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ABSTRACT
Spectropholometric lechnique is used to evaluste binding of the vapadium(Il) ion to a waler soluble
calix[4] arene moleculs in agqueous solution. On the basis of the calculated value formation constant al

25°Cowe found that

the complexation of this metal 1on is very favored towards 25, 26, 27, 2%-

tetrahydenxy-5, 11, 17, 23-tetrasulphonalic acid-calix[4]arene

Graussian 03 package.
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INTRODUCTION

{Calixarenes arc synthetic macrocycles obtained by the
condensation of p-subsunuted phenel and formaldehyde in
alkaline medium. Lower and upper rim functionalisation of
the parent calixarenes bad led to a large varnery of
derivatives. Their bowl-like structure allows them to form
complexes with g variety of species{1] Fine control of the
size nf calix[nJarenes, by changing the value of n and the
miroduction of various functinnal groups makes it possible
to prepare a varety of molecules with various applications.
Calixarenes are of intercst to chromatoeraphy, slow release
of drugs, transport acruss membrages, ion channels, and
many other applications [2-5].

It bas becn shown recently, wsing ngidified
calix[4]arcnes, that its complexation properties depend
nnt only on the natore nf the donor gronps but also an
their sterco-chemical arrangement,can be charasterized
by the confrmation of the calixarenes [6-7] .

Depending upon the relative onentation of the pam
and phenolic sites, the tetramer can adopt four different
conformatinns: cong, partial ¢one, conlormer nf
calix[4]arenes shows usuaily the highest affimty for Na’,
whereas the partial cone and 1,3 -alternate conformers

* Corresponding Authur kmezarc{ggmail com

191

show the best selecuvity for K™ and Cs*[8] While
several calixarenc-metal cation complexes have
been reported, most of them require that the
bxdroxyl groups nf the calixarene be derivatized
o esters or cthers[?] becanse of the poor
sniubility of the p-tertbutyl-calixarenes, The Cs'-
p-terthutyl-calxarene complex 15 used for the
recovery of cesium from nuelear waste sniutions
(1G], and a5 a lanthanide complexing agent under
basic conditiens [11] Dernvatives other than
ethers and esters have been  examined:
calixerowns show a high Na /Cs™ sefectivity, and
are uscd @s carmers through supported liquid
membranes [L0] The conformation of the
calixargng in these complcxes is normally a cone,
except when  dervatization  forces  other
cooformatinns, as in the case of 1,3<alix[4]bis-
crown, which shows an  alermate 1.3
contormanon [10] There is evidence of some
conformational freedom for the metal complexes
in solution [12] Alkyl ketone residues have been
introdured in the lower cm of calix[5]arens and
calyx [6] arene [13] which show affinity for
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camplexation of alkali metal cations. Phosphoryl
and amide ligands, heth at the lower and upper
rim, facilitatc extractinn of lanthanides and
actinides {14-15].

In this work, stability constant nf
vanadium{II[} catinn and 25, 26, 27, 28-
tetrahiydroxy-3, 11, 17, 23-tetrasulphnnalic acid-
calix [4] areme were determined in aguenus
sniutinn at 25 °C using spectrophatimetric
technique. The structure of the studied calixarene
is shown in Figure 1. The calixarene in this stady
was consistscd of four benzene rings which are
arranged contcally, s0 that hydroxyl and the
suiphmnato groups fonm a coordination sphere
where metal cations can be bound.

EXPERIMENTAL

Chemieats. 25, 26, 27, 28-tetmhydroxy-5, 1},
17, 23-tetrasulphpnalic acid-calix[4]arene where
nbtained as a gift (from Professor Zare) and used
without  further punfication. Vanadium(TIT)
chinride was purchased from Merck as analytical
reagent grade material and was dred under
vacuum at room temperature for at least 72 hours
hefore use. All dilute solutinns were propared
from dnuhle distiled water with a specific
conductance equal ton 1.2 £ 0.1 (Sem™.
Measurements, The M 350- double beam UV-
Vis  spectnipbntumeter  mondel  of  campec
equipped hy Pemtium (2) computer, [n all cases,
the procedurc was repeated at beast three times
and the resulting  awverage  wvalues  and
cprrespnnding error fiom the average are shown
1 the text and Tables.

Procedure. 2.5 ent snlution of the lgand,
105107 mal dm”, was titratcd with stepwise
additmn  nf the vanadium{TID) sniution, (2.0-
8.0)x10™ moi dn”’, bnth in aquenus solutinns.

