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The detailed potentiometric Investigations have been carried oat on the system 
U01 -oxallc acid-malonic acid-amlnodiacetic acid. The formation constants and free 
energies of formation for all the possible binary, ternary and quaternary complexes 
formed, have been evaluated. 1 : 1 : 1 : 1 quaternary complexes have been found to be 
more stable than 1 : 1 : 1 ternary or 1 : 1 binary complexes. 

THE binary complexes1 - 10 of dioxouranium with 
different carboxylic, hydroxy and aminopolycar­
boxylic acids have been extensively studied, but 

much less work has been undertaken on the hetero­
ligand ternaryu-u and quatemary18 systems 
involving dioxouranium ion. In continuation of the 
earlier communication1 0 on the potentiometric stu­
dies of the quaternary systems involving uranyl ion 
and a number of dibasic acids, the authors report 
the detailed investigations on U011-0X-Maln-IMDA 
systems (where OX=oxalic acid, Maln=malonic 
acid and IMDA=aminodiacetic acid) in the present 
communication. 

Experimental 

All the chemicals used were of BDH AnalaR 
grade. The stock solution of U01 (N08 ) 1 was pre­
pared and the metal was estimated gravimetrically 
as U 110 8 • The ligand solutions were prepared by 
direct weighing and the concentrations of the 
solutions were further checked by potentiometric 
titration against 0.1 M KOH. The concentration of 
the solutions (5 x to-a M in metal or ligand), total 
volume (~0 ml) and ionic strength (t~=O.l M KN0 8 ) 

were always kept constant at the beginning of the 
titration. 

pH measurements were made with Philips precis­
ion pH-meter (PR 9405 M) (accuracy±.02) using 
standard glass (PV 9011) and calomel (PV 9021) 
electrodes. The instrument was standardised against 
0.05 M potassium hydrogen phthalate for pH-4 at 
temperature 25 ± 1"' before use. 

The dissociation constants {Table 1) were deter­
mined by the method of Chabefek and Martell10 or 

Ligand 
Omlicacld 
Malonic acla 
Iminocliatet.io acid 

TA.BI.Jl 1 

,x. 
1.66 
11.'16 
lUI 

JIX. 
8.90 
6.86 
9.18 

TABLlt II 

System Stoichiometry log K A. F"{K cal/mole) 

uo.-ox 1: 1 8.97±.117 - 5.U 
1:11 9.08±.25 -12.3'1 
1:3 16.40±.12 -2!!.85 

uo.-1\'laln 1: 1 5.56±.18 - '1.5'1 
1:2 Hl.18± 18 -16.60 

UO.-IMDA 1:1 8.83±.15 -12.08 
uo.- OX- Ma.ln 1: 1: 1 7.67±.11 -10.45 

1: II: 1 14.89±.24 -19.51 
uo.-ox-IMDA 1: 1: 1 10.07±.28 -15.7!! 

1: !! : 1 13.65±.11 -18.60 
UO 1 - Maln- IM:DA 1: 1: 1 11.44±.09 -1IS.IS9 

1:2:1 18.19±.11 -24.79 
UO.-OX-M:aln-IM:DA 1: 1:1: 1 11.55±.15 -15.74 

Noyes11 and the formation constants (Table 2) for 
the binary, ternary and quaternary- species by the 
expressions given in Table 3. Free energies of for­
mation were calculated from the following express­
ion. ~F'= -RT ln K 

Hydrolysis and polymerisation of the complexes 
were supposed to be negligible in the pH range (2·3) 
where calculations were made. 

Results and Discussion 

The curve representing the pH-metric titration 
of U011 (N08 ) 1 with KOH issimilar to that obtained 
by Feldman et a1. 11·u, a sharp inflection observed 
at m-2.3 (m=moles of alkah added per moleof 
metal or ligand) being attributed to the species such 
as U,o:+, Uao:+, U 110 8 (0H)+, U 110 8 (0H) 1 , etc. 

Inflections at m = 2 in the curves a and a' for OX 
and Main respectively and at m= 1 in curve au for 
IMDA may be correlated to the titration of both 
the carboxylic protons in case of oxalic and malonic 
acid while only one of the carboxylic protons is 
titrated in the case of IMDA. 

