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ABSTRACT: Separating ethane (C,H) from ethylene (C,H,) is
an essential and energy-intensive process in the chemical industry.
Here, we report two flexible diamondoid coordination networks, X-
dia-1-Ni and X-dia-1-NiygyCo,;,, that exhibit gate-opening
between narrow-pore (NP) and large-pore (LP) phases for
C,Hg, but not for C,H,. X-dia-1-Nig,Coy;; thereby exhibited a
type F—IV isotherm at 273 K with no C,Hg uptake and a high
uptake (111 cm® g™', 1 atm) for the NP and LP phases,
respectively. Conversely, the LP phase exhibited a low uptake of
C,H, (122 em® g™"). This C,Hy/C,H, uptake ratio of 9.1 for X-
dia-1-Nij g9Coy;; far surpassed those of previously reported
physisorbents, many of which are C,H,-selective. In situ variable-
pressure X-ray diffraction and modeling studies provided insight
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into the abrupt C,Hg-induced structural NP to LP transformation. The promise of pure gas isotherms and, more generally, flexible
coordination networks for gas separations was validated by dynamic breakthrough studies, which afforded high-purity (99.9%) C,H,

in one step.

B INTRODUCTION

Third-generation porous coordination polymers (PCPs) such
as soft porous crystals (SPCs) or flexible metal—organic
frameworks (FMOFs) are gaining attention because their
stimuli-induced structural transformations can selectively
respond to various guests.”” That they can undergo such
transformations distinguishes them from traditional solid
physisorbents such as zeolites, aluminum oxides, activated
carbons, and rigid MOFs. Among the >118,000 MOFs
reported thus far, only ~1000 are known to exhibit structural
flexibility and dynamic behavior™* that could be suitable for
applications such as gas storage,™ catalysis,”® separation,””""
sensing,'>'? and drug delivery.'*'> FMOFs undergo structural
transformations due to an external stimulus, most commonly
by controlling the sorbate pressure.'*™"*

Adsorption-induced gate-opening is perhaps the most
commonly observed phenomenon in FMOFs, and it
demonstrates their potential utility in next-generation gas
storage and separation technologies."”*" For example, Li’s
group reported an FMOF, Mn(ina),, that exhibited a
temperature-controlled response to the adsorption of rare-gas
molecules. This sorbent reached its maximum uptake of rare
gas at a specific temperature threshold, leading to inversion of
the Xe/Kr adsorption selectivity as a function of temperature."’
Among commodity chemicals, ethylene (C,H,) plays a
significant role in the petrochemical industry for the
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production of polyethylene and polyvinyl chloride, which are
used in textiles and plastics.”’ Currently, C,H, is mainly
produced by steam cracking of naphtha, which inevitably
introduces undesired impurities such as ethane (C,Hy),
thereby reducing the purity level below that required for
ethylene polymerization. C,H,/C,Hy separation is challenging
because of their similar physicochemical properties (Table S1).
The cryogenic distillation C,H,/C,H¢ separation process
operates at high pressures (5—28 bar) and low temperatures
(180—258 K) and comes with a significant energy foot-
print.”** In principle, adsorption separation can overcome the
shortcomings of cryogenic distillation and thus holds promise
for industrial production.”*** Conventional solid porous
adsorbents such as porous carbon materials’® and zeolites”’
have been studied extensively in ethylene/ethane separations.
However, their relatively low adsorption capacities and
selectivities do not meet the requirements for application.
Due to their variable compositions, pore structures, and
properties, MOFs, both flexible and rigid, offer promise to
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Figure 1. Illustration of rigid and flexible MOF adsorbents for ethane/ethylene selective adsorption. (A) Rigid MOFs tend to show little adsorption
difference between C,H, and C,Hy. (B) Flexible C,H,-selective porous materials need an additional desorption process to release adsorbed C,H,.
(C) Flexible C,Hg-selective porous materials are the most suitable for C,Hy/C,H, separations.
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Figure 2. (A,B) Illustrations of the pore structure of the LP and NP phases of X-dia-1-Ni, respectively. (C) C,Hq adsorption induced the structural
transformation of X-dia-1-Ni. (D) PXRD patterns for the LP phases, X-dia-1-Ni-LP. (E) PXRD patterns of the NP phases, X-dia-1-Ni-NP. (F)
Ethane-induced stepped isotherm.
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Figure 3. C,H, and C,H, adsorption isotherms for (A) X-dia-1-Ni at 263 K, (B) X-dia-1-Ni at 273 K, (C) X-dia-1-Nij 30Co0,; at 263 K, and (D)
X-dia-1-Nijg9Coq; at 273 K. (E) Comparisons of C,H¢/C,H, uptake ratios with values obtained for previously reported sorbents. (F)
Comparison of IAST selectivities with literature values (the values for X-dia-1-Ni and X-dia-1-NigyCoy; were calculated at 273 K).

