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ABSTRACT

The formation constants of binary and ternary complexes of Schiff bases MEMIIMP, MIIMP,
BMIIMP, CMIIMP, MMIIMP, MIIBD and some N,O; N,N; O,O donor ligands with Co (Il), Ni
(1), Cu (1) and Zn (1) have been determined by potentiometrically at 0.1M KNOs.in aqua
organic medium. The effects of temperature and ionic strengths on binary systems have been
studied. All these metalions form 1:1 and 1:2 binary complexes and 1:1:1 ternary complex. The
thermodynamic parameters AG, AH and AS of binary complexes have been determined and
discussed. The stabilities of ternary complexes are discussed on the basis of Alog K.

Keywords. Isoxazole Schiff bases; potentiometrically, fotima constants, thermodynamic
parametersAlog K.

INTRODUCTION

Schiff bases are important intermediates in a numife enzymatic reactions involving
interactions of an enzyme with an amino or a caybgroup of the substrate [1]. Schiff bases
have the highest degree of hydrolysis at pH-5 hedsolubility in water is also highest at this pH
[2]. Schiff base ligands are able to coordinatehwitany different metals and stabilize them in
various oxidation states [3]. Azomethine and thensition metal complexes have remarkable
potential for inhibiting growth of various pathogemmicro organisms [4]The dissociation
constants of HBMI, HCBMI, HBBMI and HDBMI and stdity constants of Mn(ll), Fe(ll),
Co(Il), Ni(ll), Cu(ll) and Zn(ll) complexes were tiEmined potentiometrically at 303hd at
0.1 M KNG; ionic strength in 70% v/v acetone-water medium @ambrted earlier. The order of
PKavalues and stability constants were found to be HBEIVHBBMI > HCBMI > HDBMI.
This was attributed to increasing order of —I dffeicsubstituent. The stability constants of these
complexes with respect to bivalent transition mitas followed the order Mi < Fe? < Co? <
Ni*? < Cu? > Zn"% This order was in accordance with Irving-Williamatural order [5].
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However not much of work has been carried out oa thelating tendencies of 3-(2-
hydroxybenzylideneamino)-5-methyl isoxazole and steostituted derivatives with different
bivalent transition metal ions. Therefore an attefms been made to study the interaction of
MEMIIMP, MIIMP, BMIIMP, CMIIMP, MMIIMP and MIIBD and some N, O; N, N; O, O
donor ligands with bivalent metal ions such as Do Ni (1), Cu (1) and Zn (ll) in solution.

EXPERIMENTAL SECTION

Synthesis of ligands

MEMIIMP/MIIMP//BMIIMP/ CMIIMP/MMIIMP/MIIBD

A mixture of 3-amino-5-methyl isoxazole (0.05mol) and salicydigde / 5-methyl
salicylaldehyde / 5-Bromo salicylaldehyde / 5-Chblorsalicylaldehyde / 4-methoxy
salicylaldehyde / 4-hydroxy salicylaldehyde (0.0%nveas taken in methanol and refluxed for 2
hours. The yellow coloured Schiff bases obtainedewecrystallized from petroleum ether and
methanol. Purity of the compounds was checked b.T¥ield: 80-85%.

Structures of ligands

CHj,
-
H R R= = /O
N —
_~.C N = 1).5-CHz (MEMIIMP) 2). H (MIIMP)
4
X I 3).5-Br BMIIMP)  4). 5-Cl (CMIIMP)
- OH

5). 4-OCH3 (MMIIMP)  6). 4-OH (MIIBD)

Reagents and materials

The ligand solutions were prepared by dissolvingnawn weight of the solid in methanol
(Analar). Metal ion solutions were prepared fromtahenitrates samples (BDH) in double
distilled water and standardized with EDT#] Solution of HNQ and 1M KNQ were also
prepared in doubly distilled water. A carbonateefpotassium hydroxide solution was used as
the titrant and standardized against Analar Patasgiydrogen phthalate.

Potentiometric measurements

The apparatus, general conditions and methodslafilaion were the same as reported earlier
[4]. The following mixtures were prepared and tiéh potentiometrically against standard 0.1M
KOH at three different temperatures and three wdiffe ionic strengths. For each solution
mixture the volume was made up to 50 ml with doubsgilled water before the titration. The
following titrations were carried out.