RESULTS AND DISCUSSION

Assuming that thc absorbance of the ligand
wruld change upon complexation with the V{III)
metzl ion, we performed spectrophninmetne
measurementts. The complox ML, formatinn was
characterized by changing its storebinmetry, p
and g, where M and L represent each metal iom
and the ligand, respectively, Consideving that the
furmatinn  constant of comploxatinn, Ks, is
defined equatinn 1.

pM =gl = ML, Kg=[ML]/[M]LT" (1}
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The method of determination af formatian
cnnstant has been desenbed before [16] The
ahsurbance, A, was measured ﬁ::ll' the soilukinms,
as described in cxperimental scctinn.  For
calculating nf the fonmatinn _constants, thc
spectrophotometric tittation data were analysed
at a wavelength m UV range that is given by

A = gy[metal inn] + g [L]+ gcfevmplex]  (2)
where €y, £, and €¢ are the molar absorptivities
nf the mctal ion, ligand, and the formed enmplex,
tespectively. For the mass balance [metal inn] =

— [complex] (3) X i
[L] = Cy - {complex] @
where Ty and Cp are the tatal concentration of
the metal fon and the ligand, respectively.
Substituting egs 1 and 3-4 inte eq 2 and
rcarrangng and canccling hke terms moa
wavelength that the metal jon has acmally nn
absorhance gives It
A=Crep -Cuep L et Onenn CrLec "CMEL e/Ks-
En/Ks tec/Kete BreyBAecB)2 i i (3)
where B is equal tn {1 + 2C Kg + 2CuKs
+C°Ké - 20 CuKs® + Cy'KsY) / K. Using a
siuitable computer program [}7] the data were
fitted 0 eq 5 for esttmating' the formatian
constant of eg 1. We used the Gauss-Newtnn
nonkmear least-squares method 11 the computer
program to refine the absorhance Ih}’ minimizing
the error squarcs surn from eq 6, |I5
8=E(a-b) (i=1,2,3,.. 1| (6)
where a; 5 an experimcental quant:t}r and b; is a
calculated one. The computer program ﬂnnsistcd
of bwn different kinds of fitting, graphical and
numerical. The final selectinn af the species was
based nn both graphical and numeneal methods,
cuumdenng in addition the vannus statlstical
criteria, ie  sums of squarcd residuals,
differences  of Cy {Ltptmmtntai] and €|
(experimental) from those of calculated one.
Figure 2 shnws a typical example nf a graphicai
fitttng for the observed and caloulated
abserbances (from the computer program).

It was checked for other proposed species
cxisted 1n sigmficant coocentration over a
rcaspnablc  ramge nf data.  As  eXxpected
polynuelear complexes wete 5v%temﬂt1cai1}?
rejected by the computer prugram Taking inmn
account a bwuclear complex alone or together
with the mononucizar one does not improve the
goodness of the fit and even leads tn the rejection
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of the model, The model finally chosen, formed
by ML, resulted in a satisfaetory numerical and
grapiical fitting. The average value nf the
formatioa ennstant for the 1.1 enmplex speetes of
the various wavelengths used is listed i Table 1.

The interesting curve resulting from the
spectrophotometric  titratian  of the ligand by
vanadiumi(II) { Figure 3) shows a sharp break
point when the eoncentration ratio of metal ion to
the ligand reaches unity, indieating the formation
of a stable complex for the metal ion,

Table 1. Average value of log Kz 1o difTerent
wavelenpths for the calixarene and vanadiom(]11) 1on

at 25 *C
metal ion Ing Ks
vapadinm(iIT) 5.59+0.15

wavelength logKs
230 G213
i .68
270 545
263 531
260 344
255 555

The average amount of calculated formation
constant was 5:39. V{III} shows that electrie charge
effect on metal is more the eleetrostatie force is
stronget 5o the formed complex is stronger.

SO,H

30.H
Fig. L. The shematie struelore.

25262728  tetrahydroxy- 5, 11, 17, 23
thirasulphonutie asid- catix (4) arenc,

The strueture of the studied calix arene {5 show
in figure |. The ealix arens in this study consists
of four benzene nmgs which are arranged
conically, So that hydroxyl and the sulphonato
groups from a esordination sphere where metal
cations ean be bound.

Fig. 2. A tymeal graphical fiing for ¥ + L
systern at 25 °C and 281} nm. (21 expetimental
absorbance, (b) caleulaued absorbanee from the
SOMPUILT PRULTIH.
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Fig. 3. Speetrophotometric titation plot of the ligand
by the metal ion at 25 7C and 280 nm.

Average amounts of Jog k; of ligand and metal at
different wave lengths are listed in fig.3.
According ro figure3, the molar ratio of ligand ro
meta lis 11,
Table 2. The retio of metal ion 1o lipand
euncentrations versus of complex absorbances at 2537
om
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C/Cy A-Cm:!es
0.0 0
0.2 .34
0.4 0.64
0.4 092
08 .15
10 132
L1 138
14 1 36
1.3 32
L7 .28
L.8 1.24
2.1 1.20
4.3 L.17
4.5 1.13
1.7 110
18 1.07
CONCLUSION
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We concluded that . the molar fatio of ligand to
metal was 1:1. The average amoumt of caloutated
formation constant was 5.59. the more electric
charge affects on metal V{IT) is the elcctrostatic
force is stronger so the formed enmplkx is
stronger. t
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