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Chemoselectivity Inversion of Responsive Metal-Organic
Frameworks by Particle Size Tuning in the Micrometer

Regime

Leila Abylgazina, Irena Senkovska,* Richard Engemann, Nadine Bénisch,
Tatiana E. Gorelik, Christopher Bachetzky, Ute Kaiser, Eike Brunner, and Stefan Kaskel*

Gated adsorption is one of the unique physical properties of flexible
metal-organic frameworks with high application potential in selective
adsorption and sensing of molecules. Despite recent studies that have
provided some guidelines in understanding and designing structural flexibility
for controlling gate opening by chemical modification of the secondary
building units, currently, there is no established strategy to design a flexible
MOF showing selective gated adsorption for a specific guest molecule. Ina
present contribution it is demonstrated for the first time, that the selectivity in
the gate opening of a particular compound can be tuned, changed, and even
reversed using particle size engineering DUT-8(Zn) ([Zn,(2,6-ndc),(dabco)],,,
2,6-ndc = 2,6-naphthalenedicarboxylate, dabco = 1,4-diazabicyclo-
[2.2.2]-octane, DUT = Dresden University of Technology) experiences phase
transition from open (op) to closed (cp) pore phase upon removal of solvent
from the pores. Microcrystals show selective reopening in the presence of
dichloromethane (DCM) over alcohols. Crystal downsizing to micron size
unexpectedly reverses the gate opening selectivity, causing DUT-8(Zn) to
open its nanosized pores for alcohols but suppressing the responsivity toward
DCM.

1. Introduction
solid.l"?

Switchable metal-organic frameworks (MOFs),['l whose unique

promising advanced materials for molecu-
lar sensing, gas storage, separation, cataly-
sis, and smart devices.[®]

The understanding of the flexibility
mechanism on the structural level is a
challenge by itself,’! but on top of it, the
responsive behavior of switchable MOFs
essentially depends also on crystals’ dimen-
sions and habits.I®l The downsizing of flex-
ible MOF crystals impacts their structural
dynamics and performance and even gen-
erates new intrinsic features differing from
the bulk.!”! The majority of flexible MOFs
experience changes in flexible properties
upon crystal size decrease.*"! Often, the
crystal downsizing to the nanoscale leads to
the rigidification of the materials and loss
of the phase transition ability.[®2=1°1 The
size regime responsible for rigidification
is material-dependent.®¢!11 One possible
explanation for the observed phenomenon
is the formation of a metastable phase
associated with kinetic suppression of
the phase transition due to the lack of

nucleation sites in nanocrystals in contrast to the bulk

They are also particular examples of MOFs, where the reduc-

features are intrinsic structural changes of large amplitude in
response to external stimuli, such as pressure,’! temperature,’!
light!*l incorporation/removal of guest moleculesl are

tion in crystal size results in a significant increase in flexibility.[**!

In general, the size and shape effects in flexible MOFs
are poorly understood, although the particle size and shape
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Figure 1. Crystal structure of DUT-8(Zn) in open a) and closed b) pore
phases. Color code: Zn — orange, C — grey, O — red, N - blue. CCDC-
2020029 for op, CCDC-2020030 for cp.

engineering open new horizons for tailoring and adjusting the
flexibility.l*] So far, tuning of the flexible behavior has been
mainly realized through primary structural features, ie., by
the change of the metal in the node or the chemistry of the
linker within the isoreticular MOF series.!!?8>".14] The particle
size adds a new, well-controllable parameter to the chemical
structure—properties relationship.!*>!!l

For prototypical noninterpenetrated gate-pressure MOF, DUT-
8(Ni) [Ni,(2,6-ndc), (dabco)],,, we could recently demonstrate that
the size of the crystals influences the ability to flex. The gate open-
ing characteristics in nitrogen physisorption at 77 K changes sys-
tematically with the particle size.[’]

