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Thermodynamic functions for the formation of Mn(In, Co(II), Ni(In, CU(In, Zn(In and Cd(II) complexes with N-2'­
diphenylacetohydroxamic acid (N-2'-DPAHA) in solution have been analysed in terms of electrostatic (.iGe, .iH.) and non­
eiectrostatic or cratic (llGc' liBel components. The non-electrostatic forces are stronger than the electrostatic forces in
the mono-complexes. Electrovalent nature of metal-ligand bond significantly decreases when the second molecule of N-2'­
DPAHA coordinates to metal ion. The proton-ligand and metal-ligand stability constants have also been calculated in solvent
media of different dielectric constants. The ion-solvent interactions play more important role than that done by the dielectric
constant of the medium.

In continuation of our earlier work on hydroxamic
acids1 --4, we report here the determination of stability
constants and thermodynamic parameters of the
complex formation reactions of N-2' -diphenylaceto­
hydroxamic acid (N-2'-DPAHA) with Cu(Il), Ni(II),
Co(II), Mn(Il), Zn(U) and Cd(II). The electrostatic and
cratic components of I1.G and I1.H values have been
evaluated to study the nature of metal-ligand bond.
Solvent effects on the ionization ofligand and complex
stability have also been studied and discussed.

Materials and Methods
N-2'-Diphenylacetohydroxamic acid was prepared

by a known method5. The instrument used, the
experimental procedures employed, and the method of
calculating stability constants and thermodynamic
parameters were the same as described earlier2• The pH
correction for aquo-organic solvent was carried out by
the method of Van Ditert and Haas6. All calculations
were computed on a TDC-12 computer.

Results and Discussion
The stepwise stability constants are given in Table 1.

Positive I1.S and negative I1.H values (Table 2) for the
formation of mono- and bis-complexes of N-2'­
DPAHA with Cu(U), Ni(Il), Co(lI), Mn(II), Zn(U) and
Cd(II) indicate that both the enthalpy and entropy
factors favour complex formation. Most of the
negative I1.H values may be due to the covalent
interaction of metal ion with oxygen atom of carbonyl
group of N-2'-DPAHA. The positive entropy change
probably arises from the displacement of water dipoles
from the hydration shells of the interacting ions.

Comparison of the electrostatic and cratic parts of
thermodynamic parameters (Table 3) for the

equilibrium-l representing formation of 1:1 complex
indicates that I1.G e values are significantly more

M(II) +N-2' -DPAHA ~M(II)-(N-2' -DPAHA) " .(1)

negative than I1.G. values suggesting that non­
electrostatic forces are stronger than the electrostatic
forces in 1:1 complexes. The difference in the
electrostatic and cratic components decrease in the
order Cu(11)> Ni(11)> Co(I1)> Mn(II), indicating that
the order in the ionic character of the complexes
increases in the order: Cu(II) <Ni(II) <Co(Il)
< Mn(Il). Since the number of unpaired electrons also
increases in the same order, it may be concluded that
the ionic character of the complexes increases with the
increase in the number of unpaired electrons. The
enthalpy data also support the above contention.

Table I-Stepwise Stability Constants of Metal Chelates of
N-2'-DPAHA at Different Temperatures[p =0. 1M; 50% (v/v) Water-Ethanol Mixtures]Metal

Stability Temperature
ion

constant
293K

303K313K323K

H
HIlJ

10.29.989.809.63

Mn(II)

logK14.604.464.314.20

logK2

3.763.633.503.40

Co(I1)

logK15.395.245.104.96

logK2

3.963.823.693.52

Ni(I1)

logK16.446.306.176.01

logK2

4.454.304.164.02

Cu(I1)

logK19.359.209.058.85

logK2

6.856.706.556.43

Zn(II)

logK16.686.556.436.30

logK2

4.654.504.374.23

Cd(II)

logK14.644.504.354.20

logK2

3.503.343.203.10
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-----+-------------------~-----------_._----~--_._-------------
T~ble 2-Thermodynamic Parameters for Formation of Mono- and Bis-metal Chelates of N-2'-DPAHA

[Temp.=300±0.lcC; 11=0.1 M]

Central !1GI !1H, !1S, !1G2 !1H, !1S2

ion (kcalmol-I) (kcalmoll) (e.u.) (kcalmol1) (kcalmol') (e.u.)

Mn(lI) -6.\8±0.\\ -5.22±0.\9 2.35±0.04 -5.50±0.\2 -5.36±0.2\ 0.578±0.003
Co(ll) -7.26±0.\3 -5.56±0.20 3.62±0.09 -5.5H013 -5.70±0.22 0.771 ±0.005
N~ll) -8.72iO.\6 --6.44±0.22 7.20±0.15 -6.0310.14 -6581024 \.lSiO.012
Cu(IO -12.72±0.18 -7.81±0.24 18.3±0.34 9.28±0.18 -7.4HO.26 8.60±0.109
Zn(II) -9.0HO.14 -6.59±0.23 8.20±0.22 6.49±0.\6 -6.79±0.25 I.3SiO.028
Cd(IO -6.2310.\2 -5.74±0.2\ \.6310.02 -5.58±0.\3 -5.99±023 0.62310.004

----~----------------~._---_._-------------_._ ..__ ._---

Table 3-Electrostatic and Cratic Components of Thermodynamic Parameters

(Va\ues in kca\ mol -I)

Meta\ !1G, !1Gc !1H, !1 Ec
ion

Mn(IO
C~O
NUn
cu(m
~m
Cd(IO

Mn(IO
Co(In
Ni(m
cu(m
Zn(II)
cd(IO

\: \ Complexes (Eqb-I)

