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Proton-ligand stability constants of 1-(4'-methylphenyl)-2-methyl-2-(2-hydroxy-5'-bromophenyl)imine (Ri), 1-(4"-nitrophenvi)-2-
methyl-2-(2’-hvdrozy-5-bromophenyl)imine (R2) and 1-62’-chloro-5'-nitrophenyl)-2-methyl-2-(2"-hydroxy-5"-bromophenylimine (R3)
and tormation constants of their metal chelates with trivalent La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Yb and Ho have been determined
at 25, 35 and 45" and p = 0.1 M(NaClO4) in 50 : 50 cthanol-water medium by Irving-Rossotti method. The log A" and log K
values are used to discuss the cffect of substituent and the atomic size of the rare earth elements. The thermodynamic parameters

for the formation of 1 : 1 and 1

The lanthanide complexes of Schiff bases derived from
salicylaldehyde, substituted salicylaldehyde with various
primary amines have been reported'. No systematic study
has been reported so far on the lanthanide complexes of
Schift bases derived from 5-bromoorthohydroxy-
acetophenones, and mono- and disubstituted anilines. We
report here the stability constants and thermodynamic
parameters of rare earth complexes of the ligands (R}, R,
and R,) in 50 : 50 ethanol-water medium at 25° and 1t = 0.1
M NaClOQ, ionic strength.

Results and Discussion

In the present ligands, protonation takes place in the ini-
tial stages of titrations because of the presence of
azomethine nitrogen. The log Ki! and log K} were deter-
mined at n, = 1.5 and 0.5, respectively. The values were
further checked from the plots of log{(2-n,)/(ny—1)} vs B
and na/(1—r,) vs B (B = pH meter reading) and are given
in Table 1

"Table 1. Values ot log Ki! and log K of the ligands at different

temperatures
Temp R R2 R3
'C log K log KY log k¥ log kY
25 4 66 974 976 977
35 4 54 9 60 963 964
45 442 947 964 941

Ligand R, shows log K} which represents the deproto-
nation of NH group at azomethine nitrogen whereas it is
absent in the remaining ligands. Schiff base R, bears NO,
group at 4-position to azomethine nitrogen and it does not
display log K} value. The similar observation is noticed in

: 2 complexes have been calculated.

case of Ry which has NO, group at 4- and CI at 2-position
with respect to azomethine nitrogen. The absence of log
K values in these ligands may be due to strong electron-
withdrawing effect of NO, as well as Cl group. The
electron density on the azomethine nitrogen is almost total-
ly withdrawn by these groups, resulting 1n the generation ot
positive charge on the azomethine nitrogen Duc to this,
protonation of azomethine nitrogen does not take place
resulting in the absence of log Ki! values. Thus the ob-

served log K values of the Schift bases are R, = R, = Ry

R = B1, CH»
R’ = CHi, OCHa. OC:2Hs. NO»

The shielding of the 4f-electrons is exhibited n the
stability constants of the present rare earth complexes,
which shows very little difference in these values with the
increase in atomic number. In these complexes the rare
earth metal ions bind predominantly to oxygen and weakly
to nitrogen in the Schiff bases?. These complexes show a
regular increase of stability constants from La!'! to Eu!"
with a discontinuity of Gd"™ which is commonly known as
gadolinium break. After Gd!"!, stability constant increases
up to Dy'"" and then decreases for Ho''. This shows oc-
casional maxima and minima after gadolinium break.

In all cases, the Gd"! chelates have lower value of log
K, in relation to those of Eu'! to Tb'! chelates. The change
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Table 2. Stability constants of thermodynamic patameters of rate earth metal complex of Schiff bases (R |, R, and R3)”

Temp=25+01",p =0 1 M (NaClOs)

Compd log K\ log K> -AG)
kJ mt:)l_I
La"R, 599 446 3418
La"'R» 607 4 46 3464
La'R 610 500 34 81
ce''r, 613 466 3498
ce''r, 630 471 3595
ceRrs 615 504 3509
PR, 633 514 36 12
PRy 643 486 36 69
PR, 619 510 3532
Ng"R, 639 523 16 46
Nd'"R, 661 520 3772
Nd"'R» 629 528 3589
sm'"R, 6 45 5132 36 80
Sm'''R, 663 528 3812
Sm!"Rs 6 47 565 3692
Eu'"'R, 658 559 3755
Eu"'R, 671 540 3829
Eu'"R; 665 577 3795
Gd'"'Rr, 617 526 3521
Gd"'R, 628 522 3583
Gd"'R» 641 532 36 58
TR, 628 5138 35 83
bR, 649 531 3703
Tb"R; 6 46 542 36 86
Dy"'R, 662 587 3777
Dy"'R» 6 60 564 37 66
Dy'''R3 653 551 3726
Ho'"R, 625 516 35 66
Ho'"R» 650 551 3709
Ho''R+ 6 40 544 36 52

*Standard deviation for log K and log K2 me 20 019 and #0 035, 1espectively

-AG> -AH, -AH> AS) ASa
kJ mol™! JK "mol !

2545 1873 16 41 518 303
2659 1306 1222 724 482
28 53 1504 1436 66 3 476
26 59 1379 17 55 711 303
26 88 1549 1447 68 7 416
28 76 1512 14 86 670 467
2933 1523 1277 701 556
2773 1379 1154 76 8 544
39 10 17 41 1463 60 | 186
29 84 1541 17 04 706 410
2967 16 38 12 57 716 574
30 13 1376 1675 743 449
3036 16 46 13 68 687 560
30 13 13 85 13 40 814 56 1
3224 11 40 1316 85 6 640
3190 1158 17 68 87 1 177
30 81 1227 16 99 873 464
3292 1629 1140 703 722
3001 1491 1997 68 | 317
2979 1436 1081 721 637
3036 1533 1377 706 560
3070 12 07 1501 798 526
3030 1235 1049 82 8 665
3093 10 64 912 88 0 732
33 50 1596 12 64 732 700
3218 12 60 16 65 84 | 521
3144 1596 1090 718 689
3058 13 96 18 53 728 405
3144 1257 12 49 8213 636
3104 16 51 1026 672 697

in free energy is directly related to the log K values. The
thermodynamic parameters for lanthanide complexes with
Schitt bases were obtained trom log K| and log K, at dif-
terent temperatures. From Table 2 it seems that the log K|
and log K, values decrease with the increase in tempera-
ture, indicating that the high temperature does not favour
the formation of stable complexes. The AH, and AH,
values are all negative, while AS; and AS, are all positive.
The resulting AG, and AG, values are all negative. The
more negative values ot AG, and AG, indicate that the 1 : 1
and 1 : 2 complex formation is thermodynamically favou-
red The negative values of AH, and AH, also lead to the
same inference. The entropy effect is found to be
predominant over the enthalpy effect which is indicated by
the high positive values of entropy.

Experimental

All the chemicals used were of A.R. grade. The Schiff
42

bases were synthesized by the reported method® Solutions
of the rare earth nitrates were prepared in double-distifled
water and standardized*. The initial 1onic strength ot all the
solutions was maintained at 0.1 M by NaClO,. An Elico
LI-120 pH meter in conjunction with a combined electiode
was used. The measurements were made at 25, 35 and 45°
(30.01°) and = 0.01 M NaClO, in 50% aqueous ethanol
The log kM and log K values were computed by halt-in-
tegral method, pointwise calculations and also by the
method of least-squares The average log K values wete
used to calculate AG from the van’t Hoff"s 1sotherm The
AH and AS values were calculated {rom the van’t Hott’s
isochore and the equation AG = AH -TAS, respectively
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