DUT-8(M) (M = Ni, Co, Zn, Cu) represents a series of well-
studied compounds, differing in flexibility depending on the
metal incorporated into the paddle wheel.!'*d16] Naphthalene
units connect the paddle wheels into layers, which are, in turn,
pillared by dabco molecules into a 3D structure. The porosity is
guaranteed by the channels of 13 A in diameter, running along
the pillars (Figure 1a). The compound transforms to the closed
pore (cp) form (Figure 1b) with zero porosity upon removal of
guest molecules and can be reopened to the open pore (op) form
by adsorption, showing a gating isotherm profile. The cp phase of
DUT-8 is energetically below the op (AE(cp—op) for DUT-8(Zn)
is =70 k] mol~! per unit cell).['*] Gate opening is initiated if the
guest adsorbed in pores can stabilize the op form and the free
energy of the guestfilled framework becomes lower than that
of the cp phase. The mechanism of the structural transition in
DUT-8(Zn), as well as the crystal structures of the op and cp
phases, were recently reported by us in reference ['*l. The the-
oretical investigations on isoreticular pillared layer frameworks
clearly revealed a mechanism of first-order phase transition with
an interface between the op and cp form, traveling through the
crystallite.[!”]

The crystals of DUT-8 have an anisotropic, brick-like shape,
and we could show that the width of the brick is a determining
value, which is crucial for gas adsorption-induced phase tran-
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sition since it coincides with the entry of the pore channel.[**
Thus, the activation barrier for the gate opening is, obviously,
mechanistically connected to the crystal facets comprising the
pore entry windows accessible for the adsorptive. Nucleation of
the open pore phase is expected to begin on the outer surface of
the crystal on these particular facets.

DUT-8 does not close upon desolvation below a specific crit-
ical particle size; instead, it is trapped in the metastable open
pore form and does not show signs of flexibility.[**3] In contrast to
DUT-8(Ni), where the stabilization of the op form can be reached
for quite large crystallites (0.5 pm), the isomorphous DUT-
8(Zn) system shows flexible behavior even in the nanometer-
size regime, due to the superior softness of the Zn-based paddle
wheel.[15]

The dispersive stabilization of the cp phase is very pronounced,
making the macro-crystals nonresponsive for the majority of typ-
ical, gate-opening-inducing adsorptives, such as nitrogen and
carbon dioxide.[**] The cp to op phase transition in the macro-
crystals of DUT-8(Zn) could be triggered only by chloromethane
and dichloromethane molecules.['*<] Since heterogeneous catal-
ysis is one of the pillars of the chemical industryl*®*] and flexible
adsorbents operating in the liquid phase would enable the design
of catalysts with enhanced selectivity,[® the present work should
contribute to the understanding and disclosing the crystal (parti-
cle) size — solvent effects on liquid (vapor) phase adsorption in-
duced phase transition processes in flexible MOFs.

Liquid and vapor adsorption experiments performed for DUT-
8(Zn) revealed that crystal downsizing to the intermediate size
broadens the range of stimuli able to initiate the structural tran-
sition, adding some new adsorptives besides chloromethane and
dichloromethane. Moreover, we show for the first time, that the
particle size engineering enables manipulation of response se-
lectivity in a gate-opening MOF, demonstrating recognition of
chemically different adsorptives.

2. Results and Discussion

2.1. Response in the Liquid Phase

To study the influence of the particle size on the selective be-
havior of the DUT-8(Zn) in the liquid phase, samples in two
different size regimes were prepared, following the previously
reported protocol.'® Scanning electron microscopy (SEM) im-
ages, as well as derived particle size distributions (Figure 2; Table
S1, Supporting Information), show that the syntheses yielded a
macro-sized sample and a micron-sized sample with an average
crystal width of 160 and 0.6 pm, respectively (in the following, the
samples will be labeled as DUT-8(Zn)_160 and DUT-8(Zn)_0.6,
correspondingly).

As particle size, the dimension corresponding to the (110) crys-
tallographic plane (width) was considered because it was demon-
strated for DUT-8(Ni) that this facet represents the critical dimen-
sion in this pillared layer MOF.[*>¢]

To screen the switching ability of DUT-8(Zn) against the va-
riety of solvents, the DUT-8(Zn)_160 and DUT-8(Zn)_0.6 sam-
ples in the cp state were exposed to polar and nonpolar solvents
(Table 1).

