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Abstract: The “disappearing polymorph” phenomenon is
well established in organic solids, and has had a profound
effect in pharmaceutical materials science. The first example
of this effect in metal-containing systems in general, and in
coordination-network solids in particular, is here reported.
Specifically, attempts to mechanochemically synthesize a
known interpenetrated diamondoid (dia) mercury(ll) imida-
zolate metal-organic framework (MOF) vyielded a novel,
more stable polymorph based on square-grid (sq/) layers. Si-
multaneously, the dia-form was found to be highly elusive,
observed only as a short-lived intermediate in monitoring

\

solvent-free synthesis and not at all from solution. The de-
stabilization of a dense dia-framework relative to a lower di-
mensionality one is in contrast to the behavior of other imi-
dazolate MOFs, with periodic density functional theory (DFT)
calculations showing that it arises from weak interactions, in-
cluding structure-stabilizing agostic C—H--Hg contacts. While
providing a new link between MOFs and crystal engineering
of organic solids, these findings highlight a possible role for
agostic interactions in directing topology and stability of
MOF polymorphs.

/

Introduction

Metal-organic frameworks (MOFs)™ are one of the most active
and prolific areas of contemporary materials chemistry, due to
their modular design that permits rational incorporation of a
diverse range of metal ions and suitably functionalized organic
linkers into functional solid-state structures.”’ Although a sig-
nificant amount of effort has been invested into developing
materials with new and/or improved properties,® fundamental
and systematic studies of how the stability and topology of
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MOFs are affected by component choice and structure have re-
mained less developed.*>' Popular MOF designs have mostly
focused on lighter main group (e.g., Li,’ Mg,”” AI®)) and first-
row transition metals®'¥ with the exception of NbOFFIVE, UiO-
and NU-type MOFs based on Nb, Zr, or Hf.'""'" Although lan-
thanide-based systems have been known, including examples
of naturally occurring MOFs (e.g., the cerium-based dever-
oite),"®"¥ and recent work has started exploring elements of
the 6™ period (e.g. Th, U, Np) as nodes, the properties and for-
mation of MOFs with heavier members of the periodic table
remain poorly explored.”*?? Consequently, it is unknown to
what extent such heavy elements are compatible with, and
can bring novelty to, MOF designs. This is particularly relevant
for topologically flexible MOFs, a case in point being zeolitic
imidazolate frameworks (ZIFs)*® and other azolates,*” that are
prone to polymorphism and will adopt a wide range of topolo-
gies depending on metal and linker choice.”” Although it is
well known that such networks can adopt different topologies
depending on inclusion of solvent guests, the behavior of true
framework polymorphs, that is, structurally different materials
of identical chemical composition in which there are no includ-
ed guests, remains a poorly explored area of MOF chemistry
that has only recently sparked the interest of the research
community.?*?” Although the most popular ZIFs (e.g., soda-
lite-topology ZIF-8, ZIF-67) are based on open, microporous
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structures, our group and others have shown that their behav-
jor reflects that of inorganic tetrahedral solids,>*® with thermo-
dynamically stable true polymorphs of such materials being
dense, sometimes interpenetrated, three-dimensional (3D)
frameworks of zni-, dia- or gtz-topology.>*"!

We report here the unusual destabilization of such an inter-
penetrated, dense dia-topology ZIF (Figure 1a) relative to a
layered structure based on two-dimensional (2D) sqgl-sheets, in
a mercury(ll) imidazolate framework. Stabilization of the 2D

HgO + 2 HN/:;\N ——

+H,0

Figure 1. (a) View of the previously reported® crystal structure (CSD code
BAYPUN) of interpenetrated dia-Hg(Im), and (b) the herein explored mecha-
nochemical reaction. The symbol for mechanochemical reaction conditions
is adopted from Ref.[35].

