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The combination of multiple metal elements within a same
structure is highly desirable because the resulting materials
might exhibit new or enhanced properties. Metal-organic
frameworks (MOFs) offer a suitable platform to incorpo-
rate multiple metal elements; however multi-metal MOFs
typically appear as solid solutions with lack of control over
the distribution of the selected elements. We have developed
a multi-metal MOF system based on a helical-shaped sec-
ondary building unit (SBU), which is able to incorporate
zinc, manganese, cobalt, calcium and/or magnesium in a
controllable manner. The combination of these elements at
selected molar ratios results in the addressed realization of
multi-metal arrangements with precise, atomic control over
their location in the SBUs. Structural elucidation of the re-
sulting elemental sequences is possible through the combi-
nation of different techniques including single crystal X-ray
diffraction, neutron powder diffraction, electron microsco-
py and energy-dispersive X-ray spectroscopy.
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The dimethylammonium metal formate compounds with
the perovskite architecture have attracted interest over the
years due to the coexistence of electric and magnetic orders
[1], which in the case of the iron analogue, can be coupled
[2]. The interesting physical properties are observed upon
cooling, with a disorder—order transition at 160-270 K that
originates from the loss of dynamic disorder of the dimeth-
ylammonium cation (DMA) [1,3], and an antiferromagnetic
ordering for the magnetically active M?* cations below 35-8
K [1]. The hydrogen bonding interaction from the DMA cat-
ion to the formate can allow for magnetoelectric coupling
within certain compositions [2]. However, the temperatures
needed for the multiferroic behaviour in these materials are
below 35 K, and the coupling between the magnetic and
electric orders are very weak. In an effort to explore dif-
ferent structural configurations with potentially improved
physical properties, we study the dimethylammonium
metal formates under pressure. In particular, we explore
the possibility of inducing a disorder—order transition of
DMA through reducing the volume using pressure. Similar
structural configurations may then be replicated at ambient
conditions by using “chemical pressure” through selection
of different sized chemical components during synthesis.

High-pressure single-crystal X-ray diffraction is present-
ed for the dimethylammonium metal formates (DMAMF),
[(CH;),NH,][M(HCOO),] where M = Mn*", Fe*', and Cu*',
in order to compare the high-pressure phases with the known
low-temperature ferroelectric (for DMAMnF) and multiferro-
ic (for DMAFeF) phases. The ambient phases of dimethylam-
monium metal formates were stable up to 5.53(3), 5.7(3), and
7.3(2) GPa for DMAMnF, DMACuF, and DMAFeF, respec-
tively. After these pressures, phase transitions occurred that
were initiated by the structural distortion of the metal formate
framework. The impact of the high-pressure distortions on
the dynamic disorder of the dimethylammonium cation for
DMAFeF and DMAMNF, and the Jahn-Teller distortion for
DMACUF will be discussed. In the case of DMAFeF, the ex-
periment was in addition conducted with a penetrating pres-
sure-transmitting medium (PTM) that resulted in a different
pressure-dependent behaviour due to the PTM inclusion.
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