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CATION BY PARENT CALIX [nN]ARENES

Hasalettin Deligbz,* H. Korkmaz Alpoguz, and Halil Cetisli

Pamukkale University
Faculty of Science-Arts
Department of Chemistry
20020, Denizli, Turkey
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ABSTRACT

The absorption of Feion from the aqueous phase to the solid
phase was carried out by using p-tert-butyl ¢é]exrene (L),
calix[6]arene (L), p-tert-butyl calix8]arene (L), and calix8]arene

(L,). The effect of varying pH upon the absorption capability of
parent calixarenes was examined. It was found that the com-
pounds (L, L, Ls; and L) showed the highest extractability
toward Fé ion at 4.5-5.4. The calixarene khows a strong
binding ability to F& ion. Based on the continuous variation
method, calixarene lformed 1:1 complex with Feion.

INTRODUCTION

Calixarenes, which are accessible from the base-catalyzed condensation
of para-substituted phenols with formaldehyde, are now well-known compounds
[1, 2]. Chemically modified calixarenes have been widely used as extractants

* Author to whom correspondence should be addressed.
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for metal ions. Calixarenes are three-dimensional molecules that can be used as
hosts for metal ions and for smallganic guest molecules [3, 4]. Bwrfthe

largest amount of ark using calixarenes agteactants has been focused on the
alkali and alkaline earth metalsytbrecent dbrts have begun to be tageted
towards a broader range of metals [5-7].

The calixarenes are particularly attraetias metal x@ractants because
they hare two chemically distinct rims that can each be selelgtimodiied to
incorporate ay desired properties. One of the rims can spEdiy coordinate
with the chosen metal ions, and the order rim can be used to bind functional
groups that will impart andesired solubility characteristicBhese complemen
tary properties makthe calixarenes axy attractve choice for use as compie
ants for metals. Calixarenes are host molecules that are particutadivefas
extractants for transferring metal ions from aqueous solution into ganior
phaseThis property results from the chemical structure of calixarenes where the
upper rim with tertiary btyl substituents hasytrophobic charactemand the
lower rim has fidrophilic character [6-10].

Yoshidaet al [11] found that the p-terttityl calix[6]arene canract
Cu* from the ammonia-alkaline solution to thegamic sohent. Shinkaiet al
have synthesized polymeric andater soluble calixarenes and yheave shevn
that thg can be used for seleati extraction of UG’ ion from aqueous phase
into the oganic phase [12, 13].

In our recent wrk, [14-19] we gamined the selest extraction of F&"
ion from the aqueous phase into thgamic phase with p-terttibyl calix{4]arene,
calix[4]arene, tetrameyip-tert-tutyl calix4]arene tetra étone, tetraeth-p-
tert-butyl calix{4]arene tetraacetate, and a polymeric ¢dlacene. Ne/ poly-
meric calif4]arenes hae been synthesized by reacting an oligomer or-poly
acryloylchloride with tetraetyl calix[4]arene tetraacetatelhese polymers
exhibited selectiity to Na' similar to that parent calixarene [20].

In a previous paperwe eamined the selest etraction of F& ion
from the aqueous phase into thegamic phase by using diazo-coupled
calix[4]arenes and the phenol dertives [21-23].

R L1:R= -(CH3)3 n=6
L,:R=-H n=6
L;:R= «(CHs); n=38
on *
Ly:R=-H n=8

Figure 1. Extractants used for this study
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In our previous studies, we reported thetraction of F& with parent
calix[4]arenes [14] and with polymeric cgi}arenes [15]. In this ark, we
have studied the adsorption of ¥&n from the aqueous phase into the solid
phase by using parent cdliarenes.

EXPERIMENTAL

Materials

'H-NMR spectra were recorded on a Beulk00 MHz spectrometer in
CDCl; with TMS as internal standard. IR spectra were recorded on a Mattson
1000 FTIR Spectrometer as KBr pellets.-Md¥ible spectra were recorded on a
Shimadzu UV1601 U\visible spectrophotometeMelting points were deter
mined on a Electrothermal IA 9100 digital melting point apparatus and are
uncorrected.

p-tert-Butyl calif6]arene(,), cali{6]arene [,), p-tert-tutyl calix{8]arene
(L), cali{8]arene I,) were synthesized according to the method described
previously [24, 25].

