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ABSTRACT

We are reporting the study of the complexation of a newly synthesized
tetera-oxime derivative (2,5,10,13-Tetraazatricyclo[12,2,2,2]icosa-
1(16),6,8,14,17,19-hexene-3,4,11,12,13-tetraone tetraoxime) withAg(l) in ac-
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etonitrile. Analytical techniques (IR and UV-Vis), conductometry and
potentiometry showed that the ligand reacts selectively towards Ag(l) ion.
In addition, the stoichiometry of resulted complexes was investigated by
studying their GC-Mass spectra. The resultsrevealed that the mole ratios of
thereactantsin the complexeswere 2:1 and 1:1 (metal:ligand). The stepwise
formation constants (K, and K,) were evaluated (3.2x10° and 4.3x107, re-
spectively) by using a computerized non-linear curve-fitting program.
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INTRODUCTION

Theimportance of mixed oxygen/nitrogen donor
environmentsistheir great potential for important ap-
plicationsin both organic and inorganic chemistry!.
Mostly, nitrogen, oxygen, and sulfur donor atomsfrom
the compl exing reagentsdominate the coordination en-
vironmentsof meta ionsinal metal complexes.

Oximes have possessed anoted positioninthede-
velopment of coordination chemistry’2® by playingim-
portant roles as el ectron transfert*®, vitamin B, mim-
icd™ and the biosynthesisof nitric oxide*, Further-
more, oxime metal complexes have been used for a
number of purposes such as coordination of meta ions
asneutral dioximesd* oxidazing reagents'+*3 and
utilizedinmedicind**8, However, sdf-assembling multi-
nuclear meta complexesareof great interest'*?, Prob-

ably, thisislargely dueto thediscovery of theability of
the oximato group to coordinate additional meta ions
viathebridging N and O functions.

Recently, we can find alarge number of papersin
theliterature about oxime-containing complexes. Cer-
tainly, theability of oximesto coordinatein different mo-
dditiesto metals, aswell asthe easy tunability of their
substituents=#!, isthemainreason for thecurrent inter-
estinoximemeta complexes. Theseimportant charac-
teristicsof oximato complexeshaveleadto anincreased
interestinthestudy of their coordination chemistry.

Inthiswork, weinvestigated the complexation
of the newly synthesized tetera-oxime derivative
(2,5,10,13-tetraazatricyclo[12,2,2,2]icosa-
1(19),6,8,14,17,19-hexene-3,4,12,13-tetraone
tetraoxime) (abbreviated asL, Figure 1) withAg(l)
inacetonitrile.
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Figurel: Thechemical structureof theligand (L).

EXPERIMENTAL

Materials

We purchased reagent-grade acetonitrile (AN)
from Flukachemica company and used it asreceived.
Thenitrate satsof the needed cations(al from Merck)
were of the highest purity availableand used without
any further purification except for vacuum drying. Dou-
bly distilled and deionized water was used throughout.
Theligand (L) was synthesized and purified asdescribed
elsewherd?l.

Apparatus

All absorbance measurementswere carried out on
aUV-Vis 1650PC (Shimadzu Japan) spectrophotom-
eter. The mass spectra were recorded on a GC-MS
(17A-QP5050, Shimadzu Japan). In order totake IR
spectra, an FTIR (8400S, Shimadzu Japan) spectro-
photometer was used. Potentiometric studieswere pre-
formed by using aJenway 3020 (UK) pH/mV-meter
including an Ag-Ag/AgCl electrode system. Conduc-
tance measurementswere carried out withaM etrohm
712 conductivity-meter. We used adip-type conduc-
tivity cell that was made of platinum black. The cell
constant at the desired temperature were determined
by measuring theconductivity of 20.010 M sol ution of
andyticd gradeKCl (Merck) intriply distilled and deion-
ized water. The specific conductance of thissolution at
varioustemperatureshasalready been reportedinthe
literature. In al measures, the reaction cell was
thermostated at the desired temperature (20.0+ 0.1 °C)
by usng acirculating water-bath system.

