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ABSTRACT: The thermostability of encapsulated xenon is
investigated in a series of isostructural crystalline sorbents. These
sorbents consist of metal−organic capsules, with the general
formula of [ConFe4−nL6]4− (n = 1, 2, 3, and 4), where L2− is an
organic linker with two sulfonate groups. In the crystalline sorbent,
guanidinium cations form H-bond networks with the peripheral
sulfonate groups in the solid state and trap xenon in the molecular
cavities, which are at least 2.7 times the volume of xenon. When
heated, the sorbent retains xenon up to 561 K, i.e., 396 K higher
than the boiling point of xenon. Furthermore, the thermostability
of trapped xenon can be modulated by varying the ratio of Co:Fe
in the crystalline sorbent. Elemental analysis on a single crystal by
energy dispersive X-ray spectroscopy confirms the homogeneous
distribution of Co and Fe in the sorbent. Structural analyses reveal that the expansion of capsule cavity is proportional to the Co:Fe
ratio, with increases of 0.049(1) Å and 6.4(8) Å3 in metal−metal distance and cavity volume, per substitution of Fe by Co center.
Steric repulsion between peripheral sulfonate groups is found to render a hypothetical face-centered cubic structure of
(C(NH2)3)4[Fe4L6] not accessible, which would have trapped xenon with exceptional thermostability. The stable and tunable
trapping of xenon in crystalline sorbents by oversized molecular cavities suggests a new strategy for separation and storage of xenon,
through introduction of kinetic barriers, such as H-bond networks.

■ INTRODUCTION
The noble gas xenon (Xe) plays myriad roles in modern
science, engineering, and medicine, and the applications are
growing in many areas. Over 9 tons of xenon are consumed
annually for medical purposes, mostly for its use as a volatile,
nontoxic general anesthetic.1,2 Emerging imaging modalities
with xenon will further increase the demand of xenon in
medical fields.3−5 Modern space exploration also fuels the
demand for xenon by employing large quantities of xenon for
spacecraft ion propulsion.6 Nowadays, xenon is collected as a
byproduct from air distillation plants.7,8 A second cryogenic
distillation is required to separate xenon from other noble
gases, which is energetically expensive and limits the current
supply. On the other hand, stable isotopes of xenon in gaseous
nuclear waste impose unnecessary volumetric cost for disposal,
which is commonly achieved by burial in deep geological
repositories.9 Extracting stable isotopes of xenon will both
lower the costs for nuclear waste disposal and provide an
additional source of xenon production.10 Thus, selective
sorbents for xenon that operate at near-ambient conditions,
such as atmospheric pressure and room temperature, will be
highly desirable for the production, storage, and even recycling
of xenon.

Extended solid materials, such as carbon-based solids,11−14

zeolites,15−17 and metal−organic frameworks (MOFs),18−22

have been explored as xenon sorbents. Surface residues, such as
hydrogen-bonding groups,23,24 polar substituents,25 unsatu-
rated metal sites,26,27 and nanostructures,28,29 have been
incorporated to induce favorable gas−surface interactions
and improve selectivity. Recently, MOFs with small pores
comparable to the diameter of xenon (∼4.3 Å)30 showed
considerable promise for kinetic separation, as the pores
selectively retain xenon over other smaller gases.14,18 Extended
solids certainly represent a class of promising xenon sorbents.
But understanding how a large ensemble of xenon atoms
interacts with an extended surface can be complicated and
oftentimes involves sophisticated theoretical modeling. To-
ward this end, experimental studies on discrete molecular
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capsules can provide complementary understanding of xenon−
host interactions on a molecular level.
Crystalline solids formed by molecular capsules with well-

defined cavities and well-characterized xenon−host interac-
tions have also shown great promise as xenon sorbents. These
capsules can adsorb gas with permanent porosity in the solid
state31 or encapsulate xenon in solution.32−38 Synthetic
optimization of the cavity volume and shape can result in
very stable xenon−host complexes. For example, xenon was
stably trapped in a trigonal crystal of cryptophane-111 to a
temperature as high as 563 K.34 Such high thermostability was
attributed to both the high xenon affinity of cryptophane-111
and intermolecular blockage of cavitand portals due to
molecular packing. This was evidenced by the 180 K lower
xenon dissociation temperature in another triclinic phase of

