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Abstract: The macrocyclic cavitand MeMeCHy> is used as a template for the mechanochemical
synthesis of 0.2MeMeCH@RHO-Zn16(Cl21m)s2 (0.2MeMeCH@ZIF-71) and RHO-ZnBIm; (ZIF-
11) ZIFs. It is shown that MeMeCH: significantly accelerates the mechanochemical synthesis,
providing high porosity products (BET surface areas of 1140 m?/g and 869 m?/g, respectively).
Templation of RHO-topology ZIF frameworks constructed of linkers larger than benzimidazole
(HBIm) was unsuccessful. It is also shown that cavitands other than MeMeCH, —namely MeHCH,,
MeiBuCH,, HPhCH;, MePhCH,;, BrPhCH;, BrC5CH,—can serve as effective templates for the
synthesis of x(cavitand)@RHO-Znlm; products. The limitations on cavitand size and shape are

explored.
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1. EXPERIMENTAL DETAILS

1.1 General Details
Nanoparticulate zinc oxide (nano-ZnO, from NanoTek, 40-100 nm), imidazole (99%), 4,5-
dichloroimidazole  (98%), benzimidazole  (98%), 5-nitrobenzimidazole  (98%), 5,6-
dimethylbenzimidazole (98%), and theophylline monohydrate (99%) were purchased from Alfa
Aesar. N,N-diethylformamide (DEF, 99%), and deuterium chloride (35 wt. % solution in D,0O, 99
atom % D) were purchased from Sigma-Aldrich. Chloroform (ACS cert.) was purchased from Fisher
Scientific. Deuterated chloroform (D, 99.8%) and dimethylsulfoxide (D, 99.9%) were purchased from
Cambridge Isotope Laboratories. All chemicals were used without further purification.
Anhydrous theophylline was prepared by heating theophylline monohydrate in a vacuum oven at
125 <C. The cavitands used - HPhCH;[1] H(4MePh)CHaz,[1] MeHCH,,[2] MeHCH:-6,[2]
MeHSiMe,,[3] MeMeCHy,[4] MeiBuCHy,,[5] MePhCH,,[6] BrC5CH_,[7] and BrPhCH[1] — were
prepared according to literature, and used after drying in a vacuum oven at 120<C for 24 h.

1.2 Instrumental Details
'H NMR spectra were collected on a Varian 400-MHz spectrometer at room temperature, using 5s
delay times and 64 averaged scans. All signals were referenced to the residual solvent peak. Spectra
were analyzed using MestReNova 8.1.4 [8] software package. Splitting patterns are labeled as singlet
(s), doublet (d), triplet (t), or quartet (q).
Powder X-ray diffraction (PXRD) patterns were collected using a Bruker APEX Il DUO CCD
area-detector diffractometer operating in transmission mode. The diffractometer was equipped with a
CCD detector using graphite monochromated CuK, radiation (1 = 1.54187 A) from an Incoatec 1uS
source. DUO samples were mounted either in a 0.5 mm Kapton® capillary tube, or on a standard
MiTegen® mount using silicon oil, and were irradiated for 90 seconds per scan while rotating about
the ¢ axis with three scans in the orientations of 20 = -12, -24, and -36< and w = 174, 168, and 162<
respectively. The diffraction data were integrated using Apex3 v.2016.5-0 software (3-40° 20, with a
0.02“step size).
Analysis of PXRD patterns was conducted using Panalytical X Pert Highscore Plus [9] software, and

raw data was converted into a suitable format using the PowDLL [10] program. Experimental patterns

S2



were compared to simulated patterns calculated from single crystal structures using Mercury [11]
crystal structure viewing software and/or the Lazy Pulverix [12] package implemented in X-Seed.
[13] Crystallographic Information Files containing published crystal structures were obtained from
the Cambridge Structural Database (CSD) or the Crystallography Open Database (COD).

