Russian Journal of inorganic Chemisiry, Vol, 49 No, 10, 2004, 2p. ! ';LL;.H( From Zhurnal Neorganicheskoi Khimii, Yol. 49. No. 10. 2004, pp. 1634-1637.
Ajsame Amiri.

Origunal Engiish Text Cagyr gt 2004 by Farroxh taani, Kirim

COORDINATION
COMPOUNDS

Spectrophotometric Studies of Alkali Metal Ion Complexes
of p-Tetrabutyl-Calix[4]arenes*

Farrukh Gharib*!»2 , Karim Zarel'? 2, and Afsaneh Amiri®
Ci:emurry Department, Shafud Beheshti University, Tehran, Evin, Iran
2 Chemistry Deparrment, Islamic Azad University, Science and Research Branch, Tehran, Hesarak, Iren
e-mail: gharibf@homail.com
Received Deczmber 26, 2003

Abstract—A spectrophotometric technique is used to evaluate the alkali mezal ion bmdmg szlenuvms of wo

cul.r.xf;l]arencs in acetonitrile solution. On the basis of the
urooox 26

of Cs* und Li" arz favored towards 23 "7

constant values

..S-dlhydrox 7 3, ll 17,23-tetra-rert-butyl calix(4Jarene,
5

L1,2and 25,26,27- 'Jm..=>xy 28-hydrox
snowa to form exclu:
ditions.

INTRODUCTION

Calixarenes are synthetic macrocycles obtained by
the condensation of p-substituted phenol and formalde-
hyde in alkaline medium. Lower and upper rim func-
uionalization of parent calixarenes led to a large variety
of derivarives, Their bowl-like stucture allows them to
iorm complexes with a variety of species [1]. Fine con-
trol of the size of calu((n)areues by changing the value
of n and the introduction of various functional groups,
makes it possible 1o prepare a variety of molecules
with various applications. Calixarenes are of interest
for chromatography, slow release of drugs, wansport
across membranes, ion channels, and many other
applications [2-5].

It has besn shown recently, using ngidified
calix[+]arenes, thar the complexation properties depend
not only on the nature of the donor groups but also on
their stereochemical arrangemeat, which is determined
by lh: conformarion of the calixarenes [6, 7].

Dependmg ‘upon the relative orientation of the para
and phenolic sites, the tetramer can adopt four different
contormations: cone, partial core, 1,2-alternate, and
|.3-alternate. These conformers display selective prop-
erties of complexation of alkali metal cations. The cone
conformer of calix(4]arenes usually shows the highest
affinity for Na*, whereas the partial cone and 1,3-alter-
nate conformers show the best selectivity for K* and
Cs* [8]. While several calixarene-metal cation com-
plexes have been reported, most of them require that the
hydroxyl groups of the calixarene be derivatized to
esters or ethers [9], because of the poor solubility of the
p-tertbutyl-calixarenes. The Cs*-p-tertbutyl-calixarene
complex is used for the recovery of cesium from

* This articles was submitted by the authors in English.

[4]arene, L2. Both ligands have been

rely 111 (metal ion m hgnd) cu-nplcx-a with alkali cations under our experimental con-

nuclear waste solutions {10] and as a lanthanide com-
plexing agent under basic conditions (11]. Derivatives
other than ethers and esters have been ex: calix-
crowns show a high Na"/Cs" selectiviry and are used as
carriers through supported liquid membranes [10]. The
conformation of the calixarene in these complexes is
normally a cone, except when derivatization forces
other conformauons, as in the case of 1,3-calix[4]bis-
crown, which shows an alternate 1,3 conformation [10].
There is evidence of some conformational freedom for
the metal complexes in solurion {12]. Alkyl ketone resi-
dues have been introduced in the lower rim of
calix(5Jarene and calix[6]arene [13], which show affinity
for complexation of alkali metal cations. Phosphoryl and
amide ligands, both at the lower and upper rim, facilitate
extraction of lanthanides and actinides [14—15].

‘We have chosen 25,27-dipropoxy-26,28-dihydroxy-
5,11,17,23-ietra-tert-butyl calix{4)arene, L1, and
25,26,27-wipropoxy-28-hydroxy-3,11,17,23-tetra-terz-
butybcahx[ti]amm. L2 for ligand framework study due
to its easy synthesis and the existence of very few reports
on its chelating abilities towards meal ions [16]. The
four functionality ligating groups in the lower rim of
the ligand can be independently modified to increase its
binding ability and make it more specific for chelating
by alkali cations.