1. HNOj; (4.0 x 10°M)
2. HNOj; (4.0 x 10° M) + ligand (1.0 x 18 M)
3. HNO; (4.0 x 10°M) + ligand (1.0 x 18 M) + metal ion (2.0 x 1O M)

A constant temperature was maintained using a igbision constant temperature bath (Baheti
Enterprises). The pH measurements were made usiigjtal Digisun Electronic model DI-707
pH meter in conjunction with a combined glass asldmel electrode. The instrument could read
pH in the range of 0 -14 with a reading accuracy 6f1 pHunits. The pH-meter readings were
corrected by Van Uitert and Hass relatiéh
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RESULTSAND DISCUSSION

Acid dissociation constants

The average number of protons,, associated with the ligand at different pH valwese
calculated from the titration curves of the acidtive absence and presence of ligand. The
formation curvesiia vs. pH) for the acid systems were constructedfandd to extend between

0 and 1 in then, scale. This means that the all ligands have ossodiable proton (phenolic
proton). Different computational methods were agplio evaluate the stepwise dissociation
constants. The average values obtained are list@@lle-1. The data in the table-1 reveal that
the order of dissociation constants with respect the ligands was found to be
MEMIIMP>MIIMP>BMIIMP>CMIIMP>MMIIMP>MIIBD. This order is in accordance with
the basicity of the ligands.

Table-1: Dissociation constants and stepwise stability constants of metal complexesat 303K and 0.1 M. ionic
strength in aqueous medium

Ligand/ pKa| Stability Constants Standard Deviatjon
Metal ion Logk | Log K,
MEMIIMP | 8.4
Co(ll) 3.48 3.39 +0.03
Ni(ll) 4.74 3.78 +0.02
Cu(ll) 6.08 5.45 +0.03
Zn(ll) 4.28 3.92 +0.02
MIIMP | 8.36
Co(ll) 3.24 3.1 +0.03
Ni (I1) 3.96 3.48 +0.02
Cu (1) 5.9 4.97 +0.03
Zn (1) 3.59 3.4 +0.02
BMIIMP | 7.25
Co(ll) 3.44 3.3 +0.04
Ni(ll) 4.34 3.69 +0.02
Cu(ll) 6.35 5.8 +0.03
Zn(ll) 3.9 3.5 +0.02
CMIIMP | 7.18
Co (1) 3.18 2.8 +0.03
Ni (I1) 3.626 3.12 +0.02
Cu (1) 4.397 3.63 +0.03
Zn (1) 3.48 3.16 +0.02
MMIIMP | 7.1
Co(ll) 3.39 3.26 +0.03
Ni(ll) 4.09 3.57 +0.03
Cu(ll 5.52 3.91 +0.04
Zn(ll 3.74 3.3 +0.03
MIIBD 6.9
Co(ll) 3.3 3.2 +0.02
Ni(ll) 3.92 3.41 +0.03
Cu(ll 5.05 3.85 +0.04
Zn(ll) 3.57 3.26 +0.03
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Metal ligand stability constants

The formation curves for the metal complexes wdraiaed by plotting the average number of
the ligand attached per metal ion)(vs. the free ligand exponent (pL), accordinghe Irving
and Rossetti [8].These curves were analyzed andstloeessive stability constants were
determined using different computational methodsT8e stability constants log;kand log K
are given in Table -1. From the data it is fourat:th

The maximum value ofi was about two indicating the formation of 1:1 an@ (metal:
ligand) complexes only [10].

The order of stability constants with respect tce thgands were found to be
MEMIIMP>MIIMP>BMIIMP>CMIIMP>MMIIMP>MIIBD. This order is in accordance
with the basicity of the ligands.

The increasing order of the stability constantdwwéspect to the metalions were found to be
Co(ID<Ni(ID<Cu(ll) > Zn(ll), which is also in agreement with Irving and Williarogder.
This order largely reflects the changes in the leatomplex formation across the series
from a combination of the influence of both thegy@ing ability of the metal ion [11] and
the crystal field stabilization energid2].

Effect of temperature

The dissociation constant and the stability cortstai MEMIIMP, BMIIMP, MMIIMP and
MIIBD with bivalent metal ions have been studiedrate different temperatures 303, 313 and
323K at constant 0.1M KNg£onic strength. The representative related to MElis given in
Table-2. The slope of the plot (log K vs. 1/T) wdsized to evaluate the enthalpy changél)

for the complexation process. From Gibbs energyngbd\G) and AH) values one can deduce
the entropy chang@\g) using the well known relationships. The thermmdyic parametersH,

AG andAS were presented in Table-2.