Gas adsorption analyses were conducted on a Quantachrome Instruments Autosorb-1 sorption
analyzer. All samples were first activated by heating at 150 <C for a minimum of 18 hours, then
analyzed in a 6 mm bulb cell, at 77K, with N as the analysis gas. The samples were weighed 5 times,
liberally applying a static gun to the cells before each weigh, in order to reduce interferences from
static electricity. The average masses of the empty cell, full cell before and after outgas were used.
For a full isotherm 38 points were collected in adsorption mode, with P/Py ranging from 0.00001 to
0.9975, and 20 points were collected in desorption mode, with P/P, ranging from 0.9975 to 0.05. Data
were analyzed using the AS1 v. 1.55B software package and Microsoft Excel (for figure preparation).
BET surface areas were calculated using adsorption points at P/P, = 0.007, 0.009, 0.01, 0.02, and
0.03. Total pore volume and average pore size were determined from adsorption at P/Py = 0.955.
Pore size distribution was calculated using the Saito-Foley (SF) method using all adsorption points
below P/Po = 0.02.

LAG-aging reactions were conducted in a 10 mL PMMA (Form-Tech Scientific) or stainless steel
(InSolido Technologies) jar with one 7 mm (1.3 g) stainless steel ball bearing. The samples were
milled at 30 Hz for 2 min using a Retsch MM400 ball mill. All reactions were performed by liquid-
assisted grinding (LAG), where DEF was added into the jar before the start of milling with an
automatic pipette. Between milling reactions the jars and ball bearings were cleaned by first milling a
drop of water and =~ 500 mg of either silica gel, or a mixture of sodium bicarbonate and solid
detergent in them for 15 min, and then by sonicating in an aqueous ultrasound bath for 30-60 min.
After milling, the resulting paste was transferred into a capped glass vial and left to age at room
temperature. After the reaction was complete (based on PXRD), the reaction mixture was washed
extensively with chloroform (according to a procedure previously shown to remove all excess

template) and dried at room temperature under ambient conditions.
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2. SYNTHESIS AND CHARACTERIZATION OF RHO TOPOLOGY SUBSTITUTED ZINC
IMIDAZOLATES USING MeMeCH; AS A TEMPLATE
2.1. Synthesis of 0.2MeMeCH,@RHO-Zn15(Clz21m)s;

Nanoparticulate zinc oxide (small scale: 50 mg, 0.6 mmol, large scale: 382 mg, 4.7 mmol), 4,5-
dichloroimidazole (small scale: 170 mg, 1.2 mmol, large scale: 1.29 g, 9.4 mmol), MeMeCH, (small
scale: 200 mg, 0.3 mmol, large scale: 1.539 g, 2.4 mmol), and DEF (small scale: 200 uL., large scale:
1.53 mL) were milled together in a PMMA jar for 2 min at 30 Hz. The resulting dense paste was
transferred to a 5 mL glass vial and left to age. Reaction progress was monitored by PXRD (Figure
S5). When reaction has reached completion, as evidenced by the disappearance of ZnO X-ray
reflections from the powder pattern (approx. 4 days), the sample was washed extensively with
chloroform to remove excess MeMeCH,, vielding essentially phase-pure 0.2MeMeCH,@RHO-
Zn16(Cl2lm)so, with nearly quantitative conversion based on PXRD (Figure S2). The excess template
was recovered by evaporating the chloroform wash under low pressure and drying. It was reused in

further experiments.
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Figure S1. PXRD patterns of the washed 0.2MeMeCH2@RHO-Zny(Cl21m)z, product obtained by the LAG
Procedure (using DEF), after 4 days (top), and zinc oxide (bottom). Tick marks denote predicted peak positions
of the RHO topology Zn(ClzIm), (CSD code GITVIP, ZIF-71).
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The amount of enclathrated MeMeCH, in the final product was calculated from the *H NMR

spectrum (Figure S2) to be 1 MeMeCHy; per =~ 140 4,5-dichloroimidazole molecules.
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Figure S2. 'H NMR spectrum of washed 0.2MeMeCH2@RHO-Zn;6(Cl21m)s; product synthesized by LAG
using DEF, after aging for 4 days.

