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Fig. S1 The experimental PXRD pattern (red) on the as-synthesized powder sample and the simulated
PXRD pattern (black) based on the single-crystal structure of room-temperature phase.

100 ~
80
;3
S—
-
e
:; 60
=
40
20 I I N I ! I
400 600 800 1000
T/K

Fig. S2 TG profile of 1.
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Fig. S3 The variable-temperature experimental PXRD patterns of 1 and the simulated patterns based on
single-crystal structures for the four phases.
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Fig. S4 The real part of the dielectric permittivity during a heating-cooling cycle in the temperature range of

200-450 K on the powder-pressed sample of 1, by applying ac field with variable frequencies from 500 Hz
to 74 kHz.

S3



0.3 - I'- r
-~
2
(-~ . .
= 02 Heating
>
-
@
=
W
——
=
-
O 0.1-
=
7]
u
0.0 - . "'
Cooling
v 1 ! | ! | ! I ' 1
280 290 300 310 320 330
T/K

Fig. S5 Temperature-dependence of SHG signal during a heating and cooling cycle between 290 K and 330
K for 1. The SHG intensity of a phase during cooling run was not recovered, probably owing to a fact that
the crystal sample size was decreased after cooling across the ferroelectric phase transition.
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Fig. S6 Hirshfeld surfaces mapped with dnom over the range of —0.50 (red) to 0.90 (blue) for the guest
cation in o phase (a) and y phase (c). Fingerprint plots for all contacts, H---F contacts and H---H contacts of
guest cations in 6 phase (b) and y phase (d).
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Fig. S7 The size (left) and X-ray diffraction patterns (right) measured on the largest plane of single crystal
for PFM tests. Only the (002) reflection clusters were observed, indicating the normal of the largest plane of
the single crystal is the c-axis.
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Fig. S8 Morphology image (a), vertical (b, c) and lateral (d, ¢) PFM images of the sample surface for 1.
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Fig. S9 The size (left) and X-ray diffraction patterns (right) measured on the largest plane of single crystal
for observation of ferroelastic domains.

Deformation of framework.

The deformations of framework occur in B, v, and & phases. The framework deformation in perovskite
structure include three parts: (1) shifts of columns of connected BXs octahedra, (2) rotation of octahedra,
and (3) B-site displacements inside the octahedra, called as shifts, tilts, and displacements, respectively. For
description of shifts and tilts, an extended Glazer’s notations was developed recently. 3!-5* As manifested in
these extended notations, both shifts and tilts descriptors take the form of a 3x3 matrix, where the terms are
associated with distortion periodicity and can be determined by viewing along the relevant pseudo-cubic
axis or viewing in the corresponding plane after taking slices of the structure (Fig. S10). The full tilt matrix
is constructed by generalized Glazer terms gy = &xexp[2mikyy], where x and y belong to one of three
pseudo-cubic axes, ap, by, ¢p, indicating the correlation of rotations around x-axis propagating in y-axis. In
the terms, ¢x with a value of 0 or 1 means the tilt is inactive or active, while %, the wave vector of the
propagation, means the periodicity of the tilt propagating in the relevant direction, with the most common
values in an active tilt, k=0 (g = 1, labeled as “+” by convention) indicating in-phase propagation or k = 1/2
(g = —1, labeled as “—” by convention) indicating out-of-phase propagation. It should be noted that the tilt
matrix can be characterized by a conventional Glazer notation when all the off-diagonal terms (x # y) are
“—_ Similarly, the full shift matrix is constructed by terms iy = uxexp[2mikyy], indicating the correlation of
columnar shifts parallel to x-axis propagating in y-axis. Specially, the values of uxy are either 0 or 1 when x
=y, indicating an inactive or active shift along the relevant axis, respectively.

