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Isoquinoline-based Werner clathrates with xylene isomers: Aromatic
interactions vs. molecular flexibility
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The crystal structures of the Werner clathrates Ni(NCS),(isoquinoline), (H) with para-xylene (px), meta-
xylene (mx) and ortho-xylene (ox) have been elucidated. The kinetics of thermal decomposition of the
three inclusion compounds were performed using the isothermal technique of Flynn and Wall. Selectivity
of H for the xylene isomers was determined for both the liquid and vapour phase binary mixtures of the
xylenes. The chosen ligand has a larger aromatic system to improve the possible m interactions between H
and the selected guests. The planarity of the isoquinoline ligand causes H rigidity and its selectivity was
compared to a related Werner complex containing the more flexible 4-phenylpyridine.

the preparation of phases by mechanochemical techniques which
Introduction resulted in a series of solid solutions. Different sorption
properties were exhibited by these solid solutions compared with
so the pure Werner complexes. Recently the structures of three
Werner complexes have been analysed in terms of their packing,
and the results of crystal densities were justified by Hirshfeld
surface analysis and density functional theory calculations.'®
In this work we present the structures, thermal decomposition
kinetics and the selectivity of the Werner host [Ni(NCS),(iso-
quinoline)s, H] with para-, meta- and ortho-xylene (px, mx and
ox, respectively). The ligand isoquinoline has a fused ring
structure which according to the Cambridge Structural
Database'!, has previously only been encountered once as a
ligand in Werner clathrates'> but its selectivity was not
investigated. This ligand was chosen because its two fused rings
give it a large aromatic surface area which is important for C-
Hm and w7 host:guest interactions. The structural line
diagrams and atomic numbering scheme for the H and the xylene
65 guests are shown in Scheme 1."

Werner clathrates are inclusion compounds of general formula
MX,L4nG, where M is a divalent metal cation (typically Ni(Il),
Co(II), Fe(Il), Cu(Il) and Mn(Il)), X is an anionic ligand (NCS’,
NCO’, CN°, NOs™ or halide), L is a substituted pyridine or o-
arylalkylamine, and G is a Guest, usually an organic aromatic
compound. They have the ability to absorb organic compounds
reversibly, and the first experimental studies of this phenomenon
were carried out by Schaeffer and co-workers in 1957.'
Lipkowski has studied various physico-chemical aspects of these
compounds, including their selectivity, crystal structures, and the
thermodynamics of sorption and kinetics of desorption, and these
have been summarised in reviews.”” In the well-studied Werner
complex [Ni(NCS),(4-methylpyridine),] the two anionic ligands
are in trans positions to each other and steric hindrance between
the pyridine ligands results in a ‘four-blade propeller’
arrangement around the central metal ion. Noted in these studies
is the dependence of lattice expansion on the volume and shape
of the guest molecules. In most cases the host:guest ratio is 1:1.
Physical properties of these structures are dependent on both the
packing of the hosts as well as the kind of properties of the guest.
The enthalpy of clathration is related to the cavities in the host
lattice.®> Soldatov® revisited the host compound [Ni(NCS),(4-
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methylpyridine),;] and determined three crystal structures: dense CH,

(a), microporous (f) polymorphs and yp-inclusion phases. The ©/ metaxyione
adaptability of this host towards guest compounds is attributed to .

the fact that its f-phase volume expands by 5 — 14% upon guest ! CH,

inclusion. Recently there has been renewed interest in Werner

clathrates™® and Lusi and Barbour’ have described polymorphism ortho-xylene
associated with an order-disorder phase transition of the guest in CH,

the [Ni(NCS),(4-phenylpyridine),] clathrate dependent on the Ni(NCS),(isoquinoline), CH,
thermal range investigated. The host preferentially discriminated
in favour of one of the three isomers of xylene in solid-vapour
competition experiments® and Batisai and co-workers’ explored

Scheme 1 Structural line diagrams and atomic numbering scheme of the
host, Ni(NCS),(isoquinoline)s, and the xylene isomers

