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Abstract

The interaction of succinic acid dihydrazide with Mn(II), Co(II), Ni(Il), Cu(II) and Zn(II) was investigated in aqueous
medium at 303K and ionic strength of 0.1 mol dm™. The speciation and stability constants of the metal complexes for-
med were determined by pH-metric method. Mononuclear and homo binuclear species in different protonation and de-
protonation states were identified, the corresponding formation constants calculated using MINIQUAD-75 computer
program, and species distribution diagrams produced using the HYSS computer program. Selection of the best-fit che-

mical models was based on statistical parameters.
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1. Introduction

Dihydrazides, which are synthesized by condensa-
tion reaction of hydrazine with corresponding diesters,'?
are widely used for coating of epoxy resins in varnishes
and nickel corrosion inhibitors.** Further they are emplo-
yed as latent hardeners, curing agents, and cross-linkers in
many industrial products including semiconductors.>®
Hydrazides display antimicrobial, antifungal, antibacte-
rial and anti-tubercular properties’' based on their ten-
dency to form metal chelates with transition metal ions.
Majority of the studies reported in the literature on metal
complexes of dihydrazides are aimed at preparation and
elucidation of their structures by physicochemical met-
hods.'!"!® Studies on the solution equilibria of their metal
complexes are scanty.'”'®

Dihydrazide contains two hydrazide groups and each
hydrazide group is known to exist either in ketonic
[NH,-NH-C(=0)-R-C(=0)-NH.NH,] or enolic [NH,-N=C
(OH)-R-C(OH)=N:NH,] form. Depending on the pH the
terminal amino groups of the neutral ligand may be proto-
nated. These ligands may also lose protons from enolic
form either at higher pH or on interaction with metal ions.
Hence there is a chance of formation of a variety of coexi-
sting mono nuclear and binuclear species in protonated,

unprotonated and deprotonated forms.'® The formation of
binuclear species has special significance. The presence of
two metal ions in the same species separated by some di-
stance not too far, leads to several interesting and impor-
tant applications including unusual magnetic properties.”
Depending on the degree of flexibility of the molecule bet-
ween the two coordination sites there is a possibility of for-
mation of supramolecular architectures like double helices
and coordination polymers.2! They can be used to mimic
metalloproteins and to study structure- reactivity relations-
hip.?* The metal centers are found to act synergistically in
catalyzing reactions.?>** Speciation study which gives the
nature and extent of formation of all the species in solution
is an essential pre-requisite to understand their behavior in
biological and other systems. Therefore, in this paper we
report the results of a speciation study on the interaction of
succinic acid dihydrazide (SADH) with Mn(II), Co(I),
Ni(II), Cu(Il) and Zn(II) in aqueous medium.

2. Experimental

2. 1. Material, Solutions & Apparatus

All the chemicals used were of AnalaR or equivalent
grade. Succinic acid dihydrazide (SADH) (Fluka) was re-
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crystallized twice from water, dried at 100 °C and a ~0.05
mol dm™ solution was prepared freshly in 0.1 mol dm™
HCI just before the titrations. All other solutions, inclu-
ding metal chlorides, hydrochloric acid, sodium hydroxi-
de, and sodium chloride, were prepared using doubly
glass distilled water through which nitrogen gas was pur-
ged to expel any dissolved oxygen or carbon dioxide. A
Control Dynamics pH-meter model APX 175 E/C in co-
njunction with a combination electrode (0—14 pH range)
was used for pH measurements. The pH correction factor
was calculated before each set of experimental titrations
by Gran method.”>"?’

2. 2. Titration Procedure and Data Analysis

Calvin-Wilson titration technique modified by Ros-
sotti?®*?” was employed for the study of protonation and
complex equilibria of the ligand (SADH). Titrations were
carried out at 1:1, 1:2 and 2:1 ratios of initial concentra-
tions of metal to ligand. In some of the titrations, the up-
per pH limit of rejecting data was determined by the ap-
pearance of opalescence leading to precipitation indicated
by a downward drift of the pH-meter dial readings.

For a system containing a metal ion and a ligand
forming N complexes, the formation constant of a com-
plex can be represented as,

By = IV, LH, 1/ M [L [ M

where [M],, [L], and [H], are the free concentrations of
metal, ligand and hydrogen ion respectively at i experi-
mental point. Different species in solution possess diffe-
rent values of stoichiometric coefficients m, [ and h. The
potentiometric titration data obtained was subjected to
analysis by Miniquad-75 program.** The stoichiometry
and stability constants of the species formed in solution
were determined by examining various chemically pos-
sible composition models for the systems studied. The
best-fit models were selected on the basis of U (sum of the
squares of residuals in mass balance equations), standard
deviations in formation constants and other statistics like
x? test which tests the distribution of errors against a nor-
mal one. Species distribution diagrams for all the systems
under study were generated using HYSS*' program.

