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Based on the calixarenes known ability to host anionic species, the preparation of some
hybrid materials with polyoxometalates ions is aimed. The work presents our first attempts
to evaluate the interaction between calixarenes (Cx) and polyoxometaates (POM) at the
interface between two dispersion mediums as well as in the same solvent. The Cx-containing
extracting solution was analysed with UV-Vis spectroscopy wheress the crystalline materials
isolated from Cx-containing solutions were investigated by FTIR spectra. The experi menta
measurements suggest a possible Cx-POM interaction.
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1. Introduction

The most recent researches in chemistry and physics are oriented toward the synthesis and
characterisation of new materials with either complicated architectures or high utilisation potential.
In this respect, a very promising and important class of compounds is represented by calixarenes,
cyclic aligomers resulting from the polycondensation of p-tertbutylphenal with forma dehyde [1-3].
Due to their basket-shaped intramolecular cavities, calixarenes are known-hosts for neutral or
dectrically charged guest species. Consequently, the utilisation domain of cdixarene based-
materiasis extremely variable, from the reception of cations [4], anions [5] or neutral mol ecul es [6]
to the catal ytic processes [7].

Based on the calixarenes known ability to “bind” anionic species, we attempt to synthesise
some hybrid materials with polyoxometalates, macromolecular coordination compounds resulting
from the polycondensation of metallic oxoanions with anions of the same or different species [8].
The work presents our first attempts to evaluate the interaction between calixarenes and
polyoxometalates. This interaction was studied either at the interface between different dispersion
mediums i.e. extraction procedure, or inside the same dispersion medium i.e. con-crystallisation
method. In this purpose, polyoxometal ates and calixarene derivatives were sdected (and prepared),
based on solubility criterion. No mention in the literature was found about the possible interaction
calixarenes-pol yoxometd ates.

2. Experimental

The starting p-tertbutylcalix[6]arene, nominated C6A and p-tertbutylcalix[8]arene,
nominated C8A were prepared by the condensation, in KOH presence, of-p-tert-butyl-phenol with
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formal dehyde, in medium of tetralin (C6A) and xylene (C8A), respectivey. The products were re-
crystallised from chloroform [9,10]. The calixarene derivatives i.e. hexa (etiloxycarbonil metoxy)-p-
tertbutylcaix[6]arene, nominated C6E and octaetil oxycarbonil metoxy)-p-tertbutyl calix[8]arene,
nominated C8E, were obtained by the treatment, in the presence of K,COs, of C6A and C8A with
equivalent amounts of ethyl-bromoacetate. The products were purified by re-crystallisation from
chloroform/methanol mixture[11,12].

The guanidinium silicotungstate (nominated GuSiW) was precipitated in agqueous medium,
from hydrated silicotungstic acid and equivaent amounts of guanidinium carbonate. The product
was re-crystallised from acetonitrile-acetic acid mixture [13].

The interaction calixarene-polyoxometalates was studied dther at the interface between
different dispersion mediums i.e extraction procedure, or inside the same dispersion medium i.e.
con-crystallisation method. Extraction procedure was performed with chloroform solutions of C6A
or C8A and aqueous solution of silicotungstic acid. Equal volumes of equal concentrations (10°M
or 2.10%M) were vigorously shaken or ultrasound trested. The interaction was evaluated by
andysing the organi ¢ phase either by UV-Vis spectroscopy, or by FTIR spectrascopy, the later one
being applied to the evaporation residuum. In this purpose, the separated organic phase was divided
in two parts, one part be ng diluted for the UV-Vis absorption measurement, and the other one being
left for the slowly solvent evaporation.  Con-crystallisation method was performed from equal
amounts of 10™M acetonitrile solutions of GuSIW and C6E or C8E. The solutions were intimatey
mixed in ultra-sound field and then left to crystalise, by the slow evaporation of the solvent. 1-3
crystalline fractions were collected and FTIR analysed.