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 1
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Results and discussion
Crystal structures of H-px, H-mx and H-ox

The structure of H-px was solved in the hexagonal space group
P6; (No. 169) and the details of the data collection and
refinement are summarised in Table 1. The asymmetric unit
consists of one host and one guest molecule (Fig.1a). The host is
positioned in Wyckoff position a and severely disordered. Two of
the isoquinoline ligands lying trans across the Ni centre are
disordered and eventually were modelled with 50% site
occupancy. The final model of the ligand had refined the C and N
atoms anisotropically and the H atoms with the usual riding
model. The other two isoquinoline ligands and the thiocyanate
groups were ordered and refined uneventfully. The atomic
positions of the px guest were located unequivocally from the
difference electron density map. However, convergence of the
refinement could only be achieved with the guest treated
isotropically with appropriate bond length constraints. The
ordered px molecules are situated in cavities (Fig. 1b, px is
presented with spacefill model, red) and form a helical
arrangement along the c axis.

The H-mx structure displays similar features with the H*px and
crystallised in the P65 (No. 170) space group. The asymmetric
unit contains one host and one guest and the host positoned in
Wykoff position a. In a similar manner to H-px, the host has two
ordered and two disordered isoquinoline ligands which were
refined with 50% S.O.Fs (Fig 1c). The mx guest is ordered and
positioned in cavities (Fig. 1d) and the packing is enantiomeric
with H-px.

The structure of Hrox was solved in the monoclinic C2/c (No. 15)
space group. One host molecule is in a general position (Wykoff f)
and one is located in a diad (Wykoff e). Similarly one guest is on a
general position and the second guest is on a centre of inversion
(Wyckoff b), thus the asymmetric unit is composed of 1.5 host and
1.5 guest molecules (Fig. 1e). The host molecule in the general
position has one of its four isoquinoline ligands disordered and

(a)
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b
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refining to S.O.Fs 77% and 23%. The host molecule in a special
position with two of its ligands situated on a diad. Both the
ordered (Fig. 1f, molecule A, yellow) and the disordered guest
(Fig. 1f, molecule B, green) are located in cavities. The structure
shows remarkable similarity with H-px and H'mx from [100]
direction.

The intermolecular interactions between the xylene guests and the
host framework were analysed using the program Crystal
Explorer'® which calculates the Hirshfeld surface'> of a target
molecule in a crystal structure and depicts all its interactions with
the neighbouring molecules. Fig. 2a shows the px guest covered
by its Hirshfeld surface when surrounded by host molecules and
the generated fingerprint plot,'® the 2D representation of the 3D
surface. The red areas on the surface indicate C-H'm close
contacts between the px and the hosts. The fingerprint plot was
generated using one pair of the two disordered isoquinoline
moieties. The resulting plot, generated by using the alternative
pair of ligands, is very similar. The C-*H contacts are
highlighted in blue, and comprise ca. 48% of the interactions. The
upper lobe, labelled (D), represents close contacts between the px
hydrogens to the aromatic system of the host, while the lower
lobe () shows the contacts between the hydrogens of the ligands
and the aromatic region of the px. The structure also displays a
number of C-H-**& interactions between the host molecules. Fig.
2b displays the mx guest in its Hirshfeld surface and the
corresponding fingerprint plot shows a similar environment for
the guest to the H*px structure with ca. 47% C-**H contacts. In
case of H-ox, the disordered guest was not analysed. The
Hirshfeld surface of the ordered guest shows less intensive
interactions with the nearby hosts (smaller area on Fig. 2¢). This
corresponds to the amount of observed C++*H contacts (ca. 44%)
and their generally longer nature. Interestingly there are
significant (ox)C-H---S(host) contacts with (d;+d,)= 2.7A. This
type of hydrogen bonding has previously been identified by
Pakovi¢ et al. in Ni(II) complexes.'”

