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1 shows only one inflection at m= 1 which is due to 
neutralisation of one of the two phenolic-OH groups 

OH 
of CTA(R' ( ). The second phenolic -OH is 

'-OH 
not neutralised due to the formation of intramole
cular H-bonding7. Curve 2 shows two inflections at 
m=l and m=2 which indicate the neutralisation of 

OH 
-COOH and -OH groups of DNS (R( ). 

"COOH 

When 1 : 1 mixture of these ligands is titrated 
against a standard alkali,J two inflections at m=l 
and m = 3 ( Curve 3 ) are observed which confirms 
the above neutralisation patterns. When equimolar 
concentration of Be is added to a 1 : I mixture of 
these ligands, an inflection at m=4 ( Curve 4 ) is 
observed which reveals the formation of a 1 : I : I 
mixed anion salt as under 

The formation of such a salt is confirmed by the 
observation that on titration with an alkali a I : I : 
~. DNS, CTA, Be mixture shows an inflection at 
m=3.5. 

The reaction may be represented as follows : 

The formation of this salt appears to justify the 
4-fold coordination requirements of the sp3 hybri
dised Be. 
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1 n continuation of our previous communications2,a 
herein, we describe potentiometric studies on 

chelates of 2· hydroxy-5-chlorobenzophenone-o-tolil 
(HCBoT) with Mn(II), Zn(li) and Cd(II) in 60% vfv 
dioxan water media at f1- = O.IM at 25°, 30° and 
35°. 

Experimental 

The expanded scale pH meter of systronic with a 
wide range (O.OI pH glass electrode and a calomel 
reference electrode was used for pH measurements. 

The ligand 2-hydroxy-5-chlorobenzophenone-o
tolil was syntHesised by condensing 2-hydroxy-5-
chlorobenzophenone with orthotoluidine. It was. 
crystallised from alcohol, m,p. I57°-I59°, 

All the chemicals used were of B.D.H. AnalaR 
grade. The potentiometric titration was carried 
out in an inert atmosphere using carbonate free 
sodium hydroxide solution and the constant ionic. 
strength was maintained by adding requisite amount 
of sodium perchlorate solution. The Calvin
BjerrumpH titration technique"• 11 as used by Irving 
and Rossotti 1 has been applied to determine 
the protonation constants of the ligand and the for
mation constants of complexes. The log K values 
were computed by various computational methods. 
as summarised in Table 1. 



NOTES 

TABLE 1- STABILITY CONSTANTS ON MN(II), ZN(II) AND Co(II) CHELATBS OF 2-HYDROXY-5-CHLOROBBNZOPHENONB o·TOLIL 
AT p. =0.1 MIN 60% V/V DIOXANE-WATER MEDIA 

Methods 
Temp. 

linear--t:helates oc. least Bjerrum 
square plot spreading 

factor 
method. 

(1) (2) (3) (4} (5) 

logK1 5.66 5.68 4.08 
'Mn(HCBoT)2 25 logK2 4.20 4.13 4.08 

log/3 9.86 9.81 9.74 
logK1 5.62 5.63 5.64 

Mn(HCBoT)2 30 logK2 4.04 4.06 4.06 
logfl 9.66 9.69 9.70 
logK1 5.47 5.52 5.40 

Mn(HCBoT), 35 logK, 3.97 3.90 3.98 
Iog/3 9.44 9.42 9.38 
logK1 7.87 7.89 7.90 

Zn(HCBoT)2 25 logK2 5.36 5.37 5,36 
logfl 13.23 13.96 13.26 

30 
logK1 7.84 7.75 7.70 

Zn(HCBoT)2 logK2 5.21 5.13 5.20 
logf3 12.95 12.88 12.90 

35 
logK1 7.59 7.60 7.55 

Zn(HCBoT)2 logK. 5.17 5.20 5.25 log/3 12.76 12.80 12.80 
25 

logK1 7.74 7.75 7.70 
Cd(HCBoT)s IogK, 5.30 5.2.7 5.34 logfl 13.04 13.02 13.04 

30 
logK1 7.61 7.61 7.64 

Cd(HCBoT), logK2 5.15 5.11 5.10 log/3 12.76 12.72 12.74 
35 

logK. 7.43 7.49 7,44 
Cd(HCBoT)s logK8 5.07 5.03 ~.08 logfl 12.50 12.52 

logPK~ 
2.52 

HCBoT 11.01 ll.Q2 1t.02 
25 logPK~ 3.73 3.73 3.73 logPKH 

19.74 14,75 14.75 
HCBoT 

logPKfi 10.97 10.98 10.97 30 logP K!! 3.68 3.70 3.69 logP Kil 
14.65 14.68 14.66 

HCBoT 35 
, logP Kfi 10.93 10.94 10.94 logPK!i 3.64 3.66 3.65 logP KH 14.57 14.60 14.59 