Thus, the value of terms in the matrix and its meaning are as follows:

0 &=0(rux=0) inactive tilts (or shifts)
+ e=1(orux=1),ky=0 active in-phase tilts (or shifts)
- e=1l(orux=1), kxy=1/2 active out-of-phase tilts (or shifts)

For convenience of description and comparison, the BF4~ bridges are simplified as a mono-atomic
X-site node using its central boron atom to form KBg octahedra and most matrices are given by a Glazer’s
or extended Glazer’s notation as shown in Fig. S10. Specially, an unconventional tilt exists in the B phase
even if BF4~ bridges are topologically regarded as mono-atomic X-site nodes. Compared with conventional
tilt in the inorganic perovskites, such unconventional tilt in molecular perovskite occurs because the
coexistent shifts distortion allows the in-phase propagations (“+”) of tilts in ap- and in by-axes.
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Fig. S10 Tilts, shifts, and displacements in B, y and 6 phases. For comparison, the regular octahedra of a
phase without deformation are shown as well. For each phase, the types of tilts and shifts (left) can be
determined by single 4x4 octahedral layers and 2x2x4 stacks (middle) viewed normal to the three
pseudo-cubic perovskite axes (labeled as ap, by, or ¢p). Specifically, the 4x4 layers show the in-plane
tilt/shift and the 2x2x4 stacks show the in-axis tilt. The direction of displacements is indicated by blue
arrow and six distances between B-site K* ion and X-site bridges are noted for assistance to the
determination of the direction (right). For clarity, F atoms are omitted and BF4~ bridges are simplified into
aqua nodes.

The calculation of the spontaneous strain
For the present m3mFmmm(ss) species, six orientation states (Si, Sz, S3, S4, Ss, Se) are possible for the
orthorhombic phase, and the spontaneous strain tensor & for the six states is given asS3-5

—2e 0 O —2e 0 O e 0 d
g, (8,) = I 0 e d] £(S.)=]10 e d] £, (S;) = IU —2e 0]
0 d e 0 d e d 0 e
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The proportional relationships between the magnitude of the lattice parameters in the ferroelastic phase (a, b,
¢) and the prototype phase (ap, by, cp) are’’

a = V2a,
b = \2b,
c = 2c,

The spontaneous strain for both m3mFmmm(ss) and m3mFmmm(pp) species is given as®’

£ = J(zapz + szz + chz —2a,b, — 2b,c, — zaPcP)’;(3a°z]

where ao is the lattice parameter of the cubic phase (a).

As the proportional relationships between the magnitude of the lattice parameters in the ferroelastic phase
and the prototype phase should be considered, the spontaneous strain for the present a—f ferroelastic
transition is

g, = J(zaz +2b? + ¢ — 2ab —V2ac — V2bc) /(6a,?) = 0.0459
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Fig. S11 (a) Photos of the two tested single crystals on paper under an optical microscope at room
temperature. (b) Photos taken using a polarizing microscope at room temperature (293 K) and after heating
through the ferroelectric phase transition to 318 K. (c) Photos taken using a polarizing microscope in a
cooling run from a paraelastic phase (at 460 K) to ferroelastic phase (at 444, 334, and 293 K, respectively).
The pictures below show a zoom-in area of single crystal to show the detail of the domains evolution during

the ferroelastic transitions.
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Fig. S12 Electric field dependence of spontaneousand remanent polarization of 1.

Table S1. Hydrogen bonds in & phase and y phase.

D-H A d(D-H) /A d(H-A) /A d(D-A) /A D-H-A /°
N1-H1A F232 0.89 2.29 3.048(5) 142.4
N1-H1A F34° 0.89 2.19 2.882(4) 134.7
NI1-H1B F33 0.89 2.08 2.945(5) 164.4
N2-H2A F12¢ 0.89 2.38 3.190(5) 151.7
N2-H2A F21¢ 0.89 243 3.011(5) 123.7
d phase
N2-H2B F124 0.89 2.20 2.953(4) 142.8
N2-H2B F244 0.89 2.48 3.149(5) 132.3
C2-H2D Fll1¢ 0.97 241 3.251(5) 145.0
C2-H2D F21¢ 0.97 2.65 3.247(6) 120.4
C5-H5B F32° 0.97 2.35 3.128(6) 137.0
N2-H2A F32 0.89 243 3.0903) 131.4
N2-H2B F34 0.89 2.55 3.30(3) 141.7
v phase
C2-H3B F22 0.97 2.69 3.301(11) 121.1
C4-H4A F22 0.97 2.59 3.311(15) 131.0

Symmetric codes: A) +X, 1/2-Y, 1/2+Z; B) 1-X, —1/2+Y, +Z; D) +X, 3/2-Y, 1/2+Z.
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