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The polymorphism of solid receptors, giving the formation and 
collapse of metastable porous structures, can affect significantly 
their binding ability for vapours and gases.1–4 In addition, it can be 
used for molecular recognition because the temperature and heat 
of polymorphic transition may depend on the receptor history, in 
particular, on the structure of the previously bound guest.2

Typically, a curve of differential scanning calorimetry (DSC) 
for clathrates of macrocyclic receptors has only endo-effects1,5,6 
or only exo-effects2,3 corresponding to polymorphic transitions 
along with pseudopolymorphic transitions of guest release. Two 
different polymorphic transitions of a macrocyclic host with 
divergent heat effects in one run of thermoanalysis are very 
unusual, which had not been observed earlier. In this study, this 
phenomenon was observed for the clathrate of chloroform with 
tert-butylthiacalix[4]arene tetrasubstituted with N-(2-hydroxy
ethyl)carbamoylmethoxy groups in a lower rim, in the stable 
cone configuration (1),7 above the point of the guest removal. 

The combined method of thermogravimetry and DSC with 
the mass-spectrometric analysis of evolved gases (TG/DSC/MS 
experiment)3 was used to analyze products of host 1 saturation  
by the vapours of methanol, ethanol, n-propanol and isopropanol, 
acetonitrile, propionitrile, benzene, toluene, pyridine, n-hexane, 
cyclohexane, dichloromethane, chloroform, tetrachloromethane, 
trichloroethylene and pentachloroethane with the relative vapour 
pressure P/P0 = 1 at T = 291 K during 24 h† prepared as described 
elsewhere.3 The TG/DSC/MS data are given in Figure 1.

In this experiment, thiacalixarene 1 was found to form rela
tively stable clathrates only with chloroform (1 ·0.96 CHCl3) 
[Figure 1(a)], methanol (1 ·0.98 MeOH), ethanol (1 ·0.70 EtOH), 
n-propanol (1 ·0.36 PrOH), isopropanol (1 ·0.25 PriOH), aceto
nitrile (1 ·1.01 MeCN) [Figure 1(d)], propionitrile (1 ·0.43 EtCN), 
dichloromethane (1 ·0.58 CH2Cl2) [Figure 1(e)], and pyridine 
(1 ·0.41 C5H5N) [Figure 1( f )]. Guest release from studied clath
rates started at 30 – 40 °C, except for a clathrate of 1 with pyridine, 
which is stable to 90 °C. Ion thermograms (MS curve) show 
that only bound guests are evolved in this experiment. The other 
studied guests do not form stable clathrates under sample pre-
equilibration conditions of thermal analysis: argon flow at room 
temperature for 20 min before heating.

The decomposition of the most of 1 clathrates with test 
guests  shows only endo-effects of guest release in DSC curves 
[Figure 1(d)–( f )]. The exception is the DSC curve of 1·0.96 CHCl3 
clathrate having an endothermic peak of chloroform removal at 
50 °C, an exothermic peak at 116 °C with a heat value of DH = 
–20.5 kJ mol–1 and endothermic peak at 160 °C with DH = 2.8 kJ 
mol–1. The mass loss of the sample in the temperature range of 
105 – 125 °C is only 0.09 % or 0.008 mol of CHCl3 per mole of 1. 
An exo-peak in the DSC curve indicates a collapse of the loose 
b0-phase formed during the decomposition of 1·0.96 CHCl3 
clathrate (b-phase) and the formation of a dense form of the host 
(a-phase).2,3 Probably, a small residual amount of the guest in a 
b0-phase stabilizes this metastable form of the host.4 An endo-
peak in the DSC curve without mass loss corresponds to a 
polymorphic transition from the dense a-phase to a low-dense 
packing (a'-phase).5,6

The loose b0-phase of guest-free thiacalixarene 1 was prepared 
by the heating of 1·0.96 CHCl3 to 90 °C with a rate of 4 K min–1 
and fast cooling to 28 °C. Thermal analysis data for a b0-phase 
sample are shown in Figure 1(b). According to the ion thermogram, 
this form of 1 does not contain chloroform. The enthalpies (–20.6 and 
3.0 kJ mol–1) and temperatures of polymorphic transitions for 
this sample coincide with the data observed for 1·0.96 CHCl3.‡

