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The interaction of lanthanide ions (Carrz, CefII PrIrr  Nd

September 1984

, SmIIT and

GdIIT) with some substituted sulphonic acids such as (i) 1,2-dihydroxybenzene-3,5-
disulphonic acid (1,2 DHB-3, SDSA), (ii) 6,7-dihydroxynaphthalene-2-sulphonic acid (6,7-
DHN-2SA), (iii) 8-amino-1-naphthol-5,7-disulphonic acid (8A-1N-5,7-DSA), (iv) 8-amino-
1-naphthol-3,6-disulphonic acid (8A-1N-3,6-DSA), (v) 8-amino-1-naphthol-3,5-disulpho-
nic acid (8A-1N-3,5-DSA), (vi) §-amino-1-naphthol-5-sulphonic acid (8A-IN-5SA), (vii)
7-amino-1-naphthol-3-sulphonic acid (7-A-1N-3SA), (viii) 2-aminobenzenesulphonic acid
(2A-BSA), and (ix) 2-amino-4-methyl-5-chiorobenzenesulphonic acid (2A-4M-5CI-BSA)
have been investigated at 30° and u« =0.1 A/ (NaClO,) by Calvin-Bjerrum technigue
LarlI CeXIr, PrlIf and GdIII form 1:1 and 1:2 complexes but NdZZI and
SmII1I form only 1 : 1 complex with all the suiphonic acids. The validity of log K = apk
+b relation is examined for these complexes.

HERRY et al.t bave investigated lanthanide
complexes with carboxylic acids. Ramamoorthy
and Manning® studied exhaustively the mixed

ligand chelates of meso-di-tartaric acid with divalent
and trivalent metals. Recently, Darnall and
Birnhaum?®-4 showed that lanthanide ions could
substitute for calcium ion and produce an active
enzyme system. Considering the biological signi-
ficance of lanthanide ions, the present work is aimed
at investigating the complexing ability of substituted
sulphonic acids with lanthanide ions.

Experimental

The purity of the substituted sulphonic acids
(Schuchardt, Germany) were checked by their
melting points. Lanthanide perchlorates were
prepared by the standard procedure. All the
solutions were prepared in double-distilled water.
The details of the pH measurements and other
ghemicals are given in an earlier paper®.

Results and Discussion

The dissociation constants of the sulphonic acids
and stability constants of the simple complexes were
evaluated by the method of Irving and Rossotti®
(Tables 1-4). It could be seen from Tables 2-4
that LafZl, Cef?!, PeII!l and Gd?IT form1:2
complexes with most of the sulphonic acids while
Nd71I gnd Sm?’7 form only 1: 1 complexes with all
ligands (sulphonic acids).

The stability constants for the 1 : 1 complexes for
various rare earth ions have been plotted against
e*/r. For the calculation of e?®/r values of crystal
radii of rare earth ions have been taken from the
literature”. The plots of log K, s e?/r show a
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linearity except in the case of 8A-IN-5, 7-DSA
chelates.

Validity of log K=apk + b relation: This
relation was tested for lanthanide complexes of
sulphonates of 8-amino-1-naphthols. These com-
plexes generally obey the linear relationship.
In this particular case pK, and not (pK,+
PK,) is taken on Y axis. This is because of the
fact that the lanthanide complexes of 8A-IN

—

TABLE 1—PROTON-LIGAND STABILITY CONSTANTS (pK) OF
SUBSTITUTED SULPHONIC ACIDS

SL Ligand K, Ky
no.
1. 1,2-DHB-3,5-DSA 7.86+0.04 12.60
2. 6,7-DHN-2SA 8.100.03 12.15
3. 8A-IN-57-DSA 2.90%0.05 8.60-£0.05
4, 8A-IN-3,6-DSA 3.91+0.06 9.3730.0
5. 8A-1N-3,5-DSA 3.08+0.06 8.64+0.04
6. SA-IN-5SA 3.15+0.04 9.12+0.05
7. 7TA-IN-3SA 3.68+0.06 9.5240.04
8. 2A-BSA 2.88%0.02 -
9. 2A-4M-5CI-BSA 2.60+0.01 -
g
TABLE 2—-METAL-LIGAND‘11" \BILITY CONSTANTS
si Ligand La Gd
no. logk, logk, jogk, logks
1. 1,2-DHB-3,5-DSA 13.21 11.40 1334 890
2. 6,7-DHN-2SA - - 1003 7.2
3. 8A-IN-5,7-DSA 442 313 422 300
4. 8A-IN-3,6-DSA 6.19 5.19 569 529
5. 8A-1N-3,5-DSA 470 320 8.04 561
6. 8A-~IN-5SA 598 5.74 548 485
7. 7A-IN-3SA 548 3.90 5.88 -
Yy ZQ'ESAsct o 2‘63 322 -
9. 2 - M" -, o 0 o . -
BSA 7.8 ,
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TABLE 3—METAL-LIGAND STABILITY CONSTANTS

SL. Ligand Pr1Ir Cezrl

no. logk, logk, logk, logk,
1. 1,2-DHB-3,5-DSA 5.00 4.15 8.10 4.02
2. 6,7-DHN-2SA 5.12 4.51 5.12 4,01
3. 8A-IN-5,7-DSA  4.60 3.06 492  3.62
4. 8A-IN-3,6-DSA  6.29 5.49 - -

7. 7A-1N-3SA - - 9.12 7.10
8. 2A-BSA 1.79 1.07 2,20 1.52

TaABLE 4—METAL-LIGAND STABILITY CONSTANTS

Sl Ligand Sm1zz Ndzrr
no. logK, log K,
1. 1,2-DHB-3,5-DSA 13.44 6.04
2. 6,7-DHN-2SA 10.93 10.43
3. 8A-IN-5,7-DSA 4.02 4.62
4. 8A-IN-3,6-DSA 5.89 5.99
5. 8A-1N 3,5-DSA 4.50 4.80
6. 8A-1N-5SA 6.00 6.11
7 7A-1N-3SA 5.68 5.98
8. 2A-BSA 2.01 2.20
9. 2A-4M-5CI-BSA 7.30 7.10

sulphonates are generally formed around pH 6.0 at
which the NH} group is completely dissociated.

The slope values from the various plots of pK,
vs log K, of 1: 1 complexes are given below.

Metal ion complexes—La?f? Nd/*f §Smf!? GdIiz!
Slope values — 166 175 187 1.68

Jones er al.® suggested on the basis of purely
electrostatic model that the slope will increase with
increasing cationic charge and decreasing the
distance of separation. In the case of substituted
8A-IN complexes of rare earths, the observed slope
values are higher than those for the transition metal
complexes. This is expected to give a higher value
for the slope. The observed values are, therefore,
justifiable in the light of Jones er al. suggestion.
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