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bstract

The ionophore solvent extraction of various alkali metal and transition metal cations from the aqueous phase to the organic phase was carried
ut by using diazo-coupling calix[n]arenes [p-(4-phenylazophenylazo)calix[4]arene (L1) and p-phenylazocalix[6]arene (L2)], phenol derivatives
2,6-dimethyl-3-phenylazophenol (L3), 2-(5-bromo-2-pyridylazo)-5-diethylamino phenol (L4), 2-chloro-4-nitro(phenylazo)-5-sec-butyl-2-phenol

L5) and 2-chloro-4-nitro(phenylazo)-5-tert-butyl-2-phenol (L6)], and ester derivatives [quinoline-8-benzoate (L7), phenyl-1,4-dibenzoate (L8),
-tolyltiobenzoate (L9)]. It was found that, all the compounds (L1–L9) examined showed selectivity for transition metal cations such as Ag+, Hg+

g2+, and poor efficiency for alkali metal cations (Na+ and K+). The best extraction efficiency was obtained with L1 and L4.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Calix[4]arenes and their derivatives have been attracting
uch attention as novel types of interesting host compounds

1–3]. Studies have been conducted on calixarene derivatives;
heir role as receptors for metal ions. As neutral ones, esters
4–8], ketones [6,7], amides [7,9,10] and so on were synthesized
nd their extraction properties for metal ions, such as alkali metal
ations [11] and alkaline-earth metal cations were investigated.

Substituted azobenzene derivatives have been the most
idely used class of dyes due to their versatile application in
arious fields, such as dyeing textile fiber, biomedical studies,
dvanced applications in organic synthesis and high-technology
reas lasers, liquid crystalline displays, electro-optical devices
nd ink-jet printers [12]. However, many studies have been
arried out on o,o′-dihydroxy, diamino and hydroxyamino com-
ounds, and on their complexes with metals [13–16]. On the
ther hand, there has not been published on extraction from

-hydroxy diazo compounds.

Shinkai et al. have synthesized a new calix[4]arene-
ased, chromogenic ionophore through molecular design. This
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hromogenic calix[4]arene showed high Li+ selectivity in
olid–liquid two-phase solvent extraction [17]. A calix[6]arene
erivative containing azo groups was synthesized by Nomura et
l. [18]. The solvent extraction of metal picrates by this com-
ound was selective for Ag+, Hg+ and Hg2+.

In our recent works [19–32], the synthesis of new polymeric
nd monomeric calixarene derivatives were presented. These
ompounds were described, selective extraction of Fe3+ cations,
olvent extraction and metal complexes.

In the present work, we investigated the extraction behaviour
f diazo coupling derivatives of calixarenes, azo compounds
ontaining various functional groups (phenols) and esters com-
ounds have been used to investigate the solvent extraction of
lkali metal (Na+, K+) and transition metal (Ag+, Hg+, Hg2+,
o2+, Cu2+, Zn2+, Cd2+, Al3+, Fe3+ and Cr3+) cations.

. Experimental

.1. Chemical and reagents
Scheme 1 illustrates the formulae of L1–L9. p-(4-Pheny-
azophenylazo)calix[4]arene (L1) and p-phenylazocalix[6]
rene (L2) were synthesized according to the method described
reviously [13,20].
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Scheme 1. Extrac

2,6-Dimethyl-3-phenylazophenol (L3), 2-(5-bromo-2-pyri-
ylazo)-5-diethylaminophenol (L4) are commercially available
Aldrich-Chemie). 2-Chloro-4-nitro(phenylazo)-5-sec-butyl-2-
henol (L5) and 2-chloro-4-nitro(phenylazo)-5-tert-butyl-2-
henol (L6) were synthesized by diazo coupling reac-
ion of 2-chloro-4-nitrophenyl diazonium chloride with
-sec-butylphenol and 4-tert-butylphenol according to the
eneral method [26]. Quinoline-8-benzoate (L7), phenyl-1,4-
ibenzoate (L8), p-tolylthiobenzoate (L9) were synthesized by
sterification reaction of benzoic acid with 8-hydroxy quino-
ine, 1,4-dihydroxy benzene and p-tolyl thiol. Metal hydroxide
Merck) for the 1A groups cations and metal nitrates (Merck) for
he transition metal cations were used. All chemical used were
f analytical grade purity and used without further purification.

.2. Apparatus

Melting points were determined on an Electrothermal IA9100
igital melting point apparatus and they are uncorrected. UV–vis
pectra were obtained on a Shimadzu 1601 UV–vis recording
pectrophotometer.

.3. Solvent extraction

A chloroform solution (10 mL) of ligand (1 × 10−3 M) and an
queous solution (10 mL) containing 2 × 10−5 M picric acid and
× 10−2 M metal nitrate (metal hydroxide for group 1A metal

ations) were shaken at 298 K for 1 h contact time. An aliquot of
he aqueous solution was withdrawn, and the UV spectrum was
ecorded. A similar extraction was performed in the absence of
icrate ion in the aqueous solutions. The extractability of the

i
t
g
l

sed in this work.

etal cations is expressed by means of the following equation:

xtractability (%) =
[

(A0 − A)

A0

]
× 100

here A0 is the absorbency in the absence of ligand.

