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The interaction of LaWn, Gd(III), Tb(I1I) and Dy(III) with the
ligands capable of coordinating through 0-,0-(phthalic, maleic,
fumaric, succinic and salicylic acids and pyrocatechol), 0-,N (0
aminophenol and 8-quinolinol) and N,N-(2,2'-bipyridyl and
ethylenediamine) donor atoms have been investigated pH-metrically
in aqueous medium at 25°,30°,35° and 40°C and Jl =0.1 M (KNOJ).
The stability constants of the ternary complexes have been evaluated
and discussed in terms of donor atoms, size of the chelate rings.
neutralization of charge on the metal ion and metal-ligand orbital
interactions. The thermodynamic parameters like dGt. dHt and
dSt and other parameters such as ddH and ddS have also been
calculated.

In continuation of our earlier work 1-3, on the stability
constants of metal ion complexes of biological
importance, we report in this note the stability
constants and thermodynamic parameters of the
complexes of La(I1I), Gd(III), Tb(I1I) and Dy(I1I) with
phthalic acid (phA), (O,O-donor ligand) and varying the
other ligand such as maleic acid (MA), fumaric acid
(FA), succinic acid (ScA), salicylic acid (SA) or
pyrocatechol (PC) (O,O-donor ligands); 0
aminophenol (o-AP) or 8-quinolinol (8-HQ) (O,N
donor ligands); and 2,2'-bipyridyl (bipy) and
ethylenediamine (en) (N,N-donor ligands) in aqueous
medium at different temperatures and jl=O.l M
(KN03) employing pH titration technique.

The lanthanide nitrates (AR) (Indian Rare Earths
Limited, Udyogamandal, Kerala) were dissolved in
doubly distilled water and standardised by the method
of Flaschka4• All other reagents used were of AR
grade. The ligands were recrystallized/distilled before
use and their purity was checked. All the solutions
were prepared in doubly distilled water except the
solution of 8-HQ, which was prepared in 50% (v/v)
ethanol.

The experimental details and the method of
measurement of pH have been given in our earlier
publicationsl -3.

The formation of the mixed ligand complex in
solution was established initially by recording the pH
of precipitation for MA, ML and MAL (A = phthalic
acid and L =0 -,0 -,0 -, Nand N,N donor ligands)
and by comparing the mixed ligand titration curve
with the composite curve. The titration data reveal that
the interaction of the two ligands with the metal ion is
different for different systems. The ligands PC, o-AP,
bipy, en and PhA interact with the metal ions in
stepwise manner to form ternary complexes, whereas
the ligands MA, FA, ScA and PhA form the ternary
complexes by disproportionation of the binary species
MA and ML as per the equilibrium: MA +ML~MAL
+ M. In the case of the ligands SA, 8-HQ and PhA the
deviation of the curve at low pH suggests the
simultaneous interaction of the ligands with the metal
IOns.

The ionization constants of ligands and stability
constants of binary complexes of La(III), Gd(III),
Tb(III) and Dy(IlI) with the above ligands have been
calculated by Irving and Rossotti's method5•6 at 25°,
30°,35° and 40°C and jl=O.l M(KNOJ. The stability
constants of ternary complexes were determined by
different methods 7.8 depending on the nature of
interaction between the metal ions and the ligands. The
accuracy in the ionization constants of ligands and
stability constants of the binary and ternary complexes
is of the order of ±0.05 log units. The data thus
obtained are given in Tables 1 and 2.

The thermodynamic parameters like I1cr, 11/F and
11::V were evaluated using standard equations.

There are two methods to characterize the stabilities
of mixed ligand complexes in solution: (i) By
comparing the difference in stabilities 1110gK( = log
K~~L -log K~d; and (ij) the disproportionation
constant X, (X = [MAL]Z /[MAz][MLz]).

All these parameters have been calculated (Table 2)
and discussed in terms of the donor atoms of the
ligands.

The order of stabilities of the ternary complexes of
PhA and of 0 -, 0 - donor Iigands in terms of 1110gK is
MA >ScA > FA. The log X values also confirm this
stability order.