structure is due to weak interactions that include short C—
H--Hg contacts, providing a unique example of intermolecular
agostic interactions contributing to thermodynamic selection
of a MOF structure. Although the herein reported new sql-
polymorph of mercury(ll) imidazolate is readily obtained using
different solution and solid-state techniques, the originally re-
ported dia-topology was almost impossible to reproduce,
except as a fleeting intermediate phase. The difficulty of ob-
taining a previously reported crystalline phase has been well
documented in crystal engineering of organic molecular solids
as the “disappearing polymorph” phenomenon, which is ex-
plained by the metastable nature of the first reported poly-
morph with respect to a subsequently observed, thermody-
namically more stable, phase. As this phenomenon has to date
been observed only in discrete molecular organic solids,?*"
the herein presented work represents, to the best of our
knowledge, the first documented example of the disappearing
polymorph phenomenon not only in MOFs, but also in the
broader context of coordination compounds and network
solids.?%3

Mercury (as Hg”") is attractive for investigating the effect of
heavy elements on ZIF chemistry, as it is the heaviest accessi-
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ble homologue of Zn?*, the most extensively used node in ZIF
design.?>?"" As ZIFs with Cd** have also been studied,®" using
Hg?" as a node offers a unique opportunity to explore MOF
formation across an entire series of homologous transition
metals.®? To date, there has been only one report of a mercu-
ry-based imidazolate framework, the dia-topology mercury(ll)
imidazolate Hg(Im),.?**¥ The framework (CSD code BAYPUN)
was reported to be isostructural to its cadmium analogue dia-
Cd(Im), that represents the dense, stable polymorph among
several known Cd(Im), structures.” Both dia-Cd(Im), and
-Hg(Im), were first reported in 2003 to be formed by precipita-
tion from aqueous solution, and were structurally characterized
from powder X-ray diffraction (PXRD) data by Masciocchi et al.
(Figure 1a)."¥ In 2006, Fernandez-Bertran et al. attempted the
synthesis of Hg(lm), mechanochemically,®>*? and established
that manual grinding of HgO and imidazole (HIm) led to partial
formation of a material with hexagonal symmetry, distinct
from dia-Hg(Im),.

Results and Discussion

Intrigued by the apparent difference in mechanochemical and
solution-based routes to Hg(lm),, we re-investigated the me-
chanochemical reaction by ball milling HJO and Him in the re-
spective 1:2 stoichiometric ratio (Figure 1b), a methodology
previously shown to be highly successful in making zinc
ZIFs.” Milling was performed in a 25 mL Teflon jar by using
one ZrO, ball (3.25 g, see Supporting Information). Chemical
reaction upon milling was evident by a change in color of the
reaction mixture from orange (due to HgO) to colorless. After
30 min milling, PXRD analysis revealed the total absence of
Bragg reflections of reactants, indicating complete conversion
(Figure 2a). Unexpectedly, the product exhibited X-ray reflec-

30 min neat milling
AN
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Figure 2. Comparison of selected PXRD patterns for the reactions of HgO
and HIm: (a) after 30 min neat milling; (b) after 30 min LAG with MeOH;
(c) after 18 h aging at 100% RH; (d) after 30 sec LAG with MeOH; (e) after
1.5 h aging at 100% RH; (f) simulated for dia-Hg(Im), (CSD BAYPUN); (g) si-
mulated for sql-Hg(Im), and measured for: (h) HIm; (i) HgO.
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tions that did not match either the dia-Hg(Im), structure or the
product of Ferndndez-Bertran et al.®®

The reaction was repeated with liquid-assisted grinding
(LAG),®” a method in which the reaction progress is accelerat-
ed and directed by small amounts of a liquid. The outcome of
the mechanochemical reaction did not change upon LAG with
different liquids, including methanol (MeOH, Figure 2b), N,N-di-
methylformamide (DMF), acetonitrile (MeCN), or water (see
Supporting Information). Moreover, attempts to prepare the
known dia-Hg(Im), by following the reported® solution syn-
thesis were unsuccessful, yielding a microcrystalline powder
with a PXRD pattern identical to that of the material made by
milling. Thermogravimetric analysis (TGA) of the product re-
vealed no weight loss until the decomposition temperature of
about 200°C, indicating that the material does not contain
guest solvent. Comparison of the samples prepared mechano-
chemically and from solution with scanning electron microsco-
py (SEM) revealed particles of similar block-shaped morpholo-
gy. However, different methods of preparation led to differen-
ces in particle sizes: mechanochemically made material exhibit-
ed particles with sizes of approximately 200-1000 nm, whereas
solution-made material consisted of elongated blocks mostly
in the 10-20 um range (see Supporting Information).