RESULTSAND DISCUSSION

UV-Visspectrophotometric studies

In order to find aclue about the complexation re-
action of theligand with somecommon transition and

heavy meta ionsin AN, we studied thereaction of L
withmetd cationssuchasAg(l), Hg(l1), Ni(ll), Cd(ll),
Cu(ll), Zn(11) Pb(11), Mg(ll), Sr(11), Ba(ll), Rh(1I),
Co(I1), Fe(l11) and Al (111) by using UV-Vis spectro-
photometric technique. We found that the ligand
showed agood selectivity toward Ag(l) ion over the
other metal cationstested in the solution becausethe
spectral propertiesof theligand didn’t change in the
presence of increasing amounts of mentioned metal
ions except for the case of Ni(ll), which will be de-
scribed inthe proper placeinthetext. Theelectronic
spectrafor thetitration of L (2.5 mL, 1.0x103 M)
withincreasing amountsof Ag(l) (0.0t02.8x10° M,
with 1.3x10-° M steps) areshownin Figure2. Ascan
be seeninthisfigure, the spectrad behavior of theligand
undergoes no changesuntil themolar-ratio of Ag(l)/L
riches 1.1 and then the system revealsadistinct in-
creasein theabsorption which beyond that thereisno
changes in the absorption of the system when the
molar-ratio of [Ag*]/[L] passes2:1inthesolution.
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Figure2: Electronic spectraof thetitration of L (1.0x10° M)

withAg* (1.0x102M)inAN.

Deter mination of stoichiometry and for mation con-

stantsof theresulted complexes

An absorbance/mole-ratio curve plot was con-
structed fromthespectrain Figure2 (a A =347 nm).
Theresults are demonstrated in Figure 3. From this
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figure, we can seetwo distinct inflection pointsat 1 and
2 metal-to-ligand molar ratiosthat areindicative the
formation of two 1:1 and 1.2 (ligand:metal) complexes
inthesolution. Inorder to evd uatethe stepwiseforma:
tion constants, anon-linear |east-squares curve-fitting
program, KINFIT?1, wasused. The output of the pro-
gram comprisestherefined parameters, the sum-of-
squares and the standard deviation of the data. The
evaluation processwas carried out based upon the ap-
propriate mass-balanced equationsfor theML +M_L
model asdescribed el sewhere?.

Thesolid linein Figure 3 showsthe correspond-
ing predicted curve plot for thismodel whichreveals
agood agreement between the experimenta (points)
and theoretical (solid line) data. The sum-of-squares
of the system was|essthan 0.0002. Accordingto this
fitting procedurethe cal cul ated formati on constant for
theML and M_L complexesare 3.2x10° and 4.3x10’,

respectively.
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Figure3: Absorbance/molar ratio plot from theabsorbance
values (points) of thespectrain Figurel1,at A __ =347 nm.
Thesolid lineindicatesthepredicted curveplot for thetheo-
retical complexation models.

Potentiometric studies

We al so studied the complex formation between
theligand (L) and Ag(l) ion by using potentiometric
titration method. Thetitration of 50 mL of astandard
solution of Ag* (8.0x105 M) was carried out with a

—= Fyll Poper

solution of L (1.0x102 M). The data collection fol-
lowed by potentia (E, mV) measurementsof the solu-
tion in the presence of increasing amounts (0.0 to
2.0x10* M) of L (with6.4x10-° M steps). The poten-
tiometric curveplot, which wasformed by plotting the
measured E(mV) valuesversusthe[L]/[Ag'] ratioin
the solution, isshownin Figure4 (points). Fromthis
figure, weseethat the potentiometric method isn’t able
todifferentiatetheAg(l) ion potentialswhen they are
involved in thetwo new Situationsintheformed com-
plexes. Thisfact iscomeinto view by theunclear in-
flection point of the system’s response around 1:1 [L]/
[Ag'] ratio. We constructed apredicted E(mV)/([L]/
[Ag']) curve plot for a 1:1 model, based upon the
Nernst’s potential equation'®, by using Microsoft Ex-
cd® (solidlinein Fgure4). Figure4 showsthat thereis
good agreement between the datafrom the proposed
model and the experimenta data. The best fit wasob-
tained for the case in which the suggested formation
constant was 5.2x 108 whichisvery closetothevaue
cal culated by theformer photometric method.

[LI/Ag]

Figure4: Potential/molar ratio plot for the potentiometric
titration of Ag* (8.0x10° M) with L (1.0x102M)inAN (points).
Thesolid lineindicatesthepredicted curveplot for thetheo-
retical complexation model.

