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E l e c t r o m e t r i c  S t u d i e s  o n  the  R e a c t i o n  b e t w e e n  
T h o r i u m  a n d  A l k a l i  T u n g s t a t e  

The reac t ion  be tween  Th 4+ and WO~ 2- ions has been  
inves t iga ted  by  means  of e lec t rometr ic  techniques  involv-  
ing amperomet r ic ,  pH,  and conduc tomet r i c  t i t r a t ions  be- 
tween  t ho r ium n i t r a t e  and sodium tungs t a t e  a t  several  
concen t ra t ions  in aqueous  medium.  The sharp  breaks  and  
inf lect ions in t i t r a t i on  curves provide  cogent  evidence for 
the  fo rmat ion  and  p rec ip i t a t ion  of normal  t ho r ium tung-  
s ta te ,  ThO 2 �9 2WO3, in the  p H  range 4.50-5.75. Ampero-  
met r ic  t i t r a t ions  yield more  accura te  results  and offer a 
s imple and  rap id  m e t h o d  of de te rmin ing  Th 4+ ions in 
solut ions a t  sui table  concen t ra t ions  and  p H  ranges.  An 
a t t e m p t  has  also been  made  to examine  the  possibi l i ty  of 
developing th is  reac t ion  as an analyt ical  procedure  for 
the  de t e rmina t i on  of t ho r ium as t ungs t a t e  ampero-  
metr ical ly .  

Experimental. Reagen t s  t ho r ium ni t ra te ,  sod ium tung-  
s ta te  and t h y m o l  used were of Ana l aR(BDH)  qua l i ty  
and the i r  solutions were p repa red  in air-free conduc t iv i ty  
water .  

Amperomet r i c  t i t r a t ions :  A manua l  po ta rograph  wi th  
sca lamp ga lvanomete r  was used for per forming  ampero-  
met r ic  t i t ra t ions .  A dropp ing  mercury  electrode hav ing  
the  character is t ics  m = 2.416 mg/sec, t -- 3.58 sec and  
m2/~ tl/6 = 2.226 rag2/3 sec-1/2 a t  Ed.e. -- -- 1.0 v (vs. 
S.C.E.) was used in con junc t ion  wi th  sa tu ra t ed  calomel 
electrode connec ted  to the  cell by  agar-KC1 bridge. All 
the  amperomet r i c  t i t r a t ions  were pe r fo rmed  wi thou t  any  
suppor t ing  electrolyte  and in the  presence of 0.01% 
t h y m o l  as m a x i m u m  suppressor  a t  an electric tens ion of 
-- 1.5 v (vs. S.C.E.), which  is the  l imit ing cur ren t  p la teau  
po ten t i a l  of the  wave  p roduced  by  Th 4+ ions. 

20.0 ml of the  t i t re  solut ion were t aken  into the  cell 
each t ime,  which  was swept  and s t i r red by  bubb l ing  
hydrogen .  Af ter  each addi t ion  of the  t i t r a n t  solution, t he  
observed cur ren t  was correc ted  for the  di lut ion effect  and  
p lo t t ed  agains t  the  vo lume of the  t i t r a n t  added  in ml. 
The end poin t  was located graphical ly.  Employ ing  dif- 
fe rent  concen t ra t ions  of t ho r ium n i t ra te  and  sod ium 
tungs ta te ,  ampe rome t r i c  t i t r a t ions  were carried out  w i th  
each of the  reagents  a l t e rna t ive ly  used as the  t i tre.  Only  
one figure (Figure 1, Curves I, II),  hav ing  two represen ta -  
t ive  curves of d i rect  and  reverse  t i t ra t ions ,  has  been given 
for the  sake of brevi ty .  The results  of amperomet r i c  
s t u d y  have  been  t abu l a t ed  (Table I). 

p H  and  conduc tomet r i c  t i t r a t ions :  p H  of the  solut ions 
were measured  on a Cambridge  null deflect ion type  p H  

meter .  The glass electrode of the  range 0-13 pH,  cali- 
b r a t ed  f requen t ly  by  buffers  of d i f ferent  p H  values, was 
used in con junc t ion  wi th  s a tu r a t ed  calomel electrode.  
20.0 ml  of the  solut ion was t a k e n  into t he  cell each t ime ;  
i t  was kep t  immersed  in an electr ical ly ma in ta ined  the rmo-  
s ta t  and  the  con ten t s  were s t i r red  by  means  of a magne t ic  
stirrer.  The observed p H  values  were p lo t t ed  against  t he  
volume of t i t r a n t  added  in ml, and  f rom the  sharp  inflec- 
t ions  in t i t r a t ion  curves and  m a x i m u m  value of d p H / d V  
the  end po in t  was de te rmined .  