(@)

- measured
- simulated
residual
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(b)

Figure 3. (a) Final Rietveld refinement fit for the structure of sql-Hg(Im),: the
experimental PXRD pattern is shown in blue, the calculated pattern in red,
and the difference curve in grey. (b) View of a single layer of sq/-Hg(Im),
along the crystallographic c-axis. Comparison of the coordination geome-
tries of the metal node in: (c) sqgi-Hg(Im), and (d) dia-Hg(Im),, with hydrogen
atoms omitted for clarity.
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The PXRD pattern of mechanochemically prepared material
was readily indexed to an orthorhombic unit cell in the space
group P2,2,2, with a=9.4089(4)A, b=7.64143)A, c=
5.3625(2) A, and V=385.55(3) A%. Structure solution and Riet-
veld refinement revealed a polymorph of Hg(lm), based on
two-dimensional (2D) sheets with a square-grid (sq/) topology
(Figure 3a,b).

In contrast to the previously reported dia-Hg(Im),, in which
Hg?" adopts a roughly tetrahedral coordination with N-Hg-N
angles in the range of 98.3-117.7° and Hg—N bonds in the
range of 2.18-2.32 &, the geometry of Hg?" in sql-Hg(lm), is
highly distorted, best described as “see-saw” (Figure 3c). Spe-
cifically, the environment of each Hg”" is defined by two short-
er [2.18(2) Al Hg—N bonds at an angle of 156.1(6)°, and a pair
of longer ones [2.31(2) A], at an angle of 104.6(7)° (Figure 3d).

The geometry can be described more quantifiably by means
of the 1,°¥ and 1,? structural parameters, which are derived
from metal-centered bond angles. Values of 1, close to 1 imply
a tetrahedral geometry, those close to 0 a square planar ar-
rangement, and intermediate values are associated with vari-
ous sawhorse structures. For the sql-Hg(lm), structure, t,=0.60
and t,/=0.28. This value of t, corresponds to a sawhorse ge-
ometry, slightly distorted toward a tetrahedral configuration. In
this case, the low value of 1, indicates that the effective coor-
dination number of the metal may actually be higher than 4, a
situation first noticed in a complex with Hg--m interactions.””
In the present case, additional short H--Hg contacts, described
in more detail below, appear to fulfill this role. In contrast to
other reported sql-topology ZIFs, Ni(lm), (CSD ALIDUU)*" and
zinc benzimidazolate (CSD KOLYAM),“? where neighboring
layers arrange in an offset way, the sheets in sgl-Hg(Im), stack

a)
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Figure 4. a) Overlay of the fit (red) to the static solid-state 'Hg NMR
powder pattern of sgl-Hg(Im), (grey). The pattern shows that the chemical
shift tensor at the mercury nucleus has nearly axial symmetry (isotropic
chemical shift d,,,=—1212.5 ppm, span 2=1366 ppm, skew k=0.9);

b) overlay of the fit (red) to the static solid-state "'>*Cd NMR powder pattern
of dia-Cd(Im), (grey). The pattern shows non-axial chemical shift anisotropy
(isotropic chemical shift d,,,=438.2 ppm, span 2 =235.0 ppm, skew
K=-0.2).
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directly on top of each other (see Supporting Information). The
coordination of Hg®™ in sql-Hg(Im), is consistent with its axially
symmetric 'Hg solid-state nuclear magnetic resonance
(ssNMR) powder pattern (Figure 4a),¥ very different from the
anisotropic "*Cd pattern observed in dia-Cd(Im), (Figure 4b)
and would have been expected also for the '®Hg spectrum of
isostructural dia-Hg(Im),.

