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Proton-1i~and stahilil~· constants of 1-(4'-methylphenyl)-2-methyl-2-12'-hydroxy-5' -bromophcnyl)imine (R 1), l-(4'-nitrnphenvll-2-

methvl-2-( 2' -II\ lin•'~ -5' -hromophenyl)iminc (R2) and 1-~2' -chloro-5' -nitrophenyl)-2-methyl-2-(2' -hydro,y-5' -hromophcnyl Jim inc ( RJ) 

:md lnnuatwn con~tants of their metal chclates with trivalent La, Cc, Pr, Nd, Sm, Gd, Tb, Dy, Yh and Ho ha\C been determined 

at 25, JS and .ts" and 1J = 0.1 M(NaCI04) in 50 : 50 ethanol-water medium by lrvin~-Rossotti method. The lo~ II. 11 :md lo~ K 

value~ arc mcd to dbcu~s the effect of substituent and the atomic size of the rare earth clement~. The thermodynamic p:1ramctcr' 

for the formation of I : I and I : 2 complexes have been calculated. 

The lanthanide complexe~ of Schiff bases derived from 
salicylaldehyde, substituted salicylaldehyde with various 
primary amine<> have been reported 1. No systematic study 
has been reported so far on the lanthanide complexes of 
Schiff 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 (R1, R2 

and R1 ) in 50 :50 ethanol-water medium at 25° and 11 = 0.1 
M NaCIO_. ionic strength. 

Results and Discussion 

In the pre'>ent ligands, protonation takes place in the ini

tial stage~ ot titrations because of the presence of 

azomethine nitrogen. The log K~ and log K~ were deter

mined at lir-. = 1.5 and 0.5, respectively. The values were 

further checked from the plots of log{(2-nr-.)/(nA-I)} vs B 

and nAI( I-liA) vs B (8 =pH meter reading) and are given 

in Table I 

Table I. ValLI<!\ ot log K\1 ,md log K11 of the hgands at (hffetcnt 

tcmpetature~ 

Temp R, Rz R1 

"c log K1t' logK~1 log K~1 logK~ 
25 4 66 9 74 9 76 977 
35 454 960 9 63 964 
45 442 9 47 964 941 

Ligand R1 show'> log K\1 which repre~ents the deproto

nation of NH group at azomethi ne nitrogen whereas it is 

absent in the remainmg ligand~. Schiff base R2 bears N02 

group at 4-position to azomethme nitrogen and it does not 

di~play log K~1 value. The similar observation is noticed in 

case of R1 which has N02 group at 4- and Cl at 2-position 

with respect to azomethine nitrogen. The ab..,ence of log 

K~ values in these ligands may be due to strong electron

withdrawing effect of N02 as well a~ Cl group. The 

electron density on the azomethine nitrogen ,.., almo~t total

ly withdrawn by these groups, resulting 111 the gene1 ,1t1on ot 

positive charge on the azomethine nitrogen Due to thi'>, 

protonation of azomethine nitrogen doe~ nut take place 

resulting in the absence of log Kr value,. Thu.., the ob-

served log K~ values of the Schiff base~ are R 1 = R~ = R,. 

rh"rOH 

R~~=N---<Dr' 
CH3 

R = B•. Cf-h 
R' = Cl-h. OCH,. OC2H,. NO, 

The shielding of the .,If-electron~ i' exhtbJted 111 the 

stability constants of the pre~ent rare earth complexes. 

which shows very little difference in these value'> with the 

increase in atomic number. In the<>e complexes the rare 

earth metal ions bind predominantly to oxygen and weakly 

to nitrogen in the Schiff bases2. These complexe~ '>how a 

regular increase of stability constants from La111 to Eu111 

with a discontinuity of Gd 111 which is commonly known as 

gadolinium break. After Gd 111, stability constant inL-rea-,e.., 

up to Dy 111 and then decreases for Ho 111 . Thb '>how.., oc

casional maxima and minima after gadolinium breaJ.... 

In all cases, the Gdlll chelates have lower value of log 

K 1 in relation to those of Eu 111 to Tb111 chelate~. The change 
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Table 2. Stabthty comtant' ot thermodynamic patametet<. ot rate earth metal complex of Schtffba'e' (R 1, R2 and R,)· 

Temp= 25 ± 0 1",!! = 0 I M (NaCI<h) 

Compd logK 1 logK2 -t.Gt 

kJ mol- 1 

La111 Rt 5 99 446 34 18 
La111 R2 6 07 4 46 3464 
La111 R1 6 10 5 00 34 81 
Ce 111Rt 6 13 4 66 34 98 

Ce 111R2 6 30 4 71 35 9'i 
Ce111R1 6 15 5 04 35 09 
p,mR, 6 31 5 14 36 12 
Pt 111R2 6 41 4 86 16 69 
Pr111 R1 6 19 'i 10 35 32 
Nd111 Rt 619 5 21 16 46 

