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Hydra-xamic acids are bidentate Iigands, having the functional grouping (I): 

---N-OH 

A =o 

(1) 

They react with metal ions and form the complexes of immense analytical importance- 

A study has been initiated on the thermodynamic interaction of such metal ions with 
hydroxamic acids- For such systems the formation constant data are available at 
25°C only’. In the present paper the work has been extended on the thermodynamic 
metal-ligand stability constants ro 35°C The enthalpy changes (AI-P) and entropy 
changes (AS=) associated with the formation of complexes of several N-phenyi-o- 
substituted hydroxamic acids (Ii) with Cu, Zn, Ni and Mn are reported- 

N-Ofi i 
c-o 

Chemicak 
All chemicals used were of AnalaR and G-R. grades of B.D.H. and E Merck, 

respectively. 

Reagerrf and apparafzu 

Carbonate-free potassium hydroxide was prepared by the method of Vogelz_ 
The metal per-chlorates were prepared by treating excess of carbonates with perchloric 
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-acid and the concentrations of the m&al ions in solutions were determined 
voInmetricaIly3. A &dioxane was purified by the proad& of Wei&erger4. 

A Beckman digi& pH meter e&ipped with Beckman gIass and calomel 
elaztrodc was used for pH metric measurements. 

Procaiure 
The details of the procedure and cabfations for the metai-iigand 

constants were described eIse~here’.~-~. 
Stablaity 

The thermodynamic metal-ligand stability constants for divalent metal ions 
(Cuzi, Zp2*, Ni2* and Mn’+) with substituted N-phenybenzohydroxamic acids 
are recorded in Table I. The mole ratio of metal to hydroxamic was kept I:10 in 

TABLE I 

THERMODYNAMIC METAL-LIGAND STABILlTY CONSTANT’S OF 
ortkt+SVD N-PI-iENYL BENZOHYDROXAMIC ACIDS AT 
25 AND 35-C M SO’!! AQUEOUS DIOXANE MEDIA 
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order to fulH the maximum coordination numbetr of metal ion. The maximum E vaiue 
for ail the complexes was 2, indicating the formation of I:1 and 12 complexes_ 

For the cakubtionof the thermod _ynamkparameters the fo~owingrefationships 
were used 

The values of fe energy of formation (AC) enthalpy changes (AH”) and entropy 
changes (AS? are summarized in Table Z-4. 

TABLE 2 

FREE ENERGY DATA (in kcaI mot-‘) OF METAXrHYDROXAYIC ACID COMPLEXES 

The values at 35% an given in ~xamkxs and tic orhus an at 25% 
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TABLE 3 

ENTHALPY DATA <in kcaJ mol-‘) OF METAGHYDROXAMIC ACID COME’== 

MeSal constants --LvI’ mLttes~ st5stimz. x 
btu 

CN, C&O F CI Br 2 NO2 

CUf+ M K* 8.41 8.41 ’ 7-15 7-57 8.83 7.99 IO-52 
Jog K2 7.99 9.26 5.05 4.63 6.31 1.68 8.83 

mc&~2 16.41 17-67 12.20 IL20 IS.15 9-68 1935 

za” fog&r, 757 8.83 X83 631 7.15 7.37 4.21 
1~ Kz 7_PP 7-15 4.63 631 6.73 13.46 8.41 
Zos XIX2 15-57 IS-97 13-46 1262 13-46 2l.W 12.62 

NiZ+ Jag & 7-15 10.10 7.99 2-94 5.89 6.31 337 
Jog K2 539 IA8 252 463 5.05 4.47 0.84 
Jog Kg& 13B4 J 1.78 1052 8AZ IQJO II-78 421 

Me+ Zw KI 631 7.57 S-41 757 7.57 7.15 6-73 
Jog Kz 631 7-57 S-41 7-57 757 6-73 6-73 
ZoZ? GfG 1262 15.14 16.83 15.14 IS-14 13.88 13.46 

TABLE 4 

ENTROPY DATA (in caJ da- 1 m&*) OF MmAL-HYDROXAMIC ACJD COMPLWES 

~valucsar3Si’Csregivrninparrnthocrandtheolhcrrarrat25+C 
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The Iog K, and log Kt values (Table 1) for metal complexes examined here 
show on comparison the order of stability of 

Mnz+ tNi** <Cu*+>Zn** 

This finding is in agreement with that of Irving and WiiliamsT_ Table I shows, that 
the values of log KJK2 are positive in ail cases_ No linear relationship was observed 

between the log KI of a series of metal compiexes derived from one metal ion with a 
set of closely related Iigands- The typical plots of pKa versus the log K, for Cu*+, 
Zn*+, Ni*+ and Mnz* show that deviations from a straight Iine are of considerable 
magnitude for at least two Iigands. The lack of correlation may be due to the steric 
hinderance of the oriho substituents. 

From Table 3 it is evident that the reactions of Cu’+‘, Zn*+, Niti and Mn*’ 
with all hydroxamic acids (TT) are exothermic. It is seen from Table 4 that in most of 
the systems, entropy changes (ASO) are positive_ The reaction between hydroxamic 
acid anion and cation would result in a decrease of the number of free charged ions 

in soiution; as a result of this, the entropy term strongly favours complex formation*.- 

The author is indebted 
Bhattacharyyq Indian Institute 
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