Powder X-ray diffraction (PXRD) patterns for as-made crys-
tals containing N,N’-dimethylformamide (DMF) in the pores are

(© 2024 The Authors. Small published by Wiley-VCH GmbH
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Figure 2. SEM images and particle size distributions of macro-sized DUT-8(Zn)_160 a) and micron-sized DUT-8(Zn)_0.6 samples b).

in good agreement with the pattern calculated from DUT-8(Zn)
crystal structure (Figure S1, Supporting Information), which in-
dicates the purity of the phases obtained.'*] Desolvation of the

Table 1. Overview of the framework state after exposure to solvents. If the
mixture of the cp and op phases appears, the phase present in excess
is indicated in bold. The solvents disclosing size-dependent behavior are
dichloromethane (DCM), tetrahydrofuran (THF), and alcohols.

Solvent Marco-sized crystals Micron-sized crystals
DUT-8(Zn)_160 DUT-8(Zn)_0.6

Polar molecules: aprotic

DCM op cp

DMF op op

THF cp op

ACN op op

NMP op op

Acetone op op

Polar molecules: protic

EtOH cp op

n-PrOH cp op

iso-PrOH cp op

n-BuOH cp op

iso-BuOH cp op

n-PentOH cp op

Non-polar molecules: aprotic

n-hexane cp [+]
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samples after exchanging the solvent to DCM leads to the for-
mation of the cp phases, according to PXRD analysis (Figure S1,
Supporting Information). The state of the samples after the ad-
sorption experiment was monitored by PXRD (Figures 52 and
S3, Supporting Information). In particular, reopening of DUT-
8(Zn)_160 is possible in the presence of DMF, acetone, acetoni-
trile (ACN), and n-methyl-2-pyrrolidone (NMP) (Figure S2 , Sup-
porting Information; Table 1). Alcohols, tetrahydrofuran (THF),
and n-hexane do not provoke structural transition, whereas long
exposure to methanol (MeOH) or ethanol (EtOH) leads to decom-
position (Figure S4, Supporting Information).

Liquid adsorption experiments revealed that the behavior of
DUT-8(Zn)_160 crystals is, to some extent, similar to the behav-
ior of large DUT-8(Ni) crystals, namely selective response by a
structural transition and subsequent pore opening after exposure
specifically to almost all polar aprotic solvents, while polar protic
solvents, such as alcohols, cannot trigger the pore opening.!*’!

In contrast, soaking of DUT-8(Zn)_0.6 in a series of rep-
resentative alcohols (EtOH, n-, iso-propanol, n-, iso-butanol, n-
pentanol), as well as aprotic polar solvents (DMF, THF, ACN)
leads to almost complete reopening of the framework in all cases
(Figures S2 and S3, Supporting Information).

The particles downsizing has a decisive effect on the switch-
ing behavior: micron-sized cp crystals (DUT-8(Zn)_0.6) start to
respond not only to polar aprotic molecules but also to alcohols
and THF by framework reopening (Table 1, Figure 3). In return,
the fraction of the op phase in the sample exposed to DCM de-
creases for the small crystals (Figure S5, Supporting Informa-
tion). This effect was verified in a time-resolved study by *C

© 2024 The Authors. Small published by Wiley-WVCH GmbH
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Figure 3. PXRD patterns of DUT-8(Zn)_160 and DUT-8(Zn)_0.6 exposed
to EtOH and THF for 15 min.

cross-polarization magic angle spinning nuclear magnetic reso-
nance (CP MAS NMR) experiments.

This allows the monitoring of the liquid-induced phase transi-
tions in situl**?% based on spectral differences between cp and
op phases (Figure 4). First, the *C CP MAS NMR spectrum of
DUT-8(Zn)_0.6 in the cp phase after solvent removal exhibits rel-
atively broad lines. After the addition of n-PrOH to this cp sam-

carboxylate aromatic dabco

a)

I7?ppm1?1mm
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Figure 4. '*C CP MAS NMR spectra of DUT-8(Zn)_0.6. Black: after solvent
removal (cp phase); red and blue: after the addition of a) n-PrOH and
b) DCM. Selected spectral regions with significant signals are displayed
for clarity. The full spectral range is shown in ESI, Figure S12 (Supporting
Information).
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Scheme 1. Schematic illustration of DUT-8(Zn) responsivity depending
on particle size.

ple (Figure 4a), the signals significantly narrow within 1 h, indi-
cating the transition to the op phase after this time. Second, the
carboxylate signal occurs at 177 ppm in the cp phase and shifts
significantly to 171 ppm in the op phase.

