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The 33C1 NQR spectrum of ortho-dichlorobenzene as a guest molecule in tetrakis(x-phenylethyl-
amine)-bis (isothiocyanato)nickel (II), has been studied in the temperature range of 77 K to 250 K. At
77 K the clathrate has two resonances of equal intensity at 35.840 and 36.080 MHz, to be compared
with those of pure ortho-dichlorobenzene, where there are three lines at 35.580, 35.775 and 35.824 MHz.
At 230 K there occurs an irreversible phase change which results in the expulsion of the ortho-
dichlorobenzene from the host crystal, and the NQR signals thereafter correspond to the three lines
of the unclathrated guest molecule. These events were also followed and confirmed by a calorimetric
study in the range 210300 K. The phase change is thought to be due to a transformation of the host
molecule, where the thiocyanato groups are in the trans configuration in the clathrate, to the cis
configuration, which is known not to form a clathrate.
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Introduction

The formation of inclusion complexes by the Werner
complexes of the type Ni(NCS),(a-arylalkylamine),
with aromatic compounds as guest molecules has re-
cently been reviewed [1]. In contrast to the well-
known complexes of Ni(NCS),(4-methylpyridine), [2]
these complexes have flexible structures which often
given rise to molecular disorder, rendering difficult the
determination of their crystal structure. As a conse-
quence the physio-chemical behaviour of only a few
such complexes has been studied so far [3, 4].

Nuclear Quadrupole Resonance (NQR) has pre-
viously proved to be a powerful tool for the study of
inclusion complexes [5] and we report here an NQR
and calorimetric study of the clathrate formed by
the complex Ni(NCS),(a-phenylethylamine), with
o-dichlorobenzene (ODCB) as a guest molecule.
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Experimental
Preparations

The clathrate was prepared according to the method
reported in the literature [6], by titrating an aqueous
solution of nickel thiocyanate with stoichiometric
quantities of fresh racemic a-phenylethylamine in the
presence of ODCB at room temperature. The un-
clathrated complex was prepared in a similar manner
in the absence of ODCB. The precipitated complex
was briefly sucked dry and immediately subjected to
the NQR or calorimetric study. The instability of the
clathrate prevented satisfactory microanalysis, but
from the calorimetric study we obtained an approxi-
mate composition of 1:1.

The initial ratio of host complex to guest molecule
plays an important role in the formation of an ordered
clathrate, which was only formed when the initial
host:guest ratio was kept below 1:3; an excess of
ODCB always gave rise to a failure to produce the
ordered clathrate.

Nuclear Quadrupole Resonance

NQR spectra were measured on a Decca super-
regenerative spectrometer, frequencies being com-
pared to harmonics from an internal crystal-con-

0932-0784 /92 / 0100-0251 $ 01.30/0. — Please order a reprint rather than making your own copy.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fir Naturforschung
@ @ @ in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der
BY ND Wissenschaften e.V. digitalisiert und unter folgender Lizenz veréffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

This work has been digitalized and published in 2013 by Verlag Zeitschrift
fir Naturforschung in cooperation with the Max Planck Society for the
Advancement of Science under a Creative Commons Attribution-NoDerivs
3.0 Germany License.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der
Creative Commons Lizenzbedingung ,Keine Bearbeitung*) beabsichtigt,
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher
Nutzungsformen zu erméglichen.

On 01.01.2015 it is planned to change the License Conditions (the removal
of the Creative Commons License condition “no derivative works”). This is
to allow reuse in the area of future scientific usage.



252

trolled oscillator. Temperatures were measured with a
Hewlett-Packard 2802 digital thermometer (precision
+0.5°C) and varied between 77 K and room temper-
ature with an Artronix 5301-E temperature controller.

Calorimetry

The calorimetric measurements were performed
from 210 to 300 K in a Setaram BT 2.15 calorimeter.
The samples (600+5 mg) were introduced into the
calorimeter at room temperature, cooled under dry
helium at a rate of 0.5 °C/minute to 200 K, held for
30 minutes at this temperature and then heated at a
rate of 0.3 °C/minute to the final temperature of
300 K.

