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"NOTE

'Rare Earths—Schiff Base Complexes: A Potentiometric Study
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Aurangabad—-431 004, India

- Stability constants of lanthanide chelates of Schiff bases derived from
5-chloro-2-hydroxy acetophenone and p-toluidine and m-toluidine have
been determined at 25°, 35° and 50° - 0.02°C potentiometrically in 609,
ethanol-water medium and 0.1 M (NaClOJ) ionic strength. The lanthanides
form 1 : 1 and 1 : 2 chelates and the trend in log K values show a break
at gadolinium. Thermodynamic functions obtained revealed that the
1:1 chelates were enthalpy and entropy stabilized and 1 : 2 chelates
showed predominance of entropy effect.

The present paper is a continuation of our earlier work on Cu(II)-
aryl Schiff base complexes!. Complexation of La(IIl), Ce(IIl), Pr(III),
Nd(1II), Sm(III), Gd(III), Tb(Ill), Dy(IlI) and Yb(II) with 5-chloro-
o~-hydroxy acetophenone-p-tolil and 5-chloro-o—-hydroxy-acetophenone-
m-tolil was investigated with special emphasis on substituent effect and
thermodynamic parameters.

The ligands 5-chloro-o—-hydroxy acetophenone-p-tolil (I) and 5-chloro-
o~-hydroxy acetophenone-m-tolil (II) were synthesized by the method of
Reddelien? and their purities were checked. The rare earth nitrates were
obtained from Indian Rare Earths Limited, Udyogmandal, Kerala. All
other reagents were of AR grade and the solutions were prepared in
doubly distilled water.

Elico digital pH-meter was used for pH measurements. Calvin-
Bjerrum34titration technique as modified by Irving and Rossotti’ was
adopted for pH-titrations and subsequent calculations of pK and log K
values. The log K values were computed by (i) half n method, (ii) succes-
sive approximation method, and (iii) least squares method. The values
obtained by least squares method were utilized for the calculation of
4G from Van’t Hoff’s isotherm. The 4H value was obtained from the slope
of the linear plot of log K vs 1/T and 4S values were calculated by the
equation 4G = 4H — T4S.

The present ligands contain azomethine nitrogen at 1-position and
hence the association of proton takes place in the initial stages of titra-
tion. The proton association constant (pK;) and the proton dissociation
constant from —OH group (pK;) were determined at #4 = 1.5 and 0.5
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respectively. The pK values obtained from the plots of log =14 vs B (pH

na—1
reading) and log l’i—‘ﬁ vs B coincide with those obtained by half integral
method and are presented below:
25°C 35°C 50°C
, pK: 4.54 4.37 4.10
Ligand I
pK2 9.91 9.78 9.60
. rK, 4.18 4.00 3.72
Ligand II
rK: 9.82 9.72 9.56

It is evident from the above data that the pK; values of I at all the
temperatures are higher than those of II. This is the expected trend
because the electron withdrawing —CHj; group present at meta position
weaken the N-H bond at azomethine nitrogen relatively at a greater
extent than when it is at para position. pK, values of both the ligands
are seen to be unaffected by the position of the substituent which is
expected because of the large distance between —OH and the substituent
—CHj; groups.

The metal-ligand titration curve deviates from the acid dissociation
curve in the pH range 5.1 to 7.2 indicating the complexation in this pH
range. The simultaneous formation of 1:1 and 1:2 complexes was
inferred by the fact that the difference between log K; and log K, values
was less than 2.5 and hence the method of least squares was adopted for
the determination of these constants. The protonated nitrogen and oxygen
of the phenolic group are involved in the coordination of metal with
ligand molecules. The 1 : 1 complexes were found to be more established
at lower pH and the results obtained are set out in Table 1. ’

It is evident from Table 1 that the lanthanides show a linear increase
of over all stability constants with increase in atomic number up to
Sm(III) after which there is a sudden fall at Gd(III) (gadolinium break).
The stability constants then show an increase at Tb(III) and exhibit
constancy at Dy(III) and Yb(III). Such behaviour was found for the most
rare earth complexes with various ligandsé3.

Thermodynamic parameters were obtained from the data at three
different temperatures. The more negative values of 4G, than 4G, indicate
that the 1: 1 complex formation is energetically favoured. The negative
4H, and positive 4S5 reveal that both the enthalpy and entropy factors
favour the 1: 1 complex formation. The large value of 4S, and positive
value of 4H; in 1: 2 complex formation clearly indicate that the water
dipoles from their hydration shells are drastically dislodged leading to
high value of positive entropy change.
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TABLE 1

RARE EARTHS—SCHIFF BASE COMPLEXES: A POTENTIOMETRIC STUDY

STABILITY CONSTANTS AND THERMODYNAMIC PARAMETERS OF
RARE EARTH COMPLEXES OF SCHIFF BASES AT 25+40.02°C AND p. =0.1M

Metalions logK;, logK: —4G: —-4G, —4H: +4H: + 45 +48;
Laqm [ 738 538 4211 3070 2165 3968  68.66 236.18
(D) 77 728 531 4154 3030 3.5 6407 127.35  316.68
Cemy 1 741 560 4228 3195 1953 3738 7634 23268
I 738 561 4211 3201 600 47.58 121.15 267.10
pramy 1 748 578 4268 3298 1606 3370 8933 22376
I 7.50 588 4279 3355 736 3970 118.89 24583
Naamy I 751 601 4285 3429 450 3082 12868  218.50
I 758 602 4325 3435 11.78 3373  105.60  228.48
smam I 753 614 4296 3503 229 2570 13647 20381
II 765 609 4365 3475 13.51 2917 101.12  214.54
Gaam,l 748 608 4268 3469 1021 3297 10895  227.08
(D 736 601 4199 3429 656 3504 11890  232.66
Toam 1 765 628 4365 3583 1007 2284 11266  196.89
D 1 743 610 4239 3480 528 3370 124.54 22989
pyam J 754 638 4302 3640 1138 2402 10617  202.76
yAID ;1 720 612 4222 3492  3.82 3264 13557 22673
yoam I 741 650 4228 3709 1652 2829 8644 21939
Ay 738 615 4211 3509 3.9 29.10 136.60 215.40

I = 5-Chloro-orthohydroxy acetophenone-p-tolil.

II = 5-Chloro-orthohydroxy acetophenone-m-tolil.

ACKNOWLEDGEMENT

The author is thankful to Professor ahd Head, Dr. D. G. Dhuley, for

his keen interest and valuable suggestions.

PN

REFERENCES

1. T. K. Chondhekar and B. R. Arbad, Indian J. Chem., 22A, 124 (1986).
2. G. Reddelien, Bert. dt. Chem. Ges., 46, 2712 (1913).
3. M. Calvin and K. W. Wilson, J. Amer. Chem. Soc., 67, 2003 (1945).

4. J. Bjerrum, Metal Amine Formation in Aqueous Solutions, P. Haase and Son,.
Amsterdam.

H. M. Irving and H. S. Rossotti, J. Chem. Soc., 2904 (1954).
J. E. Powell, J. L. Farell and Russel, J. Inorg. Nucl. Chem., 30, 2222 (1968).
I. Grenthe and W. C. Fernelius, J. Amer. Chein. Soc., 82, 6285 (1980).
F. H. Spedding, J. E. Powell and Wheetwright, J. Amer. Chem. Soc., 78, 34 (1956).

[Received: 18 Septmeber, 1988; Accepted: 19 December, 1988]

AJC-31

Asian J. Chem.



