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Single-crystal to single-crystal guest exchange
and phase transformations in a porous
metallocycle†

Marike du Plessis, Vincent J. Smith and Leonard J. Barbour*

Single crystals of a previously reported porous metallocycle [Ag2L2](BF4)2·2CH3CN (1), where L is the ligand

1,4-bis(2-methylimidazol-1-ylmethyl)benzene, were grown from acetonitrile and immersed in different organic

solvents. The crystals thus treated were subjected to single-crystal X-ray diffraction analysis, which revealed

that the acetonitrile guest molecules had been replaced by the solvent that the compound was exposed to,

yielding five different solvates: [Ag2L2](BF4)2·2(CH3)2CO (2), [Ag2L2](BF4)2·2CHCl3 (3), [Ag2L2](BF4)2·C6H6 (4),

[Ag2L2](BF4)2·C6H4F2 (5), [Ag2L2](BF4)2·C7H8 (6). Thermogravimetric analysis supports these findings.
Introduction

The engineering of functional materials1a,b involves the ratio-
nal design of targeted architectures to perform a specialised
function when exposed to certain external stimuli (light, heat,
pressure, solvent etc.). In particular, metal–organic frame-
works and porous coordination networks have been receiving
much attention over the past decade; with potential applica-
tions of such materials in sorption, separation, sensing and
catalysis.2a–d When a functional single crystal is exposed to a
stimulus that induces a structural or compositional change
of the material it is often desirable that this change occurs as
a single-crystal to single-crystal (SC–SC) transformation, not
only for the sake of application, but also to facilitate investi-
gation of the structure–property relationship using single-
crystal X-ray diffraction (SCD) methods. Even though
accounts of SC–SC transformations have escalated over the
past decade they are still considered to be a rare and remark-
able phenomenon.3a–g Various metal cation exchanges in
coordination compounds have also been shown to occur in
SC–SC fashion.4a–c In particular, most of these reports involve
higher dimensional metal–organic framework compounds in
contrast to the zero-dimensional complexes presented here.

One of the target architectures for porous crystals investi-
gated by our group is the “doughnut-shaped” metallocycle.
The “doughnut” shape of the metallocycles prevents them
from packing efficiently and results in the formation of
crevices, cavities or channels in the packing arrangement.
Naturally, owing to close-packing requirements the occurrence
of empty space in the crystal structure is energetically
unfavourable and therefore the available “space” is usually
occupied by solvent molecules. Ideally, the porous phase can be
obtained by removing the solvent molecules from the channels
without disrupting the host framework. In this regard we have
conducted a further investigation of the porous metallocycle
previously reported by Barbour et al.5 The formation reaction of
the metallocyclic complex [Ag2L2](BF4)2·2CH3CN (1) is shown in
Scheme 1. We have reported that the guest molecules of 1 can
be removed from the channels in a SC–SC fashion to yield a
porous, gas sorbing material (1apohost)

5 and elsewhere a series
of eight solvates of the copper analogue of 1 was reported in an
investigation of the effect of solvent templation on the forma-
tion of metallocyclic complexes.6 Most of the solvates in the
latter case were prepared by removing the solvent from the
channels of the as-synthesised crystals under reduced pressure,
followed by dissolving the resulting apohost complex in differ-
ent solvents. Slow evaporation of the solvent afforded the previ-
ously reported solvates.
oyal Society of Chemistry 2014

