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ABSTRACT

Proton-monomeric ligand dissociation and metal-monomeric ligand
stability constants of Acrylonitnle (AN} with some transition metal ions
were calculated potentiometrically in 0.1 M KCl and 50% (v/v) ethanol-
water mixture. Also, in the presence of 2,2°-Azobisisobutyronitrile as
initiator the proton-polymenc ligand dissociation and metal-polymeric
ligand stability constants were calcuiated. The effect of temperature on
the dissociation of (AN) and the stability of its formed complexes were
studied in monomeric and polymeric forms. The corresponding
thermodynamic functions were derived and discussed. The dissociation
process is non-sponfaneous, endothermic and entropically unfavorable.
The formation of the metal complexes has been found to be
spontaneous, endothermic and entropically favorable.

Keywords: Acrylonitrile, dissociation constant, stability constants and
thermodynamic parameters.

INTRODUCTION

Polymer-metal complexes are composed of polymeric ligand and
metal ions. Polymer-metal complexes show unique characteristic in
absorption spectrum, coordination structure, stability, redox reactions,

catalytic activities, electrochemical reactions and other areas compared
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to those of corresponding low molecular metal complexes.
Complexations of polymeric ligand with metal ions as welt as ligand
substitution reaction of polymer-metal complexes are utilized to
separate metal ions and/or small molecules Diab et al [4], El-Bindary et
al[5] and El-Sonbati et al (6] studied the polymer —metal complexes of
vinyl derivative... The stability of these polymer-metal complexes was
studied. The aim of this work was to assess the metal binding properties
of AN towards some metal ions in aqueous solution. We report herein
the dissociation constant of AN and the stabilit*} constants for its
complexes with Mn2t, Co?+, Ni2*, Cu? and Znz in monomeric and
polymeric forms, which was carried out by potentiometric studies.
Furthermore, the corresponding thermodynamic functions of
dissociation and Complexation are derived and discussed.

EXPERIMENTAL
Reagents and Malenals

The monameric ligand solution (2x102 M) was prepared by
dissolving a known volume of the Acrylonitrile (Aldrich) in ethanol
(AnalaR). Metal ion solutions (2x10™ M) were also prepared from BDH
chemicals in doubly distilled water and standardized with EDTA 9.
Solution of 2,2"-Azobisisobutyronitrile (AIBN) as initiator (2x107 M) was
prepared by dissolving the accurate weight of the solid in ethanol
(AnalaR). Solutions of 2x10”° M HCI and 1 M KCI were also prepared in
doubly distilled water. A carbonate-free sodium hydroxide solution in
50% (v/v) ethanol-water mixture was used as titrant and standardized
aganist AnalaR oxalic acid.

Potentiometric Measurementis

The apparatus, general conditions and methods of calculation
were the same as outlined by other authors [8,10,11]. The following
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mixtures were prepared and titrated potentiometricalfly aganist standard
5x10° M NaOH in 50% (v/v) ethanol-water mixture at 308, 318 and 328
K, respectively.

(i) 5ml1x10> M HCl + 5 ml 1 M KCI + 25 ml ethanol;
(ii) 5mi1x10°M HCI +5 mt 1 M KCl + 20 ml ethanol + 5 ml 1x107° M AN;

(i} & ml 1x10° M HCI + 5 ml 1 M KCl + 20 ml ethanol + 5 mi 1x10° M
AN + 5 ml 1x10™ M metal salt.

For each mixture, the volume was made up to 50 ml with doubly distilled
water before titration. These titrations were repeated in the presence of
5 ml 1x10° M AIBN as initiator for t}we polymerization. A constant
temperature was maintained to + 0.05 K by using an ultrathermostat
(Gallenkamp thermo stirrer 85). The pH-meter readings in 50% (v/v)
ethanol-water mixture are comrected according to the Van Uitert and
Hass relation [12].