Conductance  of the  solutions was measured  on a Kohl-  
rausch  universal  bridge using an A.F. genera tor  as a source 
of A.C. The conduc t iv i ty  values  af ter  correct ion for the  
di lut ion effect  were p lo t t ed  aga ins t  the  volume of t i t r a n t  
and the  end poin t  located graphical ly.  The same s t r eng ths  
of the  solutions were employed  in b o t h  the  techniques  for 
the  sake of comparison.  The resul ts  of p H  and conduc to-  
met r ic  s tudies  have  been  t abu l a t ed  (Table II ,  Figure 2). 
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Fig. 1. Direct (I[D]) and reverse (II[R]) amperometric titrations be- 
tween Th(NO3) 4 and Na2WO 4. Curve I[D]: ml of M/30 Th(NOa) 4 
added to 20.0 ml of M/100 Na2WO 4. Curve II[R] : inl of M/20 Na2WO 4 

added to 20.0 tnl of M/200 Th(NO3) 4. 

Table II. Summary of the results of pH and conductometrie titrations 

Table I. Summary of the results of alnperometric titrations 

Molarity of solutions Equivalence points (ml) 

Th(NO3) 4 Na2WO 4 Calculated Observed 

Molarity of solutions Equivalence points (ml) 

Th(NO3) 4 NaeWO 4 Caleu- Observed from 
lated 

Max. Conduc- 
dpH/dV tanee 

Direct titrations, Figure 1, Curve I[D~ 

M/30 M/100 3.00 3.00 
M/50 M/150 3.33 3.30 
M/80 M/250 3.20 3.25 
M/200 M/500 4.00 4.10 

Reverse titrations, Figure 1, Curve II[R] 

M/200 M/20 4.00 4.00 
M/400 M/30 3.00 3.00 
M/750 M/70 3,73 3.75 
M/1000 M]90 3.60 3.65 

Direct titrations Figure 2, Curves I[D] and II[D] 

M/IO M/30 3.33 3.35 3.30 
M/40 M/100 4.00 3.94 3.95 
M/80 M/250 3.20 3.25 3.30 
M/150 M/500 3.00 3.08 2.95 

Reverse titrations, Figure 2, Curves I[R] and II[R] 

M/120 M/10 3.33 3.36 3.40 
M/250 M]20 3.20 3.24 3.15 
M/500 M[50 4.00 4.05 4.10 
M/750 M[70 3.73 3.68 3.80 
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Discussion. Using di f ferent  concent ra t ions  of t ho r i u m 
n i t ra te  and sod ium tungs ta te ,  a series of amperomet r i c  
t i t ra t ions  was carr ied out  a t  Ed.e. = -- 1.5 v (vs. S.C.E.), 
a t  which Th 4+ ions give a well-defined reduc t ion  wave  
while the  WO42- ion does no t  produce  any  measurable  
diffusion current .  In  direct  t i t ra t ions  (Fig. 1, curve I[Dl) ,  
i.e. when  sod ium t u n g s t a t e  solut ion is used as the  t i t re ,  
the  observed cur ren t  of the  magn i tude  of a few micro- 
amperes  remains  a lmost  unchanged  on the  add i t ion  of 
t ho r ium n i t ra te  solut ion till the  end poin t  is reached,  
af ter  which the  diffusion cur ren t  due to  Th  ~+ ions in- 
creases l inearly wi th  the  addi t ion  of the  lat ter .  In  cases 
where t ho r ium n i t r a t e  solut ion is used as the  t i t re  (reverse 
t i t ra t ions ,  Figure 1, curve I I [R])  the  reverse p h e n o m e n o n  
is observed.  Bo th  the  di rect  and reverse amperome t r i c  
t i t r a t ion  curves produce  well-defined breaks  a t  a po in t  
where the  molecular  rat io of the  reac tan t s  Th 4+ and  
WO4 ~- is 1:2, which  suggests  the  format ion  of a whi te  
crystal l ine prec ip i ta te  of normal  t ho r ium tungs t a t e  hav-  
ing the  composi t ion  ThO 2 �9 2WO 3 in the  p H  range 
4.50-5.75. The react ion can be s t a t ed  as follows: 

Th(NO3)4 + 2Na2WO 4 = ThO 2 �9 2WO 3 + 4 N a N O  a. 

The accuracy and  reproducib i l i ty  of these t i t r a t ions  has 
been found to be excellent.  The prec ip i ta t ion  of normal  
t ho r ium tungs t a t e  is quan t i t a t i ve  and the  react ion can be 
su i tably  employed  for the  de t e rmina t ion  of Th 4+ ions 
amperomet r i ca l ly  as tungs ta te .  

