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Bistabilities and coupling effects of multiple physical channels in molecule-based materials have
attracted widespread interest in the field of sensors, switches, and memory devices. Seeking such
materials and understanding the relationship between the changeable physical properties and crystal
structures are of great importance for promoting their applications in next-generation devices. Herein,
we report a new organic—inorganic layered hybrid perovskite, (CgHs(CH2)4NH3)2[MnCly], which under-
goes three reversible structural phase transitions in the temperature range of 100-380 K. Crystal ana-
lyses indicated that the gradual freezing of the organic cations and tilting of the MnClg octahedra,
together with the stagger movement of the inorganic layers, induce remarkable thermal-induced mag-
netic and dielectric bistabilities. Magnetization measurements revealed that the title compound is a
canted antiferromagnet below 37 K and shows a spin-flop transition at £1.4 T at 3 K. Benefiting from the
relatively strong interactions between the magnetic layer and crystal lattice, an intrinsic magnetodielec-
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tric coupling effect around the spin-flop transition was observed at 3 K. These findings throw light on
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Introduction

Bistable molecule-based materials exhibiting two stable states
controllable by external stimuli such as heat, pressure, light,
electric, and magnetic field have recently received intense
interest owing to their potential applications in sensors, dis-
plays, switches, and memory devices." Outstanding examples
are crystalline materials with interesting dynamic behaviors
such as spin transition, change transfer, proton transfer, mole-
cular reorientation, and structural phase transition.””” Recent
decades have witnessed the emergence of numerous molecule-
based materials revealing bistabilities in multiple physical
channels, such as the bistabilities in dielectric, piezoelectric,
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the further design of advanced magnetodielectric materials based on diverse layered perovskites.

and nonlinear-optic properties in ferroelectrics, bistable con-
ductivity in proton-transfer conductors, and the bistable mag-
netic properties in charge-transfer magnets.®*° Smart devices
with multi-bistability would be more attractive in the advance-
ment of information technology, for their high capacity of
information storage and multiple physical channels to control
and receive signals."' To obtain multi-bistable molecule-based
materials, one effective way is designing two or more functional
components in a single-phase material, using switchable crys-
talline states established by dynamic building blocks to control
the physical properties. In this regard, organic-inorganic
hybrid crystals are excellent candidates thanks to their abun-
dant structural phase transitions accompanied by intriguing
properties such as mechanical, optical, electric, magnetic, and
multiferroic.” The dielectric and magnetic properties were well
studied in formate-bridged coordination polymers with a three-
dimensional perovskite structure.">'® However, owing to the
fact that their organic cations have little influence on the rigid
frameworks during the structural phase transition, it is hard to
find magnetic bistability in such systems. Another series of
coordination polymers with azido-bridged frameworks shows
remarkable magnetic bistability, benefiting from the relatively
flexible coordination susceptible to the dynamic change of
organic cations, but without noticeable dielectric bistability."”
In contrast, some materials with lower-dimensional coordination
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layers, chains, or discrete units were found to be more suscep-
tible to structural phase transitions to yield multi-switchable
properties."®?! In this respect, to acquire multi-bistable
molecule-based materials, a relatively flexible crystal structure
with strong interactions between organic and inorganic compo-
nents is crucial.

Besides thermo-sensitive bistability, field-controlled switch-
able physical properties, such as the magnetodielectric effect (a
typical magnetoelectric effect), have invoked significant
research activities as well, for the goal of realizing potential
applications in energy transformation devices and information
storage systems.”>> In recent decades, the magnetodielectric
effect has been widely investigated in oxide materials, and plenty
of excellent fundamental research and technologies have been
achieved.”®® For example, the large magnetodielectric effect in
DyMnO;,>® TbMnO;,*® and TbMn,0s,>! the room-temperature
magnetodielectric response in LuFe,0y,*” and the low-field mag-
netodielectric effect in Sr;Co,Fey,041.%° Simultaneously, tremen-
dous progress has been made in organic-inorganic hybrid
crystals,**™*® such as the giant and room-temperature coupling
effect in metal-formate frameworks and highly reproducible
coupling effect in layered perovskites.””*® Seeking new multi-
ferroic materials with robust magnetoelectric coupling effect is
still a desirable purpose in this field. The studies on the relation-
ship between dielectric and magnetic properties based on micro-
scopic crystal structures are of great importance in the rational
design of such multiferroic materials.