Metal Cation Adsorption

A 1 mL solution of ethanol containirig (0.103 g/L),L, (0.067 g/L),L 5
(0.137 g/L) and_, (0.090 g/L) and 25 mL aqueous solution containing metal
nitrate (1.06.10 M) were placed in a flasklhe pH of aqueous solutionas
adjusted to pH 2.2 (0.01 M NaNNO;, p = 0.1 with KCI), or to pH 3.8, 4.5
and 5.4 (0.01 M CKCOONd CH;COOH, u = 0.1 with KCI). The mixture vas
shalen for 1, 4, and 24 hours, at room temperatline adsorptibility (Ad %)
was determined from the decrease in the metal cation concentration in the aque
ous phase:

Ad % = [ (metal),, -(metal),./(metal),, ... ] x 100

where (metal).,. and (metal),. denote the metal concentrations in the aqueous
phase, after this as also preed by rgeneration of Féion from the solid phase.

RESULTS AND DISCUSSION

Selectve etraction of F& ion from the aqueous phase into thgamic
phase with p-tertdttyl calix{4]arene and cal[¥]arene were reported in our pre
vious work [14, 15, 19]. In this studyve investicated the déct of pH on adsorp
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tion capacity by using parent cditarenes. Due to high molecular weight (636-
1296 g/mol), parent calirlarenes are not soluble in major ot systems
which are immiscible with aqueous phaBkerefore, parent calir]arenes were
used as solids and gthalcohol was added tovercome sudce tension of the
aqueous phase.

The results of the adsorption of *Fen with four diferent ligands from
aqueous phase toganic phase at the tifrent pH and for diérent adsorption
time are summarized ifable 1.

The adsorption of Béion was increased by increasing pFhe maxi
mum adsorption as carried out at pH 5.4 for compoung(87.7 %).The per
cent adsorption of metal cation from the aqueous solution to the solid pkase ha
been efected the kind of lignd, the solution pH and the adsorption times as
shaving theTable 1.

The caity size of ligandsL, andL , are lager than the caty size of L,
andL ;. Thus, higher adsorption of the*mn was obsered with ligandsL , and
L,. In addition, caity size and the electron-donating capability ofityth groups

TABLE 1. Adsorption Percent of Fe*" ion with Ligands (%)

Calix[n]Jarene | Extraction pH

time (h) 2.2 3.8 4.5 5.4

1 240 44.0 45.8 68.5

L, 4 29.6 63.1 78.2 81.5
24 54.9 62.0 67.0 76.9

1 9.6 143 46.8 58.4

L, 4 34.8 56.4 58.1 87.7
24 29.6 433 71.8 77.2

1 23.7 36.0 432 452

L; 4 34.6 54.8 63.1 83.8
24 327 55.3 67.0 74.7

1 20.0 26.9 51.8 56.0

L, 4 42.1 56.3 60.0 70.2
24 34.6 442 447 53.7

* Aqueous phase [metal nitrate = 1.06.10™* M and 1 ml ethanol]. Solid phase [(ligand)=
L; (0.103 g/L), L, (0.067 g/L), Ls (0.137 g/L) and L, (0.090 g/L)]. pH: 2.2 (0.01 M NaNOy/
HNOs;, p = 0.1 with KCI), pH: 3.8; 4.5, and 5.4 (0.01 M CH;COONa/CH;COOH, p.= 0.1
with KCl), at room temperature.
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present on ligndsL ; andL ; may be inolved in the laver absorption capacities
obsered with these tw ligands as opposed to digdsL , andL ,, which do not
have t-kutyl groups. Similar results were reported in the literature [14, 18, 19].