The p H  of t ho r ium n i t r a t e  and sodium t u n g s t a t e  
solut ions was measured  wi th  a glass e lectrode and found  
to  be in the  v ic in i ty  of 2.75 and  7.80 respect ively.  Various 
p H  and conduc tomet r i c  t i t ra t ions  per formed be tween  
t ho r ium n i t ra te  and  alkali tungs ta te ,  b o t h  by  direct  and  
reverse m e thods  (Fig. 2, curves I[D~ and I I [D]  and I[R] 
and II[R~), provide  sharp  breaks  and inflect ions as well as 
p ronounced  m a x i m a  in d p H / d V  at  the  same molecular  
rat io of ThO2:WO 3 as 1:2, a t  which amperomet r i c  
t i t r a t ions  also yield sharp  breaks  and conf i rm the  Iorma- 

t ion  of ident ical  c o m p o u n d  (ThO, �9 2WOa) in the  p H  
range 4.50-5.75. 

Each  t i t r a t ion  takes  abou t  1/2 h for complet ion.  I t  is 
observed  t h a t  a f ter  each addi t ion  of the  t i t r a n t  it  t akes  a 
l i t t le t ime for the  diffusion current ,  pH,  and  conduc tance  
values  to become s teady.  Thorough  s t i r r ing in the  v ic in i ty  
of t he  end poin t  has  a favorable  effect.  

Amperometric determination of TM+ as normal tungstate. 
In  view of the  quan t i t a t i ve  prec ip i ta t ion  of Th(WO,)~, 
which  is clear f rom Tables  I and II ,  i t  was cons idered  
wor th-whi le  to  s t u d y  the  possibi l i ty  of developing th is  
reac t ion  as an amperome t r i c  m e t h o d  for the  de te rmina -  
t ion of Th  4+. A series of solut ions conta in ing  known  
amo u n t s  of Th  4+ were t h e n  analysed  amperomet r i ca l ly  by  
t i t r a t ing  against  normal  sodium tungs ta te .  Table I I I  illus- 
t r a t e s  the  accuracy of the  m e t h o d  and  the  resul ts  of 
analysis.  

I t  is quite  a p p a r e n t  f rom Table I I I  t h a t  the  reac t ion  
can be su i tab ly  employed  for the  d e t e rmi n a t i o n  of Th  4+ 
co n t en t  down to 1 �9 10 3M wi th  an accuracy  of 1%. 
Cat ions which form prec ip i ta tes  w i th  alkali  t ungs ta t e ,  
e.g. silver, cadmium,  l an thanum,  cer ium etc.,  and  anions 
which  react  wi th  thor ium,  e.g. vanada te ,  molybda te ,  
and chromate ,  interfere  and  mus t  be absent .  

A compara t ive  s t u d y  of the  e lec t rometr ic  expe r imen t s  
clearly indicates  t h a t  p H  and conduc tome t r i c  t i t r a t ions  
yield accurate  resul ts  only  wi th  concen t r a t ed  solut ions of 
the  r eac tan t s ;  a t  grea ter  di lut ions t he  breaks  and  inflec- 
t ions  are no t  sharp ly  defined.  Amperome t r i c  t i t ra t ions ,  
however ,  yield ve ry  accura te  end po in t s  even a t  suffi- 
c ient ly  low concen t ra t ions  of the  reac tan ts .  The ampero-  
met r ic  m e t h o d  can, therefore ,  be r e c o m m e n d e d  for the  
de t e rmina t i on  of Th  4+ as no rma l  t h o r i u m tungs t a t e  in the  
p H  range 4.50-5.75 ~. 

Table III. Amperometric deternfination of Th 4+ as tungstate at 
Ed.e. = -- 1.5 v 

mI of M/,o Th (NOa)4 
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Fig. 2. Direct (I[D l and II[D]) and reverse (I[R] and II[R~) pH 
and eonduetometric titrations between Th(NO3) 4 and Na2WO 4. 
Curves I[D] and II[D]: Iill of M/IO Th(NO3) 4 added to 20.0 ml 
of M/30 Na2WO 4. Curves I[R] and II[R]: ml of M/10 Na2WO 4 

added to 20.0 ml of M]120 Th(NOa) 4. 

Volume of the solution taken = 20.0 ml 

Th 4+ present (rag) 15.4545 11 .6025  6 . 1 1 8 0  0.4641 
Th 4+ found (rag) 15.5473 11 .6025  6 . 2 2 1 0  0.4576 
Error 0.0928 0.0000 0 . 1 0 3 0  0.0065 

Zusammenfassung. Es wurde  die Reak t ion  zwischen 
Th  *+ und WO,~- - Ionen  durch  amperomet r i sche ,  p H  und  
konduk tome t r i s che  T i t r a t i onen  zwischen Th(NO3) 4 und  
NazWO 4 un te rsuch t .  E l ek t rome t r i s ch  konn te  bewiesen 
werden,  dass sich zwischen p H  4.50-5.75 normales  
T h o r i u m t u n g s t a t  ThO,  �9 2WO a bi ldet .  
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