Nitrogen sorption analysis of 0.2MeMeCH2@RHO-Zn;6(Cl2lm)z; (Figure S3) reveals a type | isotherm.
The BET plot is linear and has a positive intercept, giving the surface area of 1140.5 m?/g. The
material maintains crystallinity and the RHO topology after activation, as evidenced by the post-

sorption PXRD pattern (Figure S4).
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Figure S3. a) N sorption isotherm at 77 K, and b) BET plot, of 0.2MeMeCH@RHO-Zn16(Cl21m)s, made by
the LAG DEF procedure, after 4 days of aging.
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Figure S4. PXRD patterns of the washed 0.2MeMeCH2@RHO-Zn16(Cl2lm)s. product obtained by the LAG
Procedure (using DEF), after 4 days, after activation and N, sorption analysis (top), and zinc oxide (bottom).
Tick marks denote predicted peak positions of the RHO topology Zn(Cl21m), (CSD code GITVIP, ZIF-71).

2.2. Control reaction and time monitoring of the LAG Procedure synthesis of
0.2MeMeCH,@RHO-Zns5(Clo1m)s;

As a control reaction, the procedure from section 2.1. was repeated without addition of the
cavitand template. Nanoparticulate zinc oxide (50 mg, 0.6 mmol), 4,5-dichloroimidazole (170 mg, 1.2
mmol), and 60 uL of DEF were milled together in a PMMA jar for 2 min at 30 Hz. The resulting
dense paste was transferred to a 5 mL glass vial and left to age. Reaction progress was monitored by
PXRD (Figure S5).

Similarly to the templated reaction, the non-templated control reaction also provides an RHO
topology zinc 4,5-dichloroimidazolate, namely RHO-Zn(ClzIm), (ZIF-71). However, monitoring of
the templated and non-templated reaction mixtures by PXRD over time shows that the templated
reaction is significantly faster. In fact, the templated reaction after 1 day shows approximately the
same conversion (based on relative amount of ZnO) as the non-templated reaction does after 35 days,
and while the non-templated reaction shows a large amount of residual ZnO after 3 days, the

templated reaction undergoes full conversion in that time, both on a small and large scale (Figure S5).
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This shows that not only does templation using MeMeCHy; help direct the topological outcome of a

mechanochemical synthesis, it also allows the reaction to proceed faster.
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Figure S5. Comparison of PXRD patterns for: a) - b) the reaction mixture from non-templated LAG Procedure
synthesis using HCl2lm after 3, and 35 days, respectively, ¢) - d) reaction mixture from templated LAG
Procedure synthesis using HCI21m after 1, and 3 days, respectively, e) the large scale templated LAG Procedure
synthesis of 0.2MeMeCH2@RHO-Zn16(Cl21m)s; after 4 days, f) calculated pattern of DEF@MeMeCHz, and g)
zinc oxide. Tick marks denote predicted peak positions of the RHO topology Zn(ClzIm), (CSD code GITVIP,
ZIF-71).
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2.3. Mechanochemical synthesis of RHO-ZnBIm; (ZIF-11)
Nanoparticulate zinc oxide (50 mg, 0.6 mmol), benzimidazole (145 mg, 1.2 mmol), MeMeCH, (200
mg, 0.3 mmol), and DEF (200 uL) were milled together in a PMMA jar for 2 min at 30 Hz. The
resulting dense paste was transferred to a 5 mL glass vial and left to age. Reaction progress was
monitored by PXRD (Figure S10). When reaction has reached completion, as evidenced by the
disappearance of ZnO peaks from the powder pattern (approx. 45 days, Figure S6), the sample was
washed extensively with chloroform to remove excess MeMeCH,, yielding essentially phase-pure
RHO-ZnBIm;, with nearly quantitative conversion. The excess template was recovered by
evaporating the chloroform wash under low pressure and drying. It was reused in further

experiments.
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Figure S6. PXRD patterns of the washed RHO-ZnBIm, product obtained by the LAG Procedure (using DEF),
after 45 days (top), and zinc oxide (bottom). Tick marks denote predicted peak positions of RHO-ZnBIm, (CSD
code VEJZOA, ZIF-11).

The *H NMR spectrum shows that there is no enclathrated MeMeCH; in the final product (Figure

S7).
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Figure S7. *H NMR spectrum of washed RHO-ZnBIm; product synthesized by LAG using DEF, after aging for
45 days.