address the aforementioned separation challenges.”*™>* Never-
theless, separating C,Hy from C,H, remains a particular
challenge because most sorbents are selective for C,H, because
of its unsaturated nature which can in turn require a high-
energy footprint for C,H, removal. Therefore, it is desirable to
design and study adsorbents with “inverse selectivity”, which, if
strongly C,Hg-selective, could reduce energy footprints by up
to 40%.”***7*° The current generation of C,Hg-selective
MOFs tends to be rigid and typically exhibit low C,H4/C,H,
selectivities (<2) and low C,Hs/C,H, uptake ratios of just
above 1.77% Among them, Fe,(O,)(dobdc) exhibits high
C,H4/C,H, selectivity owing to the role of Fe-peroxo sites in
preferential interactions with C,Hy, but the C,Hy uptake is
relatively low.*’ Although vanadium and titanium MOFs can
exhibit high C,H, uptake through pore-space partition,*' their
C,H4/C,H, selectivities are also relatively low. While the rigid
MOFs mentioned above are promising, they do not offer high
uptake capacity and high selectivity.

Compared to rigid C,Hg¢-selective adsorbents, FMOFs can
selectively open their pores to admit gases, depending on the
strength of host—guest interactions and temperature. Thus,
flexible porous materials exhibiting tunable gate-opening could
exhibit unexpectedly high C,Hs/C,H, selectivities (Figure 1).
Recently, Chen et al. prepared a flexible porous material
(HOF-FJU-1) to separate C,H, and C,H, through a gating
mechanism.** Nevertheless, HOF-FJU-1, although flexible, is
C,H,-selective, and a desorption process is needed to obtain
pure C,H,. In 2010, Gucuyener et al. reported a microporous
material, ZIF-7, displaying selective C,Hg adsorption over
C,H,. However, ZIF-7 showed similar gate-opening pressures
for C,H and C,H,, resulting in a comparable uptake for C,Hg
and C,H,.*”

In this study, we report on the C,H¢ and C,H, sorption
behavior of two previously reported FMOFs, X-dia-1-Ni and
X-dia-1-Nij g9Cog;, which exhibit methane-induced gate-
opening at relatively low pressures.'” In particular, we observed
that X-dia-1-NiggoCoy;; exhibits a significant difference in its
C,H4 and C,H, uptake at near ambient conditions with the
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highest C,H¢/C,H, uptake ratio reported yet. Adsorption
isotherms, breakthrough experiments, in situ variable-pressure
powder X-ray diffraction (PXRD) measurements, and
theoretical calculations were used to provide insight into the
C,H4/C,H, separation performance under dynamic condi-
tions.

B RESULTS AND DISCUSSION

Structure, Stability, and Flexibility. The hydrothermal
reaction between nickel(II) nitrate hexahydrate and 4-(4-
pyridyl)-biphenyl-4-carboxylic acid (L) afforded X-dia-1-Ni as
reported previously (Figure S1). The experimental procedure
is provided in the Supporting Information. The pore structures
of the large pore (LP) and narrow pore (NP) phases are
shown in Figure 2A ,B. As revealed by Figure 2C,D, the phase
purity of the as-synthesized material was verified by comparing
experimental and calculated PXRD data. X-dia-1-Ni under-
went a single-crystal to single-crystal transformation from an
LP phase (X-dia-1-Ni-LP) to an NP phase (X-dia-1-Ni-NP)
upon exchange with dichloromethane and heating at 45 °C for
20 h. The PXRD pattern for X-dia-1-Ni-NP was consistent
with that calculated from the single-crystal structure (Figure
2D). X-dia-1-NiygyCoy;, which is isomorphous to X-dia-1-
Ni, was synthesized under the same condition by adjusting the
Ni** and Co** concentrations. The PXRD patterns for both the
as-synthesized and activated phases match those of the Ni
parent. Fourier transform infrared (FTIR) spectra (Figures S2
and S3) of X-dia-1-Ni and X-dia-1-Nij4yCoq;; showed
characteristic peaks that we ascribe to the framework moieties.
Thermogravimetric analysis (TGA) profiles revealed weight
losses corresponding to the guest molecules in the pores
(Figures S4 and SS). Below 200 °C, the TGA curves obtained
under N, for X-dia-1-Ni and X-dia-1-NiygyCoy;; indicated
weight losses of 35.2 and 30%, respectively. The N, (77 K) and
CO, (195 K) adsorption isotherms were measured to check
the flexibility and porosity of X-dia-1-Ni (Figure S6). X-dia-1-
Ni did not adsorb N, at 77 K and showed multistep adsorption
of CO, at 195 K. As expected, X-dia-1-NiggyCog;; showed
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multistep adsorption of CO, at 195 K and negligible N, uptake
at 77 K (Figure S7), consistent with our previous study of X-
dia-1-Ni.'” The multistep CO, adsorption behavior of X-dia-
1-Ni, §0C0y ;; can be attributed to a phase transformation from
the NP phase to at least two LP phases, three of which were
identified."”

