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Abstract

The stability constant , K for the complexation of copper (II) ion with -Amino - 3-
methyl -1 , 2 , 4 - triazol - 5 -thione ( AMTTin 0,20,40,60 and 80 (V/V)%
ethanol-water mixtures were determined conduetdoally at different temperatures .
Stability constant of resulting 1:1 complexes wdyeing larger by increasing of
temperature and ethanol percent. Stability constahtcomplexes vary inversely with
dielectric constant of solvents .The enthalpy amatropy of complexation were
determined from the temperature dependence¢h®formation constant. In all cases,
the complexation were found to be enthalmgtabilized but entropy stabilizedG®

of the studied complexes were evaluatedsatusing thermodynamic relations , the
negative values ofAG° means that the complexation process @tspeously .
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Introduction

Copper (Il) ion is a biologically active , essial ion and chelating ability and
positive redox potential allow participation biological transport reactions . Cu(ll)
complexes possess a wide range of biologalvity and are among the most
potent antiviral , antitumor and anti-inflammat agents [1] .

On the other hand , Condensed triazoles exfdbitange of pharmacological activities
such as : mitotic, hypotensive, CNS stimulant anti inflammatory and analgesic
activities [2-3]. The therapeutic effects of2,4-triazole and 1,2,4- triazol —3-one
containing compounds have been well studesafnumber of pathological conditions
including inflammation , cancer , pain , tubercidosr hypertension [4-12].

Triazoles fused another heterocyclic ring lasacted wide spread attention due to

their application as antibacterial , antidepaess antiviral , antitumoral and anti-
inflammatory agents , pesticides , herbicides dyabricant and analytical agents [13] .
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The present study deals with the conductometrierdghation of the stability constants,
stoichiometric ratio and related to thermodynana@cameters of AMTT complexes with
Cu(Il).

A large number of physicochemical techniques susthpatentiometry , calorimetry |,
conductometry, NMR spectrometry , spectrophotoynatrd polarography have been
used for study of complexation reactions betweevwaor ethers with different metal
cations in solutions [14].

In this paper, we report the results of a condwsastudy of the thermodynamics of
Cu(ll) ion complexation with AMTT in ethanol watkinary mixture.

Results and Discussion

In order to evaluate the influence of addihg) in the molar conductance of the
metal ion used in different (V/ V) % ethawahter mixtures , the conductivity at a
constant salt solution ¥30* mol L™ ) was monitored while increasing the L
concentration (810°mol L* ) at different temperatures . The molar emtance
were plotted against [L] / [M] mole ratio rfareaction of Cu(ll) with ligand of
AMTT at different temperatures. The plots exieitt one abvious slopes , suggesting
that the probable stoichiometric ratio of comxple are M : L . Incidentally , as is
expected , the corresponding molar conductanonereased with increasing the
temperature, owing to decrease viscosity of theestland consequently , the enhance
mobility of the charged species present e tsolution . The 1:1 complexes of
transition and heavy metal ions (M with (L), can be expressed by the
following equilibrium [ 15 ]:

ML® === L+M" Q)
The corresponding equilibrium constant; K g

_ ML fout) (2)

“ MLy f o+ f
v+ (L)

where [ML], [M'], [L] and f represent the equilibrium molaoncentration of
complexes , free cation , free ligand and thaivity coefficient of the species
indicated , respectively . Under the dilute dtod we used, the activity coefficient
of the uncharged ligand)f , can be reasonably assumed as unity [15-Tdhe
use of Deby — Huckel Limiting Law [17] lead the conclusion thatnf) = fo+

, SO the activity coefficients in equatioR) (vere canceled . Thus the complex
formation constant in term of the molar coctdnce can be expressed as:

— [ML+] — (/\M _/\obs)
"OIMTIIL] (Mg — Ay )IL]

®3)
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where
[L]=C,

— Cu Ay = Nass) 4)
(A =Nw)

Here ,A\; is the molar conductance of the metal i@fote addition of the ligand ,
ApmL is the molar conductance of the complexemh ,iAg,s is the molar

conductance of the solution during titratidd ,is the analytical concentration of the
L added , and (& is the analytical concentration of the meiah , the complex
formation constant , K, and the molar conductance of compleX\y, , were
obtained by computer fitting of equation (@8pd (4) to molar conductance — mole
ratio data using a non Linear least — squapesgram Genplot . All calculated
stability constants are summarized in Tablevhich shows that stability constant
values increase with increasing temperatureammg that the complexation is an
endothermic process.