TABLE 2-THERMODYNAMIC PARAMETERS OF Mn(II), Zn(ll) AND Cd(II) CHELATES OF 2·HYDRQXY•5•CHLOROBENZOPHENO:t.'B 
O•TOLIL AT p.=0.1 MIN 60% V/V DIOXANE-WATER 

Chelate Temp, •tog 6 ·l::I.G 
oc. average Kcal./mole 

-l::I.H -l::I.S 
K cal./mole (e.u.) 

Mn(HCBoT)s 25 9 86 13.44 
Mn(HCBoT)9 30 9.66 13.40 
Mn(HCBoT)2 35 9.44 13.30 

16.11 8.96 
16.11 8.94 
16.11 9.12 

Zn(HCBoT)s 25 13.23 18.05 
Zn(HCBoT)s 30 12.95 17.95 
Zn(HCBoT)1 35 12.76 17.99 

19.19 11.21 
19.19 11.35 
19.19 11.04 

Cd(HCBoT), 25 13.04 17.78 
Cd(HCBoT), 30 12.76 17.70 
Cd(HCBoT) s 35 12.50 17.62 

21.94 13.96 
21.94 13.99 
21.94 14.03 
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The values of the changes in free energy (h. G) 
enthalpy (6H) and entropy (6S) accompanying 
the metal ligand complex forming reaction have been 
calculated at 25°, 30° and 35, using the relations-

6G =- RTlnK 
dlogK _ h,H 

d(T /T) - 4.57-

68=6H-6G 
T 

they are summarised in Table 2. 

It is concluded that with the change in tempera
ture there was no appreciable change in the value of 
stability constants or which almost remain constant. 

The order of stability constants of metal com
plexes as given below are in good agreement with 
Irving-Williams order 

Zn(II) > Cd(II) > Mn(II) 
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bivalent metal ions like Cu 2 +, Nill+, ZnZ+ and, 
Histidine. Iminodiacetic acid, nitrilo tri-acetic acid 
as primary ligands and polyhydroxy phenols or 
aminoacids as secondary ligands. Various 
mixed ligand complexes with IMDA5 as the 
primary ligand have been studied. In the present 
investigation attempt have been made to study the 
formation constants of the title systems. 

IMDA is known to form 1 : 1 complex with 
Ni(Il) at low pH and the complex is stable at higher 
pH, where the combination of secondary ligand 
starts. The reaction can be shown as follows : 

M2++AHn~MA-<n·2>+nH+ 

MA -(n-2>+LHM~MAL -(n+ M·2>+mH+ 

(MAL) 
KMAL=(MA) [Lf 

Experimental 

All the reagents used were of A. R. quality. 
Ni(II) perchlorates was prepared from the nickel 
carbonate and the metal content was determined 
and checked. All the solutions have been prepared 
in conductivity water. 

Metrohm E 350 A pH meter (accuracy +0.05) 
was used and the titrations were carried out at 30•, 
using constant temperature bath (accuracy =0.1·1. 

The nature of the curves can be interpreted as 
done in e::1rlier publications 6 • In the secondary 
ligand two equivalent extra acid has been added, 
in order to account for the extra hydrogen ions 
liberated due to the combination of primary ligand 
IMDA. n- and pL can be calculated using same 
equation as in earlier cases 7 • Precise values of 
K:aL were obtained by using the method of avera
ges8 ; and the values are presented in Table 1. 

Discussion 

It is observed that in case of thioacids the values 
of mixed ligand formation constants K~~ ~~m!L are 
lower than K~lL. This may be due to the charge 
repulsion between primary ligand and secondarY 
ligand. In case of thiomalic acid the differences 
b t KNI d KNi IMO.A . b thiO· e ween NH an NtiMDA'L IS more ecause 
malate ion has three negative charges and has a 
bigger size resulting in greater electrostatic repul· 
sion. 

In case of amino acids, the order of the form~· 
tion constants of the reaction MA + L is same as ~ll 
the binary M + L system. This can be explained ~~ 
terms of their basicities of the secondary ligands9-~ • 

However, the values of K~LA are significantly Iowet 
than the values of K~} t. This can be explained to 
be due to the charge repulsion between the primarY 