-2.26±0.06 -6.35±0.\5 0.867±0.\2
-2.54±0.08 -7.\6+0.17 0.974±0.\5
-3.32±0.\\ -7.8310.\9 1.2HO.17
-5.77±0.15 -9.42±0.2\ 2.2\±0.\9
-3.54±0.\2 -7.96±0.20 1.36±0.18
- 2.10 ±0.04 -6.56 ±0.l6 0.807 ±0.11

\: 2 Complexes (Eqb-2)

-\.87±0.04 -6.06±0.\4 +0.719±0.003
- \.89±0.05 -6.3\ ±0.15 +0.726±0.005
-1.99±0.07 -6.48±0.\6 +0.767±0.009
-3.63±0.\2 -8.08:±:022 + \.39±0.12
-2.04±0.09 -6.88:1:0.\9 +0.783±0.008
-1.88±0.05 -6.\3:1:0.\2 +0.722±0006

-6.08±0.12
-6.5310.\4
-7.7\ ±O.l7
-9.39±0.21
-7.94±0.\9
-6.54±0.15

-6.0HO.21
-6.42±0.23
-7.34±0.26
-8.86±0.31
-7.57±0.25
-6.71 ±0.22

---~--_._---------_._---------------------_._------"_.---------------------------.--------.-
Table 4 -Thermodynamic Parameters of Equilibrium-3

Effect of Dielectric Constant
The pKa values of N-2'-DPAHA and log K values

(Table 5) of Ni(II)-N-2'-DPAHA and Co(II)-N-2'­
DPAHA complexes were determined at 25,35,50,65
and 75~/~ of ethanol-water medium at 0.1 M ionic

bis-complex, probably because of the large size of
Cd(Il). In the case of Co(II), Mn(II), Zn(Il) and Cd(II)
the non-electrostatic forces in one bis-complex are
stronger than those in the corresponding two mono­
complexes. The converse was found to be true in Cu(Il)
and Ni(lI) complexes. 6.H z is more negative than I'iH l'
indicating that covalent forces favour bis-complex
formation even in the case of Cu(ID and Ni(II)
complexes.

Th~rmodynamic data (Table 3) computed for the
equiliprium-2 representing formation of 1:2complexes
showia marked decrease in the ionic character of the
comntexes and indicate that the metal-ligand bonds in
bis-cqmplexes are more covalent than those in the

M(II)-(N-2' -DPAHA) +N-2'-DPAHA¢M(II)-(N-2'­
DPA;HAh ... (2)

corr~sponding mono-complexes. For all the metal
chehhes, L1G1 was found to be more negative than L1Gz

(Table 2) indicating that the mono-complexes are:
energetically favoured over the bis-complexes.

Thermodynamic parameters 7 (Table 4), L1G" L1H"

L1S, ,for the formation of 1:I complexes by the
intetaction of free metal ion and 1:2 complexes
(equilibrium-3) show that the formation of 1:1complex
is highly favoured over that of 1:2complex. For Cu(II),
Ni(.I), Co(II), Mn(11)and Zn(11)the electrostatic forces
inv~lved in two mono-complexes are stronger than
tho$e in one bis-complex. In the case of Cd(II)

M(~I) + M(II)-(N-2' -DPAHA)z¢2M(II)-(N -2'­
DP¥\HA) ... (3)

complex, the destabilization induced by electrostatic
rePulsions between two ligands is unimportant in the

32$

Metal
ion

Mn(II)
Co(I1)
Ni(lI)

Cu(1I)

Zn(Il)
Cd(II)

!1G,
(kcalmol -1)

0.673 ±0.004
1.49± 0.015
2.29 ±0.021
3.46 ± 0.032
2.58 ± 0.028

0.652 ± 0.002

!1H,
(kcal mol' I)

0.317±0.0\5
0.387 ±0.023
0.458 ± 0.031
0.50610.042
0.482 ± 0.036
0.346±0.019

!1S,
(e.u.)

0.778±0.009
2.84±0.042
6.04±0.081
9.74±0.099
6.83±0.094
\.08±0.039

; 11 I 11~
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Table 5-pK. Values of N-2'-DPAHA and Stability
Constants of Ni(II), Co(II) Chelates in Different Percentagesof Water-Ethanol Mixture

[Temp. = 303 K; Jl=O.1M]Organic

CorrectionN2pK.Ni(II)-(N-2' -DPAHA)
solvent

factor

(%, v/v)

logK,logK2

25.0

0.0700.0969.276.014.04

(4.98)
(3.68)*

35.0
0.1700.1479.506.124.14

(5.08)

(3.77)
50.0

0.2350.2429.806.304.30

(5.25)

(3.92)
65.0

0.3050.37310.26.554.53

(5.45)

(4.12)
75.0

0.3700.49010.66.784.71

(5.65)

(4.27)

*Values in parentheses are for Co(II)-(N-2'-DPAHA)

strength and 303K. It is clear from Table 5 that the
important factor that governs the extent of
dissociation of acid is the ion-solvent interactions and
not the dielectric constant of the medium. Since
ethanol is more basic than water the pK. value
increases with the increase in mol fraction of ethanol.
The stability constants of metal chelates were also
found to be linearly dependent on the mol fraction of
ethanol and not on the dielectric constant of the

medium suggesting that the predominant factor
governing the dissociation equilibrium is again the
solvating nature of the solvent.

The data from the Table 5 indicate that the
difference between log Kl and log K2 continuously
increases with the increase in percentage of ethanol.
This shows that log K2 value relatively decreases as the
dielectric constant is decreased. The lowering of
dielectric constant would increase the electrostatic
forces of attraction between the dipositive metal ion
and the negatively charged or neutral ligand leading to
formation of a more stable 1:I complex. The formation
of 1:2complex on the other hand is not affected to a
similar extent as it is formed by interaction of a mono­
positive 1:1 chelate with a negatively charged ion.
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