We were surprised that all explored mechanochemical and
solution-based experiments yielded only sql-Hg(Im),, without
any evidence of the previously reported polymorph dia-
Hg(Im),, or the hexagonal phase reported by Fernandez-
Bertran.®® Moreover, thermal analysis of sql-Hg(Im),, including
differential scanning calorimetry, thermogravimetric analysis
and variable-temperature PXRD all confirmed that the material
retained its structure until chemical decomposition at about
200°C (see Supporting Information). In contrast to unsuccess-
ful attempts to synthesize dia-Hg(Im),, we readily reproduced
the dense phase of zinc imidazolate (zni-Zn(lm),) and the
dense dia-Cd(Im), phase reported by Masciocchi et al.®® and
others,” using either mechanochemical or solution synthesis
(see Supporting Information). In an attempt to reproduce any
of the reported Hg(Im), phases, we explored a milder synthetic
route, by aging™” a 1:2 stoichiometric mixture of HgO and
Him at 100% relative humidity. Real-time PXRD monitoring™*’
(Figure 5a) revealed X-ray reflections of dia-Hg(lm), (Fig-
ure 2e,c), and Rietveld analysis of the in situ data revealed that
the content of dia-Hg(Im), increases for approximately 90 min,
after which it diminishes and sq/-Hg(Im), appears (Figure 5b).
After 140 min, the PXRD pattern exhibits only sgl-Hg(Im),. The
initial, short-lived appearance of dia-Hg(Im), in aging led us to
explore the milling reaction of HgO and HIm at short reaction
times. Indeed, PXRD analysis after 30 seconds LAG with MeOH
revealed the appearance of dia-Hg(Im), along with unreacted
HgO and Hlm (Figure 2d). After 1 min, the reaction mixture ex-
hibits only reflections of sql-Hg(Im),.

The difficulty in reproducing the previously reported dia-
Hg(lm), phase resembles the disappearing polymorph?*3”
phenomenon reported in molecular organic crystalline solids,
in which a first-reported polymorph is subsequently found to
be metastable and difficult to reproduce compared to a later
obtained, and usually more stable, polymorph. However, such
behavior has not yet been reported for metal-containing sys-
tems with either molecular or network structures. So far, inves-
tigations of phase landscapes for ZIFs based on four-coordi-
nate metal atoms have shown resemblance to zeolites and
other tetrahedral structures, with the phases of greater density
being the more stable ones. For dia- and sqgl-Hg(Im), the rela-
tive stabilities are not readily deduced from their calculated
densities, which are very similar: 2.87 and 2.88 gcm™, respec-
tively. However, the difficulty in synthesizing the dia-phase,
and the dia—sgql transformation seen in aging and milling, in-
dicates that the sqgl/-form should be the thermodynamically
more stable phase in the Hg(Im), system.” This was support-
ed by slurry shaking experiments, as there were no changes in
sample PXRD patterns upon shaking of sgl-Hg(Im), in either
water or common organic solvents (MeOH, ethanol, CH,CN,
CHCl;, acetone) over two days (see Supporting Information).
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Figure 5. Real-time monitoring of the aging reaction of HgO and Him by
PXRD: (a) time-resolved diffractogram, with diffraction patterns of selected
phases shown on top, and Bragg reflection of CeO, standard labeled with
“*". (b) reaction profile based on Rietveld fitting, demonstrating changes in
amount of HgO, dia- and sgl-Hg(Im),. Quantitative kinetics analysis was hin-
dered by preferred orientation in the static reaction mixture.