3CN (1) where L = 1,4-bis(2-
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‡ Crystal data for 1apohost: C32H36Ag2B2F8N8, M = 922.05, colourless prism,
0.25 × 0.20 × 0.10 mm3, monoclinic, space group C2/m (no. 12), a =
14.8307(10), b = 20.5641(13), c = 7.0449(5) Å, β = 90.1180(10)°, V = 2148.5(3) Å3,
Z = 2, Dc = 1.425 g cm−3, F000 = 920, Bruker APEX-II CCD, MoKα radiation, λ =
0.71073 Å, T = 100(2) K, 2θmax = 56.5°, 6760 reflections collected, 2555 unique
(Rint = 0.0199). Final GooF = 1.071, R1 = 0.0267, wR2 = 0.0639, R indices based
on 2430 reflections with I > 2sigma(I) (refinement on F2), 120 parameters,
0 restraints. Lp and absorption corrections applied, μ = 0.977 mm−1.
Crystal data for 1: C36H42Ag2B2F8N10, M = 1004.16, colourless prism, 0.25 × 0.20 ×
0.15 mm3, monoclinic, space group C2/m (no. 12), a = 14.9110(10), b =
20.1383(14), c = 7.0209(5) Å, β = 90.2930(10)°, V = 2108.2(3) Å3, Z = 2, Dc =
1.582 g cm−3, F000 = 1008, Bruker APEX-II CCD, MoKα radiation, λ = 0.71073 Å,
T = 100(2) K, 2θmax = 56.4°, 6675 reflections collected, 2520 unique (Rint =
0.0203). Final GooF = 1.062, R1 = 0.0257, wR2 = 0.0625, R indices based on 2413
reflections with I > 2sigma(I) (refinement on F2), 139 parameters, 0 restraints.
Lp and absorption corrections applied, μ = 1.004 mm−1.
Crystal data for 2: C38H48Ag2B2F8N8O2, M = 1038.20, colourless prism, 0.17 ×
0.11 × 0.10 mm3, triclinic, space group P1̄ (no. 2), a = 7.1272(12), b = 12.249(2),
c = 12.943(2) Å, α = 71.973(2)°, β = 89.308(2)°, γ = 89.483(2)°, V = 1074.4(3) Å3,
Z = 1, Dc = 1.605 g cm−3, F000 = 524, Bruker APEX-II CCD, MoKα radiation, λ =
0.71073 Å, T = 100(2) K, 2θmax = 55.1°, 13 534 reflections collected, 4907 unique
(Rint = 0.0276). Final GooF = 1.174, R1 = 0.0310, wR2 = 0.0753, R indices based
on 4733 reflections with I > 2sigma(I) (refinement on F2), 275 parameters,
0 restraints. Lp and absorption corrections applied, μ = 0.990 mm−1.
Crystal data for 3: C34H38Ag2B2Cl6F8N8, M = 1160.78, colourless prism, 0.21 ×
0.21 × 0.19 mm3, monoclinic, space group P21/c (no. 14), a = 7.0910(19),
b = 20.479(6), c = 14.855(5) Å, β = 91.038(4)°, V = 2156.9(11) Å3, Z = 2, Dc =
1.787 g cm−3, F000 = 1152, Bruker APEX-II CCD, MoKα radiation, λ = 0.71073 Å,
T = 100(2) K, 2θmax = 56.7°, 13 383 reflections collected, 5366 unique (Rint =
0.0483). Final GooF = 1.061, R1 = 0.0573, wR2 = 0.1403, R indices based on 3989
reflections with I > 2sigma(I) (refinement on F2), 273 parameters, 0 restraints.
Lp and absorption corrections applied, μ = 1.352 mm−1.
Crystal data for 4: C38H42Ag2B2F8N8, M = 1000.16, colourless prism, 0.20 × 0.19 ×
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We now show that 1 can incorporate different solvent
molecules into its channels in SC–SC transformations as
opposed to these solvates being obtained by dissolving and
recrystallising the apohost from different solvents. Furthermore,
the transformation is accompanied by subtle changes, which
result in a change in the space group and/or crystal system. It is
quite unusual for metallocycles to undergo a SC–SC phase trans-
formation5–8 as only a single case has been reported to date.9

Results and discussion
Crystal growth

The ligand L was prepared according to a procedure reported
in the literature.10 All other chemicals and solvents were used
as purchased without any further purification. Slow evapora-
tion of a dilute acetonitrile solution containing the molecular
building blocks in a 1 : 1 ratio resulted in the formation of the
metallocyclic complex [Ag2L2](BF4)2·2CH3CN (1). Diffraction
quality single crystals thus obtained were used as a starting
point towards the generation of the solvates 2–6, where the
acetonitrile guest molecules of solvate 1 were exchanged with
acetone, chloroform, benzene, 1,4-difluorobenzene and tolu-
ene, respectively, in a SC–SC fashion.