Single-Component Gas Adsorption. We measured the
single—component isotherms for C,H¢ and C,H, adsorption
by X-dia-1-Ni at 263, 273, and 298 K. Before the adsorption
measurements, X-dia-1-Ni-LP (fully open) was exchanged
with CH,Cl, and evacuated under dynamic vacuum to afford
X-dia-1-Ni-NP. At low pressures (<40.3 kPa), the NP phase
was nonporous to C,H, adsorption at 263 K (Figure 3A) but
phase transformation to the LP phase occurred at 40.3 kPa.
C,Hj uptake then jumped abruptly with increasing pressure
and plateaued at ca. 100 kPa. The C,H¢ adsorption capacity at
263 K was determined to be 131.4 cm® g~'. Conversely, the
NP phase was porous to C,H, adsorption at 263 K, but there
was no evident gate-opening and an uptake of 44.8 cm® g~!
(Figure 3A). In effect, the NP phase is a sieve for C,H4 and
could exhibit transient porosity to enable gate-opening.** We
next measured the adsorption isotherms of C,H¢ and C,H, at
273 K. For both gases, the adsorption capacity decreased. At
273 K, the pressure of C,H¢ required for gate-opening in X-
dia-1-Ni increased to 51.7 kPa (Figure 3B). X-dia-1-Ni,
therefore, maintained its preferential adsorption toward C,Hg
over C,H,, with uptake values of 124.1 and 354 cm® g7/,
respectively. The C,Hy/C,H, uptake ratio for X-dia-1-Ni at
273 K was found to be 3.51, higher than that for
Fe,(0,)(dobdc)® and Cu(Qc),” at 273 or 298 K, the
current benchmark C,Hg-selective sorbents. At 298 K, X-dia-1-
Ni did not exhibit gate-opening for either C,H4 or C,H, below
1 atm (Figure S8). The gate-opening pressures of X-dia-1-Ni
for the adsorption of C,H¢ and C,H, are presented in Table
S2. Such temperature-dependent gate-opening has been seen
in other FMOFs."'

For X-dia-1-Ni g9Coy ;;, the C,Hy- and C,H, -induced gate-
opening pressures increased, further confirming that the
threshold pressures can be adjusted by varying the ratios of
Ni/Co.*~** Reducing the energy barrier required for phase
transformation was the motivation for replacing Ni with Co.*’
At 263 K, the pressure required for gate-opening of X-dia-1-
Ni40C041; by C,Hg was 54.4 kPa (Figure 3C). It is worth
noting that neither X-dia-1-Co nor X-dia-1-Nig3,Coy s
adsorbed C,Hg or C,H,, and they did not exhibit gate-opening
at 263 or 273 K (Figures $9—S12). In the following, we discuss
the influence of Ni/Co ratios on the gate-opening pressure. It
is known that the spin configuration significantly impacts the
geometry of Co complexes.”’ In our previous work, " we
explained how metal doping modulates the gate-opening
pressure for methane adsorption in X-dia-1-Ni,Co,_,. The
results showed that the energy barrier between the NP and LP
phases for X-dia-1-Co was calculated to be higher than that for
X-dia-1-Ni. It has been demonstrated in prior research that the
metal component can impact gate-opening due to the
difference in energy penalty for phase transformation.**™*
While X-dia-1-NiCo;_, was found to exhibit similarities in
adsorption of ethane to that of methane at high pressure, X-
dia-1-Co exhibited minimal affinity for ethane at a low
temperature. Our observation that with increasing Ni** content
the opening pressure for ethane adsorption on X-dia-1-
Ni,Co,_, gradually decreases is consistent with previous
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literature on this subject, which suggests that Co*" nodes are
more resistant to distortion than analogous Ni** nodes.