cryptophane-111, where the cavitand portals were not
hindered.34 As such, crystal packing can be as influential as
molecular design in determining the stability of the entrapped
gases in molecular sorbents.
Self-assembled metal−organic capsules with the general

formula [ConFe4−nL6]4− , where L2− = 4,4′-bis[(2-
pyridinylmethylene)amino][1,1′-biphenyl]-2,2′-disulfonate
and n = 0−4, were found to encapsulate xenon in solution39−41

and solid state (Figure 1a). Sequential substitution of each FeII
cation by high-spin CoII afforded incremental increase in xenon
exchange rate in aqueous solutions, up to 40-fold in
[(Xe)Co4L6]4− as compared to its all-FeII congener.39

Importantly, in the presence of guanidinium, (C(NH2)3)+,
the xenon−host complex [(Xe)ConFe4−nL6]4− can be readily
crystallized under atmospheric pressure of xenon. Each facet of

Figure 1. (a) Preparations of heterobimetallic capsules and the corresponding Xe-entrapped molecular crystals. (b) Representative demonstration
of the six H-bonds formed between (C(NH2)3)+ and interfacial sulfonate groups on each facet of ConFe4−n tetrahedra, as observed in 1−7. (c)
Chemical structure of the (C(NH2)3)+-capped MII

4 capsules in the solid state and illustration of the dihedral angle ∠CsulfonateCC′C′sulfonate (θ).
Gray, blue, red, yellow, dark green, and light blue spheres represent C, N, O, S, Fe/Co (MII), and Xe atoms, respectively. H atoms are omitted for
clarity except for those participating in H-bonding, which are represented by light green spheres.
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the [(Xe)ConFe4−nL6]4− tetrahedron was capped by one
(C(NH2)3)+ cation, which formed six nearly symmetric H-
bonds with three interfacial sulfonate groups, thereby sterically
blocking the exit of xenon (Figure 1b).40,41 While crystallizing
guest-free [Co4L6]4− was not feasible as shown in previous
studies,42 the guest-free and xenon-encapsulated isostructures
can be achieved in heterobimetallic [ConFe4−nL6]4− capsules,
where low-spin FeII centers stabilize the guest-free capsules.41

Xenon atoms were stably trapped in crystalline solids
beyond the time scale of structural analyses in previous
studies,40,41 especially considering that the molecular cavities
(>115 Å3) were much larger than the volume of xenon atoms
(∼42 Å3). Herein we investigated the tunable (C(NH2)3)+-
assisted encapsulation of xenon in a series of isostructural
ConFe4−n molecular sorbents with varying CoII:FeII stoichio-
metries. We explored the structural features that allowed
formation of the face-centered cubic phase in which all facets
of [MII

4L6]4− were capped by (C(NH2)3)+, in the absence and
presence of xenon. Having a consistent isostructural system, we
elucidate how subtle composition changes, reflected by the
CoII:FeII content, can substantially influence the empirical
structure and subsequently modulate the dissociation temper-
ature of xenon.

■ EXPERIMENTAL METHODS
General Considerations. Unless otherwise specified,

chemicals and solvents were purchased from commercial
vendors and used without purification. Deuterated solvents
were purchased from Cambridge Isotope Laboratories and
Sigma-Aldrich. Water was obtained from an EMD Millipore
purification system. Naturally abundant Xe gas (99.995%) was
purchased from the Linde Group. Anhydrous 4,4′-diaminobi-
phenyl-2,2′-disulfonic acid was prepared by evacuating the
commercial product (containing at most 30% H2O) in
dynamic vacuum (<4 Pa) at 393 K for 48 h. Picolinaldehyde
(PA) was purified via distillation at 313 K under dynamic
vacuum (<4 Pa) prior to use. Preparations of (C(NH2)3)4-
[Co1.8Fe2.2L6]·69H2O (2), (C (NH2)3)4[Co2.7Fe1.3L6]·73H2O
(3), (C(NH2)3)4[(Xe)0.8Co1.8Fe2.2L6]·69H2O (5), and (C-
(NH2)3)4[(Xe)0.7Co4L6]·75H2O (7), where L2− = 4,4′-bis[(2-
pyridinylmethylene)amino][1,1′-biphenyl]-2,2′-disulfonate,
were synthesized according to reported procedures.40,41

