ,  r a p id ly  d i s s 

o c i a t e s  t o  l e s s  c h lo r in a t e d  io n s  « h ic h  a r e  s o  u n s ta b le  th a t  

t h e i r  p r e s e n c e  ca n n o t b e e s t a b l i s h e d  fr<ai th e  E .M .P . m ea su re -  

m eoits.

The v a lu e s  o f  n/^, o b ta in e d  from  m easurem ents o f  

0 .0 1  M s o l u t i o n s  (T a b le  I I ) e x h i b i t  f l u c t u a t i o n s .  T hese v a r i 

a t io n s  may i n  p a r t  be a t t r ib u t e d  to  the u n s ta b le  n a tu r e  o f  

c e r t a in  o f  th e  s o l u t i o n s .  The v a lu e  o b ta in e d  from  c o n s id e r 

a t io n  o f  s o l u t i o n s  c o n ta in in g  0 .0 5  and 0 .1  H h y d r o c h lo r ic  

a c i d ,  s u p p l i e s  a d d i t io n a l  e v id e n c e  o f  th e  e x i s t a n c e  o f  an io n  

o f  c o n s t itu t io n  AuClZ.D
The r e s u l t s  th e r e fo r e  in d ic a t e  th a t  th e  a u r ic h lo r id e  

io n  in  s o l u t i o n  o f  G h lo r a u r ic  a c i d ,  r e sem b le s  th e  a u r i t h i o -
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c y a n a t e  i o n ,  b u t  t h e  i n v e s t i g a t i o n s  o f  B je r ru m  a n d  K i r s c h n e r  

shew  t h a t  t h e  l a t t e r  h a s  a  S t a b i l i t y  C o n s t a n t  1 0 ^ * ^ t i me s  

t h a t  o f  t h e  f o rm e r  a t  17^G*

P o ta s s iu m  C h l o r a u r a t e .

The v a l u e  o f  th e  nom nal p o t e n t i a l  A u |A u C l |  c a l c u l a t e d  

f ro m  t h e  r e s u l t s  o f  m e a su re m e n ts  o f  p o ta s s iu m  e h l o r a u r a t e  

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

i n s t a b i l i t y  o f  Hie a u r i c h l o r i d e  i o n .  The v a l u e  1 .0 0 5 5  v o l t s  

was d e t e r m i n e d  as  m ean , f ro m  t h e s e  m e a a u r e n ^ n t s , a n d  i t  i s  

i n  c l o s e  a g r e e m e n t  w iH i 1 .0 0 6 6  v o l t s ,  t h e  v a l u e  o b t a i n e d  from  

th e  i n v e s t i g a t i o n  o f  G h l o r a u r i c  a c i d .  The mean v a l u e  o f  K, 

t h e  s t a b i l i t y  c o n s t a n t  o f  t h e  com plex  i o n ,  i s  som ew hat h i g h e r  

f o r  p o t a s s i u m  e h l o r a u r a t e  H ian f o r  G h l o r a u r i c  a c i d ,  th e  f i g u r e s  

o b t a i n e d  b e i n g  2 .0 8 5  x  10^ and  1 .8 3  x  10^ f o r  th e  s a l t  a n d  

a c i d  r e s p e c t i v e l y .  Ttie s l i g h t l y  lo w e r  v a l u e  o f  and  h i g h e r  

v a k e  o f  K, o b t a i n e d  i n  th e  c a s e  o f  p o t a s s iu m  e h l o r a u r a t e ,  

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

g r e a t e r  i n  t h e  p r e s e n c e  o f  p o ta s s iu m  io n s  t h a n  i n  t h e  p r e s e n c e  

o f  h y d r o g e n  i o n s  o f  e q u i v a l e n t  c o n c e n t r a t i o n .