In this work, the stability constants of alkali metal
cations and two calix[4]arenes complexes are deter-
mmed in acetonitrile at 25°C usu!g a speccrophutomeb
ric The f the studied calt:
shown in Flg 1. The calixarenes in this study all cnnsxst
of four benzene rings, which are arranged conically, so
that the hydroxyl and the propoxy groups form a coor-
dination sphere where metal cations can be bound. The
different substituents in the lower 1im of the ligands
change the ability of these molecules to tailor them-
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C(CHy)

Fig- 1. Strucrure of L1 and L2 in their cone conformatioq,
R=C,H,.

selves to different cavity sizes and rigidities, which
enables them to have various preferences towards alkali
cation complexation.

EXPERIMENTAL SECTION

Chemicals. Parent calixarene was obtained from
Aldrich and used without further purification, Two dif-
fereat calix[4]arenes, Fig. 1, L1 and L2, were synthe-
sized following the procedures of Iwamoto er af., [16].
The solvent, acetonitrile (from Merck, p.2.), was used

Average values of log K in differeat wavelengths for various
calixarenes and alkali metal ions at 25°C

Meal ion log K5 (L1) logks (L2)
L 5.08 £0.05 4.65%0.04
Na"™ 4412004 4.05£0.04
K 3.83+£0.02 3.85£00!1
Rb* 407003 4182004
Cs' 5.09£0.04 5.05+003
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withowt further purification. LiCl (Merck, p.a.), NaCl
(Merck, p.a.), KCl (Merck, p.a.), RbCl (Fluka, purum),
and CsCl (Merck, p.a.), as well as the alkali cation
sources, were dried under vacuum at room temperature
for at least 48 hours before use.

Measurements. The absorption spectra (280—
290 nm) were measured on a Uvikon 992 UV-vis scan-
ning spectrophotometer with a Pentium [V computer
using 10 mm quartz cells. The system was thermostated
at 25°C by circulating water from an isoth I bath. In
all cases, the procedure was repeated at least three
times and the resulting average values and correspond-
ing standard deviations are shown in the text and
Tables.

Procedure. A 2.5 ¢cm’ solution of each ligand
(7.74 x 10~ and 4.07 X 10~ mol dm™* for L1 and L2,
respectively) was titrated with stepwise addition of an
alkali cation solution (1.51 x 107, 1.37 x 1073, 9.92 x
107, 1.82x 10, and 3.80 x 10~ mol dm3 for Li*, Na®,
K%, Rb", and Cs*, respectively) both in acetonimile
solution.

RESULTS AND DISCUSSION

Assuming that the absorbance of the ligand would
change upon complexation with an alkali cation, we
performed spectopt i The
complex M,L, formed is characterized by its stoichi-
ometry, p and g, where M and L represent each metal
ion and each ligand, respectively. To determine the for-
mation constant of complexation, &y, Eq. 1 is defined,

PM+ql =ML, Ks=[ML]/MPL]. (1)

The method of determination of the formation constant
has been described before [17). The absorbance 4 was
measured for the solutions as described in the experi-
mental section. For calculating the fc i

the spectrophotometric titration data were analyzed ata
wavelength in the UV range that is given by

A =gy[metal ion] + g [L] + eclcomplex],  (2)

where £y, £, and € are the molar absorptivities of each
metal ion, each ligand, and the formed complex,
respectively, For the mass balance
[metal ion] = cy — [complex], (€)]
[L] = e - [complex], “@
where cy and ¢ are the total concentration of each
metal ion and each ligand, respectively. Substituting
Egs. 1 and 34 into Eq. 2 and rearranging and canceling
the like terms in the wavelength that the metal ion actu-
ally has no absorbance in gives

A= CL& = CpEL — CrEy + CpEy + CLEc
+ O — &8s — e/ + £/Ks &)
+eBteyBtecB)2
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where B is equal to (1 + 2¢,Ks + 20yKs + ¢ K5 -

