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Shizhe Wang, Dan Han et al.

In the field of perovskite solar cells, explorations of new lead-free all-inorganic perovskite materials are of great interest to
address the instability and toxicity issues of lead-based hybrid Unidirectional spin-wave edge modes in
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Improved dimensional stability of zero-thermal-expansion Cu,P,0,/ZL101
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Compositing negative-thermal-expansion materials with Al is an effective strategy for obtaining light zero-
thermal-expansion (ZTE) materials. However, the dimensional stability of those composites is ...
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Aerosol transmission is now well-establis g === v s-CoV-2 virus. Factors
influencing the transport of virus-laden pa SClIlghtiE%ﬁE ed computationally
and include human respiratory events, locations of the infected person(s), and the ventilation system
(ventilation mode, ventilation capacity, and vent schemes). “Breath,” “cough,” and “sneeze” are defined
quantitatively by the fluid jet velocities and pariicle sizes. For natural ventilation, most particles exhaled
by sneezing and coughing tend to deposit on surfaces quickly, but aerosol generated by breathing will
remain suspended in the air longer. For forced ventilation, motions of particles under different ventilation
capacities are compared. Larger particles otherwise deposited readily on solid surfaces may be slowed
down by airflow. Air currents also accelerate the motions of smaller particles, facilitating the subseguent
deposition of micrometer or sub-micrometer particles. Locations of the infected person(s) lead to
different spreading scenarios due to the distinctive motions of the particles generated by the various
respiratory events. Sneeze particles will likely contaminate the person in front of the infected passenger
only. Cough particles will increase the risk of all the people around the injector. Breath particles tend to
spread throughout the confined environment. An optimized vent scheme is introduced and can reduce
particles suspended in the air by up to 80% as compared with commonly used schemes. The
purification function of this vent model is robust to various positions of the infected passenger.
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ABSTRACT

Flexible metal-organic frameworks (MOFs), showing a reversible phase change behavior in response to guest adsorption or tempera-
ture, provide unique opportunities for molecular separation or energy storage applications. Hereln, we investigate the complex guest- and
temperature-responsive behavior of a functionalized MOF-5 derivative. The material is characterized by a geometrically rigid network struc-
ture that is decorated with dispersion energy donating hexyloxy substituents. Distinguished by the phenomenon of frustrated flexability, the
functionalized MOF-5 derivative switches between a highly crystalline, cubic structure and a semi-crystalline, aperiodically distorted struc-
ture depending on guest adsorption and temperature. Via a combination of several vartable temperature ghobal and local structure technigues
{x-ray diffraction, x-ray total scattering, and Fourler-transform [R spectroscopy), detailed bnsights Into the complementary disorder-order
transitions of the framework backbone and the dangling hexyloxy substituents are provided. Our results set the stage for the discovery of new
responsive MOFs exhiblting a more complex phase change behavior interfacing periodic and aperiodic structural changes,
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INTRODUCTION MOFs and those featuring extensive disorder. In particu-
ar, for meltable MOFs, their glassy state offers exciting prop-

PARFAOS

28

The imvestigation of functional materials, which change their
physical properties depending on external teiggers, s of ongo-
ing intevest for various fields of materials research. Metal-organic
frameworks (MOFs) are porous coordination polymers constructed
of inorganic building units {eg., metal lons and metal-oxo-cdusters)
joined by organic linkers. ~ A particularly fascinating subclass s
flexible MOFs,” which undergo structural changes as a function of
external stimuli, such as changes in temperature’ or mechanical
pressure, | guest uptake, © light irradiation,  or electric fields.
Their unique properties render these materials interesting for
applications in the fields of gas storage,'” separations,” chemical
sensing, ~ ' or as shock absorbers.

Drespite being typically associated with perfectly ordered and
crystalline structures, there is growing Interest In non-crystalline

erties, such as botropy, mechanical robustness, and the absence
of grain boundaries, which are advantageous for lonic con-
ductivity or processability, for example. Moreover, despite
sometimes belng very similar in chemical composition, noa-
crystalline and highly disordered MOFs may exhibit fundamen-
tally different properties from their crystalline counterparts in
the fields of catalysis, gas separation, of drug release.

Maturally, due to the lack of bng-range order, such mate-
rials are more difficult to characterize than thelr crystalline
counterparts. In particular, responsive MOFs, switching between
crystalline and non- or semi-crystalline states depending on the
environment or external triggers, are reported only rarely.