The stability of sgl-Hg(Im), was also validated by periodic den-
sity functional theory (DFT) calculations, performed with the
periodic DFT code CRYSTAL17"? using the hybrid B3LYP"”
functional combined with the Grimme D3 semiempirical dis-
persion correction,” which showed that the sgl-form is
10.21 kJmol™' lower in energy than the dia-one. This contrasts
with Zn(Im),"* and Cd(Im),, the most stable forms of which ex-
hibit three-dimensional (3D) zni- and dia-topologies, respec-
tively. The unexpected difference between our study and previ-
ous reports on Hg(Im), prompted us to perform similar calcula-
tions on the known dia-Cd(Im),, as well as on the hypothetical
sql-Cd(Im), structure that was obtained by DFT optimization of
a structural model obtained by replacing all mercury atoms in
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sgl-Hg(Im), with cadmium. In this case, the two structures
were found to have essentially indistinguishable energies, with
sql-Cd(Im), being just 0.39 kJmol™" more stable. The improved
stability of the dia-structure in Cd(Im), is consistent with the
herein confirmed experimental reproducibility (see Supporting
Information) and multiple previous observations of dia-
Cd(Im),.B"

Stabilization of the 2D sqg/-structure in Hg(lm),, compared to
a more extensively connected, interpenetrated 3D dia-frame-
work, is unexpected and, we believe, associated with weak in-
teractions between layers. This view is supported by calcula-
tions of the relative stabilities of dia- and sg/-Hg(Im), using the
B3LYP functional uncorrected for dispersion. Under such condi-
tions, which artificially ignore the contributions of van der
Waals interactions, the stabilities of the two structures become
inverted, with the dia-form becoming 7.81 kimol™' more
stable.

Whereas the sql-Hg(Im), structure reveals short contacts be-
tween neighboring layers, readily interpreted as C—H--t and
-7 interactions, it also exhibits short H--Hg contacts at
3.26(3) A, not present in the dia-form. Each Hg atom partici-
pates in two such contacts with symmetry-related imidazolate
groups (Figure 6). Most proposed van der Waals radii for Hg
range from 2.00 to 2.53 A" indicating that these contacts
might be roughly 10% shorter than the sum of van der Waals
radii of H (1.20 A) and Hg. The shortness of these contacts
lends itself to two possible explanations. The contacts can be
interpreted either as hydrogen-bonding interactions of the C—
H--Hg type, where the o*-orbital C—H moiety is interacting
with available electron density on the metal atom, or a C—
H--Hg agostic interaction,”" where the empty orbitals on the
metal ion are associated with the o-electron density of the C—
H bond.2% Of these two interpretations, the formation of

Figure 6. Fragment of the crystal structure of sgi-Hg(Im), illustrating the
short H-+Hg contacts between neighboring metal-organic layers. Hydrogen
atoms, except the ones relevant for illustrating the H--Hg contacts, have
been omitted for clarity.
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weak agostic bonds is the more likely one, as the metal node
is expected to be electron-poor in the +2 oxidation state, and
associated with four electronegative azolate ligands.

To better understand the nature of C—H--Hg interactions as
well as the unique appearance and energetic stability of sql-
Hg(lm),, as opposed to its hypothetical sq/-Cd(Im), analogue,
we performed Bader’s quantum theory of atoms in molecules
(QTAIM)®*>%! analysis on the DFT-optimized structures. Specifi-
cally, we searched for bond critical points (BCPs) as evidence
for structure-stabilizing interactions. The experimental sql-
Hg(Im), structure and the computationally generated isostruc-
tural sql-Cd(Im), structure display a very similar distribution of
non-covalent BCPs (Figure 7, also see Supporting Information),
with the exception of one BCP in the vicinity of the Hg atom
(Figure 7a). This critical point, which is the highest in the sql-
Hg(lm), structure, reveals a moderate bonding interaction
(0.074 electrons A~®) between the C—H group and the Hg
atom in neighboring layers (Figure 7a,b, see also Supporting
Information). This BCP coincides with the experimentally noted
short H-+Hg contact between layers and, importantly, it is re-
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Figure 7. The highest bond critical points (BCPs) for the experimental sql-
Hg(lm), (top) and theoretically generated sq/-Cd(Im), (bottom) structures:

