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1 Wannier Functions Analysis

Here we focus on the effect of different xc functionals, loy-li

we report the sum of displacements for theomponent of
Wannier centers as calculated within PBE and HSE (at the
PBE fixed geometries in order to exclude structural contri-

iting to PBE and HSE, on the electronic component of theputions), and the relative value of the electronic poldiira

ferroelectric polarization. We calculate the displacet&n

The sum over the Wannier centers displacements is defined as

Wannier centers along a path from the centric phase to thg — Zi(riFE _riPE), where thd-index runs over the four Wan-

structure with intermolecular hydrogen atoms in their derr
electric positions, while keeping all the other atoms inirthe

nier functionsPE label refers to the paraelectric structure and
the FE label refers to the non-centrosymmetric structure with

centrosymmetric positions. We focus our study to four Wan-hydrogen atoms sited in their ferroelectric positions. &lee-

nier functions (plotted in real-space in Fig. 1) which shbe t
character obr-bonded combinations a&p? hybrid orbitals (a,
b and ¢ panels), anp; orbital (d panel) with the z-axis taken
orthogonal to the Croconic ring plane.

Fig. 1 MLWFs having the character af-bonded combinations of
sp? orbitals (a, b and ¢ panels) apd orbital (d panel).

We find thatsp?-like Wannier function are centered in prox-
imity of the middle ofC; = Cy, C; — O1 andC; — Cs bonds,
while p;-like Wannier function is centered very close @9
carbon atom. When hydrogen atois andH, move toward
their ferroelectric positions, Wannier centers move,rgiviise
to the electronic contribution to the polarization comingnfi
the four valence electrons @; carbon atom. In Tab. 1
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tronic polarization is given b¥, = —2eA,/V, whereV is the
volume of the unit cell.

Table 1 zcomponent of Wannier centers displacements and relative
contributions to the electronic polarization in PBE and HSE
approximations.

[

Dy(A)  P(uC/ci?)
PBE 0.023  -0.150
HSE 0.022  -0.143

The table suggests that, as far as the electronic contibuti
to the polarization is concerned, the introduction of exaet
change does not increase the polarization, but rather aleese
it (in absolute value). The study of Wannier function cester
reinforces the correlation between inter-molecular hgero
distortion and doublef)-bond switching of carboxylic bonds.
When hydrogen atomid; andH; move inside the hydrogen
bonds toward their non-centrosymmetric positions, theeren
of the Wannier function plotted in Fig. 1a moves along the
C1 = C;, bond, as a consequence of the pile-up of out-of-plane
charge density, the fingerprint of a doubstpond switching
(see Fig. 5 in the main text)
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