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ABTRACT

Four new symmetric and asymmetric triazene ligands, ((E)-1,3-bis (2-ethoxyphenyl) triaze-1-ene (L), (E)- 3-(4-
chlorophenyl)1-(2-methoxyphenyl)triaze-1-ene (L), (E)-1-(2-ethoxyphenyl)-3-(3- nitrophenyl) triaze-1-ene (L) and
(E)-1-(2-ethoxyphenyl)-3-(4-nitrophenyl) triaze-1-ene (L)) have been synthesized and k, value of it’s complexes
with Cu* ion have been determined spectrophometric and conductrometric methods. Comprise of the k data
indicate that the stability of the complexestovary intheorder L >L>L,>L,.
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INTRODUCTION

Aryl triazeneshave been interested for their struc-
turd, anticancer and reactivity properties!. They have
been usedin medicina and asorganometallic ligands.
Thefirg extend veinvestigation of thecoordinationchem-
istry of atriazenederivative (1,3-di phenyl triazene) was
caried outin 1887 by Meldola?. Triazene compounds
characterized by having adiazoamino group (-N=N-
NH-), with two cisand trans conformers, can be have
likemicrodectronic switcht¥.

Triazenes have attracted chemist,sattentionsin
variousregards. For examplediphenyl triazene (DPT)
derivativeareutilized asligands specific organometalic
complexes synthesig¥. Triazenes can bind to metals
in both amonodentate and bidentate manner (Figure
1). Theproductsareair and moisture stable and are
easly prepared. Thefact that thereisthe possibility of
either mono- or bidentate binding of the triazeneto
themeta hasexcitingimplication both for catalyssand
asofor application as polymer-supported metal com-

plexes.

Thestudy of trangtion meta complexescontaining
1, 3-diaryltriazenide[ RN=N-NR] ligandshasincreased
greatly in the past few years, because their potential
reactivity in relation to their several coordination
modes>19, Application of these compound asasdlec-
tiveligand for determination of toxic metal iong*-%4,
potentiometric sensort®>1¢ Hg (11) and Pt (11) ion se-
lective dectrodes 8, have been reported. Sincethese
ligandshavethevery good potentia for analytical ap-
plication and the nature of solvent may strongly influ-
ence the stoichiometry and complexation of metalic
complexesin solution, we synthesized four new sym-
metric and asymmetric triazene compounds, (E)-1,3-
bis (2-ethoxyphenyl) triaze-1-ene (L), (E)- 3-(4-
chlorophenyl) 1-(2-methoxyphenyl)triaze-1-ene (L),
(E)-1-(2-ethoxyphenyl)-3-(3- nitrophenyl) triaze-1-ene
(L,), (B)-1-(2-ethoxyphenyl)-3-(4-nitrophenyl) triaze-
1-ene(L,), (Figure 2) and decided to study the com-
plexation reaction of themwith copper metal ioninac-
etonitrilesolution.
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Figure 1 : Three mode coordination of triazene ligands,
monodentate (a), chelating (b) (gener ating highly strained,
four-memberedrings), or abridgingligand between two metal
centers(c)
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Figure2: Molecularstructureofthetnazmehgands

Inthiswork we have reported spectrophotometric
and conductometric studiesof the stochiometry, com-
plexation reaction of triazeneligandswith Cu?* ionin
acetonitrile.

EXPERIMENTAL

Reagent grade copper nirtate and acetonitrile (AN)
all from Merck and recently synthesized four triazene
ligands synthesized, purified and dried asit has been
described € sawhere’® and were of highest purity avail-
able and were used without any further purification.

Conductometric measurementswerecarried out by
Metrohm 712 conductometer equi pped with aHaake
D1circulator. Inatypicad experiment, 10.0 ml of metal
ion solution (5.0x10%-1.0x10“*mol L) in AN was
placed inthetwowall conductometer glasscell andthe
conductance of solution was measured. Thenaknown
amount of the concentrated solution of triazeneligand
in AN (5x10% -1.0x102 mol L) was added in a
stepwise manner using a10 pl Hamilton syringe. The
conductance of the solution was measured after each
addition. Thetriazeneligand solution was continua ly
added until thedesired ligand to metal ion moleratio
wasachieved.