The amount of C,H, adsorbed by X-dia-1-Nij goCoq,; was
found to be 141.08 cm? g_1 at 263 K and 100 kPa, while the
C,H, uptake was only 55.1 cm® g~' (Figure 3C). As the
temperature was increased to 273 K, the threshold pressure of
the step for C,Hy increased, whereas no step was observed
during C,H, adsorption. Therefore, the potential for
separation of C,Hg from C,H, was suggested by the pure
gas sorption data for X-dia-1-NiygyCoq; at 273 K (Figure
3D). As illustrated in Figure 3D, the uptake of C,H¢ by X-dia-
1-Niy g0Coq;; at 273 K was approximately 9.1 times that of
C,H, (Figure 3D), suggesting high selectivity for C,H,. For
context, the C,H¢/C,H, uptake ratio of the previous
benchmark MOF, Cu(Qc),, was reported to be ca. 2 at 298
K and 100 kPa.*

Kinetic studies were conducted by directly pressurizing the
system to 100 or 60 kPa. The maximum adsorption rate for
C,Hg was 5.3 cm® g™' 7' (Figure S13), while the maximum
adsorption rate for C,H, was 2.33 cm® g™' s7! at 100 kPa
(Figure S14). When the inlet pressure was reduced to 60 kPa,
the maximum adsorption rates for C,Hy and C,H, decreased
to 2.09 and 144 cm® g' s7' (Figures S15 and S16),
respectively. These results show that X-dia-1-Ni exhibits
different adsorption affinities for C,H4 and C,H,. Excellent
cycling and reproducibility are required for practical
applications, so multicycle adsorption—desorption tests were
conducted to evaluate the recyclability of X-dia-1-Ni (Figure
S17). These tests revealed that X-dia-1-Ni maintained its C,Hg
uptake over five adsorption—desorption cycles. In addition,
Figure S18 shows that the first and fifth C,Hy adsorption—
desorption cycle curves exhibited almost the same shapes.

We also calculated and compared the C,H,/C,H, uptake
ratios with those of benchmark MOFs (Figure 3E and Table
S4). X-dia-1-NiggyCoy;; has a remarkably high C,H,/C,H,
uptake ratio of 9.1 at 273 K and 1 bar, which is higher than that
of X-dia-1-Ni (3.51). X-dia-1-Ni and X-dia-1-Nig g,Coy,;; also
displayed very high IAST selectivities at 1 bar for binary C,Hg/
C,H, (1/1 or 1/9, v/v) mixtures. The calculated IAST
selectivities of X-dia-1-Ni for C,Hy/C,H, (1/1 or 1/9, v/v)
were determined to be 3.72 and 2.52 at 273 K and 100 kPa
(Figure S19), respectively. Figures S20 and S21 present the
mixed-gas isotherms over X-dia-1-Nj, as predicted by IAST at
different ratios of C,H¢ to C,H,. The predicted C,H4 and
C,H, uptake values for a 1/1 ratio of C,H, to C,H, were 36.6
and 10.1 cm® g™'. At a ratio of 1/9 (C,Hs/C,H,), the C,Hy
and C,H, uptake values, respectively, decreased to 2.1 and 7.7
em® g~'. For X-dia-1-Nig ggCoy ;, the IAST selectivities of
C,H¢/C,H, (1/1 or 1/9, v/v) were determined to be 5.47 and
3.98, respectively (Figure S22), significantly higher than that of
existing sorbents (Figure 3F). The IAST-predicted mixed-gas
isotherms for X-dia-1-Nij¢9Coy; at different ratios of C,Hj
concerning C,H, are shown in Figures S23 and S24. The
predicted uptake values of C,H¢ and C,H, on X-dia-1-
Nig 59C0g 17 at a 1/1 ratio of C,Hg to C,H, were 46.8 and 8.7
cm® g7', respectively. At a ratio of 1/9, the amounts of
adsorbed C,H, and C,H, decreased to 5.5 and 12.7 cm® g7,
respectively. These values once again suggest that X-dia-1-
Nij.40C0y 1; is a candidate for separating C,Hy from C,H, in
1/9 ratios. Remarkably, AQ, which refers to the difference in
uptake capacity between C,H; and C,H, at 1 bar in X-dia-1-
Nig 39C0g.1y, is as high as 4.41 mmol g~' (Figure S25). This
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Figure 4. (AB) Comparison of selected patterns after ethane adsorption and desorption at 263 K. X-dia-1-Ni underwent a reversible
transformation from an NP phase to an LP phase upon dosing with ethane. (C,D) In situ PXRD patterns collected at 263 K, indicating that C,H,
was adsorbed by the activated phase but that C,H, was not adsorbed until phase transformation occurred.