Nd111 R2 6 61 'i 20 37 72 
Nd111R1 6 29 5 28 35 89 
Sm111Rt 6 4'i 'i 12 36 80 
Sm111 R2 (i 68 5 28 38 12 
Sm111 R1 6 47 5 6'i 36 92 
Eu 111Rt 6 58 5 59 17 55 

Eu 111R2 671 5 40 38 29 
Eu111R1 6 6'i 'i77 37 9'i 
Gd111 Rt 6 17 5 26 35 21 
Gd111 R2 6 28 'i 22 35 83 
Gd111 R1 6 41 'i 12 36 58 
Th111R1 6 28 qs 15 83 
Th 111 R2 649 5 31 37 03 
Tb111 R1 646 5 42 36 86 
Dy111 Rt 6 62 'i 87 17 77 
Dy111 R2 6 60 5 64 17 66 
oy'i'R 1 6 51 5 51 37 26 
HomR, 6 2'i 'il6 35 66 
Ho111 R2 6 50 5 51 17 09 
Ho111R1 640 'i 44 36 52 

'standatd devtat1on for log Kt and log K2 ate ±0 019 and ±0 03'i. te,pecttvely 

in free energy is directly related to the log K value~. The 
thermodynamic parameters for lanthanide complexes with 
Schitt ba'>e~ were obtmned trom log K1 and log K, at dif
ferent temperature". From Table 2 it seems that the log K 1 

and log K2 values decrea~e with the mcrea~e In tempera
ture. mdtcating that the high temperature does not favour 
the formation ot ~table complexe~. The b.H1 and b.H2 

values are all negative, while b.S1 and thl2 are all po~itive. 
The resultmg b.G 1 and b.G2 values are all negative. The 
more negative value~ ot b.G 1 and b.G2 indicate that the I : I 
and I : 2 complex formation i~ thermodynamically favou
red The negat1ve values of b.H1 and b.H2 also lead to the 
same inference. The entropy effect is found to be 
predommant over the enthalpy effect which is indicated by 
the high po!>itive values of entropy. 

Experimental 

All the chemicals used were of A.R. grade. The Schiff 
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-t.G2 -Mit -Mil t.s, ..'. \c 

kJ mol- 1 J k. 1 mol 1 

25 45 18 73 16 41 'i I 8 10 l 

26 59 13 06 12 22 724 -ttl 2 

28 53 IS 0<1 1416 66 1 47 6 

26 59 13 79 17 55 71 I 1() 1 

26 88 IS 49 14 47 68 7 41 6 

28 76 15 12 14 86 67 0 46 7 

29 33 15 21 12 77 70 I 'i'i 6 

27 73 1179 II 'i4 76 8 'i4 4 

39 10 17 41 14 61 60 I 4H 11 

29 84 15 41 17 04 706 -+10 

29 67 16 38 12 'i7 71 6 'i7 4 

30 11 1176 16 7'i 74 1 449 

3016 16 46 1168 68 l 'i(i() 

30 11 13 85 13 40 81 4 'i6 I 

32 24 II 40 1116 H'i 6 MO 
31 90 II 58 17 68 87 I 477 

30 81 12 27 16 99 87 1 46 4 

32 92 16 29 II 40 70 1 722 

30 01 14 91 19 97 6!:1 I 117 

29 79 14 36 10 81 721 61 7 

30 36 I 'i 31 1177 706 'i6 () 

1070 12 07 l'i 01 79 8 'i2 (J 

30 30 12 3'i 1049 !:12 !:1 (J(J 'i 

30 93 1064 9 12 H8 0 71 2 

13 50 15 96 1264 712 70 () 

32 18 12 60 16 6'i 84 I 'i2 I 

31 44 IS 96 10 90 71 'i 6R 9 

30 58 13 96 18 'i1 728 40 'i 

31 44 12 57 12 49 821 6"1 (, 

31 04 16 51 10 26 67 2 69 7 

bases were synthesized by the reported method' Solutton'> 

of the rare earth mtrate~ were p1 epared 111 double-d1~ttlled 

water and standardized~. The initt,\1 1011tc ~trength ot ,Ill the 

solutions wa~ maintained at 0.1 M by NaCIO~. An bhco 

Ll-120 pH meter in conJunction w1th a combmed electt ode 

was used. The measurement'> were made at 25, 35 and 45° 

(±0.01°) and 11 = 0.01 M NaCI04 in 50% aqueou<. ethanol 
The log KH and log K values were computed by hall-In

tegral method, pomtwise calculations and al<.o by the 

method of least-~quares The average log K v,tlue., wete 
used to calculate b.G from the van't Hoff~ I'iotherm The 

b.H and b.S values were calculated from the van't Hotf~ 

isochore and the equation b.G = b.H -Tb.S. re;pecttvely 
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