. Results and discussion

Although numerous investigations have recently been
eported regarding the extraction of alkali metal cations
rom aqueous phase into an organic phase by calix[n]arene
17,18,22,26] information regarding the extraction of transition
etals is very limited. In this work, we have investigated the

ffectivenes of two diazo-coupling calix[n]arenes (L1 and L2),
our diazo compounds (phenol derivatives) (L3–L6), and three
ster derivatives (L7–L9) in transferring the alkali metal cations
Na+, K+) and transition metal cations (Ag+, Hg+, Hg2+, Co2+,
u2+, Zn2+, Cd2+, Al3+, Fe3+ and Cr3+) from the aqueous phase

nto the organic phase (Table 1).
Most of these ligands, which are very effective in trans-

erring the transition elements, particularly Ag+, Hg+, Hg2+,
u2+ and Cr2+ do not extract the alkali metal cations to a sig-
ificant extent as reported by Nomura et al. [18], who used
-phenylazocalix[6]arene(L2) as ligand. Since, L1 and L2 has
ifferent ring cavity their extraction efficiencies are different.

Because of the hyperacidity of L1 and L2, and presence
f intramolecular hydrogen bonding the alkali metal cations

n acidic media were not extracted as expected. L3–L6 con-
ain hydroxy groups at the para or ortho position. The hydroxy
roups at the ortho position is formed because of intramolecu-
ar hydrogen bonding and did not extract alkali metal cations in
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Table 1
Extraction of metal picrates with ligands

Ligand Picrate salt extracted (%)

Na+ K+ Ag+ Hg+ Hg2+ Co2+ Cu2+ Zn2+ Cd2+ Al3+ Fe3+ Cr3+

L1 [26] – – 74.6 72.7 58.8 83.3 78.9 84.0 84.0 79.1 – 44.7
L2 [18] – – 22.0 8.0 18.0 – – – – – – –
L3 [18] 31.0 7.0 23.0 31.0 32.0 – 26.0 24.0 31.0 26.0 – 29.0
L4 [26] – 3.5 89.1 72.2 84.2 42.6 77.3 59.6 5.9 11.8 – 14.1
L5 [26] – – 10.9 16.0 25.6 8.0 2.6 4.3 8.1 – – 7.1
L6 – – 11.2 16.5 12.5 2.0 4.2 – 8.7 – – 7.4
L7 – – 12.5 8.8 16.8 1.3 2.3 7.1 6.8 12.8 – 9.7
L8 – – 8.1 11.9 18.8 1.4 2.6 1.9 8.1 7.2 – 9.1
L –
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9 – – 2.5 – 8.6

2O/CHCl3 = 10/10 (v/v); [picric acid] = 2 × 10−5 M; [ligand] = 1 × 10−3M; [m
ime. Experimental error was ±2%.

cidic media. However, L3 extracted lower amounts of alkali
etal cations by phenol groups at para positions. The ester

ompounds are not effective for extracting Na+ and K+ cations.
It was found that diazo coupling compounds L1–L6 showed

ome selectivity towards Ag+, Hg+ and Hg2+. This phenomenon
lays an important role in the operation of selective extraction
hich has increasingly been applied in the quantitative determi-
ation of physiologycally essential cations, Ag+, Hg+, Hg2+. As
he calixarene and phenol diazo moiety can bind transition metal
ations, all compounds acts as a host molecule with a hard–soft
etal binding site.
There was obtained the best extraction efficiency with

4 because of more soft ligands (with electron-donating
N(C2H5)2). The extraction efficiency of L5 and L6 were similar
ecause of their near structure. The extraction efficiency of L3
nd L4 were highered effectively than L5 and L6, which con-
ain electron-withdrawing NO2 groups (Fig. 1). These groups
ecreased electron density of diazo groups ( N N ) and low-
red complexation capacity.

These phenomenons can be explained by the hard-soft acid-
ase (HSAB) principle as follows: N N is a soft base, hence
as stronger affinity towards soft basic than hard metal cations.

he participation of the N N group in complex formation
as further confirmed by the results show for extraction experi-
ents with L1–L6. Furthermore, L7 and L8 contain ester groups

herefore their extraction efficiency was lowered effectively as

ig. 1. Extraction percentage of the metal picrates with L3–L6 at 25 ◦C.

a
o
C

t

2.3 – – 7.8 – 4.7

itrate] = 1 × 10−2 M [metal hydroxide for group 1A cations]; 298 K, 1 h contact

ompared to calixarenes and diazo compounds, which was due
o lower complexation capacity of ester groups. The extraction
apacity of L7 which contains pyridine ring was higher than that
f the other ester compounds (L8 and L9).