Fig. 1 Structural comparison of H*px (a- molecular structure, b- packing viewed down a, px is presented with spacefill model, red), H-mx (c- molecular
structure, d- packing viewed down a, mx is presented with spacefill model, orange) and H-ox (e- molecular structure, f- packing viewed down a, ox is
presented with spacefill model, yellow and green)
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Table 1 Crystallographic data for H-px, H'mx and H-ox.

H-px H-mx H-ox
Chemical Formula Ni(NCS)z(CgH7N)4.CgH10 Nl(NCS)z(C9H7N)4CgH10 Nl(NCS)z(C9H7N)4CgH10
Host:guest ratio 1:1 1:1 1:1
Formula Weight 797.65 797.65 1199.50
Temperature/K 173(2) 173(2) 173(2)
Crystal System Hexagonal Hexagonal Monoclinic
Space Group (no.) P6, (no. 169) P65 (no. 170) C2/c (no. 15)
a/A 10.7810(15) 10.8390(15) 10.671(2)
b/A 10.7810(15) 10.8390(15) 19.132(4)
/A 59.780(12) 59.167(12) 59.609(12)
% 90.00 90.00 90.00
Br 90.00 90.00 91.49(3)
y° 120.00 120.00 90.00
V/A? 6017.3(17) 6019.9(17) 12166(4)
4 1/6 1/6 1.5/12
Dewc/Mg.m™ 1.321 1.320 1.310
Radiation type MoKa MoKa MoKa
F(000) 2496 2466 2016
Crystal size/mm 0.41x0.45x0.51 0.24x 0.26 x 0.53 0.080 x 0.190 x 0.340
Colour, crystal form Blue, octahedral Blue, octahedral Blue, octahedral
No. of total reflections 8794 5150 9660
No. of unique reflections 7094 4048 7315
Onmin-max/° 2.04/27.12 12.00/ 26.89 2.13/27.26
R[F*>20(F°)] wR(F°), S 0.0692, 0.1963, 1.017 0.0461, 0.1055, 1.028 0.0686, 0.1639, 1.061
No. of parameters/data 637/8794 667/5150 893/9660
Res.peak (max/min)/e A 1.0102/-0.723 0.229/-0.166 0.796/ -0.622

Fig. 2 Hirshfeld surfaces and their fingerprint plots of px (a), mx (b) and ox (c, ordered guest only); @ indicates close contacts between the guest
10 hydrogens to the aromatic system of the host, while @ shows the contacts between the ligand hydrogens and the aromatic region of the guest.

This journal is © The Royal Society of Chemistry [year]
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Kinetics of thermal decomposition

The kinetics of thermal decomposition of all three inclusion
compounds were carried out by the non-isothermal technique of
Flynn and Wall."® Desorption curves were recorded at fixed
heating rates =2, 4, 8, 16 and 32 K min’! for all three clathrates.
A set of curves for H'px is shown in Fig. 3. The decomposition
takes place in three distinct steps. Step 1 represents the
disintegration of the inclusion compound via loss of the guest.
This step is calculated as a 13.3% loss in mass. Step 2 and Step 3
correspond to the decomposition of the host, in each step the
mass loss of two isoquinoline ligands at a percentage loss of
32.4% each. The decomposition curves of H-mx and H-ox are
similar and have been deposited in the Electronic Supplementary
Information (ESI, Fig. S1 and S2). The calculated and
experimental TG results for H-'px, H'mx and H-ox are
summarised in Table 3.

