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Optimizing Multivariate Metal—-Organic Frameworks for Efficient
C,H,/CO, Separation
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ABSTRACT: Adsorptive separation of acetylene (C,H, ) from carbon diaxide (C0)
promises a practical way to produce high-punty C,H, required for industrial
applications. However, challenges exist in the pore envitonment engineering of
prorous materials to recogize teo molecules dug to their similar molecular ses and
physical propertics. Herein, we report o strategy to optimise pore environments of
multivariate metal—organic frameworks (MOFs) for efficient CH/COy weparation
by tuning metal components, fanctionalized likers, and terminal ligamds. The
optimired material UPC-200(A1)-F-BIM, constructed from A" dusters, Buorine-
fanctionalized organic linkers, and benzimidazele terming ligands, demonstrated the
highest separations efficiency (C;Hy/CO, mptake mtio of 2.6) and highest C.H,
productavity smong UPC-200 spstems, Experimental amd computational studies
revealed the comnbution of small pore size and polar functional groups on the CH,/
€0, selectivity and indicated the practicall €, H,/CO, separation af UPC-200(Al)-F-
BIM.

B INTRODUCTION

The global acetylene (CsHy) gas market was valuod 3t $6
ballion LS8 in 2018 and is likely to reach 6.9 billion LSS by the
2025 As the simplest alkyne, C.H, his been widely
used as a fuel in welding and a chemical building block in

binding sites.”' ™" These strategies have led to the discovery
of many MOF-based adsarbents that sebectively interact with
CHy in the presence However, the practical
applications of these MOFs usually suffer fram either relatively
tow C;H, uptake ar poor C:H,/CD, selectivity, An ideal

various industrial processes to form plistics, acrylic acsd
High-purity C;H, s generally required in
those applications; nevertheless, mmpurities such as carbon
dioxide (C0,), hydrogen, and methane often exist in C,H,
production (partial combustion of CH, o cracking of
hydrocarbans) , and CO, have similir geometrical
dimensione and boiling points, which makes CH,/CO,

separation a challenging task” Present technology for
parification of CyH, usually involves energy imtense distillation
and organic-salvent extraction processes. Adsorbent-based gas
separation sepresents an energy-efficient and envircamentally
fetendly separation technology. Various adsorbents inchding
porcus metal oxide, zcolstes, and metal—organic framewarks
(MOFs) have been cxplosed far C,H,/CO, separation

Amang, them, MOFs are promising candidates due to their
tunable pore apertures to enforce size sieving effects and

derivatives, e

anctionalized pore environments to webectively accommodate
specific gas molecules.” " Indeed, MOFs have been
intenively explored for selective dsorption af C;H,/CO,
o * e, and CH/CH, " To boost the gas
separation perlormance of MOF:, two strategics have been
commonly adopted: (i) tuning the pore shapes'sies and (i)
introducing functional organic lmkers to provide strong

posas material for cobumn breskthrough sepasations shoald
oot only possess significant uptake of the preferred gas
snaleciiles bt sl display hagh selectivity, ™
dulmble o develap new strategies to design MOFs with both
C3H, uptake capacity and cxcellent C. sebiect
duoek n CH,
separation is inherently limited by their relatively simple pare
structures, which fail to satisfy the requirements of both high
u,...lw and high selectivity.'" Indeed, most MOFs explored for
'O, consist of one type of inorganic node and one type
nr organic ligand. The complesity of pore environment of
MOFs can be dramatically enriched by the introdudtion of
multiple bigands bearing different functional groups into a
wingle framework, forming muliivariste MOFs (MTV-
MOFs)" ™" The precise placement of different functional
groups around ome cavity of MTV-MOFs confers encrmous

Therefire, Il i

of current MOFs
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