The understanding of such a Kind of unusual crystalline-to-non-
crystalline phase change behavior, however, lays the foundation

APL Mater. 11, M111B[Eﬂiﬁ‘3]; dob: 10. 10635 014418
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temperature (driving force: entropyl. The latter transformation (s
characterized by a sirong increase in Bragg scattering intensity fror
the material with increasing temperature along with a marked sharp -
entng of the scattering peaks and shifting of the peaks to lower
angles. We postubated that this behavior arises from thermal vibr -
tions of the alkexy skdechains, which entropically cutbalance the
enthalpic stabilization of the contracted aperiodic semi-crystalline
state at elevated temperatures. Thus, an increase in temperatuse
leads to incressed order of the framework backbone compensate 4
by increased disorder of the DEDs. However, experimental evidence
fior this hypothesls §s lacking so far.

Inn this work, we investigate the structural behavior of MOE-
5-06 in detail by, first, revisiting the crystalline structure of the
it-octane-filled act-MOF-5-Co phase and providing new insights
into the aperiodically distorted structure of the semi-crystalline
dry-MOF-Cé phase. Second, we investigate the mechanism of the
unprecedented disorder-order transition of the guest-free dr-
MOF-5-C6 as a functlon of temperature by re-evaluating previously
published im situ variable temperature (VT) PXRD data. Addl-
tional VT x-ray total scattering experiments and the corresponding
x-ray pair distribution functions (XPDFs) together with VT Fourie: -
transform (FTJIR spectroscopy data shed light on the microscopic
miechanizms underlying the extraordinary phase change behavior of
this responsive framework materlal.

RESULTS AND DISCUSSION

Cuest-responsive structural behavior

The guest-responsive structural transformations of MOF-5-Ca
are traceable on the single-crystal level [1 |- The DMEF-filled

scitation.ongjournallapm

)

Fid. 3. [8) Microscopy images of e crystels and (b)) excerpis of reconstucied
recigrocal space maps of e (bhd) plane from single-crystal x-ray dffraciion dats
of ae-gyrihecized [as), guest-frea (dry], and n-octane-resplvated (acr) MOF-5-C6.

The scale bar in panel (8) applies o Al images. The crystal sinuchwes comespond-
ing %o the x-ray difracion dats used for e generation of the redprocal spece
maps were akeady publizhed in Ref. -

as-synthesized crystals of as-MOF-5-Cé are transparent cuble crys-
tals with skzes up to 500 = 500 = 50 ym”. Following the removal of
the DMF guests by evacuation at elevated temperatures, the crystals
obtain a large number of cracks and turn opagque (dry-MOF-3-Ca).
After re-infiltration of n-octane, the crystals again turn transparent
{oct-MOF-5-C6), even though some of the cracks remain. Recon-
structed reclprocal space sections of the (hk0) plane calculated from
the raw data of previously published single-crystal x-ray diffraction
data of as-, dry-, and ect-MOF-5-C6" nicely illustrate the struc-
tural changes as well || |. as-MOE- 5-C6 crystallizes in the
cublc space group Pra3m (a = 12.9040(12) A, V = 2148.7(6) A®,
and VIZ = 2148.7(6) A”; Z = the number of formula units per unit
cell} and features the typical cuble diffraction pattern of MOF-5-type
materials with strong Bragg peaks. Interestingly, the reciprocal space
map of dry-MOF-5-C6 shows weak Bragg features of the formerly
cublc diffraction pattern of as-MOF-5-Ca, but also extensive diffuse
scattering signatures orkginating from the aperiodic structural dis-
tortions, thus highlighting the disordered semi-crystalline nature of
the guest-free MOF.

Following incluslon of the s-octane guest molecules {ocr-
MOF-5-Ce), the crystals recover high crystallinity but adopt a
different cubic structure compared to a-MOF-5-Ch, evidenced by
additional superstructure reflections | ]. The structure of
oct-MOF-5-C6 is described in the primitive cublc space group Pa3
with & = 25.7145(8) A [I . ¥ o= 17003.3(12) A%, and V/IE
= 2125.4(2) A”, 985% of VIZ of as-MOF-5-C6) and, thus, slightly
contracted compared to the original DMF-containing MOF. In con-
irast to the DMF-containing MOF, the Co-alkyl sidechains could
be resolved in the electron density map of ocf-MOF-3-Ch, reveal-
ing their arrangement on the faces of the pseudo-cubic cavities. The
interior of each MOF cavity features a volume of about 580 A’
{amounting to 27% of the L:l':r.'i-tﬂl. volume) that is filled with disor-
dered n-octane molecules || |- By taking the central 0" lons
of the ZnyO(C0O)s onits as sbhe-conmecting vertices, the structure

APL Mater. 11, 041118 (2023); dob 10. 106350144718
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Adaional FAKD patterns ana refinement data, x-ray total
scattering functions, complete VT-FTIR spectra, and further infor-
mation regarding the simulated IR spectra are given in the

file.
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