Nitrogen sorption analysis of RHO-ZnBIm, (Figure S8) reveals a type | isotherm with slight
hysteresis in the mesoporous region. The BET plot is linear and has a positive intercept, giving a
surface area of 869.2 m?/g. The material maintains crystallinity and the RHO topology after

activation, as evidenced by the post-sorption PXRD pattern (Figure S9).
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Figure S8. a) N2 sorption isotherm at 77 K, and b) BET plot, of RHO-ZnBIm; made by the LAG DEF
procedure, after 45 days of aging.
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Figure S9. PXRD patterns of the washed RHO-ZnBIm; product obtained by the LAG Procedure (using DEF),
after 45 days, after activation and N sorption analysis (top), and zinc oxide (bottom). Tick marks denote
predicted peak positions of the RHO topology ZnBIm, (CSD code VEJZOA, ZIF-11).

2.4. Control reaction and time monitoring of the LAG Procedure synthesis of RHO-ZnBIm;

As a control reaction, the procedure from section 2.3. was repeated without addition of the cavitand
template. Nanoparticulate zinc oxide (50 mg, 0.6 mmol), benzimidazole (145 mg, 1.2 mmol), and 60
uL of DEF were milled together in a PMMA jar for 2 min at 30 Hz. The resulting dense paste was
transferred to a 5 mL glass vial and left to age. Reaction progress was monitored by PXRD (Figure
S10).

The non-templated control reaction provides very small amounts of RHO-ZnBIm, after a much
longer period of time, as evidenced by PXRD (Figure S10). Namely, the non-templated reaction
shows no sign of an RHO topology product after 3 days, and only a very small amount after 12 days,
with a very large amount of residual ZnO. Meanwhile, the templated reaction shows more conversion
after 3 days than the non-templated reaction after 12 days, and is nearly quantitative after 12 days
(Figure S10). This again demonstrates that MeMeCHy significantly accelerates the synthesis of the

RHO topology product.
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Figure S10. Comparison of PXRD patterns for the time monitoring and control reactions in the synthesis of
RHO-ZnBIm,: a) - b) the reaction mixture from non-templated LAG Procedure synthesis using HBIm after 3,
and 12 days, respectively, c) - d) reaction mixture from templated LAG Procedure synthesis using HBIm after
3, and 12 days, respectively, e) calculated pattern of DEF@MeMeCHy:, and f) zinc oxide. Tick marks denote
predicted peak positions of the RHO topology ZnBlIm, (CSD code VEJZOA, ZIF-11).
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Figure S11. Comparison of PXRD patterns for products obtained from attempts to reproduce literature syntheses
of RHO-ZnBIm,: a) the original reported synthesis,[14] and b) — c) toluene templated synthesis [15] (2
attempts). Tick marks denote predicted peak positions of the RHO topology ZnBIm, (CSD code VEJZOA, ZIF-
11).
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2.5. Templated mechanochemical experiments using MeMeCH: and other ligands
Nanoparticulate zinc oxide (50 mg, 0.6 mmol), MeMeCH, (200 mg, 0.3 mmol), and DEF (200 uL)
were milled together with 1.2 mmol of different imidazole derivatives: 5-nitrobenzimidazole (205
mg), 5,6-dimethylbenzimidazole (185 mg), or theophylline (228 mg) in a PMMA jar for 2 min at 30
Hz. The resulting dense pastes were transferred to a 5 mL glass vial and left to age. Reaction progress
was monitored by PXRD (Figure S12). None of the reactions appeared to show any trace of an RHO
topology product, based on PXRD. The reaction using theophylline provided the known zinc
theophylline dihydrate after a year, while the reactions using 5-nitrobenzimidazole and 5,6-