a) structure plot showing a C—H--Hg bonding interaction with a BCP with
electron density (o) of 0.074 electronsA~® and a C—H--N bonding interaction
with a BCP with p of 0.061 electrons A= in sq/-Hg(Im),; b) 2D contour plot
showing the electron density distribution in sg/-Hg(Im),. c) Structure plot
showing a C—H--N bonding interaction with a BCP with p of 0.081 electro-
nsA=% in sg/-Cd(Im),; d) 2D contour plot showing the electron density distri-
bution in sq/-Cd(Im),. In all cases the green plane shows the orientation of
the contour plot slices. The plots indicate that the dominant interaction be-
tween the 2D layers of sq/-Hg(Im), framework occurs sidewise between the
C—H group and the metal atom, consistent with an agostic contact involving
the o-orbital of the hydrocarbon moiety. This contrasts the hypothetical
analogous structure based on cadmium (see Supporting Information), in
which the dominant interaction would be a C—H--N hydrogen bond.
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tained regardless of whether the dispersion correction is ap-
plied in structure optimization or not. The second highest BCP
in the sgl-Hg(lm), structure is also located near the metal
atom, but clearly represents a stabilizing C—H--N hydrogen-
bonding interaction.

The electron density analysis is different for the putative sql-
Cd(Im), structure, which does not exhibit any BCPs involving
the metal center. Instead, the highest BCP in the sg/-Cd(Im),
structure overlaps with the second-highest BCP of sql-Hg(Im),
and corresponds to a stabilizing C—H--N hydrogen-bonding in-
teraction between the metal-organic sheets (Figure 7c,d, see
also Supporting Information).

The Bader analysis shows that the short H--Hg contacts in
sgl-Hg(Im), are clearly of a stabilizing nature, and the position-
ing of their corresponding BCPs indicates a “side-on” interac-
tion of the hydrocarbon moiety and the Hg atom, which is
consistent with the participation of the C—H bond o-electron
density. Finally, the pair of short C—H--Hg contacts in sql-
Hg(Im), can be interpreted as completing the unusual see-saw
geometry, established by nitrogen azolate ligands, into a dis-
torted octahedron. All of these observations are consistent™
with the appearance of weak C—H--Hg agostic bonds?">%°>%¢
between metal-organic layers that contribute to the overall
stabilization of the sqgl-Hg(Im), structure. As BCPs correspond-
ing to such stabilizing contacts do not appear in the hypothet-
ical sql-Cd(Im), structure, they also provide a possible explana-
tion for the difference in structural preferences of dense
phases of mercury(ll) and cadmium(ll) imidazolates.

Conclusions

In summary, a re-investigation of an early report of mechano-
chemical MOF formation has revealed a novel, layered poly-
morph of a unique mercury(ll) imidazolate framework. Experi-
ment and theory indicate that the layered polymorph is ther-
modynamically more stable than the previously reported inter-
penetrated dia-framework, evidently due to weak intermolecu-
lar forces that include interlayer agostic C—H--Hg contacts. At
the same time, we were unable to obtain the originally report-
ed dia-structure in pure form and have observed it only as a
fleeting intermediate during solid-state synthesis, sometimes
not lasting more than a minute. The difficulty in reproducing
the dia-polymorph makes mercury(ll) imidazolate, to the best
of our knowledge, the first documented example of the disap-
pearing polymorph phenomenon in coordination chemistry.
This new parallel with crystal engineering of organic solids®” is
of high relevance for the ongoing commercialization of
MOFs.*® By analogy with organic pharmaceutical solids,*” for
which polymorphism and problems of phase nucleation®® are
recognized as major challenges in their development and in-
dustrial manufacture, the discovery of the disappearing poly-
morph phenomenon in coordination networks is of relevance
in the commercial development of MOFs, as some of the previ-
ously reported materials might prove difficult to reproduce.
The demonstrated stabilization of a layered structure marks
a striking contrast between Hg?" and its congeners Cd** and
Zn**, the imidazolates of which in their most stable form favor
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3D frameworks, highlighting the potential for differences in
MOF formation when using a heavy element compared to its
lighter congeners, and suggesting a possible role for even
weak agostic interactions®'™* in directing polymorphism in
MOF structures. We believe that the results of this work are of
significance for understanding the formation of layered MOFs,
which have recently become of considerable interest as func-
tional materials,®® and are pursuing further studies of systems
based on heavy elements.

