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The formation constants of complexes of 2-(phenylhydrazino)
propionic acid, 2-(p-tolylhydrazino)propionic acid and
2-( p-nitrophenylhydrazino)propionic acid with Mn(II), Co(1I),
Ni(II), Cu(Il) and Zn(II) have been studied at various ionic
strengths, temperatures and in different ethanol-water mixtures
(v/v) using the potentiometric technique. Thermodynamic
parameters have been evaluated and discussed.

Phenylhydrazones of pyruvic acid are of immense
use because of their antituberculosis activity?, and the
p-nitro derivative is used as an acid-base indicator®.
With a view to understanding the nature of metal-
ligand interactions and bonding in this type of com-
plexes, formation constants of complexes of 2-( p-tolyl-
hydrazino)propionic acid, 2-(p-nitrophenylhydrazino)
propionic acid and 2-(phenylhydrazino)propionic acid
with Mn(II), Co(Il), Ni(II), Cu(II) and Zn(II) have
been determined in ethanol-water medium (40 %, v/v)
at different temperatures and ionic  strengths,
employing Calvin-Bjerrum®* pH titration technique
as modified by Irving and Rossotti®>. From the
formation constants obtained at various temperatures,
the values of the thermodynamic parameters AH”,
AG7”, and AS™ have been evaluated. AG” and

AH” have been separated into the corresponding
. # .
electrostatic (AGe and AH :5 ) and non-electrostatic

# : :
and AH_ | components with a view

to understanding the extent of ionic and covalent
nature of the complexes. An attempt has been made
to determine the thermodynamic ligand field stabiliza-
tion energy 3H and the transition series contraction
energy Er (Mn-Zn) of divalent metal complexes.

All the reagents and chemicals used and the method
employed to determine the formation constants in
the present work were similar to those reported in an
earlier paper®. 2-(Phenylhydrazino)propionic acid
and its p-methyl and p-nitro derivatives were
synthesized in our laboratory by known methods™®.
As these ligands had low solubilities in water, the
solutions of the ligands were prepared in ethanol.

or cratic AGJé
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Since pH titrations were carried out in 409, (v/v)
ethanol-water medium, appropriate corrections in
all pH meter readings wére made as suggested by Van
Uitert and Haas*®,

The stability constants of metal complexes calculat-
ed by Irving and Rossotti expressions are presented
in Table 1; these follow the order: Mn(II) < Co(II)
<Ni (II) < Cu(Il) > Zn(II), which is in accordance
with the Irving and Williams series!?. A study of the
dependence of stability constants on ionic strengths
at constant temperature shows that there is a regular
and slow decrease in the values with increase in ionic
strength. The values of AH™, AG™ and AS* have
been calculated using Gibbs-Helmholtz equation
from the stability constants obtained at various
temperatures at constant ionic strength (0.1 M) and
the values are given in Table 2. These reactions are
exothermic and spontaneous as supported by the
negative values of AH™ and AG™ respectively. AS#
values are positive for all the chelates indicating | that
entropy change is favourable for complex formation.
To know the extent of ionic and covalent nature of

bonding in these complexes, the AH* and AG™ were
separated into their electrostatic( AG:é and AH:é )

and cratic AG:ﬁ and AHc;é ) componénts as sugge-

sted by Digischer and Nancollas!®>. Comparison

of the electrostatic and cratic components for the

equilibrium(1),
M?**(aquo) -+

L~ = ML+ L..()

e = s s
indicates that AG, values are significantly more

negative than AGZé values

(Table 3). This trend

suggests that the non-electrostatic forces are stronger
than the electrostatic forces in 1:1 chelates. The
difference in the electrostatic and cratic components

Table 1—Stability Constants of Metal Chelates in 40%,
Ethanol-Water Medium at 0.1 M Ionic Strength at 30°C

Metal 2-(Phenyl- 2-( p-Tolyl- 2-(p-Nitrophenyl-
ion hydrazino)- hydrazino hydrazino)-
propionic propionic propionic

acid acid acid

Ht 5.15 5.42 4,53

Mn(II) 2.92 3.03 2.63
2.54) (2.66)

Co(1I) 3.13 3.44 2.82
(2.59) (2.67)

Ni(ID) 3.42 3.72 306
(2.68) (2.98)

Cu(Il) 4.68 5.04 3.61
(4.02) (4.32) (3.02)

Zn(1IT) 2.98 3.17 271
(2.50) (2.76)

The figures in the parentheses indicate the values of log K, :
the standard deviation of stability constants is 4+ 0.06; the
limit of error for log K values is found to be + 0.05.
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Table 2—Thermodynamic Parameters for the Formation of
1:1 and 1:2 Metal Chelates at 30°C and 0.1 M Ionic Strength

Table 3—Electrostatic and Cratic Components of Thermody-
namic Parameters for the Formation of 1:1 and 1:2 Metal
Chelates at 0.1 M Ionic Strength