Binary Systems : 

Curves b, b' and b" (Fig. 1) representing tbe 
titration of 1 : 1 UO~ -OX/Maln/IMDA srstem, 



System 

1: 1 

1: 2 

1:9 

1 : 1: 1 

1: 2: 1 

1: 1: 1 : 1 
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Formation Constant 

TM-1/2A.X 

(~)•A•.x 

K T -~A.X 
MLL'=_M __ _ 

(WA•.x 

K T -!A.X 
MLL'L"= ,-i'M:77-~­

(5)4A4.X 

TABLll: 3 

A 

l\11-TOR-H+ 

2H+• JF­--+­K,K 1 K1 

4TM-TOR-H~ 

IJH+• ~ --+­K,K, K, 

6TM-T0H-H+ 

2H+I !{+-
-+­K,K, K, 

4TM-T0 H-H+ 

411+• \!H+ 

K,K1 + Kt'K1 ' + K, +K,' 

6TM-T0R-H+ 

6fl+• 3H+ 
K K +R 'K '+K "R ,,+-K +K '+K" 12 1 S 1 I t 1 J, 

X 

H+• H+ I+ --+­K,K1 K, 

3H+• 3H+ 
l+ K 'K ,+ K I 2K 1 1 +K, • 2K1 + t 

TM=(Metal]total, T0 R=KOH, K,, K •. K',, K.' and K," and K." are the acid dissociation constants of the lig&nds. 

,, 

Fig. 1. 
m--------------------. 

exhibited by the curves c and c' in comparison to 
those indicating respective 1 : 1 systems, an inflection 

c· at m=4 and the non-superimposable nature of the 
theoretical composite curve (drawn by adding the 
horizontal distances ofthecurves for 1:1 U0 9 -0X/ 
Main and free ligand), indicate the formation of 
1 : 2 complex of uranyl ion with dicarboxylic acid. 
An inflection at m= 3 in the case of l : 2 U09 -

IMDA system may, however, be attributed to the 
formation of a 1 : 1 U0 9 - IMDA complex and the 
simultaneous titration of remaining IMDA. 

Curves for the titration of 1 : 3 U0 9 - OX/Main/ 
IMDA systems give an evidence for the formation 
of 1 : 3 complex in the case of oxalic acid only. 

Ternary Systems : 

Curvea.=OX, b=1: 1 U01 -0X. o=l: 2 U01 -0X, 
d=l :3 UO,-OX, a.'=~1a.ln, b'=l: 1 U01 Maln, 
o'=l: 2 t:O,-'!Ilaln,d'""l: 3 U01 -t.hln, 
a"=DlDA. b"=l: 1 001 -UiDA, o"=l: 2 
uo,-nmA 

exhibit inflections at m=2, which may be attributed 
to the formation of 1 : 1 binary complexes under­
going hydrolysis and polymerisation in the higher 
pH range. 

Curves e, f, g represent the titration of 1 : 1 : 1 
U0 11 -0X-Maln, U0 11 -0X-IMDA and U09 -

Maln- IMDA syl>tems respectively. The lowering 
in pH in comparison to 1 : l binary systems and 
an inflection at m=4 may be correlated to the simul­
taneous addition of the two ligands to the central 
Oxo metal ion formingheteroligand ternary complex. 
1:2:1 0011 -0X-Maln, U09 -0X-IMDA and 
U09 - Main- IMDA systems were also investigated 
and the f()rmation constants for the resulting 
1 : 2 : 1 ternary species were evaluated. 

Quaternary Systems : 

Curves c, c' and c" represent the titration of 1 : 2 
U0 9 -OX/Maln/IMDA systems. The lowering in pH 

Curve h represents the titration of uranyl ion in 
presence of isomolar quantities of oxalic, malonic 
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Fig. 2. Outve a=OX, a'=Maln, a" =IMDA, b,..l: 1 001 -OXP 
b'=1: 1 uo.-Maln, b''=1: 1 uo.-IUDA, 
e=l: 1: 1 uo.-ox-Maln, f=l: 1: 1 uo.­
OX-IMDA, 
g=l: 1:1 U01 -:Maln-IMDA, h=1: 1: 1:1 
U0 1 -OX-lliln-IMDA, 
z, x' and x' are theoretical composite curves. 

acid and IMDA. The formation of a quaternary 
complex is evidenced by the lowering in pH, differ­
ence in precipitation pH and by the non-super­
imposable nature of the theoretical composite curves 
x, x' and x" (drawn by adding the horizontal dis­
tances of the curves for (i) U01 -0X-Maln and 
IMDA, (ii} U01 -0X-IMDA and Main and (iii) 
U01 - Main- IMDA and oxalic acid) in the region 
of quaternary complex formation. 

The comparison of the stability constants indicate 
that I : 1 : I : 1 quaternary complexes are more stable 
than 1 : 1 : 1 ternary or 1 : 1 binary complexes. In 
case of binary systems IMDA forms the most stable 
complex with uranyl ion and in case of ternary sys­
tems the most stable complexes are formed in the 
systems involving malonic acid and IMDA. The 
observed trend in the value of the formation cons­
tants may be ascribed to the increasing basicities of 
the ligands. 
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