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The interaction of 1 : 1  Th(IV)--EDTA, --CDTA or 
- -DTPA chelate with glycollic and malic acids has been investi- 
gated potent iometr ical ly and the formation of 1 : 1 : 1 mixed 
ligand chelates inferred from the potentiometric  curves. The 
hydrolysis and dimerization constants of the b inary  chelates and 
the equilibrium constants of the ternary  derivatives have been 
evaluated at  30 =~ 1 ~ and 35 ~ 1 ~ and also the thermodynamic 
functions, viz. A •0, A H and A S. 

I n  ear l ier  communica t ions  from these laborator ies ,  po ten t iomet r i c  
s tudies  of Th(IV)--CDTA or - - D T P A  chelate  wi th  monohydroxyo  
monoearboxy l i c  ac ids l ,  2, Th(IV)--EDTA,  - -CDTA or - - D T P A  
chela te  wi th  d iamines  ~, 4 and  amino  acids'% G, Th(IV)- -DTPA chelate  
wi th  h y d r o x y  acids  7, s and  Th(IV)- -DTPA chelate  wi th  iminodiace t ie  
and  n i t r i lo t r iace t ie  acids  9 have  been r epor t ed  and  the  poss ib i l i ty  of 
coord ina t ion  numbers  8 to  12 for the  centrM meta l  ion has  been indica ted .  
Dur ing  the  presen t  inves t igat ions ,  p H - m e t r i c  s tudies  on the  in te rac t ion  
of Th(IV)  wi th  EDTA, CDTA or DTPA in presence of an equimolar  
p ropor t ion  of a secondary  l igand such as glyeoll ic or mal ic  ac id  have  
been carr ied  out  and  the  resul ts  discussed in the  present  paper .  

Experimental 

A stock solution of metal  ni t rate  (BDH, AR) was prepared in doubly 
distilled water  and standardizedK Glycollic acid, malie acid, disodium salt  
of EDTA, eyclohexane-trans-l,2-diaminetetraacetic acid (ODTA) and 
diethylenetr iaminepentaacet ic  acid (DTPA) used were E. Merck products.  
CDTA and DTPA were dissolved as the  di- and tr i-potassium salts rasp., 
due to their  low solubility. All the acid solutions were further checked by  
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po ten t iomet r ie  t i t ra t ions  using 0 .1M-KOI~ solution. A Cambridge pI-I-meter 
s tandardized  against  a 0 .05M-potass ium hydrogen  ph tha la t e  solution, was 
used for carrying out  the  pI-I-t i trat ions a t  30 =~ 1 ~ and 35 • 1 ~ 

The ionic s t rength  of all the  solutions was kep t  cons tant  (~ ~ 0.1) by  
using 0 .1M-KNO3 and low concentra t ions  (5.0 • 10-aM) of the  l igand and 
metM ion. The  final vo lume  was raised to 50 ml in each t i t ra t ion.  

0 t 2 3 4 5 6 
m 

Fig.  1. Po ten t iomet r i c  t i t ra t ions  of mixed  l igand sys tem of T h ( I V ) - - E D T A  
at  30 :~ 1 ~ All solutions are 5 .0•  10-3M in thor ium n i t ra te  and 0.1M in 
KNO3 at  the  s ta r t  of t i t ra t ion,  m = moles of alkali  added per  mole of the  
l igand or meta l  ion. 1. Glycollic acid;  2. Malic acid;  3.1 �9 1 T h ( I V ) - - E D T A ;  
4. 1 ". 1 : 1 Th ( IV) - -EDTA- -Glyco l l i c  acid;  5 .1  : 1 : 1 T h ( I V ) - - E D T A - - M a -  

lie acid 

The following p i t -me t r i c  t i t ra t ions  were carried out :  

System I.  Th ( IV) - -EDTA- -g l yco l l i c  acid (Fig. 1). 

1. 10 ml (0.025M) glycollic acid (curve 1). 
2. 1 0 m l  (0.025M) tho r ium n i t ra te  + 10 ml  (0.025M) E D T A  

[ T h ( I V ) - - E D T A ;  I : 1] (curve 3). 
3. 10 ml  (0.025M) tho r ium n i t ra te  + 10 ml (0 .025M)- -EDTA + 10 ml  

(0.025M)--glycol l ic  acid [Th( IV) - -EDTA--g lyeo l l i c  acid;  1 : 1 : 1] (curve 4). 
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Similar sets of solutions were titrated for the systems 
T h ( I V ) - - E D T A - - m a l i c  acid (Fig. 1), Th( IV) - -CDTA--g lyco l l i c  or malic 
acid and Th( IV) - -DTPA- -g l yco l l i c  or malic acid. 