Ni(NCS),L,.nG
100
} - nG (Step 1)
% 2 Ni(NCS),L,
80
2 70 -2L(Step 2)
2
£e .
é’ =2 K/min Ni(NCS),L,
* 50
— 4 K/min
40 -
—8K/min — -2L(Step 3)
30 .
— 16 K/min Ni(NCS),
20
— 32 K/min
10
0 100 200 300 400

Temperature (°C)

Fig. 3 Non-isothermal TG curves for H-px

Table 3 Thermal analysis results for H-px, H'mx and H-ox

Compound H-px H-mx H-ox
Exp (Calc) % Exp (Calc) % Exp (Calc) %
Mass Loss
Step 1 13.1(13.3) 13.1(13.3) 13.2(13.3)
Step 2 32.3(32.4) 32.1(32.4) 31.8(324)
Step 3 32.1(32.4) 31.8(32.4) 32.1(32.4)

For Step 1 the mass loss corresponding to the loss of 1 mole of
guest and activation energy were calculated over a ranges for
each of the three inclusion compounds and are indicated in Table
4. The extent of reaction, is defined as

a = (my —mg)/(Me, — M)

with m, = initial mass, m, = mass at time ¢ and m., = final mass.
Plots of log f/f vs 1/T for the H-px where f is the heating rate
are given in Fig.4. The activation energies for o positions 0.2, 0.5
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and 0.75 of Step 1 are illustrated in Fig. 4a. Similarly, Step 2 at o
positions 0.2, 0.5 and 0.8 and Step 3 at a positions 0.3, 0.45 and
0.6 are demonstrated in Fig. 4b and 4c, respectively. Activation
energies were calculated from the slopes:

slope = —0.457%

The activation energies for the three thermal decomposition steps
for each compound are shown in Table 4. Graphical information
for H'mx and H-ox has been deposited in the ESI (Fig. S3 and
S4).

Step 1 decomposition reaction required the largest activation
energy. The activation energy for Step 2 is the lowest for the
three steps and is 105-108 for H-px, 103-116 for H-mx and 93-
100 kJ.mol' for H-ox. The higher values of the activation
energies associated with the loss of the volatile xylene guests can
be justified in terms of the topologies of the structures of the
clathrates. In each case the xylene guest is trapped in a cavity,
thus requiring a severe disruption of the host framework in order
to release the guest. The effect of topology on the thermal
stability and kinetics of decomposition of inclusion compounds
has been reviewed! and, in general, structures that may be
described as intercalates are less stable than tubulates which, in
turn are less stable than cryptates. The latter often have higher
activation energies of desorption.

Table 4 Activation energy ranges for thermal decomposition (kJ.mol ")

Reaction Step H:ox H:mx H:px
Step 1 138-142 170-177 178 - 192
Step 2 93-100 103-116 105 - 108
Step 3 112 118-120 115-120

fa) (o) ¢
]:2 1.2
=3 1 1
2 °‘5 402 ? 0:6 02
9 05 04 05
0.2 0.75 0.2 0.8
° Q
25 26 27 28 2.0 21 22 23 24 25
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@
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g o \
¥ 06 \
= +03
%41 .oas v
02 06
Q
13 20 21 22
1000 K/T
Fig. 4 Activation energies for (a) Step 1, (b) Step 2 and (c) Step 3 for
H-px
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Selectivity experiments

Experiments to determine the selectivity profile of this host were
carried out by two methods. Firstly by dissolving the host in
liquid mixtures of the guests with known proportions and
harvesting the crystals of the ensuing inclusion compounds for
analysis; secondly by exposing the powdered apohost to mixtures
of the guest vapours (solid vapour sorption) and subsequent
analysis by headspace gas chromatography. These competition
experiments between pairs of xylene isomers (ox/px, ox/mx and
10 mx/px) were performed at different ratios (0:1; 0.2:0.8; 0.4:0.6;
0.6:0.4; 0.8:0.2 and 1:0). The crystals were harvested, dried and
lightly crushed for analysis.