In our previous studies on layered hybrid perovskite
crystals, we found thermal-induced dielectric and magnetic
bistabilities during the ferroelastic and ferroelectric phase
transitions in ferromagnetics (CeHs(CH,)NH;),[CuCl,],*® and
field-induced = magnetodielectric ~ coupling  effects in
(CeHsCH,CH,NH;),[CuCly] and (CeHsCH,CH,NH;),[MnCl,].*?
Compared to three-dimensional metal-organic coordination fra-
meworks, one-dimensional chains and other discrete hybrids,
such two-dimensional layered perovskites take advantage of the
structural flexibility, strong magnetic exchange interactions and
robust hydrogen bonds.>*® Herein, as a sequel investigation on
thermo-sensitive and field-controllable magnetoelectric materials
based on layered perovskites, we synthesized large single-crystal
samples of a new layered perovskite, (C¢Hs(CH,),NH;),[MnCl,] (1),
and comprehensively investigated its dielectric and magnetic
properties by various methods such as differential scanning
calorimetry, variable-temperature single-crystal structural analyses,
and dielectric, magnetic, and combined magneto-dielectric mea-
surements. We found that 1 undergoes three reversible structural
phase transitions in the temperature range of 100-380 K, two of
which show remarkable dielectric and magnetic dual-bistabilities,
arising from the gradual ordering and displacement of the organic
cations, synchronous tilting of the MnCls octahedra, and stagger
movement of the inorganic layers. Due to the strong interactions
between the magnetic layer and crystal lattice, an intrinsic
magnetodielectric effect appears during the field-induced spin-
flop transition at 3 K. Moreover, compared with its analogue
(CeH5CH,CH,NH;),[MnCl,], 1 reveals a reduced spin-flop field of
+1.4 T benefiting from its more flexible organic cation.
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Experimental section
Synthesis

All chemicals were obtained from commercial sources and used
without further purification. The crystal samples suitable for
single-crystal X-ray diffraction measurement were obtained by
mixing stoichiometric quantities of manganese dichloride
(2.5 mmol) and 4-phenylbutylammonium chloride (5 mmol)
in a methanol solution (15 mL). Slow evaporation of the clear
solution at room temperature over about one week, resulted in
light pink flake-shaped crystals of 1 in about 86% yield based
on Mn. To obtain large single crystals for the measurement of
the magnetodielectric effect, we increased the quantities of raw
materials (40 mmol manganese chloride and 80 mmol 4-
phenylbutylammonium chloride) and used a mixed solvent of
methanol and water (V/V = 1:1). After slow evaporation of the
clear solution at room temperature for about one month, high-
quality crystals with sizes as large as 8.0 x 4.0 x 0.3 mm® were
obtained (Fig. S1, ESIT). Powder X-Ray diffraction patterns (Cu
Ko, A = 1.54056 A) were collected on a D8 DA VANCI 0-20
diffractometer. The experimental powder X-ray diffraction pat-
tern at room temperature matches well with the simulated one
(293 K), indicating the purity of the sample (Fig. S2, ESIf).
Elemental (C, H, and N) analyses were performed on a Perki-
nElmer Vario EL elemental analyzer. Elemental analysis (%) for
C,0H3,N,MnCl, (497.22) caled: C, 48.31%; H, 6.49%; N, 5.63%.
Found: C, 48.17%, H: 6.10%, N: 5.51%.

Thermal measurements

Thermogravimetric analysis was carried out on a TA Q50 system
at a heating rate of 5 K min~"' under a N, atmosphere from
room temperature to 950 K. Differential scanning calorimetry
measurements were performed on a TA DSC Q2000 instrument,
by heating and cooling the powder sample (6.7 mg) at a rate of
5 K min~" under a N, atmosphere in the range of 100-380 K.

Single-crystal X-ray diffraction

Variable-temperature single-crystal X-ray data were collected on
a RAXIS IP diffractometer with Mo Ko radiation (/. = 0.71073 A)
at 120, 293, 345, and 373 K, respectively. The structures were
solved by direct methods and refined by a least-squares tech-
nique based on F* with the SHELX software package. All non-H
atoms were refined anisotropically using all reflections with
I > 20(I). The hydrogen atoms were generated by geometrical
considerations and constrained to their idealized positions.
Details of the crystal parameters and structural refinements,
selected bond lengths, bond angles and geometry of hydrogen
bonds at 120, 293, 345, and 373 K are given in Tables S1-S4
(ESIt), respectively.