Experimental Section

Experimental Details: The herein provided information is a gener-
al overview of selected procedures only. More extensive descrip-
tions and data on experimental and computational procedures,
structure analysis, as well as selected X-ray diffraction, infrared and
solid-state NMR spectroscopy data are provided in the Supplemen-
tary Information file.

Crystallographic data: CCDC 1948341 sql-Hg(Im), contains the
supplementary crystallographic data for this paper. These data can
be obtained free of charge from The Cambridge Crystallographic
Data Centre.

General information: HgO (>99%) and imidazole (HIm) (>99 %)
were purchased from Aldrich. Methanol (MeOH), N,N-dimethylfor-
mamide (DMF), and acetonitrile (MeCN) were purchased from ACP
Chemicals. All chemicals were used without further purification.
Mercury compounds should be treated with rigorous safety precau-
tions due to their toxicity. Care was taken at all times to avoid con-
tact with solid, solution, and air-borne particulate mercury com-
pounds. All reactions, equipment, and waste were treated and dis-
posed of properly.

Mechanochemical experiments: Reactions were conducted in a
Teflon milling jar of 25 mL volume, using one 7 mm diameter
(weight=23.29) zirconia ball, and either a Retsch MM400 or Retsch
MM200 mill operating at 25 Hz. In a typical experiment, a solid
mixture of HgO (108.3 mg, 0.50 mmol) and HIm (68.1 mg,
1.00 mmol, 1:2 stoichiometric ratio with respect to total mercury
content) was placed in a 25 mL Teflon jar along with either 50 uL
of MeOH, MeCN, DMF, water, or no additive, and the reaction mix-
ture was milled for a period of 30 min. The material was analyzed
without further treatment.

Synthesis of sg/l-Hg(Im), from solution: A 250 mL round bottom
flask was charged with a Teflon stirring bar, mercury(ll) acetate
(5.00 g, 15.7 mmol, 1 equiv), and Him (4.25 g, 62.4 mmol, 4 equiv).
Next, 100 mL of de-ionized water was added to the flask and the
solution was stirred. Agqueous ammonia (28% v/v) (7.01 mL,
68.1 mmol) was added slowly down the side of the flask. The reac-
tion was allowed to stir at ambient temperature for 3 h. The reac-
tion was then filtered and the isolated material was washed twice
with 25 mL portions of de-ionized water, washed once with 25 mL
of methanol and then dried.

Reactions by aging: Samples of HgO (108.3 mg, 0.50 mmol,
1 equiv) and HIm (68.1 mg, 1 mmol, 2 equiv) were ground sepa-
rately in a mortar and pestle. The two solids were placed in a vial
along with CeO, (17.6 mg, 10% w/w) as an internal X-ray diffrac-
tion standard. The mixture was agitated in a vial to create a homo-
genous mixture. A small portion of the mixture was then trans-
ferred to a custom designed PXRD sample holder*? with two
grooves ground into the surface. In each groove was placed
200 pL of water to act as a source of humidity. The holder was cov-
ered with a small sheet of Saran wrap to seal the chamber and

© 2020 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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generate a saturated humidity atmosphere. Samples were aged
under this atmosphere for 17.5 h, with PXRD patterns recorded pe-
riodically every 11.4 min.
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Mechanochemical synthesis of mercu-
ry(ll) imidazolate reveals a layered
framework that is, based on reaction
monitoring and theoretical calculations,
more stable than the previously report-
ed interpenetrated polymorph. The sta-
bilization highlights a role for weak
agostic contacts in MOF stability, where-
as the inability to reproduce the previ-
ously known form represents the first
example of the disappearing polymorph
phenomenon in coordination chemistry.
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