When a host compound is crystallised from a mixture of two
guests A and B to form a crystal containing a ratio of the two
guests (H-n'A-m'B), the selectivity coefficient of this competition
experiment can be determined from the formula

w

@

Kop = (Kg.a) ™" = Za/Zg * Xp/ X, KXa+Xg=1)

where X,, Xp are the mole fractions of the guests in the mother
liquor and Z,, Zg are their mole fractions in the crystal. The
results of the competition experiments are shown in Fig. 5 in
which the mole fraction of a given guest in solution (Xgueq) is
plotted against its mole fraction in the solid state (Zgeq). In Fig.
Sa a small amount of preference is shown for ox over px for the
composition mixture of ox/px. Fig. 5b indicates the selectivity of
ox compared with mx in the crystal structure with the host shows
no preference for one over the other. Similarly in Fig. 5c there is
no preference for the host to enclathrate one of mx or ox over the
other. Selectivity for both procedures (crystallisation and solid-
vapour sorption) is shown graphically and no preference for
30 either of the two xylenes is observed. That is, in all three cases

poor selectivity is found for one of the isomers over the other
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(C) X meta-xylene
35 Fig. 5 Selectivity curves for (a) ox/px; (b) ox/mx and (c) mx/px
Discussion

The question to be addressed is why the isoquinoline host under
discussion is not selective towards any of the xylene isomers
40 either from liquid or vapour mixtures, while the host
bis(isothiocyanato) tetrakis(4-phenylpyridine) nickel (II) has been
shown to discriminate efficiently between ortho-, meta- and
para-xylenes.® Competition experiments between equimolar pairs
of two isomers and an equimolar mixture of all three xylenes in
4s the vapour state, show the preference for enclathration to be in
the order ox > mx > px. We have therefore analysed the non-
bonded interactions which occur between a given guest and this
host. We have chosen to compare the structures containing the
ortho- and meta-xylene guests, because they are similar in that
so they both have a host:guest ratio of 1:1, while the structure of
para-xylene has a host:guest ratio of 1:3. The program Crystal
Explorer was employed to calculate the Hirshfeld surfaces of the
ox and mx molecules and their fingerprint plots were generated

(Fig. 6)

(a)

47® (b) |..

di
7578

Fig. 6 Fingerprint plots for (a) ox guest and (b) mx guest in their
inclusion compounds with bis(isothiocyanato) tetrakis(4-phenylpyridine)
nickel (II)

Figure 6a shows the fingerprint plot of the ox guest. The two
o peaks labelled (1) are associated with H+-*H interactions at
(di+d,) = 2.48 A (57% of the close contacts) while those labelled
(2) are due to C++*H contacts with (d+d,) =~ 2.87 A (37%). In
contrast, the mx structure, shown in Fig. 6b, has H***H contacts
labelled (1) at 2.43 A (68%) and C**H contacts, labelled (2) at
6s2.85 A (28%). The Hirshfeld surface analysis supports the
experimental results and explains why the host favours the ox
guest. Also it demonstrates that the H***H and C-*-H interactions
occur at similar distances, slightly over the sum of the van der
Waals radii of 2.40 and 2.90 A™ respectively, but there is a
70 greater percentage of C:+*H interactions in the ox structure and
the circled area in Fig. 6b shows that there are many long H+*-H
contacts, resulting in a less efficient packing of the mx structure.
In addition to the host-guest non-bonded interactions, however,
the host with 4-phenylpyridine ligands possesses considerable
75 torsional flexibility in its pyridine and phenyl rings. This fact has
been discussed in detail previously.”! The labelling of the four
torsion angles (1, T3, T5s and 17) between the pyridine ring and the
thiocyanato ligand (N-Ni-N-C) was carried out cyclically in a
manner to yield the minimum in the sum of the square of their
so differences. The eight torsion angles of each of the three
structures have been tabulated and labelled as before®' (Fig. 7)
and their values are summarized in Table 5. It was noted that the
differences in the torsion angles 13 and t4 as well as t; and T3
observed in the mx structure indicated large rotations of the
ss phenyl ring (Table 5 for mx, A values in bold) compared with
T,/1, and 75/t differences. The selectivity for mx is less than ox
but greater than px. In the case of ox, alternating positive and