Materials were characterised by FT-IR spectroscopy (JASCO-615; KBr pdlets), *H-NMR
spectroscopy (80MHz Brucker Spectrometer; CDCls; tetramethylsilane as reference) and thermal
andysis (Paulik-Erdely OD-102 Derivatograff).

3. Results and disscusion

In order to study the possible interaction between calixarene (Cx) and polyoxometalates
(POM), some calixarene derivatives and guanidinium salt of the silicotungstic acid were prepared.
The sdection of Cx and POM compounds was based both on criterions of atomic arrangements and
solubility.

a) Synthesis of calixarenes derivatives

The starting p-tert-butyl caix[6]arene (nominated C6A) and p-tert-butyl calix[8]arene
(nominated C8A) were prepared by condensation of-p-tertbutyl phenol with formaldehyde (reaction
1). The modified calixarenes i.e. hexa (etiloxycarbonilmetoxy)-p-tertbutyl calix[6]arene (nominated
C6E) and octa(etil oxycarbonil metoxy)-p-tertbutyl calix[8]arene (nominated C8E) were obta ned by
the treatment of C6A and C8A with equiva ents amounts of ethyl-bromoacetate (r eaction 2).

tBu By
n @ b BEARG o IR
oH AH CHz % (1)

Where n=6 (C6A) and n=8 (C8A)
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where R=CH,COOEt and n=6 (C6E) or n=8, (C8E)
FT-IR spectraand 1H-NMR spectra proved the calixarene purity as follows:
= p-tertbutylcalix[6]arene (C6A): "H-RMN (CDCls, dpm): 1.27(s, 54H, C(CHs)s); 3.9(m, 12H, Ar-
CH,-Ar); 7.16(s, 12H, ArH); 10.55(s, 6H, OH); FTIR (KBr): voy = 3120 cm™.
= ptertbutylcalix[8larene (C8A): 'H-RMN (CDCls, Gpm): 1.24(s, 72H, C(CHa)s); 3.4(d,
4H,CHe..); 4.3(d, 4H,CH..) 7.14(s, 16H, ArH); 9.66(s, 8H, OH); FTIR (KBr): vou = 3231,15 cmi™.
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= hexa(etiloxycarbonil metoxy)-p-tertbutyl calix[6]arene (C6E): *H-RMN (CDClz . &pm): 1.02(s,
B4H, C(CHs)s; 1.25(t, 18H, CHs); 3.81-4.23(m, 24H, Ar-CH,-Ar and OCH,); 4.50(br s, 12H,
C(O)CHy), 6.98(s, 12H, ArH); FTIR (KBr): ve=o = 1760 and 1730 cm™.

= octa(etiloxycarbonil metoxy)-p-tertbutyl calix[8]arene (C8E): *H-RMN (CDClz dpm): 1.12(br s,
96H, C(CHs); and CH3 ); 3.81-4.23(m, 48H, Ar-CHx-Ar, OCH, and C(O)CH,), 6.95(br s, 16H,
ArH); FTIR (KBr): Ve-o = 1760 and 1738 cm™.

b) Synthesis of guanidinium silicotungstate

The guanidinium silicotungstate (nominated GuSiW) was prepared by treating silicotungstic
acid [HiSiW12040XH,0O nominated HSIW] with equivalent amounts of guanidinium carbonate
(reaction 3).

H4[SiW12040] +2 [NH2:C(NH)2] .CO5 - [NH2:C(NH2)2]4 [SiW12040] +2C0O, +2H,0O (3)

The purity of as prepared material was checked out by FT-IR spectroscopy and
thermal analysis.
= guanidinium silicotungstate (nominated GuSIW): FTIR (KBr): vg.o® =1015.8 cmi’; vy.o?
=972.9 cm'’; v =922.3 cm™t; vy =794.5 Mt Vg (simy =3453.9 ¢ Vg @simy =3203.2
em™; veey 1664.7 emh; S'= 1570.7 om'; Thermal analysis: firing residuum 88, 9% (theor.
91.1 %).