Dielectric, magnetic, and magnetodielectric measurements

The temperature dependence of the dielectric constant (¢') was
determined using a Tonghui TH2828A LCR meter for the
powder-pressed sample at a heating-cooling rate of 2 K min™".
The magnetic properties were determined on a Quantum

Design MPMS XL-7 SQUID system with polycrystalline samples.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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The magnetodielectric coupling effect was measured by using a
combination of a Tonghui TH2828A LCR meter and a Quantum
Design physical property measurement system through a mod-
ified multifunctional probe with a single crystal sample.

Results and discussion
Thermal properties

Thermogravimetric analysis revealed that 1 is stable up to
about 485 K under a N, atmosphere (Fig. S3, ESIf). The
differential scanning calorimetry (DSC) measurement clearly
showed three pairs of thermal anomalies in the range of 100~
380 K, indicating three reversible structural phase transitions
(Fig. 1). In the heating run, endothermic peaks appear at about
184 K, 338 K, and 354 K, corresponding to exothermic peaks at
about 134 K, 335 K, and 352 K in the cooling run, respectively.
For convenience, we label the phases below 134/184 K as the o
phase, between 134/184 K and 335/338 K as the B phase,
between 335/338 K and 352/354 K as the y phase, and above
352/354 K as the 6 phase. Notably, compared with the y < &
and B < vy phase transitions with very small thermal hysteresis
of 2 and 3 K, respectively, the o < B phase transition exhibits
an exceptionally large thermal hysteresis of about 50 K. The
reproducibility of these structural phase transitions was further
confirmed by the second heating-cooling circles of the DSC
measurements (Fig. S4, ESIT).

Crystal structure descriptions

Variable-temperature X-ray diffraction measurements revealed
that 1 crystallizes in P2,/a (nonstandard setting of prototypical
P2,/c for convenience of structural comparison) at 120 K
(oo phase), P24/a at 293 K (B phase), Bmmm at 345 K (y phase),
and P4/mmm at 373 K (8 phase), respectively (Table S1, ESIT). It
is worth noting that a structure with the same chemical
components of 1 was deposited in CSD in 1977, but it belongs
to the space group Cmca (a = 7.350 A, b = 47.340 A, ¢ = 7.380 A,
v =2567 A®) differing from any one of the present four phases of
1. Structural analyses indicated that 1 belongs to the layered
perovskite family with a general formula of A,MX, (the valence
ratio of the cation A, metal ion M, and anionic X components
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Fig. 1 DSC curves for 1 in a heating—cooling circle.
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Fig. 2 Crystal structures of 1 at 373 K (a), 345 K (b), 293 K (c), and 120 K (d).
Mn, Cl, N, and C atoms are shaded in violet, green, blue, and black,
respectively. The organic cations exhibit 8-fold, 4-fold, and 2-fold disorder

at 373 K, 345 K, and 293 K, respectively. The H atoms are omitted for
clarity.

are 1, 2, and 1, respectively). As shown in Fig. 2, the structure
consists of two-dimensional infinite [MnCl,],>"~ inorganic
layers made up by corner-sharing MnCls octahedra, and these
inorganic layers are separated by bilayers of CeHs(CH,),NH;"
cations. These organic bilayers are assembled by weak van der
Waals forces and without n---n stacking interaction, giving a
flexible character for the entire layered perovskite structure.
Every four neighboring MnClg octahedra enclose an intralayer
cavity, which is occupied by a pair of ammonium (-NH;")
groups of C¢Hs(CH,),NH;" cations from up and down sides.
Several N-H---Cl hydrogen bonds are formed between the
organic cations and MnCls octahedra to provide important
medium ways for organic and inorganic layers.

In the & phase (373 K), the organic cations are heavily
disordered (in 8-fold disorder) and located at the center of
the square cavities (Fig. 2(a) and 3(a)). Four longer Mn-CI2
bonds (2.6023(2) A) are lying in the layer and two shorter axial
Mn-Cl1 bonds (2.457(4) A) complete a compressed MnClg
octahedron (Table S2, ESIT). When cooling down to the y phase
(345 K), the cations become 4-fold disordered and are located at
the center of the rectangle cavities (Fig. 2(b) and 3(b)). Accord-
ingly, the Mn-Cl bonds lying in the layer are divided into two
different types (Mn-Cl2 and Mn-Cl3), resulting in two different
distances of neighboring Mn---Mn atoms (5.1706 and
5.1534 A). However, the angles of Mn-CI-Mn (in the layer)
and Cl-Mn-Cl (perpendicular to the layer) maintain 180°,
indicating no sign of tilting for the adjacent MnClgs octahedra
(Table S3, ESIt).