The v a l u e s  o f  m, a s  i n  th e  c a s e  o f  G h l o r a u r i c  a c i d ,  

t e n d  to  i n c r e a s e  w i th  i n c r e a s i n g  c o n c e n t r a t i o n  o f  f r e e  c h l o r i d e  

i o n s .  The v a l u e s  o f  n /m , h o w e v e r ,  e x h i b i t  I r r e g u l a r i t i e s , a n d  

i n  0 . 1  M s o l u t i o n s  ( T a b le  V) shew p ro g ra s s iv e  d e c r e a s e  w i t h

i n c i t a s i n g  c o n c e n t r a t i o n  o f  p o t a s s iu m  c h l o r i d e .  S in c e  no
> •

d i f f i c u l t y  vras e f p e r i e n o e d  i n  o b t a i n i n g  c o n s t a n t  v a l u e s  o f  t h e
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E .M .P .  o f  t h e  c e l l s  c o n c e r n e d ,  i t  may be t a k e n  t h a t  t h e  e q u a t i o n  

u s e d  t o  c a l c u l a t e  n / ^ ,  i s  n o t  s t r i c t l y  a p p l i c a b l e  t o  th e  c a s e  

o f  t h e  c o m p a r a t i v e l y  c o n c e n t r a t e d  s o l u t i o n s .  S in c e  t h e  u s e  o f  

t h e  e q u a t i o n  i n v o l v e s  th e  a s s u m p t io n  t h a t  t h e  com plex  s a l t  i s  

c o m p l e t e l y  i o n i s e d ,  t h i s  e x p l a n a t i o n  i s  p r o b a b l y  c o r r e c t ,  f o r  

i t  i s  h i g h l y  im p ro b a b le  t h a t  t h e  d e g r e e  o f  d i s s o c i a t i o n  o f  

0 .1  M Ki\uGl^ w ould  b e  e i t h e r  c o m p le t e ,  o r  i d e n t i c a l  i n  s o l 9  

u t i o n s  c o n t a i n i n g  0 . 1 ,  0 .2  and  0 .5  -  n o rm a l  p o ta s s iu m  c h l o r i d e .

The r e s u l t s  o f  m e a su re m e n ts  o f  0 .0 2  M p o ta s s iu m  

« h l o r a u r a t e  s o l u t i o n s  (T a b le s  V a n d  VI) d e m o n s t r a t e  t h a t  th e  

com plex  i o n  e x i s t s  e n t i r e l y  a s  th e  t e t r a c h l o r i d e  io n  i n  

s o l u t i o n s  c o n t a i n i n g  0 .0 2  and  0 .0 4  N p o ta s s iu m  c h l o r i d e .  I h e  

v a l u e s  o f  n/^^ o b t a i n e d  f ro m  c o n s i d e r a t i o n  o f  t h e s e  s o l u t i o n s  

i s  4 .0 1  e n d  th e  f i g u r e  f o r  m i n  s o l u t i o n s  c o n t a i n i n g  0 .0 2  H KOI 

i s  1 . 0 1 .  B u t i n  th e  c a s e  o f  s o l u t i o n s  c o n t a i n i n g  a  hjgher c o n 

c e n t r a t i o n  o f  p o t a s s i u m  c h l o r i d e ,  v a l u e s  o f  n/j^  h a v e  b e e n  f o u n d ,  

m h ich  a r e  a p p r o x i m a t e l y  c o n s t a n t  an d  som ew hat l e s s  t h a n  4 :  

h e n c e  i t  f o l l o w s  t h a t  th e  com plex  io n  i s  p r e s e n t  c h i e f l y  a s  

A u C l | .

The d a t a  o b t a i n e d  f ro m  th e  m e a su re m e n t o f  O .O l M 

s o l u t i o n s ,  i n d i c a t e  t h a t  h y d r o l y s i s  o c c u r s  i n  s o l u t i o n s  o f  

low p o ta s s iu m  c h l o r i d e  c o n c e n t r a t i o n .  The v a l u e s  3 .9 0  and 

4 .0 2  h o w e v e r ,  f u r n i s h e d  r e s p e c t i v e l y  by  m e a su re m e n ts  o f  s o l -  

u t  i o n s '  c o n t a i n i n g  0 .0 2  and  0 .1  N KOI, and  0 .0 5  and  0 . 1  NKCl, 

a g a i n  shew t h a t  th e  i o n  AuCl« ig  p r e s e n t . "



( 36 )

^ a l u e s  o f  m f o r  P o ta s s iu m  e h l o r a u r a t e .