value is the highest of all reported C,Hg-selective porous
materials, calculated as AQ = Qe — Qeona-

In Situ PXRD Experiments and Simulations. To gain
more insight into these gas-induced structural transformations,
we collected in situ variable-pressure PXRD data for X-dia-1-
Ni during C,H adsorption and desorption at 263 K (Figure
4A). Figure 4B shows no significant changes at the adsorption
onset, consistent with the NP phase at low pressure. As the
pressure was increased, characteristic NP diffraction peaks at
20 = 5.76, 10.31, 17.34, and 18.65° gradually disappeared,
whereas a diffraction peak at 7.27° characteristic of the LP
phase appeared. During the desorption process, the PXRD
pattern reverted to that of the NP phase, suggesting a
reversible transformation between the NP and LP phases. In
situ variable-pressure PXRD patterns were also recorded for
C,H, at 263 K to evaluate the host—guest interaction between
C,H, and the flexible MOF, as illustrated in Figure 4D. The
corresponding C,H, adsorption—desorption curves are shown
in Figure 4C. The PXRD patterns remained unchanged during
the C,H, adsorption—desorption process, consistent with
retention of the NP phase. During the initial stages of
adsorption, the PXRD patterns of X-dia-1-Ni do not precisely
match the calculated PXRD pattern of the NP phase. This
discrepancy may arise from a transient phase that originated
from the NP phase.** Details of the in situ variable-pressure
PXRD experiments are provided in Figures S26—S29.
Additionally, the structural models during in situ C,Hg
variable-pressure PXRD (Figure 4B) were successfully refined
by the Rietveld method using Expo2014 (Figures S30 and
§31).>" The calculated C,Hg adsorption binding sites for X-
dia-1-Ni are shown in Figures S32 and S33. The results
indicate that X-dia-1-Ni remains in the LP phase during C,Hg
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adsorption—desorption at approximately 100 kPa. The study’s
results demonstrate that ethane can induce the transition of X-
dia-1-Ni from the NP phase to the LP phase. In addition, the
phase transformation of X-dia-1-Nigg,Cog;; was also studied
by in situ variable-pressure PXRD, as shown in Figures S34 and
S35. During the process of ethane adsorption, X-dia-1-
Nigg9Co0y; transitions from the NP phase to the LP phase.
Conversely, during the ethane desorption process, X-dia-1-
Niy59Cog;; reverts from the LP phase to the NP phase.
Throughout the adsorption and desorption cycles of C,H,, X-
dia-1-Nig goCoy;; consistently remains in the NP phase. This
phenomenon is consistent with its adsorption isotherms for
both C,Hy and C,H,.

Periodic density functional theory (DFT) calculations and
Monte Carlo (MC) simulations were conducted to provide
insight into the experimentally observed adsorption behavior
and gating mechanism (Figure S). The NP (X-dia-1-Ni-NP)
and as-synthesized (X-dia-1-Ni-LP) crystal structures were
used for the calculations. Higher energy was calculated for the
binding of C,H,, relative to that of C,Hy, with the NP phase
(Table S3). Figure SA,B shows stacked Pre-Opt and Post-Opt
graphs that exhibit ring rotations of the ligand, indicating
strong interactions between gas molecules and the framework.
It appears that only one molecule of each adsorbate can occupy
the space provided by the NP phase. The D,h symmetry of
C,H, allows for a better fit compared to that of the bulkier
C,H; (Figure SC,D). This could explain why C,H, uptake was
higher than that of C,Hg at pressures lower than 20 kPa,
meaning that the NP phase is selective for C,H, over C,Hy at
low pressures. However, the better shape-fitting for C,Hg
would be expected to drive conformational shifting, thus
explaining the abrupt increase in the level of uptake (i.e., gate-
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Figure S. Stacked Pre-Opt and Post-Opt graphs exhibit ring rotations of the ligand, indicating strong interactions between (A) C,Hg and (B) C,H,
and the framework. Orthographic c-axis view of the optimized unit cell of X-dia-1-Ni-NP with (C) C,Hg and (D) C,H, localized in the material, as
obtained by using CP2K. Atom colors: C(MOF) = gray, C(C,H,/C,H,) = orange, H = white, N = blue, O = red, and Ni = lavender. (E) C,H, and
(F) C,H, binding sites in X-dia-1-Ni-LP, as determined from molecular simulations. The C,H,/C,H, molecules and X-dia-1-Ni are shown as ball-

