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Abstract: Metal-ligand complexations in solution of the tritio;m metals with azole based ligands (triazole and
benzimidazoleligand) in water-methanol medium by-rpetric titration with the glass electrode; ionic
strength 0.1M KN@ and buffer solutions at pH 7 and 9 were carrietl ditration were carried out for the
ligand against 0.05M NaOH solution as wsfin metal complexes (metal ligand) at various temupees 35,

45 and 58C. The pK, values (stability constants) were determined atréspective temperatures and found to

decrease as the temperature increased. The redulteermodynamic studieshave revealed that themetal

complexes were exothermically favourakdeile the negative Gibb’s free energy explained the spuaity of

the metal-ligand system and that the metals comaglavere feasible at the respective temperatures.
Keywords: Metal-ligand, pH-metric, stability constant, thexynamic studies, benzimidazole

Introduction Ni(ll) and Cu(ll) halide complexes with 1,2,4 —tride as
Azoles containing ligands actively participateccomplex  ligands havealso been synthesized and studied ¢Zayd
forming reaction with ions of transition metals. and Saidi, 1995).

Derivatives of azole-based ligand are widely used i Potentiometric studies on complexes of Gabapentin
medical practice as drugs (Hortoet al, 2003). Its (chemically 2-[1-(aminomethyl) cyclohexyl]lethanaicid)
compounds are also applied for analytical detertiinaof ~ with Cu(ll), Cd(ll), Co(ll), Ni(ll). Pb(ll) and Zn (I} have
ions of different metals due to their donor projsrt been studied. The results of the potentiometridiegion
(Kennedy and Lever, 1997). Benzimidazole is an hficy complexes of Gabapentin (2-[1-(aminomethyl)
compound having imidazole ring containing two rgga  cyclohexyllethanoic acid) using Calvin-Bjerum pH
atom at non-adjacent position fused to benzenea(Fin titration technique indicates that the order obBity is as
1998). follows Cu(I)>Pb(Il)>,Co(l1)>,Ni(I)> Zn (Il) (Agarvaal
The stability of metal complexes depends both om th et al.,1982). This order is also in accordance with Irving
metal ion and ligand. Generally, the stablilty bé tmetal ~ Williams order of stability. The negative free emer
complexes increase with increasing charges, dezrgas change indicates the spontaneity of the complemdtion
size and increase in electron affinity. For thensidon process.This paper deals with pH —metric studiezzofe-
metal ions, the electronic configuration is sigrafit with  based ligands with iron(lll), Ni(ll) and Zinc(ll)ons in
regards to the stability of the complexes. The ibtalof water-methanol medium with a view of determiningith
the complexes ofbivalent transition metal is stability constants and thermodynamic stabilities.
Mn>Fe>Co>Ni>Cu>zZn. (Wilkinson, 1998). Alfred

Werner(1890) had proposed the correct structures for theMaterials and Methods

coordination complexes also Bjerrum (1941). The tey All chemicals used are of good analytical gradesewsed
Bjerrum method was use of the recently developedsgla without further purification. The reagents involvede
electrode and pH meterto determine the concentraifo benzimidazole and 1,2,3-triazole (ligands), nickd)
the hydrogen ionsin solution. Irvingnd William (1945)  sulphate hexahydrate, zinc (Il) sulphate heptahgdaad
series were discovered, where calculations wereedgn iron (Il) chloride hexahydrate, distilled water, timenol,
hand using the so called graphical method later ®tiss pH meter (model 132E), thermometer, magnetic stirre
and Rossotti (1964) developed the use of a computewith hot plate and buffer solution pH 5 and 9.
programme. The ligand (benzimidazole) and the metal salts i 1
Oxidation —reduction system involved in the titnatigives ~ molar ratios were prepared is 50% v/v waterand aveih
aninsight of the processes of complexation of thetain  mixture in order to fulfil the maximum coordination
and ligands in solution. The formation constanes ssed number of the metal ions. All pH-metric measurersent

to derive the proportions of the various compleikemed  Wwere carried out at a constant ionic strength 0.GINOs,
as function of equilibrium-ligand concentration being a soluble salt and temperatures of 298K, 388&