dimethylbenzimidazole showed almost no conversion after 37 days, as evidenced by PXRD.
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Figure S12. Comparison of PXRD patterns for the templated solid-state reactions using theophylline, 5,6-
dimethylbenzimidazole, and 5-nitrobenzimidazole: a) predicted peak positions of zinc theophylline dihydrate
(CSD code CIBLIK), b) — c) the reaction mixture from the MeMeCH: templated LAG Procedure synthesis
using theophylline after 1 year (washed), and 22 days, respectively, d) reaction mixture from the MeMeCH:
templated LAG Procedure synthesis using 5,6-dimethylbenzimidazole after 37 days, €) reaction mixture from
the MeMeCH: templated LAG Procedure synthesis using 5-nitrobenzimidazole after 37 days, f) calculated
pattern of DEF@MeMeCHz, and g) zinc oxide. Tick marks denote predicted peak positions of the RHO
topology ZnBIm, (CSD code VEJZOA, ZIF-11).
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3. SYNTHESIS AND CHARACTERIZATION OF RHO TOPOLOGY ZINC IMIDAZOLATES

USING OTHER CAVITAND TEMPLATES

To further explore the scope of the templation effect, we employed a variety of cavitands other than
MeMeCH: in the mechanochemical synthesis of zinc imidazolates. We varied the top rim substituent,
the bottom rim substituent, the top rim linker, as well as the number of repeating units in the cavitand.
In a typical LAG-aging experiment, nanoparticulate zinc oxide, imidazole, the template, and DEF
were mixed inal:2:0.5:4 molar ratio, and milled in a PMMA jar for 2 min at 30 Hz. The resulting
dense paste was transferred to a 5 mL glass vial and left to age. Reaction progress was monitored by
PXRD. When reaction has reached completion, as evidenced by the disappearance of ZnO peaks from

the powder pattern, the sample was washed extensively with chloroform to remove excess cavitand.

3.1. LAG-aging reaction using HPhCH; as template
LAG-aging experiment was performed using nanoparticulate zinc oxide (48 mg, 0.6 mmol),
imidazole (82 mg, 1.2 mmol), HPhCH: (246 mg, 0.3 mmol), and DEF (200 uL). The mixture was
washed after 12 days, giving 0.8HPhCH.@RHO-Zn1slms,, as confirmed by NMR and PXRD (Figure
S14, S13). Interestingly, the PXRD pattern of 0.8HPhCH.@RHO-Znislms, shows very different
peak intensities compared to the other RHO materials (Figure S14). Namely, the (100) peak (at ~3°
20) that is normally very small in PXRD patterns of RHO topology zeolitic imidazolate frameworks
is very intense in this pattern, while the (110) peak — which is normally the dominant one — is much
smaller. In addition, there is significant broadening of several peaks, while the (100) peak is still
sharp. Both effects could be due to the large quantity HPhCH: trapped inside the double-8-rings of
the material, causing the phenyl feet to protrude into the LTA cage. The electron density in the cage
will affect peak intensities, while steric hindrance could cause twisting and breathing of the

framework itself, resulting in peak broadening.
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Figure S13. Comparison of PXRD patterns for 0.8HPhCH@RHO-Zn;slms, synthesized by the LAG-aging
procedure using HPhCH2 and washed after 12 days (top), and zinc oxide (bottom). Tick marks denote predicted
peak positions of a cubic unit cell, Pm-3m, a = 28.907(2) A, corresponding to xMeMeCH2@RHO-ZnsImay.
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Figure S14. 'H NMR spectrum (1 mL DMSO-d6, 50uL DCI) of 0.8HPhCH@RHO-Zn;glms,, synthesized by
the LAG-aging procedure using HPhCH:2 and washed after 12 days.
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3.2. LAG-aging reaction using H(4MePh)CH: as template
LAG-aging experiment was performed using nanoparticulate zinc oxide (17 mg, 0.2 mmol),
imidazole (28 mg, 0.4 mmol), H(4MePh)CH: (90 mg, 0.1 mmol), and DEF (70 uL). The mixture was
washed after 11 days, resulting in a mixture of products (major product is cag-Znlmy) that does not

contain any RHO topology product, as confirmed by PXRD (Figure S15).
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Figure S15. Comparison of PXRD patterns for cag-Znlmy, synthesized by the LAG-aging procedure using
H(4MePh)CH:2 and washed after 11 days (top) and zinc oxide (bottom), and the predicted PXRD pattern of
cag-Znlm, (middle, CSD code VEJYUF). Tick marks denote predicted peak positions of a cubic unit cell, Pm-
3m, a = 28.907(2) A, corresponding to xMeMeCH.@RHO-Zn:slms;.