This journal is © The Royal Society of Chemistry [year]
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negative torsion rotations are observed (11/1, and ts/t¢ negative; I
T3/14 and T/1g positive). This attests to the fact that this is a highly 0
flexible ligand, which easily adapts to the requirement of a given
guest, rendering it selective. 50 |
) g:,, 40
©
c
230 |
i ] 5
X <
g N‘:5 N 20 +
|~
D) "
4° N 0
s | y Hepx Hemx Heox w1 w2 w3 wa
| P Compound
Fig. 8 Plot of torsion angles of Werner complexes based on values
3 presented in Table 6
Fig.7 Torsion angles in (a) Ni(NCS),(4-phenylpyridine), and (b) H
, . S ;s Experimental Section
Table 5 Torsion angles of Ni(NCS),(4-phenylpyridine), in its crystals of
xylene isomers. Preparation of Werner clathrate
Guest /T2 T3/T4 T5/T6 T4/Ts The host compound, H, bis (isothiocyanato) tetrakis
ox 324 39.7 34.1 43.9 (isoquinoline) nickel(I), was prepared by adding stoichiometric
A 415217 ﬁg 41‘(‘)‘; ?ég quantities of an ethanolic solution of isoquinoline (20 ml, 0.01 M)
o 203 208 76.6 344 40 to an ethanolic solution of nickel-isothiocyanate (5 ml, 0.01 M).
21.8 297 15.5 230.1 Violet crystals of Ni(NCS),(CoH;N),; formed immediately and
A -1.5 50.5 31.1 64.5 were filtered and allowed to air dry overnight.
px 23.0 34.6 40.2 39.7 Enclathration of any given xylene guest was carried out by
34.7 19.2 40.0 27.1 dissolvi he host in b ddi h 1 .
A 17 15.4 02 126 issolving the host in benzene, adding the xylene isomer (px, mx

The torsion angles describing the pyridine moieties in the
currently investigated host H (t;, 13, 15 and t;) are remarkably
similar to previously analysed compounds. They correspond to
the ‘four-blade propeller’ configuration found in the structures of
15 analogous compounds containing pyridine (W1), 4-methyl-
(W2), 4-vinyl- (W3), and 4-phenyl- (W4) pyridines. This
corresponds to the ++++ configuration described by
Lipkowski.>** Table 6 and Fig. 8 show the range of torsion
angles for these apohosts, as well as the torsion angles for the
20 currently discussed three structures H-'px, H'mx and H-ox.
Despite presenting four positively rotated ligands in the
isoquinoline host H, the torsion angles also indicate two large and
two smaller angles. This shows compensation for the interaction
of the host with the guest, whereas in the apohost structures no
25 guest is present.

Table 6 Torsion angles 71, T3 Ts and 7, for H and some typical nickel
Werner clathrates where the ligands are pyridine (W1), 4-methyl- (W2),
4-vinyl- (W3), and 4-phenyl- (W4) pyridine.

Compound 7 () 73 (") 15(°) t7(°)
Hepx 16.5 49.9 17.9 50.3
Hemx 245 25.1 48.3 50.3
Heox 24.2 50.8 26.4 59.3

W1 15.7 21.6 51.6 34.5
W2 30.4 39.8 35.7 40.6
W3 333 36.8 44.5 38.5
W4 29.2 36.0 43.9 48.0

45 and ox) dropwise and stirring at 60 °C for 30 minutes, cooling
and filtering. Crystallisation occurred within 24 hours. Deep blue
crystals of H-px, H-mx and H-ox were formed.

Single crystal X-ray analysis

Intensity data of a selected single crystal for compounds H-px,
so H'mx and H+ox was collected on a Bruker DUO APEX II

diffractometer” with graphite monochromated Mo K, radiation

(A =0.71073 A) at 173 K using an Oxford Cryostream 700. Data

reduction and cell refinement were performed using SAINT-

Plus.? The space group was determined from systematic
ss absences by XPREP.” The structure was solved using SHELXS-
97 and refined using full matrix least squares methods in
SHELXL-97"® with the aid of the program X-Seed.”” The
hydrogen atoms bound to carbon atoms were placed at idealized
positions and refined as riding atoms. Diagrams and publication
material were generated using PLATON,”® X-Seed and Mercury
(3.1).” Crystal data and structure refinement parameters are
given in Table 1. CCDC 1041252-1041254 contain the
supplementary crystallographic data for structures H-px, H-mx
and H-ox. This data can be obtained free of charge via
www.ccdc.cam.ac.uk/data_request/cif, by e-mailing
data_request@ccdc.cam.ac.uk, or by contacting the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2
1EZ, UK, fax: +44(0)1223-336033. DOI:0.1039/6000000x

6

S

6.