(Okoronkwo and Aminjanov, 2003). 328K. Measurements were performed with ATC pH meter
The thermodynamic stability of a species is a measfi  (model 132E) equipped with glass calomel electrode
the extent to which the species will be formed frother ~ assembly. The prepared solutions were titrated nagai
one species undercertain conditionsprovided that thsodium hydroxide of 0.05 Mol/dinThe pH readings were
system is allowed to reach equilibrium (Bass¢tal, stabilized in a few minutes and converted to hydropns
2005). It is useful indistinguishingbetween entimland  concentration according to method of Bjerrum (1944)
entropic effects. Enthalpic effects depend on teado modified by Aliyu and Garba (2009). The differericethe
strength and entropic effects have to do with ckanig ~ volume of NaOH utilized for the ligand and metal
the order or disorder of the solution as a wholesgRdi titrations was a measure of the extent of compienat
and Rossotti, 1964). Potentiometric studies for theThe complex titration curve was found to be well
determination of deviation constant of 1-aroyl-4-(2 separated from the ligand titration curve indicgtinat the
nitrophenyl) 3-thiosemicarbacides with some binaustal  liberation proton was due to chelation.

ions and their formation constant have been studieti The expression for the acid dissociation constamtife
characterized (Sireeste al, 2006). Mn(ll) Fe(ll) Co(ll), ~ reaction is as follows;
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(B \p— H 4 Ao 1)
[H'][H]

Ka = e, 2

pKa HA 2

Where: [H*],[A] and [HA] are known concentrations

(Gregoryet al, 1977).

Average number of ligands bound per metal in the
complex (nA) were obtained from the equation;

the Irving and William (1953) order, but Zn(ll) cpiexes
appeared more stable. However, no precipitate was
observed in the titration vessels, indicating thhe
possibility of formation of metal hydroxides can be
excluded.

Table 1: Benzimidazole calculated coordinated number
of ligand bound per metal, pka and stability constats

_ + . Logk
TO _TH [H'] Ligand/metal ions Temp in n, pK, (stability
A Kelvin
nH constant)
T ’3 ------------------------------------ (3) Benzimidazole(ligand) 35 15 11.98 9.55%10
. . 45 05 170 5.01xto
Where: Ty —OTotaI concentration of the hydrogen ion present 55 05 169 490 xi0
T, = Total concentration of ligand Fe(ll) 35 182 264 30903
T,\(,? = Total concentration of metal 45 188 232 23443
. 55 199 1.69 223.87
= Average number of ligasbdound per metal )
Na Ni (I1) 35 198 213 323.59
nH = Protonated hydrogen 45 190 252 398.11
. . 55 1.84 266 239.88
Results and Discussion
The values ofn, obtained for metal-ligand indicate the Zn(l 35 181 344  4570.88
formation of 1:1 and 1:2 complexes Bjerrum half-grte 45 182 302 269153
55 179 311 2230.87

method at various, values, graphical method extended to

water- methanol mixture by Van Ultert and Hass @)95
was used to calculate the logalues. The values of,

Table 2: 1,2,3-Triazole calculated coordinated numbye
of ligand bound per metal, pKa and stability constats

calculated for benzimidazole complexes of Fe (ilI)
and Zn(ll) and stability constants were presentedable

1 shows that they,, the coordination number of the ligand
to the metal ions is within the range of 1.79 99].

indicating the ML and ML, complex formation while
stability constant of the ligand and complexesrelases
as the temperature increases, this reveal that pleses
are better formed at 36 .

Theny values for 1,2,3—triazole and the complexes b5 f
the ligand but complexes
between 1.84 — 2.05. This is an indication that32
triazole can easily form complexes with Fe (II){INiand
Zn(Il) within the temperature ranges of 35 -°G%vhich is
an approximate of 2. Therefore Mland ML, metal
complexes are feasible in ratio 1:1 and 1:2. Jzevalues
for 1,2,3-triazole which predict stability condsrfor
both ligand and its complexes show that triazaefid is

have shown values ranged

. . Log k
Ligand/ Temp in -
metalions Kelvin (°C) ™4 PKa (stability
constant)
Triazole 35 15 11.90 7.94x10
45 - Not stable -
55 - Not stable -
Fe (1) 35 1.911 2.85 446.86
45 1.944 2.58 308.18
55 2.042 2.37 251.18
Ni(In) 35 1.857 2.85 707.9
45 1.939 2.58 446.68
55 2.057 2.37 251.18
Zn (Il 35 1.846 2.82 794.33
45 1.869 2.72 660.69
55 2.101 231 257.04

not stable at temperatures 45 andG%Table 2) which
indicates that the ligand is thermodynamically ahk.
Whereas, the metal complexes at those temperatuees