A slight shift change also occurs for the signal at 47 to 48 ppm,
attributed to the pillaring dabco molecules. In contrast to n-
PrOH, the exposure of DUT-8(Zn)_0.6 (cp phase) to DCM does
not induce the phase transition for the major sample fraction.
Lines remain broad, and only a weak op phase signal at 171 ppm
appears within 5 h (Figure 4b).

These experiments demonstrate, for the first time, that the se-
lectivity of switching can be manipulated and tailored by particle
size engineering (Scheme 1).

2.2. Selective Adsorption of Vapors

It is known that in equilibrium, regardless of which state is ad-
sorptive, the chemical potentials of the adsorptive and adsorbate
in micropores are equal to each other. This means the adsorp-
tion isotherm must be unique not only upon gas adsorption but
also upon vapor and liquid adsorption.[?!] For the flexible MOFs,
however, the state of the adsorptive is reported to influence the
structural transition due to the kinetic factors.!™*]

For example, ACN can easily be adsorbed in the liquid state by
DUT-8(Zn)_0.6 and DUT-8(Zn)_160, but during vapor adsorp-
tion experiments, the pressure in the vapor adsorption measur-
ing system seems to be not sufficient to stimulate phase tran-
sition at 298 K (Figure S6, Supporting Information). The THF
vapor adsorption isotherms also show low uptake for both sam-
ples, despite the fact that DUT-8(Zn)_0.6 responds in the lig-
uid phase (Figure S7a, Supporting Information). However, by
increasing the temperature of adsorption to 303 K, the parti-
cle size-dependent behavior becomes more pronounced, and

(© 2024 The Authors. Small published by Wiley-VCH GmbH
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Figure 5. Vapor adsorption isotherms of: a) dichloromethane (reproduced
from Ref. [16¢] with permission from the Royal Society of Chemistry)
and b) ethanol on macro-sized DUT-8(Zn)_160 and micron-sized DUT-
8(Zn)_0.6 at 298 K.

DUT-8(Zn)_0.6 sample has a significantly higher uptake than
DUT-8(Zn)_160 (Figure 57b, Supporting Information).

The impressive effect of the particle size is visualized in the va-
por adsorption isotherms of ethanol and DCM at 298 K (Figure 5).

The pronounced gating isotherm with the gate opening pres-
sure of 0.8, corresponding to the structural transition from the
nonporous cp to the porous op phase, is observed for DCM in
DUT-8(Zn)_160. Sample DUT-8(Zn)_0.6, however, remains in
the cp phase. For ethanol, the behavior is completely opposite:
gating is observed for small DUT-8(Zn)_0.6 particles, but the
transition is hindered for DUT-8(Zn)_160 (Figure 5).

To investigate the phenomena observed in more detail, three
micron-sized DUT-8(Zn) samples (1.8, 1.3, and 1.0 pm in width
(Figure 6; Figures S9 and S10, Table S1, Supporting Information)
were produced via a modulated synthesis approach. In the case
of DUT-8(Ni), it was shown that the influence of crystal width
on adsorption has an exponential character.l’*! Therefore, the
width deviations in the micron size range impact the gate open-
ing characteristics more strongly than the width deviations in
large microcrystals.[*>9]
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2307285 (5 of 8)

www.small-journal.com

Scanning electron microscopy (SEM) images show that the
DUT-8(Zn)_1.8 sample crystallizes as cube-like particles, DUT-
8(Zn)_1.3 has rod-like morphology, and DUT-8(Zn)_1.0 crystals
are plates (Figure 6). The orientation of the crystallographic axes
of all samples was determined by election diffraction (Figure
S10, Supporting Information). As adsorptives, chloromethane at
249 K, dichloromethane at 312 K, and ethanol at 298 K were cho-
sen. From the physisorption experiments, it is evident that even
such relatively small particle size distribution critically impacts
the gating behavior.