Metal |  —AG™ —AH™ AS* (Values in k cal mol™?)
ion (k cal mol™) (k cal mol™?) (e.u.) ) )
Metal Electrostatic components Cratic components
2-(phenylhydrazino)propionic acid on .
—AGT AHT _AGT” —aHT
Mn(II) 4.05 3.27 3.03 e e
Co(IT) (2;%) (33.'%2) %:;1) 2-(Phenylhydrazino) propionic acid
‘ (3.59) (3.14) (1.49)
Ni(1D) 4.74 3.90 597 Mn(1l) (g'(l)?) (‘(’)@‘7‘;) égg) (_’;%17)
(3.71) (3.19) (1.72) Co(ll) 2.25 0.87 4.51 4.47
Cu(1l) 6.49 5.57 3.04 (2'07) (0.81) (3'95) (3.88)
(3.37) (3.03) (1.79) Ni(IT) 2.34 0.91 4.82 478
Zn(1T) 4.13 3.42 2.34 (2‘12) (0.83) (4‘0‘1') (3‘96)
(3.47) (2.98) (1.62) cu(IT) 2.41 0.94 9.57 9.53
L p-Tololivdrazs Gt e (2.14) (0.84) (5.85)  (5.83)
2-(p-Tolylhydrazino)propionic acid Zn(ily 225 0.87 230 427
Mn(1I) 4.22 3.71 1.69 (2.09) (0.81) (3.80) (3.79)
(3.69) (3.22) (1.55)
Co(I1) (?g;) (‘3‘%) (%ﬁ) 2-(p-Tolylhydrazino) propionic acid
Ni(1I) 5.16 4.25 3.01 Mn(IT) 2.11 0.82 4.53 4.51
(4.13) (3.58) (1.82) (2.08) (0.81) (4.03)  (4.02)
Cu(iD) 6.99 6.02 3.20 Co(II) 2.28 0.89 491 4.87
(5.85) (5.21) @2.11) (2.12) (0.83) (4.13)  (4.10)
Zn(II) 4.40 3.87 1.69 Ni(IT) 2.40 0.93 5.18 5.13
(3.82) (3.34) (1.58) (2.14) (0.84) 441)  (4.37)
Cu(ll) 2.44 0.95 6.97 6.96
2-(p-Nitrophenylhydrazino)propionic acid (2.20) (0.86) (6.07) (6.04)
ML) 3.65 317 1.54 Zn(11) 2:12 0.83 4.70 4.65
: g . 2. 0.82 : 4.13
Colil) 3.91 335 1.84 (2.08) (e (stay — ARE)
Ni(lI) 4.24 3.68 1.87 T S B
Cu(il) 501 443 192 2-(p-Nitrophenylhydrazino) propionic acid
Zn(IT) 3.76 3.29 1.61 Mn(IT) 2.08 0.82 3.99 3.97
2
The figures in the parentheses indicate the thermodynamic g?((II]I)) %llg 825 11521; 3}12
parameters for 1:2 complexes. Cu(ll) 217 0.85 527 502
Zn(11) 2.09 0.81 4.09 4.11

decreases in the order : Cu(Il) > Ni(II) > Co(Il) >
This order indicates that the ionic character

Mn(II).

of the complexes is in the order : Cu(Il) < Ni(II)
< Co(II) < Mn(II). 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

The figures in the parentheses indicate the values of electro-
static and cratic components for 1:2 complexes.

Table 4—Thermodynamic LFSE and Contraction Energy
for 347 Divalent Metal Complexes

Metal

AGy

AEr

SH

eblre;fltrl;lo(rzl; The data from Table 3 for the equili- ion (k cal mol) (k cal'mol—) (k cal mol-?)
ML+ 14 L- < ML, .2 2-(Phenylhydrazino)propionic acid
3 _ Mn(I1 — - — —
show a marked decease in the ionic character of the Cé]((ll)) 0.40 43 40 18.82 24.58
complexes and indicate that the metal-ligand bonds Ni(II) 0.93 62.93 28.22 34.71
in bis complexes are more covalent than those in the Cu(Il) 4.56 67.56 37.63 29.93
corresponding mono complexes. Zn(I) 0.04 4704 £ -
Ligand field sﬁ_abilization energies (8H) of the com- 2-(p-Tolylhydrazino)propionic acid

plexes Co(II), Ni(II) and Cu(Il) have been evaluated ’
by using the expressions of George and McClure Ig(;‘(([ll)) 0.73 43.73 18.94 24.79
(Table 4). The values of 8H of the bivalent metal Ni(II) 0.75 62.75 28.41 34.34
ions follow the order : Ni(Il) > Cu(Il) > Co(Il). Cu(ID) 5.17 68.17 37.88 30.29
The low 3H value of Cu(Il) is ascribed to the steric Zn(IT) 0.35 47.35 — =
hindrance preventing the formation of four coordinat- 2N ophenyihsdhasinorpropionds. aotd
ed structure. The stability constants of metal SBATOReRy M AraBmO) PROPIORIS  HCk
chelates are strongly affected by the dielectric con- Mn(II) — — - —
stant of the medium and solvating property of the SQ(IIII) 8-22 ggéi ;g'gg %j“;%
solvent?®%, An attempt has been made to investigate D : ' i :

S i : . Cu(Il) 1.40 64.40 37.71 26.69
the effect of variation in dielectric constant on the Zn(l1) 0.41 47.14 i _

stabilities of complexes in various ethanol-water
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mixtures. It is seen that with increase in the organic
content of the solvent the stability constants are
increased. Basolo et al'?, reported the effect of
solvent on complexes containing N-metal links and
concluded that the organic content of the solvent had
little influence on the stabilities of complexes. Van
Uitert et al.'®, observed that the stabilities of com-
plexes, which contained O-metal links, increased by
an increase in the organic content of the solvent.
The present complexes contain both O-metal and
N-metal links; the observed increase in the stabilities
may be due to the O-metal link which is strongly
affected?®.
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