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Equilibrium Study on Mixed Ligand Complexes of UO’,’ and Th4+ with EDTA 
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Formation constants of mixed ligand complexes 
of UOF and Th’+ with EDTA and various nucleo- 
sides, pun’nes and pyrimidines such as adenosine, 
guanosine, cy tidine, uridine, adenine, 2,6-diamino- 
purine, 8-azaadenine, cy tosine, thymine and uracil 
in a 1 :I :I ratio were determined in aqueous solution 
at 35 “C by potentiometric equilibrium measure- 
ments. The acid dissociation constants of the above 
mentioned secondary ligands were determined at 
35, 45 and 55 “C together with the thermodynamic 
parameters involved in their ionization reactions. 
Formation constants of 1:1 binary complexes of 
170:’ and Th4’ with the above secondary ligands are 
also reported at 35 “C. All the measurements were 
made in aqueous solution and p = 0.1 M (KN03). 
Both enthalpy and entropy factors involved in the 
dissociation reactions of secondary ligands were 
found to be favourable for the first dissociation reac- 
tions. There was a good correlation between the 
basicity of secondary ligands and stability of their 
I:1 binary complexes determined. In general the 
binary complexes of Th4+ showed greater stability 
in comparison to the corresponding UO? com- 
plexes. Excepting the case of adenosine and cyti- 
dine, formation of protonated ternary complex in 
the early buffer region followed by dissociation to 
normal complex was visualized. In all the cases the 
binary complexes were more stable than their corres- 
ponding ternary complexes. Among the secondary 
ligands, thymine, uracil and uridine showed no 
measurable interaction with both the metal ions in 
binary and ternary complex systems. Cytosine and 
cytidine also showed very weak interactions with 
the UO, -EDTA system. 

Introduction 

The intrinsic role of metal ions in the conforma- 
tion of DNA and RNA and related molecules has 
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drawn the attention of researchers to the study of 
metal complexes of nucleotides, nucleosides and their 
bases [l-S]. Though earlier studres have been made 
on the metal complexes of purmes, pyrimidmes, 
nucleosides and their biologically important deriva- 
tives, only very few systematic data are available m 
these lines, especially in aqueous solution [6-81. 
Similarly mixed ligand complex formation interest- 
ed researchers because this offers an alternative to 
hydrolysis and olation reactions of metal ions. The 
metal ions UOf’, Th’+ used in this investigation have 
the high coordmation number of eight, enabling them 
to accommodate additional secondary ligands and 
thereby readily forming mixed ligand complexes. 
The choice of hexadentate EDTA as primary hgand 
is due to its tendency to form stable metal complexes 
even m high acidic condltlons [9] and it can also 
leave two ‘vacant’ sites on these metal ions for the 
binding of secondary ligands. Various nucleosldes, 
purines and pyrlmidines such as adenosine, guanosine, 
cytidine, uridine, adenine, 2,6-diaminopurine, 8- 
azaadenine, cytosine, thymine and uracll are chosen 
as secondary ligands m this study. Thus the present 
investigation is the first attempt to study the various 
equilibria involved in the formation of binary and 
ternary complexes of UOF and Th4+ with the above 
mentioned biologically important hgands in aqueous 
solution. 

Experimental 

Reagents 
Anhydrous nucleosides and their bases obtained 

from Sigma Chemicals (U.S.A.) were analytically 
pure. Then purity was further checked by potentio- 
metric titration with standard sodium hydroxide. 
Fresh solid nucleosides were weighed out for each 
titration to avoid any possible hydrolysis or photo- 
chemical decomposition. Stock solution of pure 
EDTA (BDH) was prepared and estimated volu- 
metrically. Stock solutions of analytically pure 

Th4+ and UOY nitrates (BDH) were prepared and 
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TABLE I. Acid Drssocratron Constants of Secondary Ligands p = 0.1 M (KNOs). AII the constants are accurate to +0.02 pk unit. 