All UV-Vis Spectrarecorded on acomputerized
double-beam shimadzu 2550 spectrophotometer, us-
ing two matched 10.0 mm quartz cell. Inatypical ex-
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periment, 2.0 ml of ligand solution (5.0x10°mol L) in
AN was placed in the spectrophotometer cell and the
absorbance of solution wasmeasured. Then aknown
amount of the concentrated solution of metal ionsin
AN (1.3x103-1.3x102 mol L?) was added in a
stepwise manner using a10 pl Hamilton syringe. The
absorbance of the solution was measured after each
addition. Themetd ionssol ution wascontinudly added
until the desired ligand to metal ion mole ratio was
achieved.

Inorder to have abetter understanding of thether-
modynamicsof complexation between rtiazeneligands
and copper ionsin acetonitrile, it isuseful to consider
the enthal pic and entropi ¢ contributionsto these reac-
tions. Theenthal py and entropy of the complexation
reactionswere determined by measuring theformation
constants of theresulting complexes asafunction of
temperaturewith \Vont Hoff Equation (Equation 1).

2.303logK ¢ =—%+% )
The formation constant (K ;=K xK,) and the molar
absorptivity (€) of the resulting 1:1 and 1:2 (metd ionto
ligand) complexes between thetriazeneligands and
copper ion at 25°C were calculated by fitting the ob-
served absorbance, A, at various Cu*/ ligand mole
ratiosto the previously derived equationg?®2%, which
expresstheA |, _asafunction of thefreeand complexed
metal ionsand theformation constant eval uated froma
non-linear |east- squares program KINFI T4,

For eva uation of theformation constant from mo-
lar conductance (A) vs C,/C,, mole ratio data, the
KINFIT program was al so used. Adjustable param-
etersarethek,, molar conductance of freemetal ion,
and molar conductance of complex. Thefree copper
ion concentration, [M], was cal culated by aNewton-
Raphson procedure. When the value of [M] had been
obtained, the concentration of dl other speciesinvolved
are calculated from the mass bal ance equations by us-
ing the estimated val ue of theformation constant at the
current interaction step of the program. Refinement of
the parameterswas continued until the sum of square
of theresidual s between cal cul ated and observed mo-
lar conductancefor al experimental pointswasmini-
mized. The output of the KINFIT program comprises
therefined parameters, the sum of squaresand the stan-
dardsdeviation of thedatd®!.
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RESULT AND DISCUSSION

Conductometric studies

Themolar conductance of thenitratesalt of Cu?*in
acetonitrile solvent was monitored asafunction of the
triazenesligandsto metal ion moleratio, and the sto-
ichiometry of the complexesin acetonitrilewas exam-
ined by themoleratio method at variabletemperatures.
A sampleof theresulting plotsfor Cu?* ionscomplexes
with four triazeneligansisshown in Figure 3 and at
different temperaturesfor L, ligandisshownin Figure
4, and itisevident that ML and ML, complexes are
formedinsolution. Asitisseenwhiletheligand solution
possesses anegligible conductance, itsadditionto al
meta ion solutionsin acetonitrile caused arather large
and continuousincreased in molar conductance. This
could be dueto thelower mohility of the solvated cat-
ion and existenceof someionparingintheinitia salt.
Thismight indicatethat the complexesformed aremore
mobilethan the solvated metasions. Itiswell known
that transition copper ion strongly iscomplexed with

acetonitrileand such asolvated ionwill be highly or-
dered and duggish.

Thefirst addition of triazeneligand to copper ion
solutionwillscomplex withmetd ionresultinginamore
mobilesysem withrdatively high conductivity. Further
additionsof ligand to therel atively mobile systemwill
causeagradual increasein conductivity. However, the
dope of the corresponding molar conductance-mole
ratio plotschangeat the point wheretheligandtoion
ratio are one, and further additionsof theligand cause
no or very dight changesinthemolar conductance. Such
aconductancebehavior isindicative of theformation of
ML and ML, complexesin solutions.

Theformation constantsof theresulting complexes
were obtained by molar conductance measurements of
solutions in which varying concentrations of ligand
(5.0x10°mol L) wereadded to fixed amounts (5.0x 100
*moal L) of meta ion solution. Theentireresultingmolar
conductance— mole ratio data were best fitted to the
previoudy derived equationsg**®, whichfurther support
theformation of mixed complexesin solution.