Conductometric studies

The procedurewas carried out asthesameas pre-
formed in potentiometri ctitration except the measured
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signal herewas molar conductance of theAg(l) solu-
tion (5.0x10-° M) in the presence of various concen-
trationsof L. Theresultsareshownin Figure5 (points).
The curve-fitting program, KINFIT, wasdeveloped to
evaluate the conductometric data. The corresponding
predicted curveplot was obtained (solidlinein Figure
5) by solving the gppropriate mass-bal anced equations
of the proposed ML+M,L model. As can be seen from
thisfigure, thereisavery good agreement betweenthe
theoretical mode andtheexperimenta vaues (sum-of-
squaresof 0.00001), from which theevaluated va ues
of K, andK, were2.7x10° and 3.7x107, respectively.
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Figure5: Molar conduction/molar ratio curve plot (points)
for the conductometric titration of Ag* (5.0x10-° M) wit L
(1.0x102 M) in AN. Here, the solid line indicates the pre-
dicted curveplot for thetheor etical complexation modes.

GC-mass spectrometric studies

Here, in order to find more clue about the
stiochiometry of theresulted complexes, fromthein-
teraction betweentheligand L (C N,O,H,, fw=384
g/mol) and Ag* ion, we studied the mass spectra of
mixed reactionsinthe presence of different mixture of
reactantsin the solution. Various proper mixtures of
metal:ligandratiosof 0:1, 1:1 and 2:1 were prepared
in 10 mL flasks (including 0:60, 60:60 and 60:30 L,
of Ag*1.0x102 M and L 1.0x102 M, respectively).
Then aportion of each solutioninjected into the GC-
Massinlet system. The mass spectrain Figure 6 dem-
onstratethe casein which the mixtureisonly included

theligand (0:1). The peak at 354 (m/z) revealsthe
leaving out of two NH groups of the molecule and
rearrangement of C-N-OH groupsas C=0inthel€ft.
Apparently, theion moleculewas sufficiently unstable
to be detected at the conditions applied on theioniza-
tion chamber of the GC-Massinstrument so the cor-
responding peak has been missed inthe spectra. The
other peaks of the mass-spectracan be attributed to
the other fragmentsresulted from the fragmentation
process. The mass spectrafor the second mixture so-
lution areshown in Figure 7. Aswe can see, an ML
complex hasformed in thissolution. Themain evi-
dencefor thisfact isthe peak at 461 (m/z). Thisnew
peak can be related to the existence of the former
fragment (354 m/z, Figure6) includingasilver aomin
its molecular structure so we can see a peak at
107+354= 461 (m/z). Thisfigure confirmstheforma
tionof al:1 (Ag:L) complex inthesolution, inwhich
theligand probably embracesasilver ion by oneof its
barb-like oximic armsto forman ML complex. Fur-
thermore, the spectrain thisfigure are simpler than
thefirst spectrain Figure 6 indicative the engagement
of the side branches of themoleculein complexation,
which reduces the fragmentation probability of the
system. Themass spectrafor thethird mixture solu-
tion are shown in Figure 8. The major peak at 569
(m/z), 215+354= 569 (215, the total mass for two
slver atoms), revea sthat two silver atoms have now
participated inthe complexation. These spectraclearly
elucidate that two metal cation areinvolved to form
anM_L typecomplex whichisamore compacted and
much heavier molecul ethan theformer cases. Soit
can not be affected by the fragmentation processun-
der the same condition for theformer mass spectra.
Hered so, themoresimplicity of thespectrain Figure
8tellsusthat thefragmentationismuch simpler than
those we described before.
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Figure6: Themassspectrafor the casein which themixture
of Ag(l) and L wasonly included theligand (0: 1, metal:ligand
ratio).
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Figure7: Themassspectrafor the casein which themixture
of Ag(l) and L wasincluded the 1:1 (metal:ligand) ratio.
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Figure8: Themassspectrafor the casein which themixture
of Ag(l) and L wasincluded the 2: 1 (metal:ligand) ratio.
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| R spectroscopic studies