RESULTS AND DISCUSSION
Potentiometric studies
Proton-figand stability constants

The average number of protons associated with the ligand in
monomeric (AN) and polymeric (PAN) form at different pH values, n,,
were calculated from the titration curves, respectively. Thus, the
formation curves | ﬁA vs. pH ) for the proton-ligand systems were
constructed and found to extend between O to 1in the n, scale. This
means that AN and PAN has one dissociable proton (the enoclized
hydrogen ion of the amidic proton, CONH, [10] due to the hydrolysis of
Acrylonitrile to acrylamide). Different computational methods [13) were
applied to evaluate the dissociation constants. The number of replicates
is three, and the average values obtained are listed in Table 1.
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e
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The PAN has a lower acidic character (higher k¥ values) than
AN. This is quite reasonable because the presence of the vinyl group
(H,C=CH) in monomeric form (AN) will decrease the electron density,
whereby weaker N-H bonds is formed [10,14,15]. The absence of the
vinyl group in polymeric form (PAN) will lead to the opposite effect (i.e.
retard the removal of the ligand proton and hence increase the basicity
of PAN).

Metal-ligand stabilily constants

The formation curves for the metal complexes were obtained by
plotting the average number of ligand in monomeric (AN) and polymeric
(PAN} forms, respectively, attached per metal ion ( n )versus the free
ligand exponent (PL), according to Irving and Rossotti [16). These
curves were analyzed, and the successive stability constants were
determined using different computational methods [17,18]. The values
of the stability constants (log K,, log K, and log K), as well as the ratio
fog K, [log K,, are given in Table 2. The following general remarks can

be made;

(i) The maximum n values in all cases were found to be = 2, revealing
that both ML and ML, types of complexes are formed in solution
[19].
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(i) No precipitate was observed in the litration vessel, indicating that the
possibility of formation of metal hydroxide can be excluded [20].

{ii) For all complexes, the stability constants of PAN are higher than
AN. This is quite reasonable because the ligand in polymeric form is
better complexing agent [3,15].

(iv) The order of stability constants of the metal complexes of AN and
PAN were found to be

Cu? > Zn# > Niz* > Co?* > Mn®

Effect of Temperature
The dissociation constant (px?) for AN and PAN as well as the

stability constants of its complexes with Mn2+, Co2*, Ni2* | Cu2*and Zn2*
have been evaluated at 308, 318 and 5’,28 K, and are given in Tables 1
and 3. The slope of the plot (pxhor WwgX vs. 1/5) was utilized to
evaluate the enthalpy change (AH) for the dissociation or Compiexation
process, respectively. From the free energy change {AG) and {AH)
values one can deduce the entropy change (AS) using the well known
relationships (1) and (2):
4G = -2303RTlog K = 2303RT pK ... (1)
AS = (AH-AG) /' T i o (2)
All thermodynamic parameters of the dissociation process of AN and
PAN are recorded in Table 1. Inspection of these values reveals that:
(I} The k! values decrease with increasing temperature revealing that
its acidity increases with increasing temperature.
(i) A positive value of AH indicating that its dissociation is accompanied

by adsorption of heat and the process is endothermic.
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(i) A large positive value of AG indicating that the dissociation

processes is not spontaneous.

(iv) A negative value of AS is obtained, due to increased order as a

result of solvating processes.

All the thermodynamic parameters of the stepwise stability constants
of AN and PAN complexes are recorded in Table 3. it is known that the
divalent metal ions exist in solution as octahedrally hydrated species and
the obtained values of AH and AS can then be considered as sum of two
contributions: |

{a) release of H,0 molecules, and

(b) metal-tigand bond formation.

It was suggested [21] that the ions in aqueous solution, order the
water molecules around them and during complex formation between
oppositely charged ions (ligand L- and M) will lead to the breakdown of
metal-water arrangement resulting in positive entropy and enthalpy
changes. Examination of these values shows that:

(i) The stepwise stability constants (\og X, and ‘g X ,) for APAT and
PAPAT complexes increases with increasing temperature in the
case of Mn2+, Co?+, Niz+, Cuzvand’Zn?+ j.e., the stability constants
increase with increasing the temperature,

(i) The negative values of AG for the Complexation process of Mn?*,
Co?*, Niz*, CuZ+and Zn2+ with AN and PAN suggests a spontaneous

nature of such process.
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(i) The AR values are positive for the Complexation process of AN and

PAN with Mn2*, Co2*, Niz* A Cuz*and Zn?+. This means that these
processes are endothermic and favorable at higher temperatures.

(iv) The positive values of AS for the Complexation process of AN and

PAN with Mn2+, Co2+, Cu?r and Zn2*  confirming that the complex

formation is entropically favorable.
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