Upon cooling to the B phase (293 K), as shown in Fig. 2(c),
the cations become much more ordered (in 2-fold disorder).
Their N atoms from up and down sides of the inorganic layer
begin to deviate from the vertical axis of the intralayer cavities,
indicating the displacement of the organic cations (marked as
two red arrows in Fig. 3(c)). Simultaneously, the adjacent MnClg
octahedra exhibit a slight tilting (blue and orange arrows in
Fig. 3(c)), leading to a bent magnetic exchange pathway of Mn-
Cl-Mn (167.31(3)°).

Mater. Adv., 2022, 3, 9103-9110 | 9105
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Fig. 3 The MnClg octahedra and inorganic layer of 1 at 373 K (a), 345 K (b),
293 K (c), and 120 K (d). Mn, CL, N, and H atoms are shaded in violet, green,
blue, and pale blue, respectively. The C atoms are omitted for clarity. The
black dotted lines represent hydrogen bonds. The black double-headed
arrows represent the distance between two neighboring Mn- - -Mn atoms.
The blue and orange arrows represent the directions of rotation and tilting
of the MnClg octahedra, respectively.

With further cooling to the o phase (120 K), the cations
become completely frozen (Fig. 2(d)). Compared with those in
the B phase, their N atoms deviate much further away from the
vertical axis of the intralayer cavities (marked as two red arrows
in Fig. 3(d)), indicating a more significant displacement for the
organic cations. Meanwhile, the MnCl octahedra experience a
more drastic tilting (blue and orange arrows in Fig. 3(d)), giving
rise to a smaller Mn-CI-Mn angle (164.02°). In addition,
different from the antiparallel (180°) tilting of the neighboring
MnClg octahedra in the § phase, the angle between the tilting
directions in the o phase reduces to 124° (orange arrows in
Fig. 3(c) and (d)), indicating a drastic structural transition
between B and o phases.

From the 3 to o phase, the neighboring inorganic layers
along the ¢ axis encounter a stagger movement. As shown in
Fig. 2(a)-(d), reference to the upper layer, the MnCls octahedra
of the lower layer are aligned to the upper one in both & and y
phases, but move to the right side along the b axis, hence give
the monoclinic unit cells in both f and o phases (Fig. S5, ESIT).
Obviously, the interlayer movement in the o phase is much
greater than that in the § phase. This stagger arrangement of
the inorganic layers may have a considerable influence on the
magnetic properties at low temperature (vide infra). Besides, the
inorganic layer itself changes from a flat fashion (in é and y) to
a wavy one (in B and o), which may induce a significant change
of the energy, and exhibit large endothermic and endothermic
peaks during the y < P transition in the DSC measurement. As
shown in the right side of Fig. 3(a)-(d), the magnetic exchange
pathways are linear in the 6 and y phases, but become bent in
the B and o phases, implying large differences in the magnetic
properties of the v, B, and o phases. In addition, the number of
stronger N-H- - -Cl hydrogen bonds in each intralayer cavity is
indistinguishable in both 6 and y phases, and can be clearly
distinguished into four and three in the p and o phases,
respectively (Table S4, ESIt). Interestingly, the N- - -Cl distances
of the hydrogen bonds are gradually decreased from the 3 to o
phase, signifying stronger hydrogen bonds at lower tempera-
ture. On account of the large displacement of organic cations,
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drastic tilting of MnCls octahedra, and a synchronous notable
stagger movement of inorganic layers, the energy barrier of the
B < o transition seems to be much larger than the thermal
motion at such low temperatures, and thus causes an excep-
tional large thermal hysteresis of 50 K.

