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ABSTRACT: This research explores the alteration of metal−
organic frameworks (MOFs) using a method called postsynthetic
metal exchange. We focus on the shift from a Zn-based MOF
containing a [Zn4O(COO)6] secondary building unit (SBU) of
octahedral site symmetry (ANT-1(Zn)) to a Fe-based one with a
[Fe3IIIO(COO)6]+ SBU of trigonal prismatic site symmetry (ANT-
1(Fe)). The symmetry-mismatched SBU transformation cleverly
maintains the MOF’s overall structure by adjusting the
conformation of the flexible 1,3,5-benzenetribenzoate linker to
alleviate the framework strain. The process triggers a decrease in
the framework volume and pore size alongside a change in the
framework’s charge. These alterations influence the MOF’s ability
to adsorb gas and dye. During the transformation, core−shell
MOFs (ANT-1(Zn@Fe)) are formed as intermediate products, demonstrating unique gas sorption traits and adjusted dye
adsorption preferences due to the structural modifications at the core−shell interface. Heteronuclear clusters, located at the
framework interfaces, enhance the heat of CO2 adsorption. Furthermore, they also influence the selectivity of the dye size. This
research provides valuable insights into fabricating novel MOFs with unique properties by modifying the SBU of a MOF with flexible
organic linkers from one site symmetry to another.
KEYWORDS: metal−organic framework, postsynthetic metal exchange, secondary building unit transformation,
single-crystal-to-single-crystal transformation, core−shell MOF

■ INTRODUCTION
Metal−organic frameworks (MOFs) are porous substances
that find numerous applications, including molecular capture
and separation.1−6 To generate new MOFs and modify their
chemical or physical properties, a simple and effective method
known as postsynthetic metal exchange (PME) is used.7−13

This process involves replacing the original metal in a MOF
with another, provided they share the same oxidation state and
coordination geometry.14−25 The feasibility of PME is largely
determined by the thermodynamic stability of the metal ions
or clusters,7,26 and the exchange rate is influenced by factors
like the solvent used,8,27,28 the rigidity of the framework,8,29

and the size of the crystal.8,30 For a successful PME, the MOF
needs a certain level of structural flexibility to sustain the
framework structure, given that metal ion exchange causes
framework distortion.31−33 Interestingly, transformation of a
MOF with one type of inorganic secondary building unit
(SBU) to a MOF with a different SBU is generally only seen
when the SBUs share the same local site symmetry.1

Transformations between MOFs with SBUs of differing
symmetries are rare,34 as they tend to result in significant
framework strain and can lead to collapse of the structure.
Recently, we demonstrated a PME in a MOF containing a

[Zn4O(COO)6] SBU, replacing it with a [Fe3IIIO(COO)6]+
SBU.35 The original Zn-based MOF (ANT-1(Zn)), which had
an octahedral site symmetric SBU, was converted to a Fe-based
MOF (ANT-1(Fe)) with a trigonal prismatic site symmetric
SBU (Scheme 1). Remarkably, this symmetry-mismatched
SBU transformation maintained the overall MOF structure and
occurred as a single-crystal-to-single-crystal (SCSC) trans-
formation. Any strain from the SBU transformation was
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