Available online at www.sciencedirect.com
sclEN05@DlREcT° thermochimica
acta

ELSEVIER Thermochimica Acta 426 (2005) 33-38
www.elsevier.com/locate/tca

A study on the thermal behaviours of parent calix[4]arenes
and some azocalix[4]arene derivatives

Hasalettin Deligz*, OzlemOzen, Gilbanu Koyundereli Cilgi, Halil Cefiis

Department of Chemistry, Faculty of Science—Arts, Pamukkale University, 20017 Denizli, Turkey

Received 2 March 2004; accepted 16 May 2004
Available online 21 December 2004

Abstract

Thermal behaviours of two parents calix[4]areieZ) and three azocalix[4]arene derivatives (3-5) containing upper rim functionalized
groups such as-butyl, phenylazo and heterocyclic thiazol were investigated by means of thermogravimetry (TG), differential thermal
analysis (DTA) and differential thermogravimetry (DTG). The thermal decomposition points and amounts of volatile pyrolysis products were
determined in nitrogen and air atmosphere using TG, DTA and DTG curves. In the present study, the thermal analysis of azocalix[4]arenes
demonstrated that the stability of the calix[4]arene depends on substituted groups and their position in the calix[4]arene structure.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the majority of studies have not only a few concentrating
on the thermal behaviours but also studied concentrated on
In recent years, there has been an increased interest iffunctionalization6].
the construction and designing of macromolecules specific  Thermal analysis plays an important role in the study of
for the selective recognition of small species such as cations,the structure and stability of calixarenes. The applicability
anions and neutral molecules. Calix[n]Jarenes, macrocyclic of some azocalix[n]arenes for special uses and determining
phenol-formaldehyde oligomers are easily synthesized bythe thermal stabilities of them are also very important. The
“one-pot” proceduredl1,2]. Among them calix[4]arenes resistance to heat at elevated temperatures is one of the main
have proved to be very useful building blocks for syn- properties required of dyes used in high temperature pro-
thetic dye compound$3] and selective metal extraction cesses such asthe dyeing of textile fibers, ink-jet printing and
[4]. photocopying and in high technology areas such as lasers and
It is well known that most of the functional groups are not electro-optical devicef,8].
able to be incorporated into calixarenes by a direct condensa- Calixarene chemistry has developed new synthetic meth-
tion process. Therefore, the functional groups are introducedods directed to research areas such as host—guest chemistry,
into the existing calixarene framework by a functionalized molecular and ionic recognition, supramolecular catalysis,
method either in the “lower rim” (the oxygen-position of the self-organization, aggregation, signal transfer, allosteric ef-
phenolic moieties) or in the “upper rim” (the p-position of fects, etc. Literature on calixarene with upper rim functional-
the aromatic nucleil5]. Since, literature surveys show that ized groups such as azo groups, heterocyclic groups is scarce.
Previously Nomura et al., described compounds containing
+ Corresponding author, Tel.: +90 258 213 4030 1452; azo_gr(_)ups_whlch are of interest because of their properties
fax: +90 258 212 5546. of binding sites for metals or of dye chromophores. They re-
E-mail addresshdeligoz@pamukkale.edu.tr (H. Delig). ported the synthesis of a calix[6]arene derivative containing
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azo groups and its binding properties for metal if#jsAzo 3. Results and discussion
coupling reactions of calix[4]arene were studied by Morita
et al.[10]. The synthesis of some azocalix[n]Jarene contain-  In the light of our previous experience, the metal binding