3.3. LAG-aging reaction using MeHCH> as template
LAG-aging experiment was performed using nanoparticulate zinc oxide (40 mg, 0.5 mmol),
imidazole (68 mg, 1.0 mmol), MeHCH> (143 mg, 0.25 mmol), and DEF (145 uL). The mixture was
washed after 16 days, giving 1.6MeHCH@RHO-Zn;slms,, as confirmed by NMR and PXRD

(Figure S17, S16)).
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Figure S16. PXRD patterns of 1.6MeHCH2@RHO-Znislms, synthesized by the LAG-aging procedure using
MeHCH: and washed after 16 days (top), and zinc oxide (bottom). Tick marks denote predicted peak positions
of a cubic unit cell, Pm-3m, a = 28.907(2) A, corresponding to xMeMeCH.@RHO-ZnysIms,.
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Figure S17. *H NMR spectrum (1 mL DMSO-dg, 50uL DCI) of 1.6MeHCH2@RHO-Znslms,, synthesized by
the LAG-aging procedure using MeHCH: and washed after 16 days
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3.4. LAG-aging reaction using MeHCH:-6 as template
LAG-aging experiment was performed using nanoparticulate zinc oxide (25 mg, 0.3 mmol),
imidazole (42 mg, 0.6 mmol), MeHCH,-6 (136 mg, 0.15 mmol), and DEF (100 uL). The mixture was
washed after 5 days, giving MeHCH,-6@RHO-Znis1ms; as confirmed by NMR and PXRD (Figure

S19, S18).
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Figure S18. PXRD patterns of 5.8MeHCH2-6 @RHO-ZnsImsyprepared by the LAG-aging procedure using
MeHCH:-6, washed after 5 days (top), and zinc oxide (bottom). Tick marks denote predicted peak positions of
a cubic unit cell, Pm-3m, a = 28.907(2) A, corresponding to xMeMeCH@RHO-Znslms,.
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Figure S19. NMR spectrum (1 mL DMSO-dg, 50uL. DCI) of 5.8MeHCH2-6@RHO-Znislms;, synthesized by
the LAG-aging procedure using MeHCH:-6 and washed after 5 days

3.5. LAG-aging reaction using MeHSiMe; as template
LAG-aging experiment was performed using nanoparticulate zinc oxide (96 mg,1.2 mmol), imidazole
(163 mg, 2.4 mmol), MeHSiMe; (450 mg, 0.6 mmol), and DEF (400 uL). The mixture was washed
after 11 days, giving a mixture of products, with the major being cag-Znlmg, and containing no RHO

topology product, as confirmed by PXRD (Figure S20).
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Figure S20. PXRD patterns of cag-Znlmy, synthesized by the LAG-aging procedure using MeHSiMez, washed
after 11 days (top), and zinc oxide (bottom), and the predicted PXRD pattern of cag-Znlm;, (middle, CSD code
VEJYUF). Tick marks denote predicted peak positions of a cubic unit cell, Pm-3m, a = 28.907(2) A,
corresponding to xMeMeCH2@RHO-Zn;glmsy.

3.6. LAG-aging reaction using MeiBuCHy as template
LAG-aging experiment was performed using nanoparticulate zinc oxide (50 mg, 0.6 mmol),
imidazole (86 mg, 1.2 mmol), MeiBuCHz: (252 mg, 0.3 mmol), and DEF (250 uL). The mixture was
washed after 16 days, giving 0.3MeiBuCH;@RHO-Zn;slms;, as confirmed by NMR and PXRD

(Figure S22, S21).
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Figure S21. PXRD patterns of 0.3MeiBuCH2@RHO-Zn1slmsz, synthesized by the LAG-aging procedure using
MeiBuCH: and washed after 16 days (top), and zinc oxide (bottom). Tick marks denote predicted peak
positions of a cubic unit cell, Pm-3m, a = 28.907(2) A, corresponding to xMeMeCH.@RHO-Zn;slms,.
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Figure S22. *H NMR spectrum (1 mL DMSO-ds, 50uL DCI) of 0.3MeiBuCH2@RHO-Znsslms,, synthesized by
the LAG-aging procedure using MeiBuCH2 and washed after 16 days
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3.7. LAG-aging reaction using MePhCHy- as template