Crystal structures

The crystal structures 2–6 resulted from solvent exchange exper-
iments with 1 as depicted in Scheme 2. SCD revealed that all
of the solvates 2–6 have crystallographic inversion symmetry.

Using a glass pipette the prism shaped crystals of 1 were
carefully removed from the mother liquor and allowed to dry
on filter paper. The dry crystals were then immersed in the
target solvent for periods ranging from two to eight weeks. In
each case the crystals showed signs of cracking and deteriora-
tion such that it was no longer possible to subject the origi-
nal crystal to SCD. This is in sharp contrast to other reported
guest exchanges where the individual crystals generally
remained intact.7 Although the bulk integrity of the crystals
This journal is © The Royal Society of Chemistry 2014

Scheme 2 Formation of solvates 2–6 from the original solvate 1 by
means of solvent exchange in SC–SC fashion.
in the study reported here was not maintained, small single
crystals could still be isolated by breaking the original
single crystal into smaller fragments. Structure elucidation by
means of SCD, together with thermogravimetric analysis
(TGA) revealed unambiguously that the guest exchange pro-
cess was successful. This process occurs with very little alter-
ation of the host structure. As a result, structures 1 to 6 and
1apohost‡ are very similar with respect to the arrangement of
CrystEngComm, 2014, 16, 4126–4132 | 4127

0.18 mm , triclinic, space group P1̄ (no. 2), a = 7.1020(18), b = 12.388(3), c =
12.794(3) Å, α = 72.237(4), β = 89.284(4), γ = 89.239(4)°, V = 1071.8(5) Å3, Z = 1,
Dc = 1.550 g cm−3, F000 = 502, Bruker APEX-II CCD, MoKα radiation, λ = 0.71073 Å,
T = 100(2) K, 2θmax = 61.7°, 15 794 reflections collected, 6181 unique (Rint =
0.0438). Final GooF = 1.005, R1 = 0.0372, wR2 = 0.0868, R indices based on
5125 reflections with I > 2sigma(I) (refinement on F2), 288 parameters, 249
restraints. Lp and absorption corrections applied, μ = 0.986 mm−1.
Crystal data for 5: C38H40Ag2B2F10N8, M = 1036.14, colourless prism, 0.13 × 0.13 ×
0.10 mm3, triclinic, space group P1̄ (no. 2), a = 7.0814(11), b = 12.445(2), c =
12.837(2) Å, α = 71.505(2), β = 89.185(2), γ = 89.430(2)°, V = 1072.7(3) Å3, Z = 1,
Dc = 1.604 g cm−3, F000 = 518, Bruker APEX-II CCD, MoKα radiation, λ = 0.71073 Å,
T = 100(2) K, 2θmax = 61.5°, 15 820 reflections collected, 6139 unique (Rint =
0.0331). Final GooF = 1.153, R1 = 0.0459, wR2 = 0.1125, R indices based on 5607
reflections with I > 2sigma(I) (refinement on F2), 291 parameters, 14 restraints.
Lp and absorption corrections applied, μ = 0.994 mm−1.
Crystal data for 6: C39H43Ag2B2F8N8, M = 1013.17, colourless prism, 0.17 × 0.13 ×
0.11 mm3, triclinic, space group P1̄ (no. 2), a = 6.9746(10), b = 12.0647(17), c =
13.1454(18) Å, α = 72.422(2), β = 87.762(2), γ = 86.363(2)°, V = 1052.1(3) Å3, Z = 1,
Dc = 1.599 g cm−3, F000 = 509, Bruker APEX-II CCD, MoKα radiation, λ = 0.71073 Å,
T = 100(2) K, 2θmax = 56.3°, 4849 reflections collected, 4849 unique (Rint = 0.0354).
Final GooF = 1.026, R1 = 0.0412, wR2 = 0.0911, R indices based on 4131 reflec-
tions with I > 2sigma(I) (refinement on F2), 274 parameters, 0 restraints. Lp
and absorption corrections applied, μ = 1.005 mm−1.
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Table 1 Selected crystal parameters for solvates 1–6 and 1apohost