ing these groups has been reported in our previously studiesproperties of azocalix[n]arenes were investigated and showed
[11-16]. The results of the thermal analysis of these azo- high selectivity for Ag, Hg" and Hg* ions, promoting us
calix[n]arene can be used to obtain useful information about to elaborate on its structure so that it could be in corporated
their thermal stability and also to determine the temperature into different types of calixarenes. Thus, the main focus of
range in which they can be used without changes in their this work was the thermal behaviours of azocalix[4]arene
composition, colour and propertigs/]. that would be easily accessible, have an effective binding
In this study we report the thermal behaviours and the character for a particular set of cations, and could be useful
amount of volatile pyrolysis products of parent calix[4]arenes for multiple applications such as the dyeing of textile fibers,
(1-2) and some azocalix[4]arenes (3-5) which haapeityl, ink-jet printing, photocopying, lasers and electro-optical
phenylazo and heterocyclic thiazol groups. devices and industrial process analysis. To achieve the
desired goal, we have occurred to synthesize calix[4]arene
1-5. With the present work, we extended our previous
2. Experimental studies by calix[4]arene with different aniline derivatives.
All thermal analysis measurements in this work were per-
All the reagents used were purchased from Merck or formed under exactly the same experimental conditions. Five

Carlo-Erba Company and are chemically pure. calix[4]arene different compounds (1-5) involving two dif-
Calix[4]arene[18] (1), p-tert-butylcalix[4]arend19] (2), ferent diazo groups inpper rimwere investigated. The struc-
p-(4-n-butylphenylazo)calix[4] arerf@5] (3), p-(4-phenyl-  tures of the azocalix[4]arene which were synthesized by azo-
azophenylazo)calix[4]arengl5] (4) and p-(N-2-thiazol-  coupling diazonium salts of calix[4]arenes, are shown that in

2-ylsulfanylazo) calix[4]arengl5] (5) were synthesized as  Scheme 1.
described in a previously reported method.
1:R=H

2.1. Instrumental 2:R= tbutyl
-R=-N=N -n-butyl
Thermo-analytical TG, DTG and DTA curves were ob- 2R @ e
tained simultaneously by using a Shimadzu DTG-60H Ther- .
mal Analyzer. The measurements were carried out in flowing 4:R= 'N’N@'N‘NQ
nitrogen and air atmosphere with a flow rate of 25 mLmin 2 s
and the temperature range of 25-88n platinum crucible. 5:R= -N=N@-S-NH<\ ]
The heating rate was 2@ min~! and the sample masses g N
were in the range 03—-5mg. Highly sinteredx-Al,03 was

used as the reference material. Scheme 1. The structures of the calix[4]arenes and their derivatives.
Table 1
The thermoanalytical results obtained from TG, DTA and DTG curves
Compounds Stage Air atmosphere N2 atmosphere
Temperature rangéC) DTAmax (°C) Temperature rangé) DTAmax (°C)
ConHoaOn 1 1 155-271 334.52 158-250 334.21
28T24%4 2 298-380 521.52 281-375 517.40

3 433-515 — 436-503 541.14

CanHeeOn 2 1 216-260 335.04 215-260 338.39
4471564 2 266-345 - 266-345 566.58

3 361-847 - 348-625 -

1 250-300 284.73 250-299 278.34
CosHi7eNgs 3 2 312-631 531.48 312-852 -

3 - -

1 189-230 208.29 183-220 210.03
C77He005N16 4 2 254-385 534.32 253-371 507.37

3 412-645 — 378-841

1 253-371 307.20 249-284 307.05
CoaHagO12N1658 5 2 371-407 500.71 285-375 372.57

3 418-842 564.73 514-844 411.21
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Fig. 1. The TG curves of calix[4]arenés5in air atmosphere (a) and inoNitmosphere (b).

The TG and DTA curves of parent calix[4]arenes (1-2) The thermal analysis curves for the different samples (par-
and azocalix[4]arenes (3-5) in flowing nitrogen and air atmo- ent calix[4]arenes and azocalix[4]arenes) did not show any
sphere are illustrated iigs. 1 and 2. The amount of volatile  marked differences of similar experimental conditions but did
pyrolysis products for calix[4]arenes and the thermoanalyti- indicate that the samples were not simply calix[4]arene.
cal results obtained from TG, DTA curves are also givenin  From the TG and DTA curves, the weight losses
Table 1. at the first stage take place at 1%5 by a slow pro-
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Fig. 2. The DTA curves of calix[4]arends-5in air atmosphere (a) and inphitmosphere (b).