LAG-aging experiment was performed using nanoparticulate zinc oxide (25 mg, 0.3 mmol),
imidazole (42 mg, 0.6 mmol), MePhCH; (87% rctt : 13% rccc, 139 mg, 0.15 mmol), and DEF (100
uL). The reaction product was washed after 5 days, giving a mixture of xMePhCH,@RHO-ZnisImsy,
and nog-Znlmg, as confirmed by PXRD (Figure S24).

NMR analysis of the starting MePhCH- cavitand shows that it is a mixture of the rctt and rccc
isomers, in the ratio of 87:13. Similarly, the NMR analysis of the washed product (Figure S24) shows
that the encapsulated cavitand exactly mimics that stereochemical ratio, with the total cavitand :
imidazole ratio being 1:17.3. Unfortunately, calculating the incorporation of cavitand into the RHO
topology zinc imidazolate is impossible, as the relative quantities of the nog and RHO topology

products cannot be determined.
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Figure S23. PXRD patterns of the product of the LAG-aging procedure using MePhCHp>, washed after 5 days
(top), and zinc oxide (bottom), and the predicted PXRD pattern of nog-Znlm, (middle, CSD code: HIFWAYV).
Tick marks denote predicted peak positions of a cubic unit cell, Pm-3m, a = 28.907(2) A, corresponding to
XMeMeCHz@RHO—Zn15Im32.
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Figure S24. *H NMR spectrum (1 mL DMSO-ds, 50uL DCI) of the product of the LAG-aging procedure using
MePhCHz2, washed after 5 days. Red stars denote signals of the rccc sterecisomer.

3.8. LAG-aging reaction using BrC5CH; as template
LAG-aging experiment was performed using nanoparticulate zinc oxide (25 mg, 0.3 mmol),
imidazole (42 mg, 0.6 mmol), BrC5CH, (133 mg, 0.15 mmol), and DEF (100 uL). The mixture was
washed after 5 days, giving 0.2BrC5CH;@RHO-Zn;s1ms,, as confirmed by NMR and PXRD (Figure

$26, S25).
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Figure S25. PXRD patterns of 0.2BrC5CH2@RHO-Znislms,, synthesized by the LAG-aging procedure using
BrC5CH: and washed after 5 days (top), and zinc oxide (bottom). Tick marks denote predicted peak positions
of a cubic unit cell, Pm-3m, a = 28.907(2) A, corresponding to xMeMeCH.@RHO-ZnyIms,.
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Figure S26. *H NMR spectrum (1 mL DMSO-ds, 50uL DCI) of 0.2BrC5CH@RHO-Zn;slms;, synthesized by
the LAG-aging procedure using BrC5CHz2 and washed after 5 days
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3.9. LAG-aging reaction using BrPhCHy- as template
LAG-aging experiment was performed using nanoparticulate zinc oxide (15 mg, mmol), imidazole
(24 mg, mmol), BrPhCH, (99 mg, mmol), and DEF (56 uL). The mixture was washed after 7 days,

giving 0.6BrPhCH2@RHO-Znislmsz, as confirmed by NMR and PXRD (Figure S28, S27).
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Figure S27. PXRD patterns of 0.6BrPhCH2@RHO-Znis1ms,, synthesized by the LAG-aging procedure using
BrPhCH: and washed after 7 days (top), and zinc oxide (bottom). Tick marks denote predicted peak positions
of a cubic unit cell, Pm-3m, a = 28.907(2) A, corresponding to xMeMeCH2@RHO-Zn;slma,.
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Figure S28. 'H NMR spectrum (1 mL DMSO-ds, 50uL DCI) of 0.6BrPhCH2@RHO-Znislms,, synthesized by
the LAG-aging procedure using BrPhCH: and washed after 7 days.
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