Structure Guest Host : guest
Guest
volumea/Å3

Solvent accessible
volumeb/Å3

Intra
Ag⋯Agc/Å

Inter
Ag⋯Agd/Å

Metallocycle
tilt angle (ε)e/°

Phenylene
tilt angle (η) f/°

Imidazolyl
tilt angle (θ)g/°

1apohost — — — 245 7.7 7.0 90 8.0 5.0
1 Acetonitrile 1 : 2 49 223 7.3 7.0 90 0 0
2 Acetone 1 : 2 67 235 7.5 7.1 87.5 8.5 5.0/4.5
3 Chloroform 1 : 2 72 237 7.7 7.1 86.7 4.8 4.0, 4.5/4.3
4 Benzene 1 : 1 81 238 7.4 7.1 88.6 2.8 1.7, 2.1/3.2
5 1,4-DFBz 1 : 1 93 241 7.6 7.1 88.7 2.3/2.2 4.0/3.3
6 Toluene 1 : 1 99 208 7.5 7.0 84.1 7.6 2.1/6.3

a Calculated using a literature reported equation.11 b Solvent accessible void volume per unit cell as calculated by Platon, SQUEEZE.12
c Distance between Ag atoms belonging to the same metallocycle. d Distance between Ag atoms belonging to adjacent metallocycles. e Angle
between the least squares plane through the metallocyclic complex and the stacking direction as calculated in Mercury.13 f Angle between the
least squares plane through the benzene moiety of the metallocycle in 1 and that of the structure in question. g Angle between the least
squares plane through the imidazole moiety of the metallocycle in 1 and that of the structure in question.

Fig. 1 Perspective view perpendicular to a one-dimensional channel
of solvate 1. Metallocyclic units that stack to form this channel are
shown as capped stick models. The semi-transparent yellow Connolly
surface was generated using a probe radius of 1.5 Å and it maps the
solvent accessible volume inside the channel. Acetonitrile guest mole-
cules are shown in space filling representation and BF4

− anions are
represented as ball and stick models.

Fig. 2 Capped stick representation of a metallocyclic complex of
solvate 2. Acetone guest molecules are shown as ball and stick models
and close contacts between the host and guest are illustrated as
dotted green lines.
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the host molecules in the crystal structure and selected
parameters are presented for comparison in Table 1. TGA
results can be found in the ESI† and they support the find-
ings elucidated by SCD methods.

[Ag2L2](BF4)2·2CH3CN (1)

It is appropriate to discuss the main features of the previ-
ously reported structure 1 to highlight similarities and to
allow for comparison of this structure to the solvates 2–6.
SCD revealed that the metallocyclic complex crystallises in
the monoclinic space group C2/m. Two molecules of the
ligand L in the C-shaped conformation share two Ag+ cations,
thus forming a 2+ charged cyclic unit. The cyclic units stack
in columns to form one-dimensional solvent-filled channels
along the crystallographic c axis (Fig. 1). The charge is
balanced by uncoordinated BF4

− anions located in the inter-
stitial spaces between metallocycles and outside the one-
dimensional channel.

Acetonitrile molecules are situated in anti-parallel pairs
along the infinite channel. Each pair of guest molecules is
centred within a metallocycle resulting in a host-to-guest
ratio of 1 : 2. In order to measure/show the subtle differences
between the host metallocycles of 1 and 2–6, we define a
metallocycle tilt angle (ε) between the least squares plane
trough the metallocycle, and the stacking direction. In 1 ε is
perpendicular to the stacking direction. Furthermore we
define a phenylene tilt angle (η) and an imidazolyl tilt angle
(θ) as the angle between the least squares plane through the
aromatic moiety and its corresponding moiety in the refer-
ence structure 1. These planes were calculated and the angles
measured after overlaying each of the metallocycles 2–6 and
1apohost with the reference structure 1 using the molecule
overlay function in Mercury.13