Magnetic properties

The temperature-dependent susceptibility of a polycrystalline
sample in 2-300 K under an applied field of 1000 Oe is shown
in Fig. 4. The yuT decreases gradually from the room-
temperature value of 3.316 cm® mol ™" K (lower than the spin-
only value of 4.375 cm® mol™" K for Mn®" of S = 5/2), to a
minimum (0.737 em® mol™" K) at about 42 K, then slightly
increases to a small hump at about 34 K with a further decrease
to 0.050 cm® mol " K at 2 K. For the yy, it increases gradually
from 0.011 cm® mol " at 300 K and reaches a broad maximum
(0.020 cm® mol™) at 75 K, well indicating the intra-layer
antiferromagnetic interactions between Mn*' ions. Then it
decreases to a minimum (0.018 cm® mol ') at 42 K followed
by a steep rise at lower temperature, suggesting the presence of
spontaneous magnetization due to the magnetic long-range
ordering arising from spin canting. Fitting the data to above
100 K with the Curie-Weiss law gives a Curie constant of
503 cm® mol™' K and a negative Weiss parameter
(6 = —153.9 K), indicating strong intralayer antiferromagnetic
exchange interactions between the adjacent Mn** ions. The
temperature dependence of the ac magnetic susceptibilities
with frequencies of 199 and 997 Hz were measured from 2 to
80 K (Fig. 5). The yy' and y/” show no frequency-dependent
behavior and exhibit a sharp peak at 37 K, further confirming
the long-range magnetic ordering state below 37 K.

Magnetic-dielectric bistabilities

In consideration of the synchronous changes in organic cations
and inorganic layers during the phase transitions, we focus on
the magnetic and dielectric properties in the vicinity of the
structural phase transitions. During the y <  transition, as
shown in Fig. 6(a), the values of ¢ are almost frequency
independent. In the heating run, ¢ (1000 kHz) is maintained
at around 5.40 in the y phase, then a small but sudden increase
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Fig. 4 Temperature dependences of ymT (brown) and ym (teal) for a
polycrystalline sample of 1 under 1000 Oe.
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Fig. 5 Temperature dependences of ac magnetic susceptibility in various
frequencies for a polycrystalline sample of 1.

to 5.42 (at 355 K) appears, corresponding to the y — & phase
transition (the black dotted circle in Fig. 6(a)). After that, &’
increases slowly to 5.43 (at 366 K). As for the magnetic proper-
ties (Fig. 6(b)), there is no obvious anomaly in the temperature
dependence of y\T values occurring during the y < & transi-
tion. From the structural analyses, the small sudden increase of
¢’ should be ascribed to the change of molecular dynamics of
organic cations from the four-fold to eight-fold disordered
states. On the other hand, as the MnClg octahedra do not show
obvious rotation or tilting during the y < § transition, the
small change in distance between two neighboring Mn- - -Mn
atoms do not give a noticeable change in the y\T value.

In contrast, during the B < v transition, ¢ increases slowly
from 4.92 (at 303 K, 1000 kHz) to 5.06 (at 336 K), then

(a)
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4 ==+=100 kHz
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e 50 kHZz * ”
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Fig. 6 Dielectric constants in various frequencies (a) and the
temperature-dependence of magnetic susceptibility under 1000 Oe
(b) during B < vy < & in a heating—cooling circle.
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experiences a step-like increase to 5.40 (at 340 K) in a heating
run, and a reverse step-like drop at about 337 K to 5.04
(at 333 K) in a cooling run. The ¢ in heating and cooling runs
enclose a thermal hysteresis loop with a temperature window of
about 3 K, i.e., a thermal-induced dielectric bistability, which is
similar to magnetic hysteresis loops in magnets and electric
hysteresis loops in ferroelectrics. Simultaneously, the T value
appears to decrease at about 338 K in the heating run and to
increase at about 335 K in the cooling run, which resembles the
“reverse spin transition” observed in a cobalt compound and
an azido-bridged coordination framework.>"®® This thermal
hysteresis of yT forms a magnetic bistability. Compared with
the y < 6 transition, the ordering and displacement of organic
cations as well as the change of the inorganic layers between
the B < v transition contribute to the change of ¢, resulting
in a much larger dielectric change (A¢ = 0.34) than that
(A¢’ = 0.02) during the y < 3 transition. Meanwhile, the
noticeable tilting of MnCls octahedra as well as the stagger
movement of the inorganic layers make major contributions to
the observed bistability of yT.

For the o < P transition, as illustrated in Fig. 7(a), ¢
increases slowly from 4.20 (115 K, 1000 kHz) to 4.22 (180 K),
then suffers a step-like increase at about 184 K until 4.54
(188 K) in the heating run, and reversely drops at about 134 K
to 4.23 (at 120 K) in the cooling run, enclosing a notable
thermal hysteresis loop with a large window of about 50 K.
Based on the structural analyses, it can be concluded that the
ordering of the organic cations, the large displacement of the
organic cations and the drastic tilting of the MnCls octahedra,
jointly contribute to the remarkable dielectric bistability during
the & < P transition. Correspondingly, the ‘“reverse spin
transition” of yuT appears around 184 to 134 K in the
heating-cooling circle, forming a magnetic bistability with a

!
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Fig. 7 Dielectric constants in various frequencies (a) and the

temperature-dependence of magnetic susceptibility under 1000 Oe
(b) during the o « B transition in a heating—cooling circle.
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Fig. 8 Dielectric constant in various frequencies along the ¢ axis (a) and
magnetization for the polycrystalline sample of 1 (b) as a function of the
scanning magnetic field at 3 K.

window of 50 K, which is mainly ascribed to the tilting of the
MnClg octahedra accompanied with a noticeable staggering
movement of the inorganic layers.