Secondary hgand 35 “C 

pka pkza 

45 “C 

pka pkaa 

55 “C 

pka pkz, 
~--- 

a. NUCLEOSIDES 
Adenosme 

Guanosine 
Cyrrdme 

Urrdme 

3.50 - 3 45 - 3.36 - 

2.44 9.10 2.12 8.81 2.05 8.65 
4.03 4.00 _ 3.84 _ 

8.94 8.80 - 8.63 _ 

b. PURINES 

Ademne 

2,6-Draminopurme 

8-Azaadenine 

4.15 9.53 4.05 9.34 3.86 9.05 

5.04 10.27 4.93 10.11 4 78 10.05 

2.73 5.99 2.70 5.91 2.68 5.81 

c. PY RIMIDINES 

Cytosine 
Thymme 

UracrI 

4.48 11.38 4.39 11.03 4.24 10.66 
9.46 9.29 _ 9.16 _ 

9.07 8.91 _ 8.71 - 

then concentrations determined by usual volumetric 
and gravrmetrrc procedures [lo]. Carbonate-free 
sodium hydroxide was prepared and standardised 
by titration wrth pure potassmm acid phthalate 

Procedure 
Potentlometrrc titrations of the various lrgands 

(1.5 X 10M3 M) m the presence and absence of 
metal ions were carried out with standard sodrum 
hydroxrde solutron. The ionic strength of the solu- 
tion was maintained at 0.1 M (KNOa). A stream 
of nitrogen was passed throughout the course of 
the experiment in order to exclude the adverse 
effect of atmospheric carbon dioxide. The reactants 
were equilibrated before commencmg the titration 
and between each further addition of sodium 
hydroxrde. 

An Ehco model Ll-120 digital pH meter wrth 
a combined electrode was used to determme the 
hydrogen ion concentration. The electrode 
system was cahbrated based upon the method des- 
cribed earlier [ 111. 

Culculatlons 

Acid dissociation constants of secondary ligands 
and their I:1 binary complexes 
Acrd dissociation constants of the secondary 

hgands shown by following equilibrium 
srons are calculated by a direct algebraic 

[Ill. 

expres- 
method 

ka 
H2A 1 HA + H+ (I) 

k2, 
HA ‘A + H’ (2) 

Also then thermodynamic parameters were calculated 
using standard mathematical expressions. The stabr- 
lity of 1 :l complex pertaining to the equilibrium 
(3) was calculated by the method developed by 
Martell [ 121. 

MtA KMA [MAI 
,-----JMA,KU = ~ 

[Ml [Al 
(3) 

For the 1 .I :1 ternary systems the various complex 
formation equrlibria assumed are given below. 

normal complex, ML + A 
KILL 
-‘MLA, 

K 
WA1 

ML* = [ML] [A] 
(4) 

protonated complex, ML + HA 
KMLAH 
.-----JMLAH, 

K 
[MLAH] 

MZAH = [ML] [HA] 
(5) 

and protonated complex drssocrating to give normal 
complex 

MLAH 
Keel , 

MLAH \ 
mAH _ [MLAI IH’I 

MLA + H’, Km, - 
[MLAH] 

(6) 
and the respective equrlrbrium constants are calculat- 
ed based on an earlier method [13] from the suitable 
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TABLE II. Thermodynamrc Parameters Associated with the Dissociation Reactions of Secondary Llgdnds. p = 0.1 M (KN03) 

Secondary ligand 

a. NUCLEOSIDES 
Adenosme 
Guanosine 

Cytrdme 
Uridme 

b. PURINES 
Ademne 

2,6-drammopurme 

I-Azaadenme 

c. PY RIMIDINES 
Cytosme 

Thymme 
Uracil 

AHl 
(Kcal mol-‘) 

AG, 
(Kcal mol-’ ) 

3.20 + 0.20 4.93 * 0.01 
9.10 + 0.30 3.45 t 0.01 

10.40 * 0.70 12.83 k 0.01 
4.40 i 0 20 5.68 f 0 02 
7.30 + 0.30 12.61 + 0.01 

6.70 it 0.06 5.85 + 0.01 
11.04 + 0.08 13.43 f 0.01 

6.00 f 0.20 7.10 f 0.02 
5.05 * 0.05 14.49 * 0.01 
1.08 f 0.03 3.85 t 0.01 
4.20 f 1.00 8.45 f 0.01 

5.64 +_ 0.07 6.33 + 0.01 
15.40 + 0.20 15.97 f 0.01 

6.90 * 0.20 13.34 + 0.01 
8.30 f 0.20 12 79 + 0.01 

;leS:., 

-5.60 + 0.08 
18.40 k 0.90 
-7.90 f 2.00 
-4.30 * 0 70 

-17.30 f 0.70 

2.80 f 0.20 
-7.80 + 0.20 
-3.60 + 0.80 

-30.60 + 0.20 
-9.00 f 0.10 

-13.80 + 2.00 

-2.30 + 0.30 
-1.90 f 0.30 

-20.80 + 0.30 
-14.50 + 0 30 

TABLE III. 1 .l Formation Constants for the Interactron of 
UOz+ and Th4+ with Secondary Ligands. t = 35 “C, p = 0.1 M 

(KNOs). 

