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The diffraction spectra of the materials, details about the computational procedure, the
distributions of the dihedral angles describing the conformations of the anions, the plots of

the number densities computed for all hydration states are provided in the following.



Experimental Diffraction Spectra
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Figure S1: Experimental diffraction patterns of MgyAl LDH intercalated with a) C@_, b)
ClOy, ¢) Succinate (SUC), d) Aspartate (ASP), e) Glutamate (GLU).



Computational Details

Molecular dynamics simulations were run for LDH materials having three different inter-
calated anions (aspartate (ASP), succinate (SUC) and glutamate (GLU)), each for different
humidity conditions. Experiments were carried out under controlled humidity, giving access
to the experimental number of water molecules per anion as well as to the interlamellar space
to be used to build the starting configurations corresponding to the experimental conditions.
In the case of aspartate and glutamate, the experimental analysis allowed us to define the
protonation state of the amino acid molecules. The LDH material was described using the
Clay force field (ClayFF),! which is based on an ionic (non-bonded) description of the metal-
oxygen interactions and has a flexible force field framework that can be combined with other
potentials. The SPC/E potential was used to simulate water? and the Amber force field*
was employed to simulate the intercalated organic anions.

All MD simulations were conducted using Amber 16 and Amber Tools® and visualized
with VMD.% The initial cell of Mg/Al 2:1 LDH has a three-layer structure, to provide three
layers and three interlamellar regions in the simulation box. After adjusting the interlamellar
space to the experimental value for each set of conditions (anion + increasing amounts of
water, see Table 1), we replicated the initial cell in the x,y directions (z being the axis
orthogonal to the layers). Experiments provided the number of water molecules per anion
and the value of the interlamellar space based on their work on the material as well as the
protonation state of the amino acids anions.

For each system and each considered hydration state, energy minimization was performed
using the steepest descent method and conjugate gradient algorithms.” The Al** and Mg?*+
cations were restrained with force constant 100 kcal /mol/A? and the SHAKE algorithm was
also used to keep the distance constant between hydrogen atoms and heavy atoms connected
by covalent bonds.® A preliminary step for equilibration was achieved by simulated annealing:
the system was heated (up to 2500K) and cooled (to 300K) for 5.5 ns by gradually changing

the temperature in the NVT ensemble, using Andersen’s temperature coupling scheme.”
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During this step, the positions of the OH™ groups, AI** and Mg?" were constrained with a
500 kcal/mol/A? force constant. A 1 ns trajectory was then run in the NPT ensemble at a
temperature of 300 K and a pressure of 1 bar, using Berendsen’s barostat.!'" Following this
final equilibration step, the constraints on the hydroxyl groups were released, and a force
constant of 10 kcal/mol/A? was kept for Al** and Mg?". Data analysis was performed on
a subsequent NPT simulation (10 ns) using the same parameters as those of the previous

NPT step.



Local Structure
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Figure S2: Number densities along the axis perpendicular to the surfaces of relevant atoms
in the interlamellar space, shown for the systems at different hydration states for the
materials intercalating ASP, GLU and SUC (from left to right).



Conformations

0-03 T I T I T I T I T I T 0-03 T I T I T I T I T
0.025 0_WAT —0.025 —
0.02 0.02 —
0.015 0.015 —
< 0.01 0.01 —
K<) 4
3 0.005 0.005 —
5 0 0
s L J
g
= 0.015 0.015 6.5_WAT —
£
5 L J
2
0.01 0.01— —
0.005 0.005 - —
0 Al M A1 0
120 60 0 60 120 120 60 0 60 120

Angle (deg.)

Figure S3: Distribution of the C,-C3-C, dihedral in the system intercalating aspartate with
increasing water content.
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Figure S$4: Distribution of the C,-Cg-C, dihedral in the system intercalating glutamate with
increasing water content.
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Figure S5: Distribution of the C-C-C-C dihedral in the system intercalating succinate
with increasing water content.
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