The v a l u e s  o f  m o b t a i n e d  f o r  P o ta s s  ium e h l o r a u r a t e  

sh e w , w i t h  a few  e x c e p t i o n s , p r o g r e s s i v e  i n c r e a s e  w i t h  i n 

c r e a s i n g  c o n c e n t r a t i o n  o f  f r e e  p o t a s s iu m  c h l o r i d e .  The e x 

p e r i m e n t a l l y  d e t e r m in e d  v a l u e s  o f  n / ^  p o i n t  t o  u n i t y  as th e  

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

t a c h e d  t o  th e  q u a n t i t i e s  c a l c u l a t e d  from  e x p e r i m e n t . G a lo u -  

l a t i o n  o f  t h i s  f a c t o r  i n v o l v e s  t h e  a s s u m p t io n  t h a t  t h e  com plex  

s a l t  i s  c o m p le t e ly  i o n i s e d  i n  s o l u t i o n .  T h is  i s  u n j u s t i f i a b l e ,  

and  m o r e o v e r " th e  r e l a t i v e  i n f l u e n c e  o f  p o ta s s iu m  c h l o r i d e  on 

t h e  d e g r e e  o f  i o n i s a t i o n  o f  p o t a s s iu m  e h l o r a u r a t e  i n  two s o l 

u t i o n s  o f  d i f f e r e n t  c o n c e n t r a t i o n ,  i s  unknown a n d  c a n n o t  be 

r e g a r d e d  as b e i n g  i d e n t i c a l  f o r  b o th  s o l u t i o n s .  Thus th e  

r a t i o  ^A uC l^]^ r e f e r r i n g  t o  two s o l u t i o n s  c o n t a i n i n g

r e s p e c t i v e l y  0 . 1  a n d  0 .0 1  M KAuCl^, may b e  n u m e r i c a l l y  e q u a l  

t o ,  l e s s  t h a n  o r  g r e a t e r  t h a n  t e n .  I h e n c e  f o r  a l l  c a s e s ,  

w here  m i s  a c t u a l l y  u n i t y ,  i t  w i l l  f o l l o w  t h a t  w here  t h e  e x p e r -  

m e h t a l  v a l u e  o f  m i s  l e s s  t h a n  o n e ,  t h e  p o ta s s iu m  c h l o r i d e  h a s  

a  g r e a t e r  d e p r e s s  n g  e f f e c t  on th e  i o n i s a t i o n  o f  th e  com plex  i n  

th e  more d i l u t e  th a n  th e  more c o n c e n t r a t e d  s o l u t i o n .  Where t h e  

e x p e r i m e n t a l  v a l u e  o f  m i s  g r e a t e r  th a n  u n i t y ,  t h e  i o n i s a t i o n  

o f  t h e  com plex  i s  d e p r e s s e d  more i n  th e  more c o n c e n t r a t e d  t h a n  

i n  t h e  m ore d i l u t e  s o l u t i o n .  The v a l u e  1 . 0 1 ,  o b t a i n e d  fro m  t h e  

E .M .P . o f  ttio c e l l  Au j 0.02 M KAuCl^ 0.^2 H KCl|-|o.02 £ KCl,
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0 .0 1  M KAuCl^ I Au i s  r e g a r d e d  as  t r u s t w o r t h y ,  s i n c e  th e  

! c o n c e n t r a t i o n s  p f  b o t h  p o ta s s iu m  c h l o r i d e  an d  p o ta s s iu m
•'t'

I e h l o r a u r a t e  a r e  s m a l l ,  and th e  p r e s e n c e  o f  th e  f o rm e r  w ou ld  

I b e  e x p e c t e d  t o  h a v e  no  v e r y  d i f f e r e n t  e f f e c t  on th e  d e g r e e
i

I o f  i o n i s a t i o n  o f  th e  l a t t e r  i n  e i t h e r  o f  th e  s o l u t i o n s .

1J.1
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