The chromophore indicator units are attached either to the
nd of diazo coupling linkage, or they are in conjugation through
phenolic hydroxy group with the cation coordination sphere.
irect participation of the chromophore unit in the complexation

s also described [14].
The extraction efficiency of L4 was highered effec-

ively than the other compounds. Efficiency for L4
hich soft base increased in the order Al3+ < Cr3+ < Co2+

Zn2+ < Cu2+ < Hg+ < Hg2+ < Ag+. In general, hard ligands
hard base) extracted hard cations, such as Al3+, Cr3+, Hg2+,
ore effectively and similar soft ligands (soft base) extracted

oft cations, such as Ag+, Hg+, Cd2+ (Fig. 2).
The ionophore solvent extraction studies proved L1 to be

n efficient extractant and a powerful ligand for alkali metal
ations and transition metal cations. It is assumed that the dou-
le diazo-coupling calixarene (L1) delineating the upper rim of
he cavity and the aromatic cavity act cooperatively by means
f dipole and specific �-interactions for encapsulation for size
dapted cationic species. Efficiency for L1 increased in the
rder Cr3+ < Hg2+ < Hg+ < Ag+ < Cu2+ < Al3+ < Co2+ < Zn2+,

2+
d (Fig. 3).
The most interesting feature of cavitand L1 is its potentiality

o form complexes with cationic guests upon bonding to the
N N diazo groups with possible participation of �–cation

Fig. 2. Efficiency for L4 increased in the order.
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Fig. 3. Efficiency for L1 increased in the order.

nteraction of intra-cavity complexation occurs. Strong evidence
or complexation of alkali metal and transition metal cations was
oted as these salts are readily dissolved in organic solutions of
1.

Binding constants of L1 with transition metal cations reach
maximum with Zn2+ and Cd2+ ions. These cations fit per-

ectly the cavity of L1 and it is tempting to suggest a strong
articipation of �––cation interactions in this complex with
ncapsulation of the cation into the host cavity. The origin of
he relatively low selectivity observed for the transition metal
ations complexation and the drop in the stability of the alkali
etal complex are not clear.
The fact that all ligands failed to transfer Fe3+ ion from the

queous into the organic phase was not unexpected, since, this
on prefers to bind with picric acid more than with the other lig-
nds. This property is typical only of Fe3+ ion. Yet, our previous
bservations indicated that, when Fe(NO3)3 was used instead of
he metal picrate, it was possible to efficiently extract Fe3+ into
he organic phase by utilizing the same ligands [23,26].

Based on the above results, all the compounds (L1–L9)
xamined showed selectivity for Ag+, Hg+ and Hg2+, and poor
fficiency for Na+ and K+. The phase-transfer efficiency for Ag+,
g+ and Hg2+ of diazo coupling compounds (L1 and L2) and
iazo compounds (L3–L6) are comparable to that of the cor-
esponding ester derivatives (L7–L9) while the selectivity is
omewhat lower.

. Conclusion

From the obtained data it is concluded that:

Liquid–liquid extraction of selected alkali and transition met-
als with the diazo-coupling calixarene and diazo compounds
has been examined.
Transport experiments for picrate salts have carried out with
a H2O–CHCl3 phase-transfer system using these ligands as
cation carriers.
The ligand L4 is rather selective for Ag+, Hg+, Hg2+ and

2+
Cu .
The ligand L1 is an excellent extractant for all metals.
The selectivity of calixarenes is the same as its monomeric
compounds, but calixarenes shows different binding ability.

[

[

dous Materials 154 (2008) 29–32

The results of the cation transport experiments are in good
agreement with those of the two-phase extraction measure-
ments.
In these phase-transfer experiments the effectiveness of diazo
derivatives of calixarenes for transferring the metal cations is
reflected by the soft �–donor systems and intra-cavity com-
plexation.
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[3] H. Deligöz, J. Inclusion Phenom. 55 (2006) 197–218 (review article).
[4] I. Bitter, A. Grün, G. Toth, A. Szöllosy, G. Horvath, B. Agari, L. Toke,

Tetrahedron 52 (1996) 639–646.
[5] G. Ferguson, B. Kaitner, M.A. McKervey, E.M. Seward, J. Chem. Soc.,

Chem. Commun. (1987) 584–589.
[6] M.S.J. Weill, F. Arnaud-Neu, E. Marques, Pure Appl. Chem. 61 (1989)

1597–1604.
[7] F. Arnaud-Neu, E.M. Collins, M. Deasy, G. Ferguson, S.J. Harris, B. Kait-

ner, A.J. Lough, M.A. McKervey, E. Marques, B.L. Ruhl, M.J.S. Weill,
E.M. Seward, J. Am. Chem. Soc. 111 (1989) 8681–8689.

[8] K. Iwamoto, S. Shinkai, J. Org. Chem. 57 (1999) 7066–7072.
[9] S.K. Chang, I. Cho, Chem. Lett. (1987) 947–951.
10] F. Arnaud-Neu, L. Guerra, W. McGregor, K. Ziat, M.J.S. Weill, G. Barett,

M.A. McKervey, D. Mars, E.M. Seward, J. Chem. Soc., Perkin Trans. 2
(1995) 113–118.

11] Y. Okada, M. Mizutani, F. Ishii, J. Nishimura, Tetrahedron Lett. 40 (1999)
1353–1356.
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Technol. 37 (2002) 973–980.
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26] H. Deligöz, E. Erdem, Solvent Extr. Ion Exch. 15 (1997) 811–817.
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