Finally, the complexation between theligand L
and Ag(l) wasinvestigated by using Infra-Red (IR)
spectroscopy technique. For this purpose, we pre-
pared two stock solution (1.0x10 M) of L and
Ag(l). Then, four different 10 mL mixture solutions
of LandAg*including0:1, 1:1, 2:1 and 1:2 ratios
(theratios were obtained by using of 30 or 60 uL of
each stock solution) were constructed and then one
droplet of each solution dropped onto four similar
and freshly prepared K Br tabl ets. After evaporation
of the solvent in ambient atmosphere, the dried tab-
letswere mounted onthe IR cell to taketherelated
spectra. The resulted spectraare demonstrated in
Figures 9-12, respectively. Inthefirst figure (Figure
9), the peaks at 1600, 2900 and 3600 cm! can be
attributed to the C=C, C-N and O—H stretching fre-
guenciesof L. Figures 10 and 11, the corresponding
spectrafor the1:1 and 1:2 ratios of meta:ligand, are
very similar. Comparison of thesetwo figures shows
that the excess amounts of the ligand cannot form
new types of complexesin the solution. On the other
hand, the peak at 3600 cm! has been changed to a
more simpler and sharper one showing less hydro-
gen bond making in the presence of Ag(l) ion. This
fact confirmsthat theinteraction of L toward Ag(l)
ion can be occurred from the oximic sides of the
ligand. Thelast figure (Figure 12) showsthat the C=C
peak at 1600 and the O-H peak at 3600 cm™' have
become more weaker than the cases in which the

—= Fyl] Paper

ligand did or didn’t form any complexes in the solu-
tion (former cases). These evidences confirm the
engagement of both two oximic parts of theligandin
complexation with Ag(l) ions. In addition, the de-
creaseinintensity of the peak at 1600 cm™' can be
related to theinfluence of theinvolvement of oximic
nitrogens, which are connected to the carbonsin the
aromatic ring, on formation of aM,L complex.

100 —

Figure9: ThelR (%T) spectra for the case in which the
mixture of Ag(l) and L was only included theligand (0:1,

metal:ligand ratio).

100

Figure10: ThelR (%T) spectra for the casein which the
mixtureof Ag(l) and L wasincluded the1: 1 (metal:ligand) ratio.
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Figure1l: ThelR (%T) spectra for the casein which the
mixtureof Ag(l) and L wasincluded the1:2 (metal:ligand) ratio.
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Figure12: The IR (%T) spectra for the casein which the
mixtureof Ag(l) and L wasincdluded the2: 1 (metal:ligand) ratio.

Thestudy of thecomplexation of L with Ni(I1)

Aswehave aready mentioned, theligand L also
canreact toNi?" ionin AN solution. A spectrophoto-
metric titration wascarried out by proper amountsof L
withastandard solution of Ni?* (1.0x102 M) followed
by photometric measurementsat A, =420 nm (Figure
13). The absorbance measurements versus[Ni%]/[L]
resulted in construction acurve plot (points) whichis
shownintheinset of Figure 13. Hereagain, by using
KINFIT, the solid line demonstratesthe predicted ab-
sorbance/molar ratio plot for a proposed ML+M.L

0.8
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Figure13: Electronic spectraof thetitration of L (1.0x10-
M) with Ni(11) (2.0x102 M) in AN. In theinset, the absor-
bance/molar ratioplot, fromtheabsorbance 13 values(points)
atA__=420nm, hasbeen constructed and thesolid lineindi-

catesthepredicted curveplot for thetheoretical complex-
ation models.
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model with 1.7x10* and 3.2x10° for K, and K,,, re-
spectively. Theseformation constant val uestell usthat
L can form complexes with Ni(ll) ion that are too
weaker thanthosewithAg(l) inAN.

CONCLUSIONS

Theligand belongsto avery important classof or-
ganic compound, oximes, which arevery interesting for
chemists because of their attractive behaviorsinthe
chemical reactions. From theresultshavebeen obtained
inthe described studies, we can say that thetetraoxime
derivativeligand can selectively complexestheAg(l)
ioninacetonitrile. Based on these observations, the co-
ordination mode of thistetraoxime may beanimpor-
tant indicator in the predi ctability of coordination be-
havior of tetraoxime-functiondizedligands. Sothepro-
posed ligand can be used as a sel ective chemosensor
toward theAg(l) ion. Now our co-workers arework-
ingto utilizethisligand asasensing d ement in congtruc-
tion of an optical sensor to determineAg* ion.
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