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1. Structural properties and on-site charges for MA and fluorinated cation
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Figure S1. Atomic charges at different atomic sites and interatomic distances in methylamine,

mono-fluo methylamine and di-fluo-methylamine molecules.
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Figure S2. Bandgap variation (standard deviation in %) as a function of fluorination in
CHsNH3Pbl; perovskite. Fluorination contents of 4, 8, and 12% correspond to the substitution of
one, two, and three hydrogen atoms in C-H bonds substituted by fluorine in tetragonal

CHsNH3Pbl; perovskite structural unitcell.

2. Noncovalent interactions (NCI) index calculations.

To characterize the strength of hydrogen bonds, we employed the recently developed
noncovalent interactions (NCI) that enables real-space visualization of both attractive (van der
Waals and hydrogen bonding) and repulsive interactions based on the electron density [1-3].
This approach allows description of the interplay between stabilizing and destabilizing

contributions that determine the stable minima on hydrogen-bonding potential-energy surfaces.



It relies on two scalar fields to map local bonding properties: 1) the electron density (o) and 2)

the so-called reduced density gradient (RDG, s) defined as

1 |Vp|

(1)

Three principle interaction regions define the real space when combining the electron density
and its gradient. The region of the non-interacting density tails is characterized by a high s and
low \rho. However, a low s and high p define the covalent bonds region, where a low s and low
p correspond to a non-covalent interaction. The non-covalent interactions are also classified into
attractive or repulsive according to the sign of the second density eigenvalue (A;) of the

electron-density Hessian (second derivative) matrix.

The calculations of the NCI index approach is not discussed in detail here. An important issue is
that it allows differentiating van der Waals interactions and hydrogen bonds by densities at the
corresponding bond critical point [1] Typically, characteristic densities of van der Waals
interactions are much smaller than densities at which hydrogen bonds appear. At the same
time, both van der Waals interactions and hydrogen bonds show negatives value A, at the
critical point, with a very low A, (very near zero) for van der Waals interactions. A detailed
analysis of the interaction type can be performed by plotting diagrams of s vs. sign(A,)p. When
there is an overlap between atomic orbitals, a trough in the NCI diagram appears. The points

forming this trough identify the interaction when they are mapped back to real space [1].

In practice, the computational procedure of constructing an NCI diagram requires a grid-based
representation of the self-consistent electron density, which is obtained from quantum
mechanical calculations. When the real-space region of interest is chosen, a regular grid is built

to encompass it. At each grid point, p and s are numerically calculated and p is multiplied by the

sign(Ay).
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same cell with one, two, or three [CH,F-NH;]* ions, respectively. Atoms C (cyan), N (blue), H

(light pink), | (magenta), Br (brown), CI (green), and F (purple). The isosurfaces are generated

at s=0.3.

For visualization of the NCI regions we also plot RDG isosurfaces in real space, which allows

interpretation of different feature in the NCI diagram as well as comparison of the strength of

different NCI components (Figure S5).
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Figure S3. NCI isosurfaces in real space for: a) tetragonal unitcell CH3NH;Pbl;, b), ¢), and d)
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Figure S4. Total electrostatic potential V, moving along the a) X and b) Y ¢) Z direction would

have to cross within the 8% fluorinated MAPI tetragonal unit cell.
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Before After Fluorination
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Figure S5. Water Interaction map of CH3;NH3Pbl; perovskite with oxygen-water before and after
fluorination, demonstrating a noticeable increase in hydrophobicity. Contour gradients move form light to

dark by moving from isovalues at 2.0, 4.0, 0.6.
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Electronic charge density in MAPI and MAPI with 8% DFMA, color maps correspond to the
electrostatic potential, gray circle represent a moving ion such as iodine vacancies at different

diffusion rates.