Table 3 shows the results of thermodynamic studfieke
metal complexes of Fe (lll), Ni (Il) and Zn(ll) isrwith

feasible and be studied. The results obtained haveenzimidazole at 308K, 318K and 328K. The slopethef

indicated that
temperatures increased that is the optimum temperé&tr
metal complex formation is 86.

The average number of metal coordination to thenlibat
35, 45 and 5% (n4) is between 1.79 — 1.99, giving an
approximate value of 2 which is an indication oftbbiL,

and ML, types of metal complexes with benzimidazole for

Fe(ll), Ni(ll) and Zn(ll) ions in water-methanol edium
as shown in Table 1. The ligand shay values ranging
between 0.5-1.5 but a high stability at°G5with pK,
value 11.98 and log k of 9.549 xt@s a sign of good
stability however the stability decreases as thepgrature
increases, which is a common feature of first rofv o

the stability constants decrease aplots of logK against the reciprocal of the tempames

were used to evaluate the enthalpy chadde for
dissociation or complexation process, respectivaty
308K, 318K and 328K. From the Gibb’s energy change
AG andAH values and one can deduce the entropy change
AS using the well known relationship.

AG=-2.303RT I0gK.....eeeiiiiieeiiiiee e

AG =AH-TAS....

The results of the enthalpy changes for the metal i
shows that metal complexes were exothermically

transition metals (Holm and O’connom, 1971). The favourable with highnegative values which resuitgjieat

stability of Zn(Il) complexes with benzimidazolehgher
than the corresponding metal ions Fe(lll) and Nj (I
complexes due to its complete filled*&atbitals therefore

disorder. The combined changes in the enthalpy and
entropy will lead to a large decrease in free epengking
the reaction spontaneous. A negative valuASbbtained

made it more stable at that particular temperaturess due to the increased order as a result of dolvat

(Wilkinson and Bochman, 1999; Lee, 1998). Tableslite
shows that the stability constants of the metas ifalows

pocesses as shown by the Zn(ll) complex with
benzimidazole. Whereas, the entropy changes fqiilFe
andNi (II) metal complexes gave positive values cluhi
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have suggested that the ions in aqueous solutidgh wi Table 3: Determination thermodynamic properties of
water molecules around them. During complexfornmtio the benzimidazole metal complexes at three differén
between oppositely charges iorff and M) will lead to  temperatures

the breakdown of metal-water arrangement resulimg Metal Temp. in AH AS AG
positive entropy. This confirms that the complesxnfation ions Kelvin  (kJjmor®)  (Jmol'degt)  (kJmoF)

is entropically favourable, in that for a systemdeocur ~Fe (I 308 -13627.13 +3.10 -14593.35
spontaneouslyAS (total) must be positive as total energy 318 -13637.13 +3.10 -14624.40
must increase. SindsG = -TAS for AS to be positiveAG 328 -13637.13 +3.10 -14655.44
must be negative (Wilkinson, 1998). However, Gilfée 308 -12254.77 +9.24 -15101.18
energy negative results confirm the spontaneitythaf Ni(ll) 318 -12254.77 +9.24 -15198.59
metal complexes and the reactions are feasible and 328 -12254.77 +9.24 -15286.04
irreversible. The free energy of formatiod@) of 308 -31080.82 -31.23 -21460.53
complexes has more negative values with increase ofn(ll) 318 -31080.82 -31.23 -21148.19
temperature, showing that complex formation is a 328 -31080.82 -31.23 -20835.84

spontaneous process.
The average number of metal coordination to thankibat
308K, 318K and 328K in Table 1 ranged between(:8 Taple 4: Determination of stability constant