The exothermic effect for host 1 is comparable with the collapse 
enthalpies of b0-phase prepared from tert-butylcalix[6]arene2 and 
adamantylcalix[4]arene.3 Using a published procedure,2 the free 
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†	 Thermoanalysis was performed in an argon atmosphere with a flow rate 
of 75 ml min–1 at 4 K min–1 for 1 clathrates and b0-phase, and at 10 K min–1 
for a'-phase of guest-free 1. Clathrates were prepared by the saturation of 
host a'-phase with guest vapours.

‡	 The saturation of all polymorphs of thiacalixarene 1 (a-phase, a'-phase 
and b0-phase) by chloroform vapour with P/P0 = 1 at 298 K results in the 
formation of clathrate 1·0.96 CHCl3 with the same TG/DSC/MS curves 
as in Figure 1(a).
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volume in b0-phase of thiacalixarene 1 can be estimated by the 
ratio of host collapse enthalpies. This volume is more than a half 
of the space occupied by the guest in 1·0.96 CHCl3 clathrate 
(b-phase). A similar calculation gives the free volume in a'-phase 
of 1 being equal to 14% of the free volume in b0-phase.

For comparison, the sample of thiacalixarene 1 (a'-phase) 
without the guest was prepared by the heating of its clathrate with 
chloroform at 190 °C in a vacuum (100 Pa of argon atmosphere) 
for 6 h. Its TG/DSC analysis [Figure 1(c)] shows the absence of 
significant mass loss when heated from 30 to 300 °C. The most 
of the observed mass decrease in this range (about 1.3% by 
weight) is observed above 200 °C. The obtained DSC curve does 
not exhibit any polymorphic phase transitions. Above 320 °C, the 
decomposition of thiacalixarene 1 is observed. 

The thermally stable a'-phase and metastable b0-phase prepared 
from clathrate 1 with chloroform were characterized using XPRD 
method.§ The observed powder diffractograms (Figure 2) show 
differences in the positions and intensities of peaks, especially 
for 2q values between 13 and 18°, which confirms the different 
crystal packing of the studied polymorphs. The presence of more 
pronounced peaks in the diffraction pattern (1) at large 2q values 
indicates a higher degree of a'-phase crystallinity.

The specific behaviour of thiacalixarene 1 upon heating may 
be due to the presence of groups in the lower rim of its macro
cycle, which are capable to form intermolecular hydrogen bonds 
stabilizing a metastable loose β0-phase upon guest removal and 
a loose a'-phase upon further heating. Thus, host 1 remembers 
released chloroform, and only chloroform, allowing a genuine 
molecular recognition of this guest from others, including chloro
alkanes.
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Thermoanalysis data of (Figure  1  a) 1·0.96 CHCl3 clathrate (b-phase), (b) b0-phase of guest-free 1, (c) a'-phase of guest-free 1, (d) 1·1.01 MeCN clathrate, 
(e) 1·0.58 CH2Cl2 clathrate, (f) 1·0.41 C5H5N clathrate.

§	 Powder X-ray diffraction (XRPD) data were collected using a Bruker D8 
Advance diffractometer equipped with a Vario attachment and a Vantec 
linear position-sensitive detector. CuKa radiation (40 kV, 40 mA) and a 
graphite monochromator were used. The data were determined at room 
temperature in the reflection mode with a flat-plate sample. Patterns were 
recorded in the 2q range between 5 and 50°, in 0.008° steps, with a step time 
of 1 s. The sample was lightly grounded and loaded into a standard sample 
holder.
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Powder XRD patterns of (Figure  2  1) thiacalixarene 1 (a'-phase) after 
heating to 190 °C during 6 h and (2) porous metastable phase (b0-phase) of 
thiacalixarene 1 prepared from clathrate 1·0.96 CHCl3.