[Ag2L2](BF4)2·2(CH3)2CO (2)

It is interesting to note that replacement of the acetonitrile
molecules in 1 by acetone molecules resulted in a change in
crystallographic symmetry. Structure elucidation of 2 revealed
that the space group transformed from monoclinic C2/m
4128 | CrystEngComm, 2014, 16, 4126–4132
to triclinic P1̄. Similarly to 1, the guest molecules in 2 are
arranged in pairs with their carbonyl groups facing in oppo-
site directions (Fig. 2). The distance between the silver cation
and the carbonyl oxygen atom of the guest molecule (2.99 Å)
is less than the sum of the van der Waals radii and is consid-
ered a close contact. However, it is questionable weather this
interaction is significant enough to be structure directing.

The increase in guest volume from 49 Å3 for acetonitrile to
67 Å3 for acetone is accompanied by a corresponding
decrease in ε. The tilt angles η and θ display a significant
This journal is © The Royal Society of Chemistry 2014
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change in the shape of the host metallocycle, which is further
adapted through increases in the inter- and intramolecular
Ag⋯Ag distances. As expected, the increase in the volume of
the guest gives rise to an increase in the guest accessible
volume. Fig. 3 shows the one-dimensional solvent filled
channel of 2.
Fig. 5 Perspective view perpendicular to a one dimensional channel
of solvate 3. Chloroform guest molecules are shown in space filling
representation.
[Ag2L2](BF4)2·2CHCl3 (3)

The chloroform solvate transforms from monoclinic C2/m to
monoclinic P21/c. Similarly to solvates 1 and 2, two chloro-
form molecules are situated in the cavity of each metallocyclic
unit and they face each other as shown in Fig. 4. In general
the transformation from 1 to 3 follows similar changes to the
transformation from 1 to 2.

Fig. 5 shows the hydrogen atoms of the guest protruding
through the Connolly surface that maps the guest accessible
volume of the infinite channel. This is an indication of a
CH⋯π interaction between the chloroform hydrogen atom
and the imidazole moiety of the ligand L. The distance
between the carbon atom of the chloroform molecule and
the centroid of the imidazole ring (2.59 Å) indicates the very
close contact between these moieties.
[Ag2L2](BF4)2·C6H6 (4)

Surprisingly, [Ag2L2](BF4)2 is also permeable to larger guest
molecules such as benzene and other aromatic guests. The
space group and crystal system for the benzene solvate is
triclinic P1̄. In contrast to solvates 1–3, 4 can only
This journal is © The Royal Society of Chemistry 2014

Fig. 3 Perspective view perpendicular to a one dimensional channel
of solvate 2. Acetone guest molecules are shown in space filling
representation.

Fig. 4 Capped stick representation of a metallocyclic complex of
solvate 3. Chloroform guest molecules are shown as ball and stick
models and weak host–guest interactions are illustrated as dotted
green lines.
accommodate one guest molecule in the cavity of each meta-
llocycle, resulting in a host : guest ratio of 1 : 1.

Although the guest volume increases from 72 Å3 for one
chloroform molecule to 81 Å3 for a single benzene molecule,
the solvent accessible volume calculated for solvates 3 and 4
are almost identical. While two molecules of chloroform
occupy each cavity of the metallocycles in 3, only one ben-
zene molecule occupies the corresponding space in 4. There-
fore there is a relatively large amount of space available for
the benzene guest molecules to orientate themselves within
the one-dimensional channels and this may explain the dis-
order of the guest molecules. With reference to Fig. 6 and 7,
benzene molecules are situated in the positions of the red
molecules with a site occupancy of ca. 30% while the guest
occupies the position of the green and orange molecules with
occupancies of ca. 27 and ca. 13%, respectively. Note that the
periodicity of the host in Fig. 7(C) and (D) is identical but
there is a difference in the periodicity of the guest.
[Ag2L2](BF4)2·C6H4F2 (5)