3. Results and Discussion

3. 1. Proton- Ligand Equilibria of Succinic
Acid Dihydrazide

A perusal of potentiometric titration data of SADH
indicates association of protons in the lower pH region
and dissociation at higher pH. The best-fit model obtained
using Miniquad-75 program (Table 1) contained three for-
mation constants, ,,, B,,, and B, ;.

Table 1. Protonation constants (Log f3,,) of SADH in aqueous me-
dium (Temp. 30 + 1 °C and ionic strength, I = 0.1 mol dm™)

Log ﬂ()[h (SD*) Np* U*X 108 XZ pH-Range
011 012 01-1

359(1) 6.16(1) -11.89(2) 113

1.527 426 1.8-11.5

* (U- sum of the squares of residuals in mass balance equations,
NP= number of experimental points, SD=standard deviation in the
least significant digit)

At lower pH (below ~3.0), SADH (L) mostly exists
in its diprotonated form, H,L*, and with rise of pH, un-
dergoes successive deprotonation to form the mono-proto-
nated (HL") and neutral species (L). B,,, and B, are the
formations constants ( Fig. 1) of mono and diprotonated
forms of SADH from its neutral form. In basic medium
hydrazides are prone to lose a proton®® from the enolic
form. As SADH contains two hydrazide groups, there is a
chance of losing two enolic protons at higher pH. The for-
mation constant, 3, , in the best-fit model corresponds to
the deprotonation of one of the enolic protons leading to
the formation of LH_; species. The other (LH_,) which
corresponds to the formation constant, {3, , is not obser-
ved as its equilibrium may lie well above the pH range of
study. However, in the presence of a metal ion the ligand
may also lose the second enolic proton forming both de-
protonated M, | L, H ,and M L, H ,, type of species.
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Figure 1. Protonation and deprotonation equilibria of SADH
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Figure 2. Species distribution diagram for proton-ligand equilibria
of SADH

The species distribution diagram (Fig. 2) indicates
that SADH exists in protonated form below pH 6, depro-
tonated form above pH 10 and in neutral form between p-
H 6-10.

3. 2. Metal- Ligand Equilibria of Succinic
Acid Dihydrazide

The acquired data for metal-ligand equilibria was
first subjected to analysis by classical procedures® to get

the formation constants of simple mono-nuclear comple-
xes like ML, ML, etc. Simulated titration curves were
then generated using computer program SOPHD?? deve-
loped in our laboratory to see whether these species sa-
tisfy the experimental data. The simulated titration cur-
ves thus obtained were plotted along with the experi-
mental ones to identify the regions of pH where they dif-
fer. Titration curves for some representative systems for
all the compositions are shown in Fig.3. The wide diffe-
rence between the simulated and experimental curves re-
veals the presence of other major species in addition to
simple mono-nuclear complexes. Different chemical
models containing chemically plausible species depen-
ding on the nature of the ligand, metal and the pH region
of difference in the curves were tested using Miniquad-
75 program. The required initial estimates of the forma-
tion constants were calculated basing on the formation
constants of simple complexes and protonation/ deproto-
nation constants of the ligand.

The best-fit models obtained for all the metal ions
and compositions are shown in Table 2. For 1:1 and 1:2
compositions the species converged include protonated
MLH, ML,H, ML,H, and deprotonated MLH_; MLH _,
ML,H_,, ML,H , in addition to simple ML, ML, type of
complexes. In the case of 2:1 composition, formation of
homo binuclear species M,L, M,LH_, and M,LH_, were
observed. Charges on the species are omitted for bre-
vity.
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Figure 3. Simulated and experimental titration curves for (a) Zn(II)-SADH and (b) Ni(Il)-SADH systems for 1:1, 1:2 and 2:1 compositions. (1.Si-

mulated titration curve 2. Experimental titration curve)
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Table 2. Best-Fit models for SADH- METAL ION SYSTEMS (Temp. 30 + 1 °C and ionic strength, / = 0.1 mol