For CH;CI (249 K), the threshold of minimum size is located
between 1.0 and 1.3 pm, since the gate opening was observed
for crystals with 160, 1.8, and 1.3 pm in width (with the uptake
reaching 78, 77, and 70% of a theoretical maximum, respectively
(Figure 7a; Table 52, Supporting Information), but the crystals
with 1.0 and 0.6 um in width remain in the cp state at the same
conditions.

Upon dichloromethane adsorption (298 K) only 58% of DUT-
8(Zn)_160 are structurally transformed from cp to op phase,
while DUT-8(Zn)_0.6 mostly remains in the cp phase (Figure 5;
Table S2, Supporting Information). Also, raising the temperature
to the boiling point does not change the situation significantly
(Table S2, Figure S8, Supporting Information), showing that the
activation energy for the adsorption of DCM is much higher than
that for the chloromethane.

For ethanol vapor, the responsivity threshold is again located in
the size regime between 1.3 and 1.8 um, and the DUT-8(Zn)_0.6,
DUT-8(Zn)_1.0, and DUT-8(Zn)_1.3 particles show framework
reopening reaching 77, 69 and 54% of theoretical uptake,

Width 1.8 ym
-

Crystal width (um)

Width 1.3 pm

10 15 20 25 30
Crystal width (pm)

Width 1.0 ym

-

05 10 15 20 25
Crystal widih {um)

Figure 6. SEM images and particle size distributions ofinvestigated DUT-
&(Zn) samples: a) DUT-8(Zn)_1.8 cubes, b) DUT-8(Zn)_1.3 rods, c) DUT-
8(Zn)_1.0 plates.
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Figure 7. Physisorption isotherms of a) chloromethane at 249 K; b)
ethanol at 298 K. Adsorption —filled symbols, desorption — open symbols.

respectively (Table S2, Supporting Information). The DUT-
8(Zn)_1.8 reaches 14% only, and DUT-8(Zn)_160 is not respon-
sive at all (Figure 7b). Obviously, after reaching the maximum
critical width, the crystals lose their responsivity toward ethanol.

Thus, remarkably, the change in the size of particles evokes
profoundly different effects on the phase transition behavior de-
pending on the adsorptive nature: in one case, the crystal down-
sizing leads to the gain in response (e.g., THF, EtOH), while for
other adsorptive the decrease in the crystal dimensions leads to
the responsivity loss (e.g., DCM, chloromethane).

This is a revolutionary new finding and, to the best of our
knowledge, the first report on the particle-size engineered se-
lectivity response, demonstrating recognition of chemically dif-
ferent adsorptives. In the case of DUT-8(Zn), the critical width
seems to be ~2 pm, where the responsiveness inverts (Figure 8).

The theoretical calculations performed on D UT-8(Ni) using os-
motic framework adsorbed solution theory on slabs, representing
nanoparticles, reveal that the fluid—framework interaction ener-
gies at the surface of the small particles combined with a com-
plex interplay of the capping groups interactions are unique for
each combination of MOF, capping group and fluid, which could
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Figure 8. The correlation of the framework response with particle width
for chloromethane at 249 K and ethanol at 298 K. Dashed lines are a guide
to the eye. The uptake is related to the maximum calculated for the crystal
structure.

be one possible explanation for the behavior observed in case of
DUT-8(Zn).12!

3. Conclusion

The particle size not only plays a decisive role in the switching
ability and contributes to the energetic barrier of the switching
transition in DUT-8(Zn) but also governs the selective response
to the given adsorptive. For some adsorptives, the crystal down-
sizing leads to the increased activation energy barrier, resulting
in the rigidification and loss of responsivity. But they are chemi-
cal species showing a totally opposite trend: crystals downsizing
lowers the activation barrier and grants the nonresponsive crys-
tals switchability. The reasons for such differences may be hidden
in the chemical nature of the adsorptive, causing the differences
in the adsorptive—particle surface interactions as well as in the
phase transition nucleation mechanism.