Elemental Analysis of Bulk Compounds. The S, Fe, and
Co content of bulk compounds was determined by inductively
coupled plasma optical emission spectroscopy (ICP-OES),
using a Spectro Genesis ICP-OES instrument. Samples were
digested and diluted in 3% (v/v) HNO3 such that the final
concentrations for S, Fe, and Co were approximately 165, 75−
25, and 25−75 ppm, respectively, prior to measurements. The
concentrations of each element were calculated and generated
by the operating program by linear regression. The Co/Fe
ratios were obtained by directly taking the ratios between the
concentrations for Co and Fe.
Elemental Analysis of Single Crystals. The S, Fe, and

Co contents of single crystal samples were determined by
energy dispersive X-ray spectroscopy (EDX), using a JEOL
7500F scanning electron microscope with an EDAX Octane
Elect detector and an accelerating voltage of 15 kV. In a typical
experiment, a crystalline solid suspended in isopropanol was
drop-cast onto an Al sample holder prior to measurements.
The data were analyzed using the APEX software package.
Thermostabilities of Encapsulated Xe Compounds.

The thermostabilities of compounds were examined by

thermogravimetric analysis followed by gas-phase mass
spectrometry (TGA-MS), using a NETZSCH STA F3 Jupiter
instrument coupled with GC−MS. In a typical experiment,
10−20 mg of solid was placed in an Al crucible, which was
then heated from 303 to 773 K with a 5 K/min ramp rate
under a He atmosphere. The mean dissociation temperatures
for xenon, Tm, were calculated by the following formula,

T T(Abs )/ (Abs )m i i i=

where Absi is the MS intensity at m/z = 131 (atomic mass for
most abundant 131Xe isotope) that was measured at temper-
ature Ti.

X-ray Structural Analyses. Single crystals of 1, 4, and 6
were directly coated with Paratone-N oil and mounted on
CryoLoop rods. The crystallography data for 1, 4, and 6 were
collected on a Bruker APEXII CCD area detector, employing
graphite-monochromated Mo Kα radiation (λMo = 0.71073 Å)
at 100 K. Rotation frames were integrated using SAINT,43

producing a listing of unaveraged F2 and σ(F2) values. The
intensity data were corrected for Lorentz and polarization
effects and for absorption using SADABS.44,45 The structures
were solved by the direct method using SHELXT and refined
by SHELXL46 within the OLEX2 interface.47,48 The internal
volumes in 1, 4, and 6 were estimated by SQUEEZE within the
OLEX2 interface (shown as “solvent mask” function).49

Detailed crystallographic analyses, disordered solvent mole-
cules, and refinement data can be found in the Supporting
Information and are listed in Table S1. All hydrogen atoms
were placed at calculated positions using suitable riding models
and refined using isotropic displacement parameters derived
from their parent atoms. Thermal parameters for all non-
hydrogen atoms were refined anisotropically. The solvent mask
procedure as implemented in OLEX2 was applied to the
structures of 1, 4, and 6 to account for severely disordered
H2O molecules that could not be properly modeled. A total of
5312, 5405, and 5828 electrons were found in solvent
accessible void volumes of 16675, 16670, and 16779 Å3 per
unit cell in the crystal structures of 1, 4, and 6, respectively.
These electron densities were ascribed to 66, 68, and 73 H2O
molecules for each [ConFe4−nL6]4− unit in the structures of 1,
4, and 6, respectively. The occupancies of encapsulated Xe
atoms were freely refined to give 0.8 and 0.7 Xe in structures 4
and 6.

Preparation of Stock Mixtures of ConFe4−n Molecules
({ConFe4−nL6}). The preparations of solid stocks of
{ConFe4−nL6} were based on the reported procedure.40

Mixtures of 1:3 and 3:1 equiv of CoSO4·7H2O:FeSO4·7H2O
were used in the syntheses to afford empirical mixtures of
{CoFe3L6} and {Co3FeL6}.

Preparation of (C(NH2)3)4[Co0.9Fe3.1L6]·66H2O (1). An
aqueous solution (18 mL) of about 5 mM {CoFe3L6} was
filtered and transferred to a test tube. One aliquot of 2 M
(C(NH2)3)2SO4 (1.8 mL) was injected to the bottom of the
test tube via a Hamilton syringe. The test tube was capped by a
rubber septum and left to stand for 2 weeks to yield dark
purple crystals of (C(NH2)3)4[Co0.9Fe3.1L6]·66H2O (1), which
was suitable for X-ray structural analysis. Crystallographic data
are summarized in Table S1. The yield of 1 was 69%. The
Co:Fe ratio was determined by ICP-OES.