Secondary hgand M=UO; 
log K 

M = Th4+ 
log K 

Adenosme 
Guanosme 
Cytrdine 
Ademne 
2,6-Drammopurme 
8-Azaadenine 
Cytosine 

2.9 * 0.2 
3.1 * 0.2 
3.5 f. 0.2 
8.38 * 0.03 
9.60 * 0.02 
4.20 + 0.10 
3.70 f 0 20* 

10.42 f 0.01 

5.6 f 0.2 
3.4 * 0.2 
4.6 f 0.2 

10.30 f 0.10 
11.98 f 0.01 

6.40 f 0.10 
5.50 f 0.20* 

12.40 f 0.10 

*Protonated complex. 

equations. Charges are omitted for simphcrty. Where 
L = EDTA, A = Secondary hgand, M = UOF and 
Th4+. 

Results and Discussion 

Acid Dissociation Constants of Secondary Ligands 
Acid dissociation constants of the secondary 

hgands calculated by algebraic method are presented 
m Table I. Adenosine, guanosine cytrdine, ademne, 
g-azaadenine, cytosme were protonated by adding 
one equivalent of hydrochloric acid. 

TABLE IV. Formatron Constants of 1:l:l EDTA-M- 
Secondary Lrgand. t = 35 “C, /1= 0.1 M (KNOs). 

Secondary ligand M=UO’: 
log K 

M = Th4+ 
log K 

Adenosme 
Guanosme 

Cytrdme 
Adenme 

2,6-Dtaminopurine 

8-Azaademne 

Cytosine 

1.08 f 0.08 
2.88 f 0.03 

-6.38 r 0.04* 
_ 

2.88 + 0.05 
-6.65 f 0.05* 

3.01 f 0.05 
-6.57 f 0.05* 

3.18 f 0.05 
-5.91 f 0.05* 

_ 

2 57 + 0.08a 
2.81 f 0.02 

-5.67 f 0.02* 
2.85 t 0.08a 
3.21 + 0.05 

-5.88 f 0.05* 
3.41 f 0.05 

-5 86 * 0.05* 
3.12 f 0.05 

-5.39 f 0.05* 
3.27 f 0.05 

-5.90 r 0.05* 

*Constants for the formation of normal complexes by the 
drssoctatron of protonated complexes. aNormal complexes. 

Thermodynamrc parameters associated with the 
dissociation reactions of secondary ligands calcu- 
lated from their corresponding temperature coeffi- 
cient data are presented in Table II. 

1:l Binary complexes 
A typical potentiometrrc titration curve is shown 

in Fig. 1. Potentiometric titrations of secondary 
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Fig. 1. Potentiometrlc titration curves of 1: 1 binary and 1: 1: 1 ternary complexes involving UO;+ and Th4+ EDTA and ademne. 
L = free ligand (adenine), A = 1:l UOP-ademne, B = 1:l.l EDTA-UO z+-adenme, C = 1: 1 Th4+-ademne, D = 1: 1 .l EDTA- 
Th4+ ademne. a = no. of mol of base added per mol of ligand, t = 35 “C, p = 0.1 M (KN03). 

ligands m the presence of UOP and Th4+ m a 1 :l 
ratio could not be completed because of the separa- 
tion of solid phase. However the stability of 1: 1 com- 
plexes calculated in that region of the titration curve 
well ahead of the preclpitatlon point are presented 
in Table III. In all the cases the actual metal-hgand 
interaction was confirmed by checking the possiblhty 
of metal hydrolysis using the titration procedure 
described earlier [13]. The above treatment showed 
very weak interactlon in the case of uracil, thymine 
and uridine with both the metal ions. 