4. Experimental Section

Characterization Methods—Scanning Electron Microscopy: Measure-
ments were carried out by taking a secondary electron using 2 kV accel-
eration voltage and a working distance of 3.8-7.2 mm on a SU8020 from
Hitachi. Before the measurement, the samples were sputtered with Au 1o
enhance surface conductivity. SEM images of the crystals obtained were
analyzed by Image] software, and the corresponding particle size distribu-
tions were calculated.[?%]

Powder X-ray diffraction: PXRD patterns were obtained at room tem-
perature on an STOE STADI P diffractometer using Cu-Ka1 radiation
(4 = 1.5405 A) and a 2D detector (Mythen, Dectris). All measurements
were performed in transmission geometry using a rotating flatbed sample
holder, 20 steps of 0.015°, and exposition time of 20 s per step.

Physisorption: Chloromethane and vapor adsorption were measured
on a BELSORP-max apparatus equipped with a He closed cycle cryocooler
or circulation thermostat, respectively. All isotherms in *.aif format are
part of the ESI[24]

Electron Diffraction: For DUT-8(Zn)_1.0, the data were collected in
nano-diffraction geometry with the C2 condenser aperture of 50 um, and
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the effective beam diameter on the sample of 1 pm using a Thermofisher
(FEI) Titan 80-300, operating at an electron acceleration voltage of 300 kV,
equipped with a 2k Gatan MSC camera. For samples DUT-8(Zn)_1.3
and DUT-8(Zn)_1.8 electron diffraction data were collected with a Ther-
mofisher Glacios TEM operated at 200 kv on a CETA-D camera. 3D ED
datawere collected within the EPU-D Thermofisher module, the data were
processed in PETS2.[°]

Solid-State NMR Spectroscopy: The solid-state CP MAS NMR experi-
ments were carried out on a 300 MHz Bruker Avance spectrometer with
a commercial 2.5 mm double-resonance magic angle spinning probe at
10 kHz sample spinning rate and with a mixing time of 4 ms. 128 (for
n-PrOH-loading) or 64 (for DCM-loading) scans were accumulated with
a repetition time of 3 5. Spectra were referenced relative to TMS using
adamantane as a secondary reference for 1>C, resonating at 29.5 ppm.

Liquid-State NMR Spectroscopy: 'H NMR measurements (Figures
514 and S14, Supporting Information) were performed using a Bruker
AVANCE 300 MHz (300 MHz) spectrometer. The samples were dissolved
in DCI/D,0 and DMSO-d6 mixture.

Chemicals: Al chemicals were purchased from commercial suppli-
ers and used without further purification. Zn(NO3)5-6H,0 (99%), 2,6-
H,ndc (99%), dabco (99%) were purchased from Sigma Aldrich and N, N-
dimethylformamide (DMF) of reagent grade purity from Fisher Chemical.
Acetic acid (100%) and pyridine (99%), extra pure, were purchased from
Carl Roth and Acros Organics, respectively.

Synthesis of DUT-8(Zn)_160: The synthesis of DUT-8(Zn) reported by
Abylgazina etal. in 2020 was carried out to obtain macro-sized crystals.['6]
Typically, Zn(NO;3),+6H,0 (312 mg, 1.05 mmol, 1.7 eq.) is dissolved in
5 mL DMF, 2,6-H,ndc (227 mg, 1.05 mmeol, 1.7 eq.) is dissolved in 20 mL
DMF and dabeo (70 mg, 0.625 mmol, 1eq.) is dissolved in 5 mL DMF us-
ing ulrasound bath before mixing for 20 min. Subsequently, the resulting
solutions were slowly combined and heated in an oven at 378 K for 15 min.
After such pre-treatment, the solution was transferred into Pyrex tubes for
synthesis conducted at 393 K for 48 h. After cooling to room temperature,
the crystals were washed several times with DMF. Yield after drying (cp):
200 mg, 56% (based on Zn).

Synthesis of DUT-8(Zn)_0.6: Zn(NQO;),+6H,0 (446 mg, 1.5 mmol, 0.5
eq.) in 5 mL DMF, 2,6-H,ndc (296 mg, 1.37 mmol, 0.5 eq.) in 20 mL DMF
and dabco (336 mg, 3 mmol, 1eq.) in 5 mL DMF were dissolved separately
using ultrasound bath, mixed and stirred for 20 min. A cloudy suspension
was ultrasonicated for 1 h. Afterward, the mother solution was removed
by centrifugation, and the resulting particles were washed several times
with DMF. Yield after drying (cp): 340 mg, 67% (based on Zn).