R e s u l t s  a n d  D i s c u s s i o n  

Martell et al. lo reported the hydrolysis of normal 1 : 1 T h ( I V ) - - E D T A  
or - - C D T A  chelate followed by dimerization reactions, whereas 
Th ( I V ) - - D T P A  undergoes only hydrolysis. The hydrolysis a~d dimeriza- 

Fig. 2. 
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The dimer formation of monohydroxo derivative of T h ( I V ) - - E D T A  
chelate at a) 30 ~ and b) 35 ~ 

tion constants of these reactions at 30 • 1 ~ have been reported ear- 
lier 1, 6, 7 and the dimerization constants as calculated at 35 ___ 1 ~ 
(Figs. 2 and 3) are about 1 percent less. 

Methods similar to those employed by Thompson and Loraas 11 were 
used for the calculations of the equilibrium constants of the ternary 
derivatives. 

The values of the thermodynamic functions viz. A F ~ A H and A S 
were calculated at 35 ~ The free eilergy change (A Fo) and the values 
(A H) are given by the following equations : 

A FO = - -  R T  ln K 

A H = RT1T~ (In K2 - -  In Kz) 
T2 - -  T1 
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In Fig. 1, curves 1 and 2 represent the potentiometric titrations of 
glycollic and malic acids exhibiting well defined inflexions at m ~ 1 
and m = 2, resp. (m ~ moles of alkali added per mole of the ligand or 
metal  ion). The curves indicate tha t  only carboxylie hydrogen of these 
acids dissociates in acid solutions and the hydroxy hydrogen remains 
unaffected. 

Curve 3 represents the potentiometrie t i tration of an equimolar 
mixture of thorium nitrate and EDTA, CDTA or DTPA in Fig. 1. 
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Fig.  3. The  d imer  f o r m a t i o n  of m o n o h y d r o x o  d e r i v a t i v e  of Th(IV)--CDTA 
che la te  a t  a) 30 ~ a n d  b) 35 ~ 

This curve gives a sharp inflexion at m----2 due to the neutrMiza- 
tion of two protons from each acid molecule and indicates the formation 
of a normal hydrated l : l  Th(IV)--EDTA, --CDTA or --DTPA 
chelate. 

Oceurance of another buffer region at pH > 5.5 and pH > 6 in the 
case of 1 : 1 Th(IV)--EDTA and 1 : 1 Th(IV)--CDTA systems, resp., 
has been reported to be due to the hydrolysis of these binary complexes, 
which follow a binuclear clarion 1~ 

A second buffer region observed at higher pH( ~ 8) in the case of 
1 : 1 Th(IV)--DTPA system has been ascribed to the hydrolysis of the 
normal 1 : 1 chelate without undergoing a dimerization reaction 1~ 

Curve 4 represents the potentiometrie t i trat ion of T_h(IV)--EDTA-- 
glyeollie acid, Th(IV)--CDTA--glycollic acid and Th(IV)--DTPA--gly- 
collie acid in equimolar concentrations (Fig. 1). An inflexion at m ---- 3 in 
each ease may  be ascribed to the neutralization of two protons from the 
hexadentate EDTA, CDTA or oetadentate DTPA and one from the biden- 
tare glyeollie acid molecule. Comparision of the upper buffer region of 
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curve 4 wi th  t h a t  of curve 3 shows a considerable  lowering ind ica t ing  
the  in te rac t ion  of the  1 : 1  Th(IV)--EDTA, --CDTA or - -DTPA 
chelate  wi th  glycoll ic acid. The reac t ion  m a y  be ind ica ted  as:  

O 
m /coo / c o \  

H - - C H  ~ ThY ~ H - - C H  ThY z- ~ ILl + 

\OH \ o / 

where Y4- represents  the  EDTA or CDTA anion. I n  th is  react ion,  the  
hydrogen  of the  h y d r o x y  group of glycoll ic acid  becomes more labi le  and  
acidic b y  the  dona t ion  of a pa i r  of electrons f rom the  h y d r o x y  oxygen  
a tom and  forms a mixed  l igand complex.  Thus the  lowering in the  
upper  buffer region of curve 4 (Fig. 1) as compared  to  curve 3 (Fig. 1) 
is a d i rec t  measure  of the  above  t y p e  of chelat ion.  The ca lcu la ted  
values  of equi l ibr ium cons tan ts  ( - - l o g  K)  of these mixed  sys tems are 
given in Table  1. 