cess, depending on three moles methanol in the struc-such as-butyl, phenylazo and heterocyclic thiazol groups
ture. Furthermore, the entire anhydrous azocalix[4]arene show considerable differences from 25 to 285 rela-
3-5 give first exothermic peak from 284 to 30C, but tive to calix[4]arenel—-2 which does not have substituted
calix[4]arenel is stable to 335C because of not hav- calix[4]arene derivatives. In addition, exothermic changes
ing the substituted groups. There are no colour differ- just before the decomposition are observed in two azo-
ences between the hydrous and anhydrous azocalix[4]arenecalix[4]arenes (3—4) at 285 and 208, although that pro-
According to these values, the decomposition points of cess is observed in parallel with the decomposition of
azocalix[4]arene3-5 which contain substituted groups calix[4]arenel.
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As the calix[4]arend, Fig. 2a shows that at T@ min~* In the TG profile of azocalix[4]arengin air atmosphere
in air atmosphere, there was no endothermic peak on the(Fig. 1a) it observed that the sample decomposes over the
DTA but under the same conditions i ltmosphere the en-  temperature range 253—-37Q with a mass loss of 39.70%
dothermic peak was present. According to the authors, an(theoretical: 43.81%). This stage probably corresponds to the
endothermic peak usually appears because of delayed remass of heterocyclic thiazol groups.
crystallization. According to these investigators, the parent  When the thermal analysis of the sample was carried out
calix[4]arene loses methanol to form an amorphous prod- under nitrogen atmosphere, the exothermic peak was ob-
uct and then loses stream endothermically. In a stream ofserved at a flow rate of 25 mL mid. Similar results were
methanol, this decomposition is repressed because of the refound when the sample was analyzed in air atmosphere. Gen-
crystallization to calix[4]arene. erally the decomposition peaks were endothermic but each
It was observed that the azocalix[4]arene investigated do exothermic peaks were noted, always accompanied by a very
not have the same thermal decomposition stage. For examplesharp drop in the TG curve, and the weight loss in this region
all the azocalix[4]arene decompose in at least two or three may be significant. The exothermic DTA peak was found to
stages. Although the thermal decomposition mechanism of be strongly influenced by the rate at which the samples were
azo compounds is complex, it basically consists of an aro- atmospheric conditions.
matic splitting of azo bond in most of the azo compounds  The fact that the slopes of the curves were very close to
[21,22]. unity indicates that only one groups is separated from the
From the TG curve of calix[4]arerig(Fig. 1) without sub- ligand. A detailed mechanism related to the thermal decom-
stituted groups, it is shown that the weight losses occurred position process has been reported in the literd0e22].
between 155-271, 298-380 and 433-5@5The tempera-
ture range 155-271C corresponds to the loss of methanol
in the structure, and the other values are the decomposition. Conclusion
stages. While the DTA curve of azocalix[4]areBeand 4
(Fig. 2a) gives exothermic decomposition peaks at 285 and  |n the summary, it was concluded from TG and DTA stud-
208°C. ies that organic calix[4]arene copolymers decompose in two
As seen from the TG curvep-tert-butylcalix[4Jarene  or three stages and compounds melt with simultaneous de-
2 decomposes in three stages over the temperature ranggomposition. The theoretical and experimental percentage
216-847C. The first decomposition occurs between 216 mass losses obtained from these decomposition stages are
and 260C with a mass loss of 7.74% (theoretical: ingood agreement. The thermal analysis of azocalix[4]arene
7.50%) and the second decomposition starts at°@66 demonstrated that the stability of the calix[4]arene depends
and ends at 348 with a 16.23% mass loss (theo- on substituted groups and their position in the calix[n]arene
retical: 17.59%); this stage probably corresponds to the structure. As a result, the TG and DTA studies on azo-
mass oft-butyl groups. The third decomposition starts at calix[4]arenel-5 showed that they can be used for versa-

361°C. tile applications in various fields such as textile fibres, which
The TG curve of azocalix[4]arene 3, which is ra require thermal stability up to 155-25@.

butyl derivative, shown irFig. 1a, illustrates that the re-

moval of three moles of methanol and the formation of

the anhydrous azocalix[4]areB¢ook place during the first  poferences
stage simultaneously. This decomposition stage occurred at
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