Analogous to 4, the difluorobenzene solvate 5 undergoes a
transformation to the triclinic space group P1̄ and the guest
molecules are disordered within the channel. The host : guest
ratio for this metallocycle is also 1 : 1 with the guest molecule
occupying two possible positions as shown in Fig. 8. The dis-
tribution of occupancies is 80% for the major position and
20% for the minor position. The molecule in the minor position
is almost perpendicular to the molecule in the major position,
as shown by the orange (major position) and green mole-
cules (minor position) in Fig. 9. No significant interactions
CrystEngComm, 2014, 16, 4126–4132 | 4129

Fig. 6 Capped stick representation of a metallocyclic complex of
solvate 4. The benzene guest molecule is shown as ball and stick
models in green, orange and red in three possible positions as a result
of solvent disorder.

http://creativecommons.org/licenses/by/3.0/
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Fig. 7 Perspective view perpendicular to a one dimensional channel
of solvate 4. (A) Benzene guest molecules are shown as ball and stick
models and, as a result of solvent disorder, the three possible positions
of the guest molecules are represented by the red, green and orange
molecules. (B) A space filling representation of the guest in the
position of the red molecule. (C) A space filling representation of the
guest in the position of the green molecule. (D) A space filling
representation of the guest in the position of the orange molecule.
Anions are omitted for clarity.

Fig. 9 Perspective view perpendicular to a one dimensional channel
of solvate 5. (A) 1,4-Difluorobenzene guest molecules are shown
disordered over two positions as ball and stick models. (B) The primary
position of the guest is shown by the orange coloured molecules in
a space filling representation. (C) The secondary position of the
guest is shown by the green coloured molecules in a space filling
representation. Anions are omitted for clarity.
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can be identified between the host metallocycles and the
guest molecules.
[Ag2L2](BF4)2·C7H8 (6)

As in the case of 4 and 5, the toluene solvate (6) also
undergoes a transformation to the triclinic space group P1̄.
Fig. 10 shows the guest molecule in a 1 : 1 ratio with the host
metallocycle. The methyl group of the guest molecules is
4130 | CrystEngComm, 2014, 16, 4126–4132

Fig. 8 Capped stick representation of a metallocyclic complex of
solvate 5. The 1,4-difluorobenzene guest molecule is shown as a ball
and stick model in its position of primary occupancy (orange) and
secondary occupancy (green).
disordered over two positions of equal occupancy as shown
by the orange and green coloured atoms in Fig. 11.

It is interesting to note that the toluene solvate deviates
significantly from the overall trend of an increase in the
solvent accessible volume with an increase in guest volume.
Even though the van der Waals volume of toluene is the
largest of the series of guest molecules, it has the smallest
solvent accessible volume. Furthermore, ε in 6 is the largest
of the deviations observed and the neighbouring metallocycles
are stacked closest together, as is evident from the inter
Ag⋯Ag distances. Despite the significant deviations in 6,
there are no significant interactions between the host frame-
work and the guest molecules.

Crystal packing and comparison of structures

A packing diagram of 1 viewed along the stacking direction
of the metallocycles is compared to a similar view of the
This journal is © The Royal Society of Chemistry 2014

Fig. 10 Capped stick representation of a metallocyclic complex of
solvate 6. The toluene guest molecule is shown as a ball and stick
model and the methyl group is disordered over two positions of equal
occupancy.
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Fig. 11 Perspective view perpendicular to a one dimensional channel
of solvate 6. Disordered toluene guest molecules are shown in space
filling representation. Green and orange coloured atoms represent the
two equally occupied positions of the methyl group of the toluene
guest.
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packing arrangement of 3 in Fig. 12. This view shows how
π⋯π interactions stabilise the stacking of the cyclic units in
a “brick wall” motif. As the new solvent molecules travel
through the channels, displacing acetonitrile molecules in
the transformation from 1 to 3, the metallocycle host frame-
work needs to adapt its shape to accommodate the new guest
molecules. This adjustment takes place, for example, in the
form of tilting of the aromatic ring moieties and stretching
or contracting of the metallocycle by adjusting the inter- and
intramolecular Ag⋯Ag distance and the angles formed by
the corners of the metallocycle (N–C–C). These changes are
evident from a comparison of parameters given in Table 1 as
well as in the ESI.†