I : 1: I Ternary complexes 
In the case of ternary complexes, the region a = 

0 to 2 m the titration curves (Fig. 1) corresponds 
to the dissociation of two protons from EDTA. 
Various equilibria involving the formatlon of normal, 
protonated and the protonated complex dissociat- 
ing to normal complex were mathematlcally analysed. 
On this basis in the cases of adenosine with both 
the metal ions and cytidine with Th4+ ion the 
normal complex was assumed to be formed in the 
region a = 2 to 3 and the constants are calculated. 
In all other cases the formation of a protonated 
complex in the region a = 2 to 3 and its dissociation 
to normal complex m the region a = 3 to 4 was seen 
to be important and the constants calculated are 

given in Table II. The horizontal addition procedures 
[13] showed the absence of any significant mter- 
action in the cases of thymine, uracil, uridine with 
both the M-EDTA systems, and also in the cases 
of cytidme, uridme with U02-EDTA system. 

Dissociation constants of secondary ligands 
determined m this study agree with those reported 
earlier [7, 8, 14-221 though different experimental 
conditions were employed. AH for the first disso- 
ciation step is less negative in comparison to the 
second one for secondary ligands investigated, which 
indicates that the second proton dissociation IS 
difficult. The entropy changes are also not favourable 
for the second dissociation. The combmed enthalpy 
and entropy effect is understandable as the increased 
negative charge on the hgand makes the second disso- 
ciation reaction more difficult. 

Binary complexes of Th4+ secondary ligands are 
more stable than the corresponding UOP as seen 
from the values of formation constants given in 
Table III. The stability of the 1 .l binary complexes 
of both UO; and Th4+ could be well correlated 
with the basicity of the respective hgands, a plot 
of which is shown in Fig. 2. The stability of binary 
complexes of the purine, pyrimidine bases studied 
here decrease in the order cytosme > 2,6-diamino- 
purine > adenine > 8-azadenine. The increased stabi- 
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11 

7 

5 

31 
a 10 12 14 16 

PL+ p+, - 

Fig. 2. Linear plot of stabihty of 1:l binary complexes 
(log K) against the basicity of hgands (sum of pk, and 

pkz . 
a 

A = binary system of Th4+, B = binary system of 
+ l = 8azaadenine. A = adenme, 0 = 2,6-diammopurme, 

yf c&osine. t = 35 “C, p = 0.1 M (KNO& 

lity of cytosine metal complexes may be due to the 
less sterlc environment resulting in the complexa- 
tion process. In the case of nucleosides, the stability 
of 1: 1 binary complexes decreases m the order 
cytidme > guanosine > adenosme. Binary complexes 
of nucleosides are much less stable than the corres- 
ponding bases as evident from the constants given 
in Table III. The presence of sugar residue imposes 
steric hindrance in nucleosides for their complexa- 
tion with metal ions and reduces the overall basicity. 
The combined effect lowers the stability of metal 
complexes of nucleosides considerably. 

Potentiometric titration curves show that m the 
case of ternary complexes of Th4+, there 1s much 
depression in pH in the region a = 2 to 3 compared 
to the corresponding UOF system, accounting for 
the higher stability of the protonated complexes 
of the former. The higher stability of binary com- 
plexes in comparison to their ternary complexes 
could be explained on the basis of steric and cou- 
lombic factors dominating in the latter case. In 
general Th 4+ forms more stable complexes than 
UOP. Unlike binary systems no perfect correla- 
tion between the stability of the ternary com- 
plexes and the basicities of the secondary ligands 
involved could be made. The existence of various 

basic centres on the secondary ligands has led to 
conflicting literature statements regarding the metal 
ion bmdmg sites m these hgands. These ligands 
can act as monodentate in their coordination to metal 
ions. Chelation is also a possible alternative 123-251. 
When chelation is considered as the mode of binding 
of these hgands to metal ions, purines can afford 
to form more stable chelate, a five-membered ring 
involving the substltuent at position 6, metal ion and 
N7 or a less stable 4-membered ring chelate involving 
Cg substitutent, Nl, whereas metal chelation in 
pyrimidmes exclusively involves a less stable 4- 
membered ring. In the present investigation It is 
noticed that both the purines and pyrimidine 
bases and nucleosldes have almost identical 
interaction towards metal ions which indicates that 
the mode of binding to metal ions in both these types 
of ligands are similar and also may not involve chela- 
tion. Thereby both purine and pyrimidine bases and 
nucleosides may be acting as monodentate, the actual 
binding site may be located on the pyrlmldine ring 
which is common to both. However, m order to know 
the nature of binding in these complexes and the 
actual bmdmg sites in these ligands more detailed 
structural information is required and attempts 
on these lines are in progress in our laboratory. 
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