TABLE 1: Conductometric formation constantsfor triazeneligandscomplexeswith Cu? ion at different temperatureand

it’s thermodynamics parameters

Ligands Logky AH AS
5°C 15°C 25°C 35°C Kj.mol™ j.moltK™
L, 8.07+0.05 8.08+0.09 8.09+0.02 8.10+0.01 2.84+0.23 71.88+0.78
Lo 8.05+0.04 8.05+0.05 8.06+0.05 8.07+0.01 -0.75+0.11 65.80+0.37
L3 8.03+0.08 8.04+0.06 8.05+0.07 8.06+0.26 -0.685+0.23 65.89+0.88
L, 8.02+0.04 8.03+0.08 8.04+0.01 8.05+0.34 1.06+£0.23 67.93+1.16
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Figure3: Maleratio plotsof triazeneligandswith Cu® ion complexesat 25°C
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Figure4: Moleratioplotsof L, ligand Cu*ion at various
temperatures: 1) 5°C, 2) 15°C, 3) 25°C, 4) 35°C
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Figure5: Computer fit of molar conductancevs[L ] /[Cu*]
moleratio plot in AN at 25°C, (X) experimental point, (O)
calculated point, (=) experimental and calculated pointsare
the samewithin theresolution of theplot
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Figure6: Logk, vs.1/T for Cu* ion complexes with four
triazeneligands(L, L., L, L))

For eva uation of theformation constantsfrom molar
conductancevs. C /C,, moleratio data, anon-linear
least squares curvefitting program KINFI T was used.
A samplecomputer fit of themolar conductance-mole
ratio datafor Cu** and L, at 25°C is shown in Figure 5.
All of logK ; valueseva uated from the computer fitting
of the corresponding molar conductance-moleratio data
arelistedin TABLE 1. Van't Hoff plots of log K, vs. I/
T, for metal complexesin acetonitrilewerelinear and
areshowsin Figure 6. AH® and AS°determined from
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Van’t Hoft Equation in the usual manner from the slops
and intercept of the plots, respectively, and theresults
areadsolistedinTABLE 1.
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Figure7: Electronicabsor ption spectraof L, ligand (5107
mol L)) inthepresenceof Cu*ion.[Cu*]/[L ] fromdownto
up equal to: 0.0, 0.13, 0.26, 0.39, 0.52, 0.65, 0.78, 0.91, 1.04,
1.17,1.3,1.43,1.56, 1.69, 1.82, 1.95, 2.08, 2.21, 2.34, 2.47,
2.6, 2.73, 2.86, 2.99, 3.12, 3.25, 3.38, 3.51, 3.64, 3.77, 3.9
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Figure8: Moleratioplotsof theL ,ligand (5.0x10°mol L)
with Cu®ion at 277 nm at 25°C
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Figure9: Computer fit of absorbanceversug Cu*]/[L ] mole
ratioplot in AN at 25°C, (X) experimental point, (O) calcu-
lated point, (=) experimental and calculated pointsarethe
samewithin theresolution of theplot

Compriseof thedatagivenin TABLE 1indicate
that the stability of the complexesto vary inthe order
L>L>L.>L,. Thethermodynamicdatain TABLE 1
reved that, entha py for formation of complexesfor L,
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TABLE 2: Spectrophotometricformation constant for Cu?* -
Triazeneligandscomplexesat 277 nm

Ligands Log kg
Ly 8.01
L, 7.80
L 6.97
Ly 6.65

L, positiveandfor L, L ,isnegative. It meansthat for-
mation of thesecomplexesisenthdpy desredandindl
casesthe complexesare entropy stabilized.

Spectrophotometricstudies

Theelectronic absorption spectraof L, ligand and
its Cu?* complexesin acetonitrile solvent areshownin
Figure7. Thestoichiometry of themeta complexeswas
examined by themoleratiomethodat A of itscom-
plexes. A sampleof theresulting plotsisshownin Fig-
ure8anditisevident that 1:1 and 1:2 (metal ion to
ligand) complexesareformed in solution. Theforma:
tion constantsof theresulting complexeswereobtained
at 25°C by absorbance measurements of solutions in
which varying concentrationsof metal ionswere added
to fixed amounts (5.0x10-°mol L?) of ligandssolution,
ah , of complexes.

For evaluation of theformation constantsand mo-
lar absorptivity coefficient from absorbancevs. [M]/
[L] moleratio data, anonlinear least squares curvefit-
ting program KINFIT was used. A sample computer fit
of the absorbance - moleratio datafor Cu** and L, at
25°C is shown in Figure 9.
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