Preparation of (C(NH2)3)4[(Xe)xConFe4−nL6]·yH2O. The
preparations of xenon-encapsulated crystals were based on
reported procedures.40,41 {CoFe3L6} and {Co3FeL6} were used
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as starting materials to yield dark purple crystals of (C-
(NH2)3)4[(Xe)0.8Co1.0Fe3.0L6]·68H2O (4) and (C(NH2)3)4-
[(Xe)0.7Co2.7Fe1.3L6]·73H2O (6), which were suitable for X-ray
structural analyses. Crystallographic data are summarized in
Table S1. The respective yields for 4 and 6 were 83% and 62%.
Co:Fe ratios were determined by ICP-OES.

■ RESULTS AND DISCUSSION
The preparations of guest-free and xenon-encapsulated
molecular crystals (C(NH2)3)4[Co1.8Fe2.2L6]·69H2O (2) and
(C(NH2)3)4[Co2.7Fe1.3L6]·73H2O (3), (C(NH2)3)4-
[(Xe)0.8Co1.8Fe2.2L6]·69H2O (5), and (C(NH2)3)4-
[(Xe)0.7Co4L6]·75H2O (7) were reported in previous stud-
ies.40,41 Following similar procedures, C(NH2)3)4-
[Co0.9Fe3.1L6]·66H2O (1), (C(NH2)3)4[(Xe)0.8Co1.0Fe3.0L6]·
68H2O (4), and (C(NH2)3)4[(Xe)0.7Co2.7Fe1.3L6]·73H2O (6)
were prepared (Figure 1a) for a systematic investigation in the
current study. Structural data are summarized in Table S1.
This series of compounds consists of three pairs of guest-free
and xenon-encapsulated sorbents with CoII:FeII ratios of 1:3 (1
and 4), 2:2 (2 and 5), and 3:1 (3 and 6). Crystallization of
guest-free [Co4L6]4− capsule was unsuccessful due to the
lability of high-spin CoII.42 Crystallization of [Fe4L6]4− in the
presence of (C(NH2)3)+ resulted in a different crystallographic
phase, in which only one facet of the capsule was capped by the
H-bonding network.50 The structural reason will be explained
in detail in the following sections.
Crystalline compounds 1−7 are isostructural and adopt a

face-centered cubic space group, Fd3. The exact Co:Fe content
in each compound was determined by ICP-OES. The almost
identical Co:Fe ratios between the guest-free and xenon-
trapped congeners (1 and 4, 2 and 5, and 3 and 6) suggest that
encapsulation of xenon induces a negligible influence on the
composition of the crystalline materials. In the structures for
1−7, each facet of the tetrahedral [ConFe4−nL6]4− molecules is
capped by one (C(NH2)3)+ cation, which forms six H-bonds
with interfacial sulfonate groups (Figure 1a). All metal centers
are crystallographically equivalent, and each metal center is
coordinated by three iminopyridyl moieties, residing in a
distorted octahedral environment. Because the Co−N bond is
longer than Fe−N (CoII is high-spin, while FeII is low-spin),
both M···M distances and internal volumes increase monotoni-
cally with increasing Co content, spanning the ranges of
12.875−12.981 Å and 115.5−129.8 Å3, respectively (solid
circles and empty diamonds in Figure 2). This observation
suggests that the average cavity volume can be tuned by simple
“doping” with FeII or CoII centers. The respective increases in
M···M distance and internal volume are 0.049(1) Å and 6.4(8)
Å3 per substitution of FeII by CoII. The presence of xenon has a
negligible influence on the M···M distances and internal
volumes, as evidenced by the nearly superimposable trends for
both the guest-free and xenon-bound congeners (Figure 2).
This is attributed to the much larger cavities in 1−7, which are
2.7−3.1 times greater than the volume of a xenon atom (∼42
Å3) and additional constraints from the H-bond networks
induced by (C(NH2)3)+.
The dihedral angle ∠CsulfonateCC′C′sulfonate, which is denoted