The higher absorption féfiencies ofL, andL, than L; andL, result
from having a smaller odty size thanL; andL, since one proton is released
when Fé&" ions bind.Therefore, F& ion coordinates with ordetydroxyl groups
and this coordination isWored if these ydroxyl groups are closer to each other
The hydroxyl groups on calf8]arene is drther apart from each other than the
groups on calipelarene. Oer 90% atraction eficiencies obsemed with
calix[4]arene strongly support this idea [18)Ve determined that the times of
four hours vas enough for this adsorption process.

The UV spectrum as talen respectely of ligand (), FeCl, and mix
ture of this solution at the same concentration in the DWMRough the solution
of ligand in DMF did not xhibit ary absorption abee 295 nm, the mixture of
solutions of ligind and F& cation was ehibited at 542 NmThe mixture has an
absorption at 542 Nm and the color of the mixtueswiferent from the sohu
tion color of the lignd and metal cations.

This indicates the formation of a comyplbetween the lignd and the
metal cation as skm in Figure 2.

This is interpreted to indicate thiat and F&" ion formed a complein
solution.We determined the ratio &f, and F& ion in the comple by the con
tinuous \ariation plots methodThe compl& of L, and F& ion has maximum

20— =7

200 ’ 400 T 6ho %00
Wavelength / nm
Figure 2. The U\visible spectrums oL ,, F€*ion and their mixture. — : 1.0
Mof L,in DMF......:1.10°M of FeCLin DMF.. . .:a mixture ofL, (1.10°

M) and FeCJ(1.10° M) in DMF.
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absorbance in ratio mole (Fefchlix + FeC}) = 0.50.The results she that the
comple is formed between land and metal cation in ratio mole 1:1.

It was concluded that the selvt has aery important role in the formraa
tion of comple with F€* ion sincel , compound formed comptavith F€" ion
in DMF but no compl& was detected in CHEIThis night be attribted to the
presence of free electrons present on the DMF which could coordinate with the
ligands that is not possible for CHCI

Although the pH of lignd L, and FeCJ solutions (1.18 M) in DMF
were 3.80 and 2.63, respeetly, the pH of compbesolution in the same sawt
was 2.53. It s shovn that the decrease of pH is due foliderated (Equation
1.) after the complewas formed betweeh, and F& in DMF.

Fe’* + HiL == [HsLFe]* + H' (1)

The adsorption equilibrium of the present system camxpeessed by
Equation 2,

Moy + [LHuJory = [MLHun]rp + nH (2)

(where aq and grdenote the species in the aqueous and tieniorphase).
The ratio of metal ions in theganic phase to aqueous phase (D) can be
expressed by the foling Equation 3,

D = [MLHm-n](org)/ [Mn+]2q (3)
The adsorption equilibrium constant,(Kis given by
[MLH,,,]o - [H'] 54

K, = (4)
[M™],, . [LH,]

org

logD =npH +log K, +log [LH_] , (5)

Equation 5 indicates that the slope &ue of n, of plot for the log
D versus pH corresponds to the number of protons released upon ad-
sorption.
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Figure 3. Relation between pH and log D for digds of L, andL, (t = 4
hours).

HO | Lgand
Fe3+> CLHnNa+
Na* LHjFe3*

Figure 4. Adsorption mechanism proposed fordigls.

Though the slope of the plots are 0.35 and 0.45 respBcfor adsorp
tion of the ligandsL ; andL , for one hourthe slopes are 0.6 and 0.7 respetyi
for adsorption of the same éigds for four hours (Figure 3Jhese results sho
that at least four hours, instead of 1 hour are needed in order to reach adsorption
equilibrium.The results indicate that in daphase adsorption with,, the disse
ciation of one proton (i.e., arxehange between Feand H) takes place at
watersolid interbice. The logarithmic adsorption constants log.,.KKa in
mol/L) corresponding to Equation 5 are as felo

log K, =2.26 + 0.15 (L)

The adsorption processes withL , are similar In our recent wrk [14],
it was shwn that the solent extraction mechanism is the same when used with
calixarenes containing @&rent functional groupsThe adsorption mechanism
with the calixarenes are shio in Figure 4.
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