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Problem

Dimethylammonium metal-formate frameworks [(CH3)2NH2][M(HCOO)3] (DMAM,
where M = Mn, Fe, Co, Ni, Zn, or Mg) are currently some of the most studied hybrid
perovskite materials due to their magnetic, ferroelectric and multiferroic properties[1,
3].The mechanical, magnetic and electric properties of such materials are determined
by the hydrogen bonds that are formed by DMA+ cations with the rest of the frame-
work. Most DMAM materials exhibit phase transitions, in which the DMA+ cations co-
operatively form highly ordered structures and thus deform the metal-formate frame-
work, leading to changes in magnetic and dielectric properties[1, 5]. The transitions
are typically observed within the temperature range T0 = 155-190K. In this study,
we perform molecular dynamics simulations for detailed analysis of particle motion,
calculated via Newton’s equations using force fields - empirical sets of effective inter-
atomic potentials. The specialized Universal Force Field for Metal–Organic Frame-
works (UFF4MOF) [2] was chosen for this study. We analyze DMA+ cation dynamics
in different phases and temperatures by calculating time autocorrelation functions of
cation orientation. Dielectric properties of the system are evaluated by analysis of the
total dipole moment and its dependence on phase and temperature.

Fig. 1: 5x5x5 Supercell at 150K Fig. 2: 5x5x5 Supercell at 190K

Results

Fig. 3: Temperature dependence of N-C-N plane normal vector autocorrelation

Methodology

All molecular dynamics simulations were performed using the open-source Large-
scale Atomic/Molecular Massively Parallel Simulator (LAMMPS) code, version 29
October 2020 [4]. Simualtions were performed in an isothermic-isobaric (NPT) en-
semble with 3 Nosé-Hoover thermostat and barostat chains. In order to achieve
a longer simulation timestep, all bonds with hydrogen were constrained using the
SHAKE algorithm. Long distance coulombic interactions were solved using stan-
dard Ewald summation. Simulations were performed for 10 ps at the temperatures
in the 150-250K range. The normal of the DMA+ cation C-N-C plane was the cho-
sen vector for calculations of time autocorrelation functions:

Cn(t) =
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〉
(1)

where Pn is the n-th degree Legendre polynomial, uCNC(t) is the C-N-C plane
normal vector, and ⟨...⟩ indicates the average of the ensemble. In this study, auto-
correlation of the first Legendre polynomial is performed.
To evaluate the dielectric properties of the system, calculations and analysis of the
total dipole moment (M) were performed. Dipole moments for each atom were cal-
culated with a box-fixed reference point and partial charges derived from the Merz-
Kollman scheme. Based on fluctuations of the total dipole moment, the dielectric
constant of the system can be calculated:
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where
〈
M2

〉
is the squared total dipole moment, ⟨M⟩ is the total dipole moment, ϵ0

is the vacuum permitivity constant, KB is the Boltzmann constant, and V and T are
the volume and temperature of the system.

Results

Fig. 4: Moving average of calculated dielectric constant at different temperatures

Conclusions

• Molecular dynamics simulations were performed at temperatures between 150-
250K using a specialized force field for Metal-organic frameworks.

• The results show that an order-disorder transition occurs between 180-190K,
with a significant change in structure and magnetic properties.

• The results of the MD simulations show quite good agreement with experimen-
tal data, where a similar order-disorder transition occurs at 156K [1].

• Analysis of the dielectric constant shows a large decrease in relative permattiv-
ity following the transition.

• The analysis of the DMA+ C-N-C plane normal vector shows little change in the
180-190K range, with more significant changes at higher temperatures due to
increased thermal motion.

• Molecular dynamics simulations allow for elucidation of detailed, atom-level
cation dynamics and their relation to the magnetic properties of the materials.
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