2.10) indicates that the coordination of metaligahd in  thermodynamic properties of 1, 2,3-triazole metal
1:land 1:2 are ML.and ML, as calculated from equation complexes at different temperatures

3. Stability constant logK for triazole metal complexe Stability AS
Fe(lll), Ni(Il) and Zn(ll) ion showed a decrease fine ~ Metal  Temp. - nt ; AH - (molt
value ofn, and logK. As the temperature increaseA® lons ~ (Kelvin) (Log K) (kdmof)  (kjmol’) deg?)
value reduces and the atomic mass increases. Eee frFe(lll) 308 446.68 - -24.0596 -27.01
energies of formation AG) of metal complexes have 15.74016

negative values indicating spontaneity of the iieact ggg ggfig ig‘l‘ggg -22446%%96 ggi
process. The volume &G obtained show that at 35 the Ni(ll) 308 707.90 -16.8681 - 86.32
formation of copper (II) benzimidazole complex i®ma 43.45721
spontaneous than the formation of iron(ll) 1,2i8zvle 323 446.78 - - -86.32
complex. However, as the temperature increases 3m 16.00514 43.45721

55°C (308 — 338K) the spontaneity of copper (ll) 338 251.18 - - -86.32
Benzimidazole gives negative value of free energy 15.14187 43.45721
formation AG) which is an indication that the increase in Zn(ln) 308 794.33 1'7 43094 -47.0408  -96.14
temperature will decrease the stability of coppger(l 323 660.69 - 47.0408 -96.14
benzimidazole complex. 16.46958

However, as the temperature increasesf&€5the triazole 338 257.04 - _47.0408 -96.14
complex forms less rapidly than the benzimidazole 15.50822

complex. The negative value of the free energy also

increases with the temperature in the Ni(ll) bendanole

complex but decrease with increase in temperatutbé  Generally, the negative values obtained for thénapy
Ni(ll) triazole complexes i.e less spontaneity. Wltigh,  change £H) for all the metal complexes of benzimidazole
the negativevalues of the free energy are hightiidamole  and triazole at various temperature 35, 45 arf€ 5308,
(-16.3684-15141 kJ mo) than in benzimidazole 323 and 338 K) reveal that the heat is liberatedht®
complexes (-15.10118-15.286 kJ Mol This shows that  surrounding and the reactions are exothermic. @rother
Ni(l) triazole forms complexes more rapidly thdrat of  hand, the positive values for the entropys) change for
Benzimidazole. In the Zn (Il) benzimidazole compkexe the metal complexes for Fe(lll) and Ni(ll) with
they are more stable than that of Zn(ll) triazddettee free  penzimidazole and zn(ll) confirm that complex fotioa

energy values gave -21.460 — 20.835 kJ “mol s entropically favourable and less entropy disoid lost
Benzimidazole and triazole have -17.4309 — 1508 &'m  \when the complexes are formed (Otuokere, 2011).

values. In both the benzimidazole and triazole vthieies

of AG decrease with increase in temperature (Tablesl3 a Conclusion

4). These indicate that formations of metal compiex The results of the pH-metric studies on transitietal

areless rapidly formed and less spontaneous. Ifpn(l complexes of benzimidazole and 1,2,3-triazolein

benzimidazole complexes haveAG-which increase with  methanol-water medium using calvin-Bjerrum pH tioat

increase in temperatures -14.593,14.625 and 14J6%68k  technique. The results obtained for calculated dioated

! showing their complexes form rapidly while that o number of ligand bound per metal for both the

Fe(lll) triazole —AG ( free energy) value decreases with benzimidazole and 1,2,3-triazole is approximately 2

rise in temperature. -15.7402, -15.4695 and 15.1@98 indicating that coordination of metal — ligandféasible

mol! which is an indication that complex formation within the ratio 1:1 and 1:2; i.e. Mland ML, The result

increases rapidly as the temperature increasedyjoy@ of LogK indicate that the order of stability is

and Okoronkwo, 2013). Fe(lI>Ni(l)>zZn(ll). This order is in accordancwith
Irving-Williams order of stability. The negativeuas of
the free energy changes for the metal complexes
indicatethe spontaneity of the complex formatioacess.
The stability of the metal complexes decreaseshas t
temperature increases.
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