kl‘ Journal of Inclusion Phenomena and Macrocyclic Chemis3iiy 253—-258, 2000. 253
‘~ © 2000Kluwer Academic Publishers. Printed in the Netherlands.

Electrochemical Studies of
Calixarene-[60]Fullerene Inclusion Processes

MASARU KAWAGUCHI, ATSUSHI IKEDA and SEIJI SHINKAF
Department of Chemical Science & Technology, Faculty of Engineering, Kyushu University,
Fukuoka 812-8581, Japan

ION NEDA

Institut fir Anorganische und Analytische Chemie der Technischen Universitat Carolo-Wilhelmina,
Postfach 33 29, D-38023 Braunschweig, Germany

(Received 10 March 1999; in final form 19 March 1999)

Abstract. [60]Fullerene (Gp)-calix[n]arene interactions were studied in toluene:MeCN = 10:1
(v/v) using an electrochemical method. In the presence of homooxacalix[3]arenes and calix[5]arenes,
both Epc and Epa shifted to the negative potential, whereas they were scarcely affected by the ad-
dition of calix[4]arenes. Th&values electrochemically determined for the association wih C

are generally smaller than th#é; values spectroscopically determined for the association wjgh C

The tendency indicates that the charge-transfer-type interaction is one of the driving forcgg for C
inclusion.

Keywords: [60]fullerene, calix[n]arene, electrochemical method, charge-transfer-type interaction.

1. Introduction

In 1994, Suzuket al.[1] and Atwoodet al.[2] discovered thap-tertbutylcalix[8]-

arene selectively includesggin carbon soot and forms the precipitate witha 1:1
stoichiometry. This is a very novel and useful purification method to obtgjinC

large quantities and a high purity [3] and a doorway to the new marriage of the third
generation of inclusion compounds and carbon clusters [4]. It was believed that the
origin of selective inclusion stemmed from the conformity of thg €ize with

the calix[8]arene cavity. However, when this complex was solubilized in solution
(e.g., by heating or using good solvents), it was dissociated into each component
and no spectroscopic indication of complex formation could be found [4]. This
means that this complex can exist stably only in the solid state. More recently,
Ikedaet al. [5] and Hainoet al. [6] found that among calix[n]Jarene homologues,
homooxacalix[3]arene, calix[5]arene, and calix[6]arene can inclugee@n in
solution (e.g., toluene). The prerequisites for inclusion are now considered to be
a preorganized cone conformation and a proper inclination of the benzene rings
[5, 7]. Meanwhile, Barckt al. [8] found that the calix[8]aren€g; complex (solid)

* Author for correspondence.
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embedded in an electroconductive polymer membrane tends to be dissociated when
it is electrochemically reduced. This finding suggests that the charge-transfer-type
interaction is one of the driving forces fogginclusion. The above findings suggest

the association-dissociation processes as depicted in Scheme 1. The purpose of the
present study is to discover whether, or not, reducggispecies are dissociated

from calix[n]arenes in solution by using an electrochemical method. Here, for the
sake of simplicity, we limit the reduced species to onjy;C

Bu' R Bu! Bu' Bu!
g { 1 ) o ()
CH,OCH,~3 CH,-A"
OH OH 0\‘3/0
1 2.R (R = H, Bu") 3

2. Experimental

The electrochemical behavior of§in the absence and presence of calixarenes has
been monitored by cyclic voltammetry (CV). CV was performed on a Windows-
driven BAS 100 W electrochemical analyzer. A 3-mm diameter glassy carbon
electrode was used as a working electrode. The auxiliary electrode was an Au
electrode. Ag/Ag (0.1 Min MeCN/0.1 M BuNPF;) was used as a reference elec-
trode. All potentials are referenced to the ferrocene/ferrocenium couple (Fc/Fc

as the internal standard. All measurements were carried out at room temperature
under nitrogen in toluene : MeCN =10:1 (v/v) containing 0.1 \4BBFs. The

values plotted in Figure 2 are the average of three measurements. The error range
is shown by the bars.
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Table I. Shifts of reduction and oxidation potentialSgc and Epa)?
and association constant§{ and K2)b

Calix[nJarene AEpc AEpa K1 Ko
mvV. /mV  /dm®mol~l  /dmd mol~1

1 —14  —16 35 13
24H -2 -3 0 0
25H —-16 -2 200 135
25BUt -16  —17 300 140
3 -13 -8 1600 1040

& The error range is£2 mV. The AE values recorded
here are those at §g] = 5.00 x 10~4 mol dm3 and
[calix[n]arenek: 2.50 x 10~2 mol dm23 for 1, 24H, and 25BLU,
2.50 x 1073 mol dm3 for 25H, and 100 x 10~3 mol dm3

for 3. These concentrations are close to the upper limit of the
calix[n]arene solubility.

b The relative error range is 10%.