The ternary complexes involving SA are more stable
than those involving PC complexes. The elec
tronegativity of the phenolate oxygen is higher than
that of carboxylate oxygen. Further in the case of SA,
one of the donor atoms is carboxylate oxygen and the
other is a phenolate oxygen, while in PC both the
donor atoms are phenolate oxygens thus resulting in
less stable ternary complex.
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Metal/Ligand

Ph.halic acid
Maleic acid
Fumaric acid
Su4cinic acid
Saijcylic acid
Pytocatechol
o-Aminephenol
8-Quinolinol

2,~ -Bipyridyl
Etlylenediamine

Table I--Formation Constants of Binary Complexes

[jl=0.1 M KN03; temp=25°C]LaWI)

Gd(III)Tb(III)Dy(III)--------
---------._-----------~---

log K:lL
log K~tlog K~Llog K~tlog K~Llog K~tlog K~Llog K~t

2

222

2.95

3.823.034.173.254.313.21

4.76

3.324.813.275.483.295.783.43
3.01

3.053.103.18
3.56

3.003.583.003.763.083.773.13

9.64
9.98!O.11--10.26

7.24
5.128.725.708.826.039.126.82

6.24

3.836.264.576.284.706.304.94
6.57

5.497.136.107.486.447.606.67

3.43

2.923.852.954.292.974.332.99
4.88

4.195.344.855.525.085.635.15
--_._---_.~-~-~------------_._--_._---

--.---.---.----.- ---.--------------

Table 2--Formation Constants (log P~AL) L\log K and log X of Ternary Complexes

[Phthalic acid (A)-M(IIJ)-Ligand(L)]

[Jl =0.1 M (KN03~ temp. = 25°C]

Ligand(L)

Maleic acid
Fumaric acid
Su<lcinicacid
Salicylic acid
Pytocatechol
o-Aminophenol
8-Quinolinol
2,2LBipyridyl
Etllylenediamine

La(III) GdOII)TbOlI)Dy(III)--~._--------------
-_._-----------.--------'-----.'.-.- ..---.-- ..---

log P~AL
Mog K log X log fJ~AL[\Iog K log X log P~AL[\Iog K log X log P~ALL\log K log X

7.92

0.211.658.34-0.292.749.16-0.482.269.34-0.651.91
5.70

-0.26 -0.266.22-0.650.146.24-0.920.116.41-1.080.Q2
6.38

-0.130.437.08-·0.320.737.31-0.610.497.38-0.700.34
14.99

2.402.4015.561.762.5515.691.422.3015.801.232.68
10.26

0.072.1911.85-0.892.4311.81-1.171.4812.14-1.290.82
12.42

3.235.6413.393.319.1013.443.008.6113.723.118.68
14.66

5.146.2215.584.63 11.0815.964.32 10.7116.164.25 10.53
11.17

4.795.3011.333.669.0111.442.998.3311.572.938.30
8.28

0.451.149.04-0.121.049.06-0.620239.33-0.610.36
------------------------------------ - ..-.-------.-----

The ~Iog K and log X values of ternary complexes
involving o-AP and 8-HQ are exceptionally high
(T.ble 2). This favoured formation of ternary
complexes may be due to the neutralization of charge
on the tripositive metal ions.

The greater stabilities of the ternary complexes
involving 8-HQ as compared to those involving o-AP
mllY be attributed to the greater metal-ligand
in1ieraction in ternary systems involving 8-HQ. To
account for this the electronic spectra of binary and
ternary complexes of Dy(III) with the ligands under
investigation have been recorded. o-AP exhibits bands
at ,43,290, 35,211 and 22,969 cm -1. The low energy
band corresponds to 1l~1l* transition. The o-AP
biJilary complex exhibits bands at 35088 and 22024
crn -1, while its ternary complex absorbs at 35842 and
22883 cm -1. The absorption bands of 8-HQ and its
bil!1aryand ternary complexes appear at 41494, 39370
and 31847 cm -1 (8-HQ); 41494 and 32051 cm-!
[OY(IIO-8-HQ]; and 41152, 39841 and 32057 cm-1
[QY(III)-8-HQ-PhAl From these data it may be
cOhcluded that in the formation of ternary complexes
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1l-interactions are more in 8-HQ complexes resulting in
the greater stability of its complexes. Similar
observations have been recorded by Patel et al. 9, and
Gershon etal. !0, in the case of mixed ligand complexes
of copper(II)-8-HQ.