Magnetodielectric coupling effect

For the spin-canted antiferromagnets, spin-flop transition is a
unique field-induced spin-reorientation behavior in their long-
range magnetic ordering states, and such spin-reorientation in
layered perovskites may induce a coupling effect between
dielectric and magnetic properties.*® To probe the possible
magnetodielectric coupling effect for 1, we measured the
dielectric constant as a function of the scanning magnetic field
at 3 K on a single crystal applying both an electric and magnetic
field along its ¢ axis (i.e., perpendicular to the magnetic
inorganic layers). As shown in Fig. 8(a), a pair of dielectric
anomaly peaks appear at about +1.4 T (Hgy), corresponding to
the occurrence of the spin-flop transition (Fig. 8(b)) and indi-
cating an intrinsic magnetodielectric coupling effect. According
to the structural analyses, the strong hydrogen bonds act as a
medium between organic and inorganic components, mediat-
ing the dielectric and magnetic properties to achieve the
coupling effect. By defining the magnetodielectric ratio as
MD = [¢/(H) — €/(0)]/¢'(0) x 100%, we can obtain a maximum
MD of about 0.03% at Hg. The MD is comparable with those of
((CH;),NH,)[Cu(HCOO);] (—0.02% at 3 T, —0.03% at 5 T
—0.06% at 7 T),°" ((CH;),NH,)[Fe(HCOO);] (—0.06% at 5 T)*
and Co(C16H;5N50,) (0.038% at 5 T).** Compared with its
analogue (C¢HsCH,CH,NH;),[MnCl,] showing a maximum
MD of 0.34% at +3.4 T,*® 1 reveals a smaller maximum MD
at a lower magnetic field (£1.4 T). The lower MD in 1 could
be mainly ascribed to the relative rigid lattice induced by
the stagger arrangement and the drastic tilting of the inorganic
layers, as well as the weaker interactions between two
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neighboring layers along the ¢ axis separated by the longer
CeHs(CH,),NH;" organic cations. In detail, the minimum dis-
tance of Mn- - -Mn atoms between two neighboring layers of 1 is
22.892 A (120 K), which is apparently larger than that of
(C¢HsCH,CH,NH;),[MnCl,] (19.893 A at 120 K).*® In addition,
certain damage and cracking of the high-quality crystal
occurred during the drastic structural phase transition from
the B to o phase, and may cause an underestimation of MD for
1. It should be noted that, compared with the Hy (about +3.4 T)
of (C¢H5;CH,CH,NH;),[MnCl,], the Hy (+1.4 T) of 1 giving the
maximum MD indicates a lower manipulated magnetic field,
which should benefit from the stagger arrangement and greater
distance of the neighboring inorganic layers in 1.

Conclusions

In summary, large single-crystal samples of a new organic-
inorganic layered hybrid perovskite, i.e., 1, have been prepared
and comprehensively characterized. The flexible character of
the organic cations endows 1 with three-step structural phase
transitions at 184/134 K, 338/335 K, and 354/352 K in heating/
cooling runs, respectively, with space group changes of P2,/a
(&) < P24/a (B) «» Bmmm (y) <> PA/mmm (§). During they « B
and f < o transitions, the gradual ordering and displacement
of the organic cations, tilting of the MnClg octahedra, and
stagger movement of the inorganic layers in 1 jointly generate
dielectric and magnetic dual-bistabilities. Moreover, the strong
intermolecular interactions between the organic and inorganic
components endow 1 with a rarely observed magneto-dielectric
coupling effect with a maximum MD ratio of 0.03% accompa-
nying the magnetic-field-induced spin-flop transition at a rela-
tively low magnetic field (+1.4 T) at 3 K. Considering the
diverse and controllable layered perovskites, these findings
are helpful for further understanding and developing the
mechanisms of the magnetoelectric effect as well as providing
a new route for the rational design of multi-bistable and
magnetodielectric molecule-based materials.
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