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A m p e r o m e t r i c  S tudies  on C h r o m i u m ( I l l )  and I r o n ( I l l )  H y d r o x o c y a n o t u n g s t a t e s ( I V )  

The fo rma t ion  and  compos i t ion  of Cr m and  F e m  
h y d r o x o c y a n o t u n g s t a t e s  (IV) have  been  inves t iga ted  am-  
peromet r ica l ly  by  t i t r a t i ng  CrC13/ferric a lum and  po t a s s ium 
h y d r o x o c y a n o t u n g s t a t e  (IV). On reviewing the  l i t e ra ture  
it has  been  found  t h a t  no a t t e m p t  has ye t  been  made  to  
s t u d y  the  compos i t ion  of the  prec ip i ta tes  fo rmed by  t h e  
above  in terac t ions .  

Experimental. Po ta s s ium h y d r o x o t e t r a c y a n o t u n g s t a t e  
(IV) t e t r a h y d r a t e ,  K4[ W (CN)4 (OH) 4]" 4 H20  was p repa red  
following the  d i rec t ions  of MIKHALEVlCH and  LITVINCHUKL 
I t s  solut ion was kep t  s tored  in an amber -co loured  bo t t l e  
w r a p p e d  in b lack paper .  The s t r e n g t h  was  d e t e r m i n e d  
po ten t iome t r i ca l ly  by  t i t r a t i ng  wi th  Ks( Fe(CN)~ z. 

Chromic  chloride,  ferric a m m o n i u m  su lpha te  and  o the r  
mater ia l s  used were of Anala  R (B.D.H.)  grade- reagents .  
Their  solut ions  were m a d e  in t r ip ly  dist i l led wa te r  and  
s t r e n g t h s  d e t e r m i n e d  by  usual  me thods .  

A Fischer  E lecdropode  (sensi t ivi ty  × 10) was used for 160 
pe r fo rming  a m p e r o m e t r i c  t i t ra t ions .  A d ropp ing  mercu ry  
e lect rode hav ing  t = 4.5 sec a t  Ed.  e. = 0.0 V (v. S.C.E.) in 
con junc t ion  wi th  a s a tu ra t ed  calomel e lect rode was  used 
Ior cu r r en t  measu remen t s .  KC1 (0.1M) was  used as t he  
base  e lec t ro ly te  and  gelat in (0.01% for Cr a+ and  0.02% for 
Fe  ~÷ react ion)  as t he  m a x i m u m  suppressor .  

The  t i t r a t ions  were carr ied out  a t  appl ied  potent ia l s ,  
- -  1.3 V and  0.45 V (lying on the  p l a t eaux  of the  polaro-  
g rams  of chromic  chloride and  ferric alum, respect ively ,  
b o t h  in 0.1 M KCI). Pur i f ied  n i t rogen  was bubb l ed  t h r o u g h  100 
the  cell a f ter  each add i t i on  of t he  t i t r an t ,  th is  ensured  a 
t h o r o u g h  mix ing  of the  r e a c t a n t s  and  m a d e  the  m i x t u r e  
oxygen  free. All t he  t i t r a t ions  were pe r fo rmed  at  30 =5 0.1 °C. 

Bo th  d i rec t  (metal  ion solut ion in the  cell) and  reverse  80 
(hydroxocyan ide  solut ion in t he  cell) t i t r a t i ons  were per-  ,-:.. 

c a .  fo rmed  wi th  va ry ing  concen t ra t ions .  The resul ts  are  E 
s u m m a r i z e d  in  the  Table  and  r ep re sen t a t i ve  curves  are '~ 60 
shown in the  Figure.  

Discussion. B o t h  the  di rect  and  reverse  a m p e r o m e t r i c  x 
t i t r a t ions  be tween  chromic  chlor ide/ferr ic  a lum and  po tas -  
s ium h y d r o x o e y a n o t u n g s t a t e  (IV) give a combin ing  ra t io  = 
of 1:1 po in t ing  t o wards  t he  fo rma t ion  of KM III 
[~vVIV(CN)4(OH)4 ] (M being Cr/Fe).  

In  di rect  a m p e r o m e t r i c  t i t r a t i on  of chromic  chloride,  ~0 
the  cu r r en t  a t  f i rs t  increases and  t h e n  decreases  (Figure, 
curve  I). This  behav iou r  m a y  be expla ined  on the  basis  of 
solubi l i ty  of t he  complex  fo rmed  whose  concen t r a t i on  is 
ve ry  low a t  first .  W h e n  the  solut ion becomes  s a tu r a t ed  
wi th  t he  complex ,  p rec ip i t a t ion  occurs and  the  cu r ren t  

Summary of the results of amperometrie titrations 

Molarity of the solutions (M) Equivalence point (ml) 
Metal ion Hydroxocyanide Calculated Observed 

Direct titrations 
CrlII 0.008 0.1 0.8 0.8 

0.006 0.1 0.6 0.6 
0.004 0.1 0.4 0.4 

FelII 0.010 0.1 1.0 1.0 
0.008 0.1 0.8 0.8 
0.006 0.1 0.6 0.605 

Reverse titrations: 
CrIII 0.1 0.008 0.8 0.8 

0.1 0.006 0.6 0.59 
0.1 0.004 0.4 0.40 

FelII 0.1 0.012 1.2 1.2 
0.1 0.009 0.9 0.91 
0.1 0.006 0.6 0.61 

begins  to decrease.  This  decrease  in cu r ren t  con t inues  unt i l  
t he  end  p o i n t  is reached  and  t h e n  t h e  cu r r en t  r emains  
c o n s t a n t  in view of non- reduc ib i l i ty  of the  h y d r o x o c y a n o -  
t u n g s t a t e  (IV) a t  d .m.e.  In  reverse  t i t ra t ions ,  the  observed  
cu r r en t  remains  a lmos t  unchanged  on the  add i t ion  of 
chromic  chloride solut ion unt i l  the  end po in t  is reached,  
af ter  which  the  diffusion cu r ren t  due to  Cr 3+ ions increases  
l inearly,  w i th  the  add i t ion  of the  la t t e r  (Figure, curve  II). 

"With ferric a lum,  the  shapes  of the  t i t r a t i on  curves  are 
typica l ,  b o t h  in the  d i rec t  as well as reverse  t i t r a t i ons  
(Figure, curves  I I I  and  IV). 

The  t i t r a t i on  graphs  are so well def ined t h a t  po ta s s ium 
h y d r o x o t e t r a c y a n o t u n g s t a t e  (IV) can be su i t ab ly  em- 
p loyed  for t he  e s t ima t ion  of Cr ~+ and  Fe  3+ ions a m p e r  9- 
metr ica l ly .  
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Amperometric titration curves. Direct: (I) 0.1M K4[W(CN)4(OH)4] 
added to 10 ml of 0.008M CrC13; (IlI) 0.1M K,[W(CN)4(OH)a] 
added to 10 ml of 0.006M ferric alum; reverse: (II) 0.1M CrC13 
added to 10 ml of 0.008M K4[W(CN)4(OH)4]; {IV) 0.1 M Ierric alum 
added to 10 ml of 0.009M K4[W(CN)4(OH)4]. 

Zusammen[assung. Die Z u s a m m e n s e t z u n g  von  in w~isse- 
r iger L6sung  gebi lde ten  I o n e n p a a r e n  des Anions  
['vV(CN)4(OH)4~ 4- mi t  Cr 3+ bzw. Fe 3+ wird  a m p e r o m e -  
t r i sch  e rmi t te l t .  
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