20 K3 + caKe )/K;. Using a suitable computer pro-
gram (18], the data were fitted to Eq. 5 for estimating
the formation constant of Eq. 1. We used the Gauss—
Newton nonlinear least-squares method in the com-
puter program to refine the absorbance by minimizing
the error squares sum from Eq. 6

S=X(a-by (=123, ..) ©)

where g; is a quasi-experimental quantity and b, is a cal-
culated one. The computer program consisted of two
different kinds of fitting, graphical and numerical. The
{nal selection of the species was based on both graphi-
cal and numerical methods, considering, in addition the
various statistical criteria, i.e., the sums of the squared
residuals, the differences of cy (experimental) and ¢,
(experimental) from those of the calculated ones. Fig-
ure 2 is shown as a typical example of a graphical fitting
for the observed and calculated absorbances (from the
computer program).

It was checked for other proposed species existing
in significant concentration over a reasonable range of
data. As expected, polynucl 1 were system-
atically rejected by the computer program. Taking into
account a binuclear complex alone or together with the
mononuclear one does not improve the goodness of the
fit and even leads to the rejection of the model. The
model finally chosen, formed by ML, resulted in a sat-
isfactory numerical and graphical firting. The average
values of the formation constants for the | : | com-
plexes of L1 and L2 + for each metal ion for various
wavelengths are listed in the table.

Thei ing curve resulting from the sp pho-
tometric titration of L1 by Cs™ and Li*, Fig. 3, shows a
sharp break point when the concentrations of metal ions
10 the ligand ratios reaches unity, indicating the forma-
tion of stable complexes for Cs™ and Li*. However, the
spectrophotometic titration curve of the ligand with
other ions displays a more continuous variation in the

bsorb: ‘with the ation ratios. In this case,
the extrapolating of the slopes at high and low metal to
ligand ratios correspond to 1 : | complex stoichiometry
at the point of the intersections. This behavior indicates
a typical less stable complex than those found for Cs*
and Li*+.

The two calix[4]arenes form complexes with alkali
metal cations, but show different affinuties for small cat-
ions (Li* and Na*) and large cations (Rb* and Cs").
Berween the two calixarenes, L1 appears to be more
efficient for chelating alkali metal ions. The suability
constants of L1 and L2 with alkali metal cations versus
their ionic radius are shown in Fig. 4. The most stable
complexes of L1 and L2 are formed with Cs*. The
introduction of an hydroxyl group in the ligands, from
110 2, leads to an inerzase in the stability of the com-
plexss formed by the smailer cadons, Li* and Na*, and
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Eg. 2. A typical graphical fitting for the Cs™+ L2 system at
25°C and 231 nm: (a) experimental absorbance, (5) caleu-
lated absorbance from the computer program.
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Fig. 3. Spectrophotometric titration plots of L1 by metal
ions, Li", Na", K", Rb", and Cs* at25°C and 281 nm.
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Fig. 4. The plots of logKg versus the ionic radii of the cat-
ions at 25°C: () L1, (&) L2.
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practically no change in the stability of the K*, Rb*, and
Cs™ complexes. This result suggests that the electron
donating tendency of the hydroxyl group is effective,
especially on the smaller cations. The binding selectiv-
ity of L1 and L2 towards alkali cations on the stability
constant values of the formed complexes (see the Table)
is in the order of Cs”> Li* > Na* > Rb* > K* and Cs™ >
Li*>Rb* > Na* > K", respectively. The results suggest
that K~ could possibly be locatednear the cavity of L1
and, hence, be more shielded than the other ions, which
better fit the cavity size of the ligand. The fact of 2 more
continuous variation of absorbance with concentration
of K~ (Fig. 3), should be due to the low complexation
level of this cation. A similar discussion can be stated
for L2. The binding selectivity of L1 and L2 towards
Li* could possibly be due to the cavity sizes of the
ligands, and the stability constant values obtained in
this work confirm that Li* should well encaged and pro-
tect the ligands L1 and L2 and result in a higher forma-
tion constant and more stable complexes. However, in
both cases, Cs* appears to have a good tendency to che-
late with the ligands. The results obtained in this work
suggest that Cs™ possibly binds with the ligands and
forms endo lexes due to the participation of phe-
oyl & el with soft dispersion and induction inter-
action with a large soft cation.
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