Preparation of compounds has been described [8], 2,H [11], 2sBU, [12],
25H [13], and3 [14].

3. Results and Discussion
3.1. DETERMINATION OF THE K; VALUES

The K; values for inclusion of g were estimated in toluene : MeCN =10: 1 (v/v)

at 25°C by a conventional spectroscopic method [5]. The results are summarized in
Table I. As expected [5, 6], 2sH, and2sBut showed a moderate affinity, whereas
the interaction witi24H was not detectable under the present measurement con-
ditions ([Cso] = 5.00 x 10~* mol dnm 3, [calix[n]arene] = 0-0.10 mol dn¥).
Compound3 with a phosphorus cap gavek value (1600 drfi mol~t) much
larger than those for other calix[n]arenes.

3.2. CYCLIC VOLTAMMETRY MEASUREMENTS

In the absence of calix[n]arenes, the potentials for the one-electron reduction-
oxidation processes appeared fgp@.00 x 10-* mol dn3) at Epe = —1.15 V
andEpa = —1.02 V (Figure 1). In the presence ©{2.50 x 10-2 mol dn1~3), both

Eyc and Ep, shifted to the negative potential byl4 and—16 mV, respectively.
These negative shifts were unaffected by a change in the sweep speed (10-100
mV s71). The negative shift of thet,. implies that Go included in1 is more
difficult to reduce. Provided that theg&-.1 complex is immediately dissociated

into Cgo- andl, the Ep, should be unaffected. The negative shift of fiygimplies,
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Figure 1. Cyclic voltammograms of B0 x 10~4 mol dm—3 Cgo: (@) in the absence df,

and (b) in the presence of@® x 102 mol dm™3 1 in 0.1 mmol dnT3 tetrabutylammonium
hexafluorophosphate in toluene : MeCN = 10: 1 (v/v) mixture with ferrocene-ferrocenium ion
as the voltage reference at25 and sweep rate 10 mv-$.

however, that such a dissociation process is not the casegndrcluded inl is

more easily oxidized. These results support the view that the charge-transfer-type
interaction contributes to the association to some extent (as shown by the negative
AEpc) in addition to other forces, such as the dipole-dipale;, and solvophobic
interactions [4-6].

Similar negative changes were also observed{dt, 25But, and3 which are
known to interact with G by a spectroscopic method (Table I) [4-6, 15]. In con-
trast, bothA E,c and A Ep, were scarcely shifted in the presencegi, with which
no interaction is detectable by the spectroscopic method. The coincidence of the
present electrochemical data with the previous spectroscopic data [4, 5] supports
our previous conclusion that the prerequisites fgg ficlusion in the cavity of
calix[n]arenes are the preorganized cone conformation and the proper inclination
of the benzene rings.

Both Epc and Ep, were determined as a function of calix[nJarene concentra-
tions. Typical examples (fat and24H) are shown in Figure 2. From the equation,
Etree = Ecomplex+ (RT/F)In(K1/K>) [16], one can estimate thE;/ K, values.

Since thek; values are determined from spectroscopic studieskthealues for

the association of £- and calix[n]arenes can be calculated. The results are sum-
marized in Table I. Although it is still difficult to rationalize these results with a
clear-cut explanation, the following rationale would be reasonably acceptable: that
is, the solvophobic effect would work more strongly og,Cthan on Gg, whereas,

the interaction with the electron-rich calixarene cavity would work more efficiently
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Figure 2. Plots of the potential difference vs. [calix[n]arene{l: (A) AEpc against the

added equivalents dfor 24H and (B)A Epa. Ceg] = 5.00 x 10~4 mol dm~3. The error range
is shown by the bars.

on Gy than on Gy-. The fact K1 > K>) indicates, therefore, that the latter effect
related to the charge-transfer-type interaction plays the major role in the present
system.

4. Conclusions

The present study demonstrates that the electrochemical data foggheciD-
sion are quite complementary to the spectroscopic data, and electrochemically-
generated g is not dissociated from the complexes but still interacts with
calix[n]arenes more weakly thansgitself. The results indicate that the electro-
chemical methods are more generally applicable to the investigationggf C
calixarene interaction systems.

This paper is dedicated to the 65th birthday of Professor R. Schmutzler (Tech-
nischen Universitat Carolo-Wilhelmina, Braunschweig).
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