The ~Iog K values of M(III)-PhA-bipy systems are
fairly high as compared to those of the M(III)-PhA-en
systems (Table 2). This may be attributed to the 1l

interactions of bipy with the metal ion. The absorption
bands of bipy and its binary and ternary complexes
appear at 41553. 35336 and 32573 cm -1 (bipy); 42735
and 35461 em1 [Dy(III)-bipy] and 42735,35211 and
32680 cm -1 [Dy(I1I)-bipy-PhA]. From these data it
may be concluded that in the formation of ternary
complexes the electron distribution is altered. No such
1l-interactions are expected in the case of en. The log X
values are also in accord with the observed fact.

The overall stability constants, log In:AL follow the
order: LaOII)<Gd(l II) <Tb(I1I) <D}{III) which is in
agreement with the observations of Stagg and
Powell!!. ThIS may be attributed to the decrease in size
of the trivalent rare earth metal ions.
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Table 3--Thermodynamic Parameters Associated with MOm-Phthalic Acid-L-Systems

(JI =0.1 M KN03; !!r.Gand !!r.H in kJ moll and tJ.Sin JK -I mol ')

Ligand (L) La(II1)G<i(II1)ThUll)Dy(I1I)----
--.-

-!!r.Gt
-!!r.Ht!!r.st-!!r.Gt-!!r.Ht!!r.st-!!r.Gt-Mf;!!r.st-!!r.Gt-!!r.Ht!!r.st

Maleic acid

41.5941.510.3447.5738.2831.1352.2645.1023.9753.3059.58-21.01
Fumaric acid

32.3428.7012.1835.4833.895.3635.6139.8714.3536.5748.62-40.38
Succinic acid

36.4044.18-26.1140.4231.9228.5441.7242.80-3.6442.0942.090

Salicylic acid

85.5248.74123.4388.7947.87137.2889.5440.84163.3990.1747.87141.92

Pyrocatechol

58.5344.8545.9067.6156.9835.7367.4046.2870.8869.2946.4076.86

o-Aminophenol

70.8853.1859.3776.2764.1840.5476.6967.2431.7678.2871.8021.76

8-Quinolinol

83.6445.94126.4488.9154.69114.7791.0960.38103.0592.2268.2480.42

2,2'-Bipyridyl

63.7241.0476.1564.6436.6993.7665.2746.4063.3966.0253.2642.85

Ethylenediamine
47.2435.7738.4951.5946.6516.4951.7143.5127.4953.2249.7911.55

The thermodynamic parameters, 11(;, I1lP and

1181 are presented in Table 3. The stability constants
decrease with increase in temperature. The entropy
values for the formation of ternary complexes of
M(III)-phthalic acid with SA, o-AP, 8-HQ and bipy are

more positive, suggesting that the complexes are
stabilized by an entropy contribution. The positive
I110g K values in these systems may be due to the
difference in the solvation energies between the ternary
and binary systems.

The I1I1R and I1I1S values (the differences between

the enthalpy and entropy changes associated with
ternary and binary complexes) of the ternary
complexes of 8-HQ [2.24, 31.03 La(III); 3.45, 32.79;
Gd(III); 1.27, 24.05, TbOIl); and 1.87, 25.72,
Dy(III)] are more as compared to those of o-AP
complexes [1.14, 10.96 La(III); -1.30, 10.70 Gd(III);
2.02, 6.96 TbOIl); and - 2.29, 6.42 Dy(III)]. The data

support increased metal-ligand 1t-interaction in the
case of ternary complexes involving 8-HQ. The I1I1R
and I1I1S values obtained for complexes containing
N,N-donor atoms like bipy are more as compared to

those containing en. This is again due to the increase of
1t-interaction between metal-ligand orbitals in the case
of bipyridyl.

One of the authors (G V N) thanks the CSIR, New
Delhi for the award of a senior research fellowship.
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NOTES

Table I-Ho~ +-TTHA-(maltolh System

Method Secondary pK logks 210gIX logK••••
ligand

Potentio-

metry maltol
Spectro
photometry

It can be shown that

5.S4 5.48

11.60

11.02

... (4)

Addition of increasing amount of the: secondary
ligand to the primary complex sharply intensified the

absorption of MzL at 450nm in the beginning which
latter assumed a steady value. The ab~rbance of

MzLRz (0.42) was significantly higher th~ the sum of
the absorbances of ML (0.17) and MRz (0.17) (Fig. 1).
This finding rules out the possibility of a
disproportionation reaction.

The concentration of the binary chelate formed and

its stability constant was computed from the rising
portion of the curve using the relation Eq. (8).

A=Et(P-x)+Ezx, ... (8)

where A =measured absorbance: E. and £, are the