Comparison of the formation constants ( antttal temperature ) given in Table 1
revealed that relative stabilities of the @bemes increased with increasing ethanol
percent . Since , donor numbers of ethanolOjl®nd water (18.0) are approximately
equal, if we ignore negligible difference donaumber of solvents , it seems to
dielectric constant ¢ , of solvents play an important role in toemation of
complexes . Stability constants were becomgeldry increasing of ethanel£ 24.3)
percent and decreasing of water=81.0) percent . Therefore , stability constanfs
Cu(ll)- AMTT complexes vary inversely with tketric constant of the solvents .

In order to have a better understandingtied thermodynamics of complexation
reaction discussed , it is useful to considibe enthalpic and the entropic

contributions to these reactions . TA&l° and AS’ values for the complexation
reaction were evaluated from the correspondimi — temperature data by applying
a Linear least — squares analysis accordingthe Van't Hoff equation. The

enthalpies and entropies of complexation weletermined in the usual manner

from the slopes and intercepts of the ploteespectively AG® of the studied
complexes were evaluated at°25 uSing the relations :

AG® = - RTInK; = AH° - TAS’ (5)

The computed results were collected in Table Be Thegative values ofAG° (Table

2) show the ability of the studied ligandl form stable complexes and the process
trend to proceed Spontaneously . However , dbéined positive values AH (
Table 2 ) means that enthalpy is not thevimgi force for the formation of the

complexes . The positive values diS° ( Table 2 ) indicate that entropy is
responsible for the complexing process.
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For investigating the influence of solvents dre stability constant we drew ( log K
against (V/V) % of ethanol — water for e¢gan of Cu(ll) with AMTT at
different temperatures ( Fig 1) . Fig. 1 showat gtability constant of complexes were
become larger by increasing of ethanol pdrcamd changes of stability constant
are become sharper in the mole ratio of-@4 . According this behavior we can
conclude that, there is a considerable intevactboetween components of solvents in
these ranges.

Tablel. Stability constant (logKof Cu(ll) -AMTT complexes in different (W )%
ethanol- water solutions at different tempenedu

(VIV )% logK
ethanol-water 175°C 25.0°C 35.0°C 45.0°C
0 2.520.07 2.5%0.07 2.620.07 2.68:0.07
20 2.6% 0.07 2.7%0.07 2.74:0.07 2.7%0.08
40 2.830.07 2.89 0.07 2.920.07 3.0%0.08
60 3.2 0.07 3.26:0.07 3.34:0.08 3.42:0.08
80 3.3+ 0.06 3.3 0.06 3.46:0.07 3.52:0.09

Table 2. The-AG®, AH* and AS’® values for Cu (Il) — AMTT complexation

reactions in (V/V)% ethanol-water binary mixtsire

(VIV)% ~-AG° (25°C) AH" . AS°
ethanol-water (Keal.molt) (Kcal-Mol™) ( Cal.mor.oK )
0 3.540.99 274 0.50 20.96 1.65
20 3.66:0.48 2.0%0.24 19.2%0.79
40 3.98 0.39 2.62 0.20 22 14 0.64
60 4.46 0.28 3.4 0.14 26.3% 0.45
80 458 0.79 3.420.10 26.86 0.34
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Figurel: LogKf vs. mole ratio of ethanol fdZu(ll) —~AMTT complexes at

different temperatures

Materials and Methods

Reagents
CuCh , 2H,0 [Merck] and ethanol [Merck] were used as puredaghe ligand AMTT
was provided by previously method [18].

Apparatus

Conductivity measurement were carried out withMatrohm 644 Conductometer . A
dip-type conductivity cell , made of platinutslack , with a cell constant of 0.69
Cm* was used . In all measurements , the cels waermostat at the desired
temperature +0.5°C using a ATBIN immersioerthostat .

Procedure

In a typical run, 30 mL of a Copper @hloride solution (510* mol L) was
placed in a water-jacketed cell equipped wathmagnetic stirrer and connect to the
thermostatic circulating water at the desitethperature .

Conductance of the initial solution was meedu after thermal equilibrium had

been reached . Then a known amount of tgand solution (510°mol L") was
added in stepwise manner using a calibratecropipette . The conductance of the
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solution was measured after each additiond ten corrected to avoid the effect
of dilution during the titration by multiplyg the measured value by [(V +V)/V]
, Wwhere V is the original volume of the ts@imetal ion solution) and v is the
volume of titrant (ligand solution) .

Conclusion

The stability constants of Cu(ll) ion and AMTT shawbehavior that depends to the
solvent type. The formation constants were beingelaby increasing of temperature and
ethanol percent. Stability constants of complexay inversely with dielectric constant of
solvents.
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