Following synthetic procedures were adopted from Ref. [26]

Synthesis of DUT-8(Zn)_1.0:  First, 2,6-H,ndc (0.086 g, 0.40 mmol,
2eq.) was dissolved in DMF (12 mL) using an ultrasound bath. Afterward,
dabco (0.022 g, 0.20 mmol, 1eq.) was added to the solution. The resulting
solution was mixed with 0.3 mL pyridine. The second solution containing
Zn(CH;C0O;)5-2H,0 (0.120 g, 0.55 mmol, 2.7 eq.) in 18 mL of DMF was
prepared and added to the linker/dabco solution, resulting in a cloudy sus-
pension. It was transferred to a Teflonvessel (50 mLinvolume) and heated
at 373 Kin an autoclave for 24 h. After synthesis, the mother liquor was re-
moved by centrifugation, and the resulting particles were washed several
times with DMF. Yield after drying (cp): 69 mg, 52% (based on dabco).

Synthesis of DUT-8(Zn)_1.3: The linker 2,6-H,ndc (0.086 g,
0.40 mmol, 2 eq.) was dissolved in DMF (12 mL) using an ultrasound
bath. Afterward, dabco (0.022 g, 0.20 mmol, 1 eq.) was added to the
solution. The second solution was prepared using Zn{CH;CO,);-2H,0
(0.120 g, 0.55 mmol, 2.7 eq.), DMF (18 mL), and 0.5 mL of glacial acetic
acid. Then, the zinc acetate solution containing 0.5 mL acetic acid was
added to the reaction mixture. Two reaction solutions were combined and
treated by ultrasound for 10 min. A cloudy suspension was obtained after
mixing all chemicals, which was transferred to a Teflon vessel (50 mL) and
heated at 373 Kin an autoclave for 24 h. After synthesis, the mother liquor
was removed by centrifugation, and the resulting particles were washed
several times with DMF. Yield after drying (cp): 69 mg, 52% (based on
dabco).

Synthesis of DUT-8(Zn)_1.8: The 2,6-H,ndc (0.086 g, 0.40 mmol, 2
eq.) was dissolved in DMF (12 mL) using an ultrasound bath. After-
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ward, dabco (0.022 g, 0.20 mmeol, 1eq.) and 0.5 mL pyridine were added.
The second solution was prepared using Zn(CH;C0O5)5-2H,0 (0.120 g,
0.55 mmol, 2.7 eq.), 18 mL of DMF, and 0.5 mL glacial acetic acid. Both
solutions were combined, resulting in a cloudy suspension. It was trans-
ferred to a Teflon vessel (50 mL involume) and heated at 373 Kin an auto-
clave for 24 h. After synthesis, the mother liquor was removed by centrifu-
gation, and the resulting particles were washed several times with DMF.
Yield after drying (cp): 71 mg, 54% (based on dabco).

Solvent  Removal  (Activation): Samples were washed with
dichloromethane three times under renewal of supernatant nine
times during 3 days. To remove the solvent from the pores, the samples
were filtered in argon flow, evacuated, and heated up to 393 K for 16 h,
leading in all cases to the formation of the cp phase (Figures S1 and S9,
Supporting Information).

Exposure to Solvents (Liquid Phase Adsorption): To screen the switching
ability of DUT-8(Zn) against the variety of solvents, the macro-sized DUT-
8(Zn)_160 and micron-sized DUT-8(Zn)_0.6 samples in the cp state were
exposed to polar and non-polar solvents. Hence, 5 mg of the sample was
placed into the glass vials in the glove box and sealed by a cap with a
septum. The solvent of interest (3 mL) was added by a syringe outside of
the glovebox. The crystals were exposed to solvents for 24 h (if not stated
otherwise). Afterward, the powders were filtered out and PXRD patterns
were measured to monitor the structural state.

Supporting Information

Suppeorting Information is available from the Wiley Online Library or from
the author.
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