and-stick models (color codes: N, blue; Ni, green; O, red; H, yellow; and C, gray). The unit of distance in the figure is A.
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Figure 6. (A,B) Breakthrough curves for C,H,/C,H, binary mixtures (1/1 and 1/9) measured at 263 K and 100 kPa. (C) Cyclic breakthrough
separation experiments for C,H,/C,Hy (1/9) mixtures conducted with X-dia-1-Ni at 100 and 263 K. (D) Cyclic breakthrough separation
experiments for C,H,/C,Hg (1/9) mixtures performed with X-dia-1-NiygyCoq; at 100 kPa and 263 K.
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opening) that was observed experimentally. The LP phase
exhibits more favorable interactions and a higher binding
energy for C,Hy than for C,H,. The energies for binding C,Hg
and C,H, with the LP phase were calculated to be —23.4 and
—20.5 kJ mol™}, respectively. The modeled structures at C,Hg
and C,H, saturation in the LP and NP phases are shown in
Figures S36 and S37, respectively. Full optimizations of a single
C,H¢ or C,H, molecule performed in a single unit cell of the
NP phase for pre-optimizations and post-optimizations are
shown in Figures S38 and $39. Grand canonical Monte Carlo
(GCMC) simulations were also conducted to determine the
binding sites for the gas molecules. The configuration
calculated for the binding of C,H, to X-dia-1-Ni-LP involved
multiple C—H--O bonding distances of 2.40 and 3.61 A
(Figure SE). On the other hand, C,H, formed two C—H---O-
bonds with distances of 3.75 and 3.83 A (Figure SF), longer
than those of C,Hg Overall, the results of theoretical
calculations provide mechanistic insight into the experimental
results.

Dynamic Separations of C,Hs/C,H, Mixtures. To
evaluate gas-mixture separation, breakthrough experiments
were conducted at ambient pressure for binary gas mixtures
of ethylene and ethane (1/1 or 1/9, v/v). In a typical
experiment, a desolvated sample was activated at 313 K under
a dynamic vacuum and then packed into a column. In the
breakthrough curves, C,H, first eluted as pure C,H,, while
C,Hj eluted later (Figure 6A,B). To test the recyclability of X-
dia-1-Ni, five cycles of breakthrough experiments were
conducted with a two-component gas mixture (Figure 6C).
X-dia-1-Ni maintained its C,Hs/C,H, separation performance
through five cycling breakthrough experiments. In addition, we
carried out similar experiments to assess the stability of X-dia-
1-Nij 50C0q1; over multiple breakthrough cycles (Figure 6D).

B CONCLUSIONS

In summary, two flexible coordination networks, X-dia-1-Ni
and X-dia-1-Ni; goCog;, can exhibit benchmark performance
for the separation of C,H from C,H, through tuning the gate-
opening pressure by temperature. This approach minimizes the
coadsorption of ethylene while retaining high C,Hg uptake,
leading to reverse C,Hy/C,H, separation. The gate-opening
mechanism of X-dia-1-Ni and X-dia-1-Nijg9Coy;; for the
recognition of C,Hy was studied through in situ variable-
pressure XRD studies and theoretical calculations. Importantly,
the C,Hy uptake capacity for the LP phase of X-dia-1-
Nig g9C0g,1; (273 K and 100 kPa) was determined to be 9.1
times higher than that for C,H,, far outperforming previously
reported sorbents. High-purity C,H, (>99.9% pure) from
C,H,/C,H, mixtures was produced with a low-energy
footprint. The present approach employs flexible MOFs that
switch from an NP to an LP phase, and their metal contents
can be adjusted to improve the separation efficiency for a
specific gas mixture. Overall, this study indicates that flexible
MOFs can be highly effective for the purification of C,H,.
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