as θ, bridges two neighboring (C(NH2)3)+ molecules and
appears to influence the formation of the Fd3 crystal phase
(Figure 1c). As summarized in Table 1, the angles θ for
structures 1−7 fall in a small range (86.3−90.4°) and are
approximately proportional to the Co content (Table 1). By
comparison, the structure for (C(NH2)3)4[Fe4L6], where only

one facet is capped by (C(NH2)3)+, shows two θ values,
88.6(2) and 95.5(2)° for the atoms that participate in and lack
H-bonding, respectively.50 The association of the first
(C(NH2)3)+ cation likely renders θ on other sulfonates not
suitable to accommodate additional (C(NH2)3)+ molecules.
This hypothesis is consistent with the shorter Fe−N bond
length compared to Co−N, leading to more contracted and
rigid portals in Fe4L6 capsules. The fact that compounds 1−7
afford the desired all-facet-capped structures is attributed to
the structural flexibility introduced by the high-spin CoII
centers. The upper limit for θ that allows for H-bonding
with (C(NH2)3)+ can be estimated to reside between 90.4(7)
and 95.5(2)° (Table 1 and Figure S1). Note that [Fe4L6]4− can
be crystallized in the Fd3 space group, in which all facets are
capped by less sterically hindering [Fe(H2O)6]2+ cations, as
compared to (C(NH2)3)+.

42 The angle θ in (Fe(H2O)6)2-
[(X)Fe4L6], where X denotes an unidentified guest molecule, is
87.0(5)° (Table 1), well within the range of values for 1−7.
The larger θ in (Fe(H2O)6)2[(X)Fe4L6] is likely responsible
for its larger internal volume,42 despite the shorter M−M
distance than those in 1 and 4 (Figure 2). The above
discussions suggest that the desired all-facet-capped structure is
not limited to the combination of ConFe4−nL6 and (C-
(NH2)3)+. Such tunability is particularly important to design
morphology and permanent porosity in future studies.
Through the above systematic structural analysis, we can
conclude that θ being in the range of 86−91° is the criterion
for [M4L6]4− capsules to afford similar isostructural materials,
assisted by C3-symmetric H-bonding cations.
To probe the homogeneity of Fe and Co contents in the

crystalline sorbents, representative elemental analyses using
SEM-EDX were carried out on a single crystal of 2 (Figure 3).
The distributions of O, S, Fe, and Co, which are expected
elements from the metal−organic capsules, are in great
agreement with the defined area of the crystal in the SEM
image. Superimposing the elemental maps for Fe and Co
further confirms the homogeneous distribution of both Fe and
Co (Figure 3, bottom right). Importantly, the abundance of Fe
and Co, as determined by the EDX spectrum (Figure S2 and

Figure 2. Summary of intramolecular metal−metal distances (black)
and internal volumes (red) with respect to Co content in
[ConFe4−nL6] cages. Stars represent data from reported (Fe-
(H2O)6)2[(X)Fe4L6],

42 where X stands for an undefined guest
molecule. Empty diamonds and solid circles represent data from
compounds 1−3 (guest-free) and 4−7 (Xe-encapsulated), respec-
tively.
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Table S2) suggests a 1:1 Fe:Co ratio, which is well consistent
with the bulk Fe:Co ratio determined by ICP-OES. The
combined elemental analyses for bulk material and single
crystals indicate that the guanidinium-assisted crystallization of
the capsules did not induce microphase separation.
The thermal stabilities of sorbents and the encapsulated