A

Powder X-ray diffraction

70 Powder X-ray diffraction experiments were carried out on a
Bruker D8 diffractometer using Cu K, radiation. The sample was
ground to a fine powder and loaded into an aluminium tray.

6 | Journal Name, [year], [vol], 00—00
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Where available these spectra were compared with those
determined from the single crystal structures.

Thermogravimetric analysis

Thermal analyses were performed on a TA Q500 instrument from
30 to 350 °C at heating rates from 2, 4, 8, 16 and 32 °C min’!
with a purge gas of dry nitrogen flowing at 60 ml min”. All
samples were dried on filter paper and placed in an open pan for
thermogravimetric analysis. Sample masses varied from 2 to 5
mg.

Competition experiments

The selectivity of the host for a particular isomer was evaluated
using two different procedures and analysing both by headspace
gas chromatography. The first was a solid-vapour experiment in
which crushed host was exposed to a mixture of two xylene
guests in an evacuated chamber at room temperature for 18 hours.
The compound was removed from the chamber, dried and placed
in a headspace vial for GC analysis. The second method involved
crystal formation of the host with guest mixture using the same
procedure mentioned above. Crystals were harvested, dried and
placed in headspace vials for GC analysis.

Gas chromatography

GC analysis was performed on an Agilent 7890A instrument with
Varian CP Wax capillary column (30 m x 250 um x 0.25um),
nitrogen carrier gas and FID detector with inlet and detector
temperatures of 280 °C. Vials were incubated at 50 °C for 10
minutes before injection; oven temperature at 35 °C for 1 minute,
followed by a gradient at 10 ° C min™ to 120 ° C for 2 minutes.

Conclusions

A Werer clathrate [Ni(NCS),(isoquinoline),] has been
synthesised and its properties elucidated. Due to the importance
of the xylene isomers in the petroleum industry, para-, meta- and
ortho-xylenes were considered as the guests in this study. Single
crystal structures of the hosteguest compounds were analysed and
the packing established. The analysis of the fingerprint plots
revealed the importance of the C-Heeer interactions and unique
C-HeeS interactions were observed in the Heox structure.

The non-isothermal technique of Flynn and Wall was used to
record the kinetics of thermal decomposition of the three
inclusion compounds. Similar plots for the three compounds
show initial loss of the guest, followed by two steps, each
denoting the mass loss of two isoquinoline ligands.

The selectivity of H towards the xylene isomers was determined
using two methods, viz. solid vapour sorption and crystallisation
from a liquid solution of host and a bimolecular mixture of the
guests. The results were analysed using headspace gas
chromatography. No significant preference for one of the xylene
isomers over the other two was found, showing poor selectivity
of this host.

The poor selectivity of this host H was compared to that of the
related host [Ni(NCS),(4-phenylpyridine),]. The success of the
latter host was attributed to the torsional flexibility of the phenyl
moieties in the ligands. In contrast, the isoquinoline ligands,
although containing larger aromatic systems, have no such

ss flexibility and their relative conformation is largely controlled by
their ortho-hydrogens.
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Graphical Abstract

Isoquinoline-based Werner clathrates with xylene isomers: Aromatic interactions vs. molecular
flexibility

Merrill M. Wicht, Nikoletta B. Béthori” and Luigi R. Nassimbeni

The crystal structure, packing, kinetics and selectivity experiments of the xylene clathrates formed
with the Werner complex, bis (isothiocyanato) tetrakis (isoquinoline) nickel(Il), is presented.