Table 1. Equilibrium Constants o] the Mixed Ligand Chelates. ~ = 0.1 (KNOs) 

Equil ibrium constant  ( - -  log K) 
System t = 30 ~_ 1~ t = 35 :b I~  

Th(IV)--EDTA--gIycollic acid 
Th(IV)--EDTA--malic acid 
Th(IV)--CDTA--glycollie acid 
Th(IV)--CDTA--malic acid 
Th(IV)--DTPA--glycollic acid 
Th(IV)--DTPA--malic acid 

4.62 ::[:: 0.03 4.64 ~ 0.02 
3.87 ::t: 0.06 3.90 ~ 0.04 
5.70 i 0.05 5.83 ~ 0.08 
4.72 ::t:: 0.04 4.79 :j:: 0.06 
6.42 ~ 0.01 6.48 :[: 0.03 
5.89 :J:: 0.02 5.93 :J: 0.02 

I n  case of the  fo rma t ion  of 1 : 1 : 1  Th(IV)--EDTA, --CDTA or 
---DTPA--malic acid  chelate,  a s imilar  exp lana t ion  m a y  be given. I n  
these cases, as ind ica t ed  b y  the  curve 5 (Fig. 1), an inf lexion appears  
a t  m = 4 due to  the  presence of two carboxyl ic  groups in malic  acid  
molecule.  The equi l ib r ium cons tan t s  of these t e r n a r y  der iva t ives  are 
also l i s ted  in Table  1. 

I t  should  be no ted  t h a t  in case of 1 : 1 : t  Th(IV)--EDTA or 
CDTA--glycollic acid  mixed  complex,  the  me ta l  ion shows i ts  usual  
8 coord ina t ion  number ,  whereas  in 1:  1 : 1  Th(IV)--EDTA or 
CDTA--malic acid  sys tem,  the  coord ina t ion  number  seems to be ex- 
t ended  to  9. S imi lary ,  for the  mixed  chelate  formed wi th  oc t aden t a t e  
DTPA and  glycoll ic  acid  there  are 10 possible coord ina t ing  centres  
present ,  while wi th  mal ic  acid  the  n u m b e r  m a y  be 11. I t  therefore,  
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indica tes  t h a t  the  Th(IV)  ion m a y  possess 10 and 11 coordinat ion  
n.umber in the  resul t ing t e r n a r y  complexes.  

A compar is ion of equi l ibr ium cons tants  l i s ted  in Table  I indica tes  
t h a t  mMic acid  forms s t ronger  chelates t h a n  glycollic acid. The order  
of s t ab i l i t y  of the  t e r n a r y  chelates in t e rms  of p r i m a r y  l igand is found  
to be E D T A  ~ C D T A  > D T P A .  This is in accordance  wi th  the  
s t ab i l i t y  of b ina ry  complexes,  which follow the  order :  

D T P A  > C D T A  > E D T A  ~o. 

A ~0, A H and  A S values are r epor ted  in Table  2. 

Table 2. Values o] Thermodynamic Functions ]or Equilibrium Reactions o] 
Mixed Chelates and Hydrolysis and Dimerization Reactions o] Binary Th(IV) 

Chelates at 35 ~ 

A F ~ (kcal/ A H (kcal/ A S (cal/ 
l~eacbion mole) mole) mole/degree) 

T h ( I V ) - - E D T A  

KTh( IV) - -EDTA--g lyco l l i c  acid + 6.55 - -  1.71 
K T h ( I V ) - - E D T A - - m a l i c  acid + 5.51 - -  2.57 
~Th(OH)Y + 9.70 + 7.70 
K[Th(OH)Y]2 + 14.01 --  6.84 

T h ( I V ) - - C D T A  

KTh(IV)- -CDTA--g lycol l ic  acid + 8.23 
KTh( IV) - -CDTA- -ma l i e  acid + 6.76 
KTh(OH) Y + 10.20 
K[Th(OI-I) Y]~ + 15.95 

T h ( I V ) ~ D T P A  

KTh(IV)--DTPA---glycol l ic  acid + 9.15 - -  5.13 
K T h ( I V ) - - D T P A - - m a l i c  acid + 8.37 - -  3.42 
KTh(OH)Y + 12.12 + 5.13 

- -  26.81 
- -  26.23 

- -  6.49 
- -  23.28 

- -  11.12 - -  62.82 
- -  5.99 - -  41.39 

6.84 - -  10.91 
+ 8.555 - -  24.01 

- -  46.36 
- -  38.27 
- -  22.70 
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