dm™)
Concentration Species log B, (SD")
Ratio M:L mlh Mn(II) Co(II) NiII) Cu(I) Zn(II)
1:1 111 6.57 (5) 7.03 (5) 7.11 (3) 8.22 (8) 7.80 (9)
110 3.304) 3.99 4) 4.78 (1) 5.72 (6) 4.38 (8)
11-1 - —4.77 (5) —4.39 (8) - -
11-2 -14.87 (5) - -12.95 (3) -5.3509) -10.57(7)
1:2 111 6.57 7.03 7.11 8.22 -
11-1 - -4.717 -4.39 - -
11-2 - - -12.95 -535(09) -10.57
122 - 13.61 (9) 14.39 (2) 16.66 (8) 13.60 (3)
121 8.92 (7) 10.45 (7) 11.95(1) 14.06 (5) -
120 5.85(12) 7.42 (6) 8.36 (2) - 713 (2)
12-1 - —-1.40 (8) -0. 835 (%) - -0.219 (7)
122 -12.45 (3) - - - -8.17 (4)
2:1 111 6.57 7.03 7.11 8.22 7.80
11-1 — -4.77 - — —
210 4.81(9) 6.49 (2) 7.04 (4) 8.06(0.0) 6.67 (4)
21-1 - -2.27(1) - - —0.406 (4)
21-2 -13.10 (7) - -9.13 (4) -1.61(5) -
(*SD = Standard deviation in the least significant digit)
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Figure 4. Species distribution diagrams of M(II)-SADH systems (M = Mn, Co, Ni, Cu and Zn) (a) 1:1 (b) 1:2 and (c) 2:1, M:L concentra-
tion ratios
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Figure 5. Homo binuclear species of metal-SADH systems

The formation constants for different metal ions
were found to obey the Irving-William order.***> The spe-
cies distribution diagrams for metal- ligand systems (Fig.
4) give the percentage of formation of various species as a
function of pH. For 1:1 and 1:2 compositions at low pH i.e
1.5 to 4.0, the protonated species MLH, ML,H and
ML,H, are prevalent for all metals ions under study. In the
case of protonated species MLH and ML,H, probably on-
ly one of the hydrazide groups of the SADH (L) is invol-
ved in bonding as a bidentate through carbonyl oxygen
and terminal nitrogen.’**” The other hydrazide group is
protonated at the terminal nitrogen and is non-bonding.
The species ML, H, loses a proton with increase in pH on
non-bonding side and forms ML,H. Beyond pH 4.0 the
neutral form of SADH participates in complexation and
simple complexes like ML and ML, appear in solutions of
compositions 1:1 & 1:2 (M: L). The percentage of forma-
tion of these species reaches 85-97%. With increase in p-
H these species lose protons and form deprotonated spe-
cies like MLH_,, MLH_,, ML,H |, ML,H , etc. The for-
mation of these species may be due to the participation of
deprotonated enolic form (Fig.1) of the ligand in bonding.

In the case of 2:1 metal to ligand concentration ratio,
all the metal-SADH systems exhibit the formation of ho-
mo binuclear complexes, in which SADH acts as a ditopic
ligand and is attached to two metal ions (Fig. 5) either in
neutral or deprotonated enolic form. The coordination of a
metal ion by one unit of the ligand may affect the coordi-
nation at the other unit. This leads to the formation of
unsymmetrical complexes where the mode of coordina-
tion is different at the two structurally identical units of
the same ligand. In M,LH_, type of species one metal ion
is coordinated to hydrazide group in the neutral form whe-
reas the other to deprotonated enolic form. The extent of
formation of M, L ranges from 70-95% for different metal
ions in the pH range ~4.0 to 8.0. Beyond this range depro-
tonation of M,L takes place leading to the formation of
M,LH_, and M,LH _, species.

3. Conclusion

Succinic acid dihydrazide possesses number of po-
tential donor atoms and exhibit versatile behavior in metal
coordination. The solution phase speciation study indica-
ted the formation of a variety of species in which the li-
gand exists in protonated, unprotonated and deprotonated

forms. Homo binuclear unprotonated and deprotonated
species were also observed in 2:1 (M:L) composition, in
which two metal ions are bonded to adjacent coordination
pockets of the same ligand.
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Raziskovali smo interakcije dihidrazida sukcini¢ne kisline z Mn(II), Co(II), Ni(II), Cu(Il) in Zn(II) v vodi pri 303K in
ionski moci 0.1 mol dm™. Potenciometri¢no smo dolo¢ili konstante stabilnosti kompleksov. Predpostavili smo prisot-
nost mononuklearnih in homo binuklearnih specieseov v razli¢nih protoniranih in deprotoniranih stanjih ter zanje z upo-
rabo MINIQUAD-75 programa izracunali konstante stabilnosti. S HYSS programom smo na osnovi statisti¢nih para-
metrov predvideli najbolj verjetno porazdelitev prisotnih kompleksov v raztopini.
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