It is evident from the data that dissociation cantt and the stability constants decrease with
rise in temperature, indicating that the formagguilibrium is exothermic in nature. The data in
table-2 reveals that all the metal complexes acerapanied by negative enthalpy@) changes
suggesting that the metal-ligand bonds are fatriyng).

Table-2: Stability constants and ther modynamic par ameters of memiimp with transition metalionsat 0.1 M. KNO;

Metal ion -AG -AH AS
Temp (K)| pKa| LogK | Log K, kd/mole | kd/mole| J/mole
303 K 8.4 3.48 3.39 20.18 25.42 17.27
Co(ll) 313K 8.1 3.34 3.24
323 K 7.93 3.29 3.20
303 K 8.4 4.74 3.78 27.5] 107.13 -26279
Ni(ll) 313K 8.1 4.15 3.33
323 K 7.93 3.86 3.23
303 K 8.4 6.08 5.45 35.27 124.38 -294/11
Cu(ll) 313K 8.1 5.39 4.65
323 K 7.93 5.10 4.33
303 K 8.4 4.28 3.92 24.83 54.47 -97.84
Zn(ll) 313K 8.1 3.98 3.64
323 K 7.93 3.81 3.53

Positive entropy changes accompanying a giveniozaare due to the release of bound water
molecules from the metal chelates. During formatbmetal chelates, water molecules from the
primary hydration sphere of the metal ion are @disptl by the chelating ligand. Thus there is an
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increase in the number of particles in the systam randomness of the system increases as
shown in the following equation.

M*?(aq) + L(ag) === ML (aqg) + nHO

For some complexes negative entropy values arenaakewhich indicates that the complex
largely retains the primary solvation sphere of tietal ion [13] Williams [14] has pointed out
that usually a high entropy value is associatetl wie combination of positive and negative ions
combination of a metal ion with a negatively chardigand always involves displacement of
water molecules, which then become part of theesahSince the water molecules bound to the
metal ions are highly distorted and oriented, theapy is low. Large negative entropy values
are associated with large negative values of goyhadtor this, the solvent and ligand field —
central ion interactions [15] and alsointeractions [16] may be possible contributingtéas.

Effect of ionic strength

The effect of variation of ionic strength on theslities of transition metal complexes of
MEMIIMP, BMIIMP, MMIIMP and MIIBD has been determé@d. For this purpose the proton
ligand and metal-ligand stability constants of thegands have been evaluated at three different
ionic strengths (0.1, 0.15 and 0.2M) using potasshitrate as a supporting electrolyte at
constant temperature (303K). For some represeatayistems the data is summarized in Table-3
are given From the data it is observed that the dissociationstant and stability constants
decrease with raise in ionic strength.

Log K values were plotted against square roqt ek per the Debye-Huckel equation. The plots
of log K; vs /i for all systems were found to be linear, the slegleies observed in all cases

were less than the values expected on the baBislmfe-Huckel equation. This indicates that the
ligands in the present investigation interact botHissociated and undissociated forms and thus
various species co-exist in the solution [17].

Table-3: Stepwise stability constants of metal complexes of memiimp at different ionicstrength and at 303 K temperatures

Metal ion Stability lonic strength
constants| 0.1M | 0.15M | 0.2M

H pKa | 8.40| 8.14| 812
LogK, | 3.48| 3.40| 3.34

Coll) ogKk, [ 3.39] 3.30] 3.20
Ni() | ook [474] 382 342
LogK, | 3.78 | 3.60 | 3.22

LogK, | 6.08| 572| 565

Cul) ogKk, [ 5.45| 4.82| 453
Znqy |_LogKi [ 4281 394 383
LogK, | 3.92| 3.60 | 3.50