Results and Discussion
35CI NQR

The clathrate exhibits two *>Cl resonances of equal
intensity at 77 K (Fig. 1a), situated respectively at
35.840 and 36.080 MHz. Thus either there are two
distinct sites in which the ODCB molecule retains its
two-fold symmetry or there is just one site in which
the two-fold symmetry of free ODCB is lost. Occam’s
razor favours the latter hypothesis.

The temperature-dependence of the **Cl resonance
frequencies is shown in Figure 2. As usual, the NQR
frequencies show a negative temperature-dependence,
[7], up to 230 K when they rapidly and irreversibly
disappear. On cooling the sample to 77 K a new set of
33Cl resonance frequencies at 35.580, 35.775 and
35.824 MHz are observed (Fig. 1b), which can be
identified with those of free non-clathrated ODCB [8]
(Figure 1¢).

The clathrate is in fact unstable even at 77 K, al-
though several months are required for the transition
to go to completion. It is interesting to note, however,
that whereas at room temperature about one week is
required for the transition to occur, at 230 K the
change is over in less than an hour.

Calorimetry

Figures 3a—d show the calorimetric curves of the
host complex and of the clathrate with increasing tem-
perature. Whereas no signals occurred for the pure
host (Fig. 3a) three endothermic signals, marked 2, 3,
and 4 in the Figure, were observed for a 1:1 mixture
of the pure host and ODCB at 249 K, 261 K and
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Fig. 1. 33Cl NQR spectra at 77 K of ODCB: (a) in the
clathrate, (b) after partial conversion and (c) after complete
conversion to the unclathrated form.
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Fig. 2. Temperature dependence of the >*Cl1 NQR frequencies
of ODCB included in Ni(NCS),(x-phenylethylamine), .
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Fig. 3. Calorimetric curves, determined for increasing tem-
perature of (a) the host complex, (b) a 1: 1 mixture of the host
complex and ODCSB, (c) a 1:2 mixture of the host complex
and ODCSB, (d) the clathrate formed between the host com-
plex and ODCB.

270 K (Figure 3b). In Fig. 3¢ is shown the curve for a
mixture of the host with two moles of ODCB; the
same three signals are observed but that at 249 K has
doubled in size. Finally Fig. 3d shows the curve for
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the clathrate. In addition to the above three signals an
exothermic signal, 1, is observed at 225 K, in the region
of temperature at which the NQR resonances irre-
versibly disappears. We thus attribute this exothermic
signal to the phase change of the clathrate.

The three endothermic signals at 249 K, 261 K and
270 K thus arise from a physical, non-clathrated, mix-
ture of the host molecule and ODCB. Pure ODCB
melts at 256 K, the transition at 249 K is almost cer-
tainly to be ascribed to the lowered melting point of
ODCB. We are unable to provide a satisfactory expla-
nation of the two other transitions, other than saying
that they must be due to (presumably) non-clathrating
interactions between the pure host and guest mole-
cules.

Nassimbeni et al. [3, 4] have reported two molecular
forms for the octahedral host complex Ni(NCS),-
(x-phenylethylamine),. One form, in which the thio-
cyanate groups are in the trans configuration, forms
clathrates with a variety of guest molecules, while the
other, where the thiocyanate groups are in the cis
position, appears to be incapable of forming a
clathrate. Nassimbeni reports a calculation of an
energy difference between the trans and the cis con-
figuration of about 10 kJ mol~! and a barrier to the
conversion of the trans configuration to the cis config-
uration of between 80 and 147 kJ mol !, depending
on the path taken for the interconversion. We there-
fore ascribe the irreversible transition at 230K to a
change in configuration of the host complex and the
expulsion of ODCB from the lattice. The similarity of
the calorimetric curves of the 1:1 unclathrated mix-
ture of the host complex and ODCB (Fig. 3b) and the
clathrate above the transition temperature (Fig. 3b),
both with respect to the positions of the calorimetric
signals and their intensities, is the basis of our assign-
ment of a 1:1 host: guest ratio to the clathrate.
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