¢) Computational evaluation of Cx-POM interaction

In order to eva uate the possibility of Cx-POM interaction, some computational studies were
performed. The molecular modelling (MM™) was applied to the assembly of p-tertbutyl calix[6]arene
or p-tertbutylcdix[8]arene with silicotungstate [SiW1,04]* ion [14]. The study revealed that p-
tertbutyl calix[8]arenes possesses an intramol ecular cavity large enough to guest large anions such as

Fig. 1. Silicotungstate - calix [8]arene aggregate, in upper view (left) and side-view (right) image.

d) Possible interaction of calixarenes and polyoxometalates from two different dispersion
mediums

The possible interaction Cx-POM was first evaluated by the extraction method. In this
purpose, sol utions of C6A and C8A (10° M and 2.10° M in CHCls) and solutions of HSIW (10°M
and 2.10°M, in water) were prepared. Equal volumes of solutions were mechanically shaken and
ultrasound treated. Different Cx-POM ratios were used in extraction experi ments.

The interaction was evauated by andysing the organic phase dther by UV-Vis
spectroscopy, or by FTIR spectroscopy, the latter one being applied to the evaporation residuum.

UV-Vis and FTIR investigation revealed no interaction between [SiW:,04]* and C6A but
suggested a possible interaction with C8A. The UV absorption spectrum of the organic-phase
containing C8A species shows a small modification of the characteristic absorption bands at 284 nm
and 291 nm (Fig. 2). The specific absorption band (a ~ 263 nm) of [SiW1,04]* could not be
noti ced.
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The change of the band ratio (that is well illustrated by the normalised spectra) could be the
result of a possible interaction with the polianion species. The FTIR spectra are irrd evant. With the
exception of a dlight modification in the region of OH vibration, the spectrum of the material
containing C8A species did not suffered any significant modifications as compared with the starting
compound.
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Fig. 2. UV — Visnormalised spectra of calix[8]arene before and after the extraction (8.10° M in CHCI,)

€) Possible interaction between calixarenes and polyoxometal ates from the same dispersion
medium

The possible interaction Cx-POM was evaluated by the con-crystallisation method. In this
purpose, solutions of C6E and C8E in acetonitrile (10° M and 2.10° M) and solutions of GUSIW in
acetonitrile (10* M) were prepared, mixed and ultra-sound treated. The step-wise evaporation of the
solvent was performed in order to isolate different crystaline fractions that were investigated by
FTIR spectroscopy. The as isolated crystds are nominated as C6E-GuSiW and C8E-GuSiW. The
infrared absorption spectra illustrates the presence of specific bands of both cdixarene and
guani dinium contai ning compoundsi.e. at ~3200 cmit, ~1660 cm™ and ~520 cm™ (Figs. 3 and 4).
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Fig. 3. FTIR spectraof C6E-GuSIW (00 ) ; GuSIW (---) and C6E(I) crystals.
The probability to “grow” GuSIW- C6E aggregate increases as the solvent is evaporated

from the system (Fig. 5). Different materias resulting from the fractionated crystallisation contain
variable amounts of guanidinium compound.
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Fig. 4. FTIR spectra of C8E-GuSIW (O ), GuSIW (---) and C8E (-E=) crystals.

The experimenta registered spectra could not be simulated by the mathematical addition of
the individual spectra of GuSIW and C8E or C6E, respectivdy (Fig. 6). This suggests that, the
separated crystalline samples of C6E-GuSIW and C8E-GuSiW are not simply physical mixtures but
some interaction material.

Further experiments are to support the supposition of the Cx-POM interaction and to
eluci date the nature of the mutual interaction of species under investigation. The work isin progress.

4. Conclusions

FTIR and UV-Vis investigations performed on the materials “eaborated’ by both the
extraction method and the con-crystdlisation procedure suggest a possible interaction between
calixarenes and polyoxometalates. This is in agreement with the results of the mathematical
modelling applied to the investigated compounds.
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Fig. 6. FTIR spectraof GuSiW - C8E materid: as- measured spectrum (-
spectrum (- - - - ), for 1:1 ratio.

); simul ated
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