Ternary systems

The stability constants ahixed ligand complexes of Ni(ll)-L-A and Co(ll)-L-Awhere L=
Isoxazole Schiff bases MEMIIMP,MIIMP, BMIIMP,CMIIMP MMIIMP and MIIBD; A=
Glycine (Gly) , Phenyl alanine (PA) N,O donors; @Rhenanthroline (1,10-phen), 2,2'-
bipyridyl (2,2'-bipy); N,N donors , Oxalic acid (QASalicylic acid (SA), O,0 donors; and
Thioglycollic acid (TGA)] have been determined putemetrically at 303K and 0.1 M KNO
ionic strength.
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The representative potentiometric titration curaes shown in the Fig-1 and Fig-2. The ternary
complexes were formed at different pH regions asgared to their binary complexes, as
evidenced from the species distribution curves inbth for the systems using the computer
program BEST. The concentration profiles of varispscies suggest that at lower pH range the
binary complex formation predominates over ternatyhigher pH range the ternary complex
formation predominates over binary complex formati¢-ollowing are some of the salient
features that confirm the formation of ternary eltes in solution.
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Fig-1: pH titration curvesof Ni (11)-1, 10 Phen-MEMIIMP ternary systemsin aqueous medium at 303K and
0.1M. lonic strength.
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Fig-2: pH titration curvesof Ni (11)-M EMIIMP-Gly ternary system in aqueous medium at 303K and 0.1M.
lonic strength.

In all these systems studied, the complex formatioaurred in stepwise equilibria. The pH
titration curves corresponding with ternary systenticate that the isoxazole Schiff bases (L)
act as primary ligand in the presence of Gly andw&reas in the presence of 1,10-phen , 2,2'-
bipy , OA, SA and TGA they act as secondary ligafddas the formation of ternary complexes
was stepwise equilibria. The stability constant$eohary complexes were calculated by known
equations [18] and presented in table-4. Thesadliiexh were expressed in terms afog K
(Table 4) which is the difference between stabitibpstant of ternary complexes and 1:1 binary
stability constant of secondary ligand. In the cafs€o (II) and Ni (I)-L-Gly / PA/1, 10-phen/2,
2’-bipy/TGA systems positive\logK values were observed indicating the ternargnglexes
were more stable than 1:1 binary of secondary tigarhis may be due to ligand-ligand
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interactions, effective charge neutralization aeslsér electrostatic interactions in the case of
Gly & PA systems andad— pr back bonding interaction in the case of 1,10-pRed2'-bipy
systems. In the case of Co (ll) and Ni (II)-L-OASA systems negativa logK values were
observed indicating ternary complexes are lesdesthan 1:1 binary of secondary ligand. This
may be due to formation of negatively charged tgrr@mplexes, which involves in greater
electrostatic repulsions.

Table-4: Stability constantslog of Kya ™ Co (11) / Ni (I1) Ternary complexes of MEMIIM P in aqueous
medium at 303K and 0.1M ionic strength

Stability Constants
Ligand pKa| Binary | Ternary Alog K Standard Deviatior
1:1 1:1:1

N-O Donors:

Co-MEMIIMP-Gly 9.83| 3.48 4.06 0.58 +0.03
Ni-MEMIIMP-Gly 9.83| 4.74 5.75 0.71 +0.04
Co-MEMIIMP-PA 9.15| 3.48 4.15 0.67 +0.04
Ni-MEMIIMP-PA 9.15| 4.74 5.83 0.79 +0.03
N-N Donors:

Co-1,10 Phen —-MEMIIMA 8.40  3.48 3.9 0.48 +0.04
Ni-1,10 Phen-MEMIIMP | 8.40 4.74 5.56 0.08 +0.03
Co-2,2'- bipy -MEMIIMP | 8.40  3.48 3.78 0.30 +0.04
Ni-2,2'- bipy-MEMIIMP 8.40| 4.74 5.47 0.43 +0.02
O-0 Donors:

Co-SA -MEMIIMP 8.40| 3.48 3.42 -0.54 +0.05
Co-OA —-MEMIIMP 8.40| 3.48 3.36 -0.112 +0.04
Ni-OA-MEMIIMP 8.40| 4.74 4.96 -0.072 +0.02
S-O Donors:

Co-TGA —_MEMIIMP 8.40| 3.48 3.86 0.38 +0.03
Ni-TGA-MEMIIMP 8.40| 4.74 5.60 0.56 +0.04

CONCLUSION

In conclusion, the order of stability constantsbofary and ternary complexes with respect to
ligands at different temperatures and different idorstrengths was found to be
MEMIIMP>MIIMP>BMIIMP>CMIIMP>MMIIMP>MIIBD. The order of stability constants
with respect to metal ions is Co (ll) < Ni (Il) <uQlIl) > Zn (IlI) which is in accordance with
Irving- Williams natural order. In the case of @y Ni(ll) - L - Gly/PA/1,10-phen/ 2,2'-
bipyridine /TGA systems positivéd log K values were observed indicating the ternary
complexes were more stable than 1:1 binary compieecondary ligand.
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