xenon atom were investigated by thermogravimetric analyses
coupled with gas-phase mass spectrometry (TGA-MS). For
guest-free compounds 1−3, as temperatures increase from 303
to 423 K, the sample weights drop to ∼92% with concomitant
release of crystallizing H2O, as evidenced by the rising MS
signal at m/z = 18. The sample weights then stay constant up
to ∼593 K, beyond which two consecutive reductions in
weight occur, both of which are accompanied by the release of
H2O and CO2, as indicated in the MS chromatographs
monitored at m/z = 18 and 44, respectively (Figures S3−S5).
Because the experiments were conducted in an inert
atmosphere of He, the releases of H2O and CO2 that occurred
above 593 K are attributed to intramolecular degradation of
the materials, likely caused by reduction of sulfonate groups
and oxidation of the aryl linkers. For xenon-trapped
compounds 4−7, the release of crystallizing H2O and oxidative
degradation-generated CO2 and H2O occur at similar temper-
atures as 1−3 (Figures S6−S9). In addition, the sample
weights reduce subtly by 2.0−3.5% over the range of 393−573
K, with concomitant rising MS signal at m/z = 131, indicating
the release of encapsulated xenon (Figure 4). Note that the
weight percent of xenon in the generic formula (C(NH2)3)4-
[(Xe)ConFe4−nL6] is ∼3.6%, which closely resembles the
experimental reduction in mass due to the release of xenon.
Particularly in the case of 4, a significant amount of Xe remains
encapsulated until the oxidative degradation of the material
(Figure 4, bottom plot). The mean dissociation temperatures,
Tm, at which 50% of xenon was released, are 425, 464, 515, and
561 K for 7, 6, 5, and 4, respectively. The Tm values are
empirically proportional to the Fe content. The trend of
increasing Tm for Xe-encapsulated compounds 7−4 predicts an
even higher Tm for the hypothetical Fd3 phase of (C-

(NH2)3)4[(Xe)Fe4L6] (all facets are capped), which we are
currently unable to synthesize. However, the design strategy of
considering θ and other combinations of metal centers and H-
bond-donating cations may afford even more tunable Xe
sorbents with higher Tm. Note that the Tm of 561 K for 4 is
comparable to the Tm for the xenon-encapsulated complex of

Table 1. Summary of θ in Relevant MII
4L6 Structures

a

1 2a 3a 4 5a 6 7b (C(NH2)3)4[Fe4L6]c (Fe(H2O)6)2[(X)Fe4L6]d

θ (deg) 86.3(1) 86.2(1) 89.1(1) 86.9(1) 88.3(1) 89.9(1) 90.4(7) 95.5(2)/88.6(2) 87.0(5)
aSuperscripts a, b, c, and d indicate statistics that are obtained by analyzing structures reported in refs 41, 40, 50, and 42, respectively. The letter “X”
in d denotes an unidentified guest molecule.

Figure 3. EDX analyses of a crystal of 2 that was adhered to an Al
sample holder. Top left: SEM image of a crystal. EDX mapping for O
(top middle), S (top right), Co (bottom left), Fe (bottom middle),
and superimposed Fe and Co (bottom right), with each element
monitored at its Kα1 wavelength.

Figure 4. Summary of TGA-MS plots for (a) 4, (b) 5, (c) 6, and (d)
7. Black and red lines represent the thermogravimetric trace and the
chromatograph monitored at m/z = 131, respectively.
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cryptophane-111, despite 4 having nearly twice the internal
volume.34 The association constant for xenon for the smallest
member of [M4L6]4−, [Fe4L6]4−, was reported to be 16 M−1 in
D2O,39 which was over 1000-fold weaker than the one for a
water-soluble derivative of cryptophane-111, K = 2.9(2) × 104
M−1. Therefore, the high Tm in 4 and the tunable dissociations
of xenon in 4−7 are more likely attributed to tunable kinetic
stabilization induced by the H-bond network.

■ CONCLUSIONS
The foregoing data demonstrate the tunable thermal
dissociation of xenon in heterobimetallic ConFe4−n molecular
sorbents. Structural and elemental analyses in the solid state
reveal the presence and absence of xenon, the incremental
expansions/contractions of the [M4L6]4− capsules, and the
homogeneous distribution of both FeII and CoII. The dihedral
angle θ, which bridges two neighboring sulfonate groups,
dictates the formation of the desired face-centered cubic phase.
Such criteria will help in guiding future crystal engineering by
using [M4L6]4− capsules. The dissociation temperatures of the
encapsulated xenon are highly tunable, ranging from 425 K in
7 to 561 K in 4, which is nearly 400 K higher than the boiling
point of xenon. Unlike the extreme confinement observed in
cryptophane-111, the volume of the internal cavity in 4 is
nearly twice that of cryptophane-111.34 Previous solution-state
studies on [ConFe4−nL6]4− capsules revealed that xenon
affinities were significantly lower, and the xenon exchange
rates were faster than measured for cryptophane-111.39−41

Both factors are anticipated to promote xenon release. Hence,
the stable and tunable entrapment of xenon in 4−7 is
attributed to the physical barrier created by the guanidinium-
induced H-bond networks.
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