When comparing the six solvates we find that the
metallocyclic host frameworks are very similar. Upon closer
inspection of the structural parameters it is evident that the
host undergoes very subtle changes upon guest exchange. In
the series of structures presented here, the volume of the
guest molecule is gradually increased from 2–6 (67–99 Å3). A
consequence of increasing the size of the guest molecule is
that at some point the host : guest ratio has to decrease from
1 : 2 to 1 : 1 as observed by comparing the smaller, non-
aromatic guests with the larger, aromatic guests. If we
consider the aromatic- and non-aromatic guest molecules
separately the intramolecular Ag⋯Ag distance displays a
trend. There is an increase in this distance with an increase
This journal is © The Royal Society of Chemistry 2014

Fig. 12 (A) Metallocyclic units of 1 stack in a brick wall packing
arrangement that is stabilised by π⋯π interactions shown as dotted
green lines. This view directly along the channels of 1 is compared to a
similar view along the channels of 3 (B) to display the subtle difference
in the shape and packing arrangement of the host framework after
incorporation of a different guest into the channels of the host.
in the guest volume with the toluene solvate (6) being the
exception. A similar observation is made when comparing
the solvent accessible volume of the structures. It is interest-
ing to note that the empty host structure has the largest void
volume. It can be rationalised that the metallocycles of the
apohost expand significantly since there is no guest to
embrace. The other extreme is that the metallocycle col-
lapses in on itself. Interestingly this may occur as a SC–SC
transformation.7,9 ε adjusts between 1 and 6 degrees while
the intermolecular Ag⋯Ag distance changes only slightly
(7.0–7.1 Å). η adjusts by as much as 8.5 degrees in 2. The
largest values for η and θ are observed for 2 and 6, which can
be rationalised since these are the solvates with the smallest
and largest guests respectively in the series 2–6. The N–Ag–N
angle ranges between 175.5° and 179.0° and deviates from
linearity as the metallocycle adapts its shape to accommodate
the guest. Further adjustments are observed in the corners of
the metallocycles (the N–C–C angle ranges between 109.9°
and 111.7°).

Conclusions

We have shown that the acetonitrile molecules in the chan-
nels of compound 1 can be exchanged with acetone, chloro-
form, benzene, 1,4-difluorobenzene and toluene molecules to
yield solvates 2–6. The displacement of guest molecules
results in minor adjustments in the packing arrangement
and conformation of the host metallocycles in a SC–SC phase
transformation.

It could be postulated that limited weak interactions or
rather, close contacts as observed in some of these solvates
are responsible for the orientation of the guest molecules
with respect to the host framework. However, none of the
structures show host–guest or guest–guest interactions signif-
icant enough to direct and determine the position of the
guest molecules in the host framework unequivocally. In fact,
the contributions of these weak contacts are insignificant
when compared to the many other factors that determine the
crystal structure as Gavezzotti outlined in a recent article.14

We believe that incorporation of the various types of guest
molecules into the channels of the host takes place via
cooperative movement.15a,b During this process the host
framework adapts to the shape of the guest molecules in a
shape-fit manner.

Very little data exist in the literature of single-crystal
replacement of guest molecules in zero-dimensional coordi-
nation compounds. It is envisioned that a large database
of discrete coordination complexes incorporating different
solvent molecules may provide sufficient information to
assist in gaining more insight into the mechanism of guest
exchange. Often the large solvent accessible space in MOFs
presents difficulties with modeling guest molecules from
SCD experimental data. In this regard, metallocyclic com-
pounds are ideal candidates for SC–SC transformation
studies with the aim of investigating structure–property
relationships. We can, in effect, take “snapshots” of small
CrystEngComm, 2014, 16, 4126–4132 | 4131

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c4ce00244j


CrystEngCommPaper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

8 
M

ar
ch

 2
01

4.
 D

ow
nl

oa
de

d 
on

 1
1/

3/
20

25
 1

1:
08

:0
9